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EXECUTIVE SUMMARY

Industrial development on the scale of the NWT Diamond Project will affect caribou in the
Bathurst herd. The proposed monitoring and mitigation measures need to be strengthened
to ensure that the project will not constrain future harvesting options. This submission
deals with possible effects on individual caribou and how those effects may accumulate
at the population level. Environmental variation (high levels of insect activity, deep snow)
and knowledge gaps introduce uncertainty to the risk assessment for the magnitude and
probability of effects on caribou. That unceflainty  and our understanding of cumulative
effects is why the Government of the Northwest Territories is requesting that the Panel
recommend co-operative monitoring and mitigation efforts based on a detailed plan.
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1.0 INTRODUCTION
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Industrial development on the scale of the NWT Diamonds Project will affect caribou in
the Bathurst herd.

Project development may have some effect on wildlife such as barren-ground
caribou. . . Mining activities, to some extent may cause habitat loss or alteration,
intetierence  with migration patterns, increased noise disturbance, hazards and
altered ecology.

[vo/. f, /ntroducfion,  Project Description f. 7]

The purpose of this submission is to assist the Panel in developing recommendations for
monitoring and mitigating the Project’s effects on caribou. It supplies background
information on caribou ecology and describes the NWT Diamonds Project’s effects as
justification for those recommendations.

The Department of Renewable Resources has long term information on caribou migration
and seasonal ranges and so we can state when and where the caribou will interact with
the proposed mine. But within the long term patterns there is unpredictability from year
to year. Among factors that cause the unpredictability is annual variation in weather.
Variability in movements and behaviour injects uncertainty into predicting and managing
effects through monitoring and mitigation. This submission outlines environmental and
other uncertainties as they may affect caribou responses to the proposed mine.

Experience elsewhere and our knowledge of caribou ecology is that caribou responses
to industrial development may be subtle and take years to accumulate to the threshold
of measurement at the population level. Although that may cause difficulty in initially
recognizing effects, it by no means lessens their reality and underscores the importance
of monitoring and mitigation. This submission will describe how effects accumulate in
caribou.

1.1 Mandate

The Bathurst herd is one of the largest caribou populations in North America and has
been part of the culture of aboriginal people for thousands of years. People from 8
communities share the herd and the Government of the Northwest Territories has a
mandate to ensure the herd remains ecologically intact and at a size to provide for the
needs of people.

The herd’s cultural value is inestimable. We can, however, estimate the dollar value for
the hatvest  from the meat replacement costs and annually it is $11.2 million. (Case et al.
1995).
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The EIS states that predicted effects will, after mitigation, be minor.

“With appropriate mitigative measures in place, caribou will be largely unaffected by the
NWT Diamonds Project. Based on the caribou response to development elsewhere, the
overall impact on caribou of the NWT Diamonds Project is expected to be minor. ”

[Vol. IV, Section 3.3.4.5, p. 3.31]

A minor impact (“ specific group of individuals within an ecosection affected during less
than one generation. ” Vo/. /V, p 1.5) could mean a loss of individual caribou. One of the
principles of the GNWT’S  Sustainable Development Policy is that government will promote
economic development which maintains harvestable resources at sustainable levels.
Therefore, we recommend that monitoring and mitigation measures need to be
strengthened to minimise impacts and we are willing to work with the Proponent.

This submission will supplement the Proponent’s information to help the Panel to evaluate
effects and recommend mitigation. The technical use of a few words is unavoidable but
they are used sparingly and are explained in Table 1. Specific comments on the caribou
sections in the Environmental Impact Statement are in Appendix 1. Selected background
papers (Appendices 2,3 and 4) and a resume (Appendix 5) are also attached.

1
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Table 1. Biological Terms (Bathurst Caribou Management Plan 1994)

Calving Grounds

The specific area on the tundra that the pregnant females of a caribou herd occupy when
giving birth; usually the same place each year but the boundaries may vary slightly.

Caribou Herd

All adult female caribou associated with a particular calving area, plus all males and young
animals associated with those adult females. Herds are named after the location of their
calving areas.

Disturbance

All stimuli resulting from human activities.

Habitat

Place where a plant or animal normally lives; includes both the physical environment (e.g.,
soils, Iandforms) and the biological environment (e.g., food, cover).

Migration

Periodic movement (usually twice a year) of animals from one region to another.

Photographic Survey of the Calving Ground

A survey during which some of the calving ground is photographed from 2000 feet above
ground and all caribou on the photographs are counted. That count is used to estimate
the number of caribou on the calving ground.

Population

A group of interbreeding animals, usually occupying a particular space separate from
other such groups. The basic unit of management, as a “population” is the same as a
“herd”.
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“, 2.0 ASSESSING THE RISKS

The first step is to state what we are protecting. The GNWT recognises sustainable
development as the way to manage resources . For caribou this means no reduction in
a herd’s well being that would affect harvesting. This generalised goal is restated as
objectives which describe the level of risks (Table 2).

Table 2. Environmental Assessment Goals and Objectives for the Bathurst
Caribou Herd

Goal

Sustainable development - to ensure that exploration or development activities on or near
the Bathurst range do not threaten the distribution, quality or productivity of the herd or
its habitat.

(Source: Bathurst Caribou Management Plan, May 1994 drafi, Department of Renewable
Resources, Government of the Northwest Territories j Yellowknife)

Objectives

1. Individual caribou deaths or injuries are unacceptable risks and should be minimized
to the maximum degree possible.

2. Behavioral responses and energetic costs are acceptable risks but have to be
reduced by separating caribou from human activities especially in years when caribou
are already environmentally stressed.

Unlike the goal, which refers to the population, the objectives are at the individual level
and the reasoning for this is that measures at the population level are relatively imprecise
(sensitive only to large changes in the factors being measured (such as calf survival and
herd size). Even when changes are measured it can be difficult to attribute them to any
one cause. Any effects from exposure to industrial development may also be masked or
accentuated by natural factors (changes in wolf predation, insect harassment). The
objectives are thus related to the individual level.
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The second step is to evaluate the likelihood of where and when Bathurst caribou will
interact with the NWT Diamonds Project. Traditional knowledge identifies the proposed
mine and winter road as being on spring and fall migration routes and summer range.
Over decades, caribou use the same routes and seasonal ranges but annual movements
vary in response to weather such as snowfall and spring melt. That means that although
there is long term predictability in the use of migration corridors and seasonal ranges,
annual movements are less predictable.

The third step is to list and evaluate the probability and magnitude of effects including
environmental influence. Industrial activities may startle or frighten caribou to interrupt
feeding or move away. The extreme end of the caribou responses is injury or death. The
probability for those different responses depends on the disturbance intensity (for
example, a truck’s speed), the caribou’s sex and age and on ecological variables. Cows
with calves are more responsive to disturbance than bulls (Miller and Gunn 1979). Severe
mosquito harassment may make caribou stand on a road to escape insects and seem
unresponsive to trucks. In a winter with deep snow, caribou will likely select the
energetically less cost of walking along the packed road surface despite traffic rather than
flounder through deep snow. That would increase the probability for trafFic  collisions and
caribou injury or death.

These three steps depend on understanding caribou ecology and population dynamics
and a brief review follows to establish the background and explain the likelihood of caribou
interacting with the Project’s activities. In the following text, the word ‘uncertainty’ is
frequently used. Uncertainties stem from knowledge gaps, environmental variation and
human error. In a leading text on adaptive environmental assessment and management,
the “one key issue for design and evaluation of (economic) development policies is how
to cope with the uncertain, the unexpected, and the unknown. . . The appropriate concept
for both assessment and policy design is a recognition of the inevitability of uncertainties
and consequent selective risk-taking.” (Helling 1980).

2.1 Caribou Ecology and Behaviour

The Bathurst Herd

This caribou herd is one of the largest herds in North America and is accessible to more
people than other NWT herds. Its present range (250,000  km” extends from below the
treeline as far west and south as Wha Ti and Yellowknife across the barrens to the arctic
coast and Umingmaktok. Herd size estimates have fluctuated. This reflects both real
changes in herd size and uncertainties in technical measurement. In the 1980s,
immigration from other herds was advanced as one possible explanation for changes in
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herd size but subsequent analyses suggest that, that is an unlikely explanation. In 1990,
estimated herd size was 352,000 +/- 78,000 caribou based on a photographic survey.
The trend in herd size is that the herd’s increase in the early 1980s has ended (Figure 1).
Based on the 1990 estimate, the herd can sustain the annual harvest (14,500 to 18,500).

Caribou herd size is not stable but fluctuates over decades. The reasons are
controversial but shifting interactions among predators, weather and forage are the likely
causes. Two points stand out in assessing the NWT Diamonds Project effects. First, the
Bathurst herd may no longer be increasing and if it starts to decline, even a relatively
minor adverse factor can accelerate a decline.

Second, evidence about the mechanisms for a decline suggest a declining population may
be less resilient to disturbance. The George River caribou herd (Quebec and Labrador)
has increased to a level where forage is insufficient on calving and summer ranges (Huot
et a/. 1995) and fewer calves are born or survive (Crete et a/. 1995). Fat reserves are
lower than when the herd was increasing. This suggests that caribou may have less
ability to buffer themselves against energetic costs of responding to disturbance. If
Bathurst caribou stad to decline during the Project’s 25 year-span and suffer forage
limitations, disturbance may be more serious than if the herd were increasing.

Late Winter and Spring

In winter, snow conditions largely influence how caribou avoid predators and balance the
energy costs of foraging against the energetic gain from forage. Traveling and feeding
in deep snow is energetically costly and caribou avoid those costs as far as possible.
Crusted snow that would almost support the caribou’s weight before collapsing raises the
energetic cost of walking by about 570% (Fancy and White 1985). Caribou select the
hardest surface with the shallowest snow and this becomes more important in years with
above average snow depths. Below the treeline, caribou rest and travel on the wind-
packed snow on lakes where they are less vulnerable to wolves. Echo Bay winter road’s
route is also 72% over lakes (Vo/. /, p. 3.22). This suggests (and could be confirmed
during monitoring and mitigation) that caribou are more likely to use the winter road when
and where snow is deep.

When caribou are migrating, the snow forces them to follow each other along heavily used
trails. The urge to reach the calving grounds is strong and the caribou are not easily
diverted. In contrast, caribou wintering in an area make local movements and may be
more easily displaced or interrupted by trafic.
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Summer

i In summer caribou balance between obtaining food to rebuild body reserves and avoiding
insect harassment. As well as supporting a calf, a cow has to feed to reach a threshold
level of condition to conceive during the October rut (Cameron et al. 1993) and to survive
the winter. As the summer passes, the caribou feed on different plants according to
whether the plant is flowering or has new leaves. Caribou are highly selective and attempt
to feed on the most nutritious plants (summarised in Klein 1990).

Biting insects are an affliction for caribou in summer. Caribou lose foraging time and
expend energy trying to escape mosquitoes (Culicidae) and warble flies (Hypoderma
farand~.  Summer temperatures and wind speed largely determine the insect’s activity
(Russell et al. 1993). If the harassment is severe, the caribou lose condition. For
example, warm summers (and more insects) correlate with lower calf weights in the fall
(Helle  and Tarvainen 1984). Lighter calves are less likely to survive the winter especially
if the snow is deeper than average (Eloranta  and Nieminen 1986).

Fall

Fall brings relief from insect harassment and the caribou gain weight: males may increase
their weights 20% and females 10YO. The caribou feed on sedges and grasses and seek
out mushrooms. Timing of and movements during fall migration and what factors
influence them are uncertainties in our current knowledge. The southward migration is
usually underway in September.

2.2 Interactions between NWT Diamonds Project and Caribou

Echo Bay Winter Road

Caribou numbers on the winter road will vary annually as caribou sometimes winter along
the road and migrate across it. The only information on caribou annual winter distribution
is from the Department of Renewable Resources’ late March surveys which estimate calf
survival (Figure 2). The surveys do not systematically survey the entire winter range but
are designed to find concentrations. Those surveys suggest high numbers (1000s to 10s
of 1000s) were close to the road 5 out of 10 years surveyed and in 9 years large numbers
were west of the road (Figure 2).

Spring migration starts in late March and early April which, when compared to road
closure (latest being 14 April, 1983-95), suggests that migration would frequently occur
after road closure. The later the road closes, the more likely it is that migrating caribou
will encounter traffic but our knowledge is uncertain about migration timing and its annual
variation. We are uncertain too, about the probability of caribou in the vicinity of the winter
road from January to March.

n& h
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The road is not a physical barrier. The snow berms are pushed back and would not
hinder caribou or reduce the visibility of trucks to caribou and caribou to truck drivers
except on the narrower and twisting portages in the treed areas.

Truck density along the road is projected to increase at least six times over current use
when BHP is in its 10th operational year (not including any other road users). The road
is open between 50 and 78 days/year (average 62). That annual variation means that
traffic density could vary from 100 to 157 trucks/day (Estimated from BHP’s  information
vol. /, p. 2. f 86).

The Proponent’s speed limit (30-40 km/h; Vo/.  1, 2.182) on the lakes lessens the
probability for collisions with caribou. But caribou rely on their speed to escape predators
and faced with a perceived threat (a truck) a caribou may try and outpace it by remaining
on the road’s hard packed surface or cutting across the road. Thus caribou behaviour
(running on the road) and frequent poor visibility (blowing snow and darkness) increase
the probability of caribou deaths and injury. Frequent truck passage will interrupt caribou
resting on lakes but there are uncertainties as to when this would occur and its
significance to the caribou. Prevailing snow conditions will largely influence those
possible effects.

Lac de Gras Mine

Annual predictability for the timing and numbers of caribou in the Lac de Gras mine’s
vicinity is currently low. We can say that most use will occur in the summer and fall. We
can also predict temperature and wind conditions when insect harassment will be severe
(Russell eta/. 1993) and the caribou can be expected to seek insect relief habitat. At that
time bare surfaces especially those slightly elevated (airstrip, roads) or with shade (when
warble flies abound) will attract caribou. The roads have a <3m drop-off and are 10-30m
wide which will provide insect relief and an easy traveling surface compared to boulder
fields. Caribou seeking insect relief could impede mine operations and expose caribou
to traffic accidents. Caribou may also be attracted to vegetation growth where dust has
advanced the spring melt and then later in the summer to plants growing in the seepage
line along road berms.

During mine operation, the scale of mine activity can be appreciated from the average
1,000-1,300 aircraft/year (Vo/. /,. p 2. 190),  an unknown number of helicopters and
184,000 truck loads of ore and waste rock/year (Estimated from BHP information, Vol./,
P.2.37). The Proponent’s baseline information indicates that a few thousand caribou could
be exposed to aircraft and trucks but the timing and pattern of caribou movements is
uncertain. Caribou were in the vicinity of the Misery Access road (29km)  especially in May
and September 1994.

n& h
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The extent to which mine activities will cause energetic costs for caribou from avoidance
of activities and changed foraging opportunities is unknown. Our only experience of how
caribou will respond in summer is from the Prudhoe Bay oilfield  where the level of vehicle
activity is comparable and where cows and calves in mid-summer avoided roads
(Appendix 2- Dau and Cameron 1986, Cameron et. a/. 1992, 1994).

Experience of how caribou will respond during spring or fall migration is mixed. The worst
case scenario is disruption and this is recorded in Norway and Russia (Appendix 3). The
Russian Taimyr herd was initially faced with a railway and road then subsequently a
pipeline. In 1967, reindeer were killed crossing the railway and deflected or held up. The
Norwegian case-history (the Snohetta herd) occurred between the 1920s and 1980s as
a road and powerline were added to parallel an existing railway. Migration was partially
disrupted apparently more by human activity than the structures themselves. The
situations were quite different from a mine supplied by a winter road. We include them
because they make the point that disruption can occur and in Section 3.0 we will refer to
how the Russians used fencing to deflect the migration away from the railway and
pipeline.

2.3 Cumulative Effects

There are two levels at which effects accumulate. The first level is the individual. A
caribou may learn not to respond (habituate) or its responses may intensify. Behavioral
responses use energy and if repeated often enough those energy costs reduce body
reserves. Thin caribou are less likely to survive and a cow has to have sufficient body
reserves to conceive and raise a calf (Cameron 1994).

The second level of cumulative effects is the population. Caribou population effects from
exposure to industrial development is controversial partially because even if individual
caribou respond, effects are not often detectable at a population level. There are reasons
why failure to detect effects at the population level is not evidence that no effects
occurred. First, is the scale of measurements. This includes both the time for effects to
accrue and the precision of population measures. It has taken more than 15 years for the
effects of the Prudhoe Bay oilfield on caribou productivity to be measurable (Cameron
1995). Secondly, most studies have only looked at short term behavioral responses.
One exception is the research on caribou and low-level military flights in Labrador. The
flights startled the caribou and that led to reduced calf survival during calving and insect
harassment (Barrington and Veitch  1991, 1992).

We have mentioned how industrial activities disrupted migration in the Russian Taimyr
herd and the Norwegian Snohetta herd. The population consequences were that the
former herd increased and the latter declined. But the relationship between the disrupted
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.i migrations and changes in herd size is essentially unknown and open to different
interpretations. This is because some details are lost in time and others were not
recorded. In contrast, information on the cumulative effects from Prudhoe Bay oilfield or
the low-level military flights over caribou in Labrador was systematically collected.

Reporting the cumulative effects from Prudhoe Bay oilfield  or the low-level military flights
over caribou in Labrador raises the question as to how comparable either is to a diamond
mine in the NWT. Superficially one mine does not appear to replicate the activity of an
oilfield.  But we are uncertain at what level of activities or frequency of caribou exposure
may cause effects to accumulate and under what environmental conditions. Bathurst
caribou are now exposed to Lupin and Colomac mines, exploration and other human
activities. Those effects must be considered as cumulative even though they may be
beyond the responsibility of any one development.

3.0 MONITORING AND MITIGATING

Monitoring (measuring aspects of caribou behaviour  and ecology) will describe the
Project’s effects on caribou and thus reveal mitigation effectiveness. This concerns effects
rather than surveillance (compliance) monitoring. Monitoring and mitigation should not
themselves cause additional disturbance. And they should be based on traditional and
scientific knowledge of caribou ecology.

Effects monitoring has two parts. First is to monitor caribou distribution and selected
environmental factors as ‘early warning’. The environmental factors include those
conditions (deep snow, late springs, severe insect harassment) which stress caribou and
thus intensiw human disturbance. Caribou proximity and the rating for the environmental
factors shou-ld  then trigger pre-determined mitigative actions whose stringency would be
geared to caribou numbers and environmental stress.

Second, monitoring will identify residual effects which is then an evaluation of mitigation.
This can be achieved by observational studies which do not have to be extensive but they
do have to be rigorously designed.

The Proponent’s monitoring and mitigation plans were vague and so in this submission
we offer examples to illustrate. We will be available to work with the Proponent on details.

Echo Bay Winter Road

Caribou and trucks should be separated to avoid injuries and deaths. The greatest risk
is in winters with deep snow and when caribou are present in high numbers along the
road. Monitoring to identify when caribou are present along the road will be necessary.
One possible model for monitoring and mitigation is from the all-weather haul road for the
Red Dog mine (Alaska) which crosses the Western Arctic caribou herd’s fall migration
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routes and wintering range. Between 30-70 concentrate trucks use the road daily and,
in some years, thousands of caribou. Cominco has a monitoring and mitigation plan
(Appendix 4) which relies on traffic restrictions to allow free caribou passage.

Trafic restrictions to separate caribou and trucks may only be practical for brief intervals
given the short time that the road is open. Variations could include the selective use of
tempora~  (snow) fencing to insure that caribou crossings are at predictable locations for
the truck drivers. Alternatives to keep caribou off the road will need testing. Although
there are many papers on reducing wildlife and road traffic problems using fences,
reflective mirrors and lights, they were developed for moose and deer in different
environments. Drivers should be educated to anticipate why caribou on the road may try
to out run or cut in front of a truck.

Lac de Gras Mine Site

The emphasis for mitigation is to prevent injuries and deaths to caribou and operational
delays by keeping caribou from using roads and the runway. This will involve temporary
fencing to direct caribou to cross roads at specific points and the experimental testing of
traditional methods and other devices (one-way gates, cattle grids). Those measures will
be especially necessary during summer weather conducive to insect harassment.

Mitigation through separating caribou from activities will reduce the caribou’s energetic
costs of responding to disturbance. Disturbance from aircraft can be reduced by altitude
restrictions and flight corridors. A review of caribou responses to aircraft concluded that
1! . . . aircraft maintaining altitudes of 660 m (above the ground) caused little or no
disturbance to caribou during any season, and flight altitudes above 300 m (above the
ground) caused few strong responses by caribou.” (Shideler et a/. 1986, p.46).

Approaching and departing aircraft to the landing strip should use flight corridors. Other
areas caribou should be kept away from are reclamation areas where vegetation is being
established - caribou will likely select new growth. And fencing will be needed to keep
caribou away from unconsolidated tailings.

Directing caribou movements through fencing is a traditional hunting method with several
different techniques. We suggest that both traditional and contemporary techniques be
investigated as fencing will have to be adapted to the seasons and levels of caribou
motivation. Migrating caribou are more resistant to changing their direction than caribou
foraging in an area but even migrations on a large scale have been redirected. The
Russians used a 60km fence to direct wild reindeer away from a railway and pipeline
(Appendix 3). Care will be needed with choice of where the caribou are being directed
and provision of contingencies to ensure that the fences do not themselves become a
problem.

nA*
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Other steps to mitigate effects are educational. Education will include explaining to mine
staff about caribou’s need for uninterrupted foraging, their strategies for avoiding
predators and the consequences of insect harassment.

Cumulative Effects

Caribou exposed to the winter road will likely be, in some years, the same individuals
exposed to the mine at Lac de Gras as well as other developments. This increases the
need to minimise behavioral changes and energetic costs. Mitigating individual effects
will, in turn, mitigate cumulative effects. Environmental variation, knowledge gaps and
possible failures or errors in mitigation and monitoring are sources for uncertainty in
mitigating cumulative effects. Energetic modelling  to predict and evaluate cumulative
effects are possible with the type of model developed for Porcupine caribou herd (Russell
eta/. 1993). That modelling  would usefully guide developing priorities for monitoring and
mitigation.

Our only previous experience with this scale of development on caribou ranges is the
effects of the Prudhoe Bay oilfield  on caribou in the Central Arctic herd. The evidence
over 15 years is increasingly indicating that behavioral avoidance of roads is
accumulating as an effect on cow productivity and calf survival. The evidence is not, yet,
irrefutable but is sufficiently strong that management of industrial activities and caribou
must remain conservative until it can be demonstrated that cumulative effects do not
constrain the herd’s well being.

4.0 RECOMMENDATIONS TO THE PANEL

1.

2.

The Proponent should work with the Department of Renewable Resources and
traditional users to develop specific monitoring and mitigation programs to manage
interactions between the NWT Diamonds Project and caribou. Those programs should
be firmly built on science and traditional knowledge. The operating conditions for the
Project should require monitoring and mitigation plans.

Interactions between the NW Diamonds Project and caribou should be managed with
the objective that caribou deaths and injuries are unacceptable risks and should be
minimised to the maximum degree possible. Behavioral and energetic costs are only
acceptable if minimised. Those assessment objectives have to be stringent because
of environmental uncertainties and knowledge gaps. The only experience elsewhere
for this scale of project on caribou ranges (Prudhoe Bay) indicates that cumulative
effects are likely at the population level unless mitigation is effective.
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APPENDIX 1

Comments on NWT Diamonds Project Environmental Impact Assessment

The sections on caribou and environmental assessment could have been more rigorous
and scientific. Other methods to acquire baseline information would have given more
useful information and been less intrusive. Well designed sampling to describe numbers
and behaviour of caribou and environmental factors that influence their behaviour are
essential baseline data to measure effects and plan mitigation.

Volume 11:
Section 3.3.2.2 Previous research (on the Bathurst herd)

The caribou section does not sufficiently explain caribou ecology as it relates to the Project.
Relevant literature on caribou is absent with reliance on general articles. Information from
the few reports cited is poorly integrated. For example, the Proponent cites Urquhart’s
report that the Bathurst herd has calved at Bathurst Inlet since 1960 even though there is
information in another cited report (Fleck and Gunn 1982) which summarises the pre-1960
knowledge on calving distribution.

The paragraph on food habits fails to explain caribou ecology and how it might predict
caribou’s response to development. The only paper cited is a popular summary (Urquhart
1989) rather than primary research or review papers (for example Klein 1990 and Russell
eta/. 1993). And it seems remiss not to cite the research published on the Bathurst herd’s
feeding behaviour on the summer range 1. Understanding why caribou select certain foods
in spring and summer especially their selection for fresh growth explains why caribou will
be attracted to some structures. Dust in spring will accelerate snow melt and plant growth
and seepage in summer along roads may also attract caribou.

The description of insect harassment would have been enhanced by using the relevant
literature. The distinction between caribou responding to mosquitos or warble flies is not
made although it determines how they would interact with the Project. It is misleading to
state that caribou” seek out human developments” (p.3. 164) without pointing out that bulls
differ from cows (with calves) in their responses. Russell et a/. (1993) describe the
conditions under which either mosquito or warble fly harassment are likely. As the
Proponent has the weather data for the site, it would have been useful to have estimated
the number of days when insect harassment would have been severe.

l(Melton, D. and D. Heard. 1992. Ungulate behaviour and habitat quality: insights from Africa and the
Arctic. Pages 185-188 /n: Ungulates 91, Proceed. Internat.  Symp, SFEPM/lRGM,
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1

The paragraph discussing the Bathurst herd’s size would have been more useful if the
Proponent had used current estimates and background information on previous estimates
including an explanation of how herd size is estimated. The most recent estimate is from
1990 (352,000 +/- 78,000).

Section 3.3.2.3 Methods

No rationale for the methodology is given and data presentation is scanty without
descriptive statistics. Using a Twin Otter at 200 kmph and 300-400 m above the ground
in May is not the best survey technique. Even under reasonable conditions observers will
miss seeing caribou, so at that speed and altitude with the small windows in the Twin Otter
many caribou would be missed.

The subsequent survey design (local study area), using a helicopter at low speed (44-50
kmph) and a low altitude (30m above ground level) every 2 to 4 days (1000/o coverage)
would have made for accuracy (seeing all the caribou) but at the cost of disturbing them.
Miller and Gunn (1979) for example, recorded extreme responses, i.e. galloping, to
helicopter flights <200 m agl. The weekly helicopter flights over the larger wildlife study
area are too low and slow to avoid unnecessary disturbance. It is misleading, without
footnotes, to give the Twin Otter high level fast flights with the low and slow helicopter
flights in the same table. It is not clear why there were no survey flights in June or early
July 1994

In 1995, methods improved using a Cessna 185 in spring” to avoid disturbance to migrating
pregnant cows” (p. 1-5, 1995 Baseline Study Update). But helicopter flights in summer and
fall were still low enough (61-91 m above the ground) to be disturbing especially as large
groups were circled (p. 1-7). It is not explained how the observers determined strip width
for the helicopter surveys.

Given the three survey aircraft types and the variation in survey altitude and strip width,
comparisons between months and years are not feasible.

The differences between how bulls respond compared to cows and calves should have
alerted the researchers to the importance of sex-age composition. In 1994, only 13% of
all caribou sighted were classified and most (61 %) were cows which was attributed (p. 176)
“to the ease of identifying sex in the small post-calving aggregations”. In 1995, the
methods indicate sex-age information was collected but it was not reported. At the low
altitudes of most flights, it is unusual that the observers did not classify more animals.
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Those aerial surveys only reveal caribou numbers in the mine’s vicinity. They tell nothing
about how long caribou remained and what their activities were (foraging, resting, seeking
relief from insects). Given the intensity and frequency of the low level flights, information
on caribou responses should have been collected. Specific information on habitat use,
plant phenology, insect harassment, timing and rates of snow melt are all factors whose
measurement would have contributed to understanding caribou behaviour and thus
contributing to the development of mitigation and monitoring plans.

Vol. IV, Impacts and Mitigation, Section 3.3.4 Bathurst caribou

The Proponent notes, correctly, that there is a large body of literature on caribou and
disturbance but neglects to point out that it is also a controversial topic with dovided
opinions. The paper cited (Bergerud  et a/l 984) provides one side of the issue and
triggered published letters of disagreement to the journal’s editor. The paper cited for the
effects of Prudhoe  Bay was published 12 years ago and more recent publications present
evidence that the Central Arctic herd’s productivity is decreasing. An especially useful
paper for the Proponent and Panel would have been Shidler  et a/.(l 986) review of caribou
and disturbance.

The examples of herds crossing roads are unhelpful to the Panel without details. The key
points would have been to describe the amount and type of traffic and the season and
extent of caribou interaction with the roads. Examples such as the Qamanirqauq herd
crossing the Churchill railway (no reference given) are misleading because so little
information was collected. The Proponent is correct in that the caribou did cross the
railway but neglects to mention that even though there were only two trains a week,
caribou were killed.2

Section 3.3.4.1 Habitat loss

The statement that “Lac de Gras does not represent major wintering or summering areas
and consistently high densities of caribou do not exist” should be substantiated by data or
references.

Section 3.3.4.2 Habitat degradation

The statement that “In general, habitat degradation will not affect caribou use of habitat”
should be substantiated by data or references.

2Banfield  A.W. F. 1954. Preliminary investigation of the barren ground caribou. Canadian Wildlife
Service, Wildlife Management Bulletin Series 1, No. 10B.
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Section 3.3.4.3 Disturbance
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Many terms are undefined and supporting data for statements are absent. For example:
“They (caribou) did not exhibit extreme reactions or evidence of disturbance to the noise
or activity at the site.”

Section 3.3.4.4 Mitigation

The proposed mitigative steps are few and vague, for example, high-use caribou habitats
will be “protected from disturbance if possible”;”behavioral responses of caribou to visual
barriers may be used to deflect them from open pits”; aircraft tratic “will be controlled
during spring and fall migrations”; and “historical experience could be used to divert
caribou from the Long Lake tailings pond”. All these mitigative actions are identified as
conditional but the conditions under which they are implemented are not identified. The
list is not exhaustive when compared to possible effects.
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APPENDIX 2

Background Papers on Prudhoe and Low-flying Aircraft in Labrador
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Effects of a road system on caribou distribution during calving
J. R. Dau’ and R. D. Cameron’

~bsrracr:  [n winter 1981 -82, a 29-km road  svsrem  was built in I high-use c~ribou (R~ng~er  t~randus  granrt)
calving arez neor \lilne  Point , .Al~ska. Aerizl surveys  Oi [his Zrea were conduc~ed annually  during the calving
period for 4 years before ~nd 4 years after road construction. Effects of the road svsrem on rhe distribution
ot’ caribou were investigated by comparing survey data obtained during these two periods. The AI 4CC-ha stuciv
area was partitioned into 4C quadrats;  afrcr consrrucrion  (1982 - S5), significantly fewer  caribou were observed
within quadrz[s  encompassing [he presenr  road system than before construction (197s  - 81).  The arez within
6 km oi rhe road system  ~zs stratified into six 1-km inter~lls, and differences in the distribution of c3ribou
among those strxta were examined using linear regression ~nalvsis. After construction, [he density of ma[ernal

females wos positively correlated with distance, whereas no such relationship was ~pparent  before construction.
Density of nonmaterial adults  was unrelated to distance during both periods. The results suggest that J !oc~l
displacement of maternal caribou hx occurred in response :0 roads ~nd associated human ~crivity.

Key words: caribou,  calving, roads,  disturbance. :.

‘ Alaska  cooper~tive  Wildlife Research Unit. Universir}” of’ .+laska, F~irbanks.  .\laskQ 99775 L’..i..i.
‘ Alosk~ Department of Fish 3nd G~me, 15CC Coile:e  Ro3d. Fairbanks.  .ll~ska.  997c  I U . S . . \ .

Rangifer,  Specioi Issue No. 1, 1986:95-1:1

Introduction
The Cenrral .+rcric  Herd (C.\H) is a distinct

subpopulation  O; cl. 13 CCG c~ribou  (R~rrgifer
tararzd;js gY~rzrz)  (as O; 1985; W .  S m i t h ,
unpublished dac~j rhat ran:es the .~rctic  Slope oi
Alaska between the Canning and Colville  Rivers.
Seasonal movements ~re principally north-south
between wintering 2reas in the Brooks Range ~nd
calving groundsi  summer r~nge on the Arctic
Coastal Plain (Cameron and Whitcen,  1979).

In winter  19S1  - S2. CONOCO, Inc. built 29
k m  of gravel  road JS t he  in i t i a l  phase  oi
petroleum development  within the >lilne  Point
P r o d u c t i o n  Unit  (FiS. 1). This complex is
approximately certrered on one  oi two known
CAH calvin~ concentration ~rezs (Whic[en and
Cameron. 19 S5’1.  In winter  19S4 - S5, a single
pipeline 35 cm in diameter ~nd approximately 1.S
m  above ground  was e rec t ed  ~djacent  to the
Ylilne Point Road, ~nd J jcc-person h o u s i n g

Rangifer,  Speciai Issue Xo.  1, 19S6

facility was constructed. Human  activity  and
traific le’:e!s near Y[ilne Point were low in June
19S3 ~nd 19S4  (<IO vehicles  per  day;  I active
drill rig), moderate in 1?S2 (1C - lCC vehicles per
day; 2 active drill rigs], Qnd high in 19s5 [>?cs
vehicles per day; 5 active drill rigs).

The objective of this study  was to derermine
the effects  ot’ roads ~nd associated 3ctivirv on the
local distribution oi caribou. especially rn3ternai
females, in  this  high-use calving are3. \\.?
compared the distti,’oution of caribou within this
region during [he four ve3rs beiore  consrrucrion
oi rhe road system (19>s - SI) with tha[ during
the four ve~rs  airer consrrucrion  (19S2 - S5j.

YIethods
T h e  study lrea is ca. 45 k m  norrh~est oi

Prudhoe  BIy, lying north of the West SJ!i RoiIi
between the OIIktok  Road ~nd Kupar’~k Rive:

q~
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Fig. 1. The iMilne Point study area ~nd surrounding region, wit
h roads and gravel pads IS oi 19$1 ~nd 19s5.

(Fig. 1). Terrain ranges from sea lei’el to 25 m
elevation. Venerat ion is  CYpicll OF the .\rctic

Coastal Plzin (W~hrhaftig,  1965) and simiiar  to
that d e s c r i b e d  f o r  the Prudhoe  Bay re~ion
(Neiland  and Hok, 1975; Webber  ~nd W~lker,
1975).

Aeri21  sumeys  of the study  2rea (Whitten  ~nd
Cameron,  19S5; C2meron  et .21., 19S5) ~er~
collducced annually bttween lC Jnd 14 June  197S
- s5, within a iew days aiter  the mojoriry  of C.\H
calving had occurred. North-south strip tran-

96

sects spaced at s.~.km  were flown by helicopter.
and observers searched within 1.6 km ot the
transect center line. For e~ch group  or’ czribou
obsen’ed,  we recorded mop location. :roup size.
and sex/age composition.

T h e  s t u d y  areo was p~rritioned  i n t o  42
quadrzrs of 1036  ha e~ch (Fi S, 2!. \ledion
percent~ges ofc3ribou  observed lvithin [he ~t~~n
q,uadrats that  include the present road s?”stem
~1.t., ~~road quadrats”~ were ~omp:lre~  be~~~e~
[he pre- and posrconstruction  periods using the

Rangifer,  jpcci~l IS,UC X(). !. 1’1S6
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.Mann-Whitnev  test:  the Z test  statistic is
reported when r~nks were tied (Conover,  1980).

The area within 6 km of the present roads was
then stratified into six I -km distance intervals,
excluding ponions oi strat~ that were cIoser to
the West Sak Road (Fig. 1), and the data  were
examined to derermine  whether the ~ssumptions
for  linear  regress ion znalysis were satisiied
(Neter and Wmserman.  1 9 7 4 ) .  S q u a r e  r o o t
transformations eliminated che correlations
between means and vzriances  of caribou density
within strata. Linear  regressions describing
caribou density as a function of distance from
roads were fit using the full and reduced model
approach (Neter and Wasserman, 1974) to
examine differences within and between the two
four-year periods. Linear models for 197S - S1

)

;i

“,

1

I
l/>->---,

J
Fig. 2. Distribution oi lC56-ha quadr~ts in Ihe sruuy

i

. .:
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a n d  1982 -  S 5  w e r e  fir simulr~neously  and
complred through .2n21vsis  of vlri3nce
(ANov.\).

During  the surveys. we did nor distin:uisi-s
be tween  maternal  ~nci nonmaterial  t’emzles.
Thereiore. [ O  describe t he  d i s t r i bu t i on  or’
maternal  iemales,  the above analvses based on
total  number ot’ caribou were repeated using
number of czlves (i. e., neonates). In addition,
s t r a t i f i c a t i o n  and AiXOVA were used to
compare the responses oi maternal groups (i. e.,
~zjo~ ~a]ves)  ~nd nonmaterial  groups  (i. e.,
<2s~L calves) to roads. 1[ should be noted chat
the latter  is Qn u posreriori analysis, Qnd the results
should nor  be  granted the same level of
objectivity 3s other results presented here.

All statlsrical  operations were performed using
a Compaq Deskpro computer  sysrem and
SPSSiPC s[~ris[ical soi~wzre (Norusis, 19S4).
Alpha leve~s  (P-values) <2.85 were considered
sraris[i~~lly  significant.

Results
Fewer caribou were near the present road

system aiter construction than before construc-
t i on .  The median percenraSe oi c~ribou in the
seven io~d quadrats  was significantly diiferent
between  197S - S1 and 19S2  - S5 (S.5 V S. 2.:<’;,.
T = 26.2. ? = 2.25). Before construction, i~”~
O; ~il caribou  observed in che study .lrea (465 or’
2SC6 I were within these Seven quadr3ts.
comolreti with only 2’!L ( 9 C  Oi 5~2~) l~re~
construction.

L)lr’ierences  between  periods for c31ves were
not :iear.  E’:en though  the medi~n percentage oi
~ai~c~  in the r o a d  quadr~ts was hi:her durin:
197S - S1 110.5°0) than during  19S2 ~S5 (C.2’’’; ,;,,,. . . .
the ~lrierence  m’~s noc srariscic~ilv slSnlrlcant  i z
=  - 1 . 6 9 ,  P  =  8.39). However:  the disyzrity
between  pre- Znd postconstrucrion  periods In the
percent~Se ot’ Jll c~lves obser’ed  i n  the seven
qu~dr3ts w~s greater  rh~n that [or Lll c~ribou.
Be[ore  construction. 17UI]  ot 111 calves obstrved
(19C ot 115C) w e r e within  these qu~dr2ts.
como~red  w i t h  <1°6  ( , 6  oi 2539)  ~iter road
construction.

Line~r re!~rionships bern’een  c~ribou density
2nd distance irom ro~~s were signiiic3nr11.
~i~~~~en[  berwe~n  19?S - S1 ~nd 19S2 - S5 ior ~il
caribou.  .Ind ior c~ives iT~ble I ). T h e  ~tinu~i
vari~biiitv in these relationships within e~ch
iour-\e3r  period was not si:nific2nt  ior all

97



caribou, but was nearly  significant for cal~’es  ( P
= 0.s53).  The latter may have r e su l t ed  from
yearly  differences in levels of hum~n activity  in
t h e  s t u d y  ~rea after 19s1. Nevertheless.
differences in these relationships were greater
between periods than zmong  years w i t h i n
periods (Table 1).

During 197S - S 1. there was no delectable
linear  relationship between the density 01 either
torzl number  ofc~ribou  or number of calves. and
distznce  from roads. In 1982- S5, however,
both density parameters were correlated with
distance (Fig. 3). This further suggests  that the
berween-period  difference in the relationship
between calf density and distance (see above) was
r e a l  a n d  not  attribut~ble  t o  w i t h i n - p e r i o d
variation.

The similar results obtained for total number
o f  all czribou  and n u m b e r  of calves (Fig. 3 )

indicate that  the distribution ot mzternal  corib[)u
was not ~PPreciably different trom the disrribu  -
rion of zII car ibou.  This  is  not  surprisin>
considering that most adult  (>2 veers)  czribou
in the stu+y. ores during June were maternj~
females (mlnlmum mean = 69’!4:  SD = !5’].

The relationships between number ot’ matcrna]
groups  per km: and distance from ro~ds  diifere~
significantly between 197S - 81 and 19s2 - S5, :
difference that cannot  be attributed to within-
pcriod  variability (T~ble 2). No such ditfercncc
was found for nonmaterial groups, eithe:
between or within  the pre- and postconstrucrior
periods. Furthermore, there  was no Iinezr
correlation between the number ot’ materrtal or
nonmaterial groups per km: and distance during
197s. - s I; nor was there any correlation for
nonmaterial groups  during 1982 - S5. In 1982 -
s5, however, the number oi’ maternal groups pel

Table  I. Analvsis  of variznce  examination ot’ the relationships b~r~een  numbers of JII c~ribou, and calves, per
km:, Ind  distance from roads. }lilne  Point. .\laskl. June 197S - S5.

Density Source ot’ Sums or’ Me3n Enterin\
paramerer }lodel’ variability squares df square  F P F v~lue P

All Clribou
Basic-

Reduced

Full’

Tcsr

Calves
Basic’

Reduced

Full’

Tesrc

Total
Regression

Error
Regression

Error
Regression

Error
Periods

Ye2rs;  Periods

Tot~l
Regression

Error
Regression

Error
Regression

Error
Periods

Ye~rs/Periods

7.23

7.s9

5.52

5.15

7.5S

S.51

3.S’5

- - -
>.)2

< “  .,

-..  ,

< A.
“.” 1 -.,7.5S < v.-

7.s5 <:.:1

7 ‘j .-:
-.” -.”-

Each model tests simple Iinezr relationship(s), where  the dependent variable is the squ~re root ot c:r:o(>!
density  (numbers,’km’)  ~nd the indcpendcnr  vari~ble is distznce  from the rood s i te  {km).
Fits J linear model  with data  pooled  ~cross all years:  H,,: the eight relationships ~re nCIt  signiiicantiy  Jiiicrcn:
The Entering F VJlue rests for the signiiic~nce  ot’ :his mode! beyond  the significance oi the B~sic modti.
Fits a separ~te linezr  model  t’or e~ch period; H,,: the :VrO relationships Jre not signific~nt]y dii~erent. ~’.

Entering F value tests for the significance of this motiel beyond  the significance or’ the B~sic mode!.
Fits I separzte  line~r model  for e~ch yeor within  eoch ~eriod: H,,: the iour  re!2tionsh~,s ~re not  ~l<~li]~.l~~j!

. .

different. Tine Entering F vzlue tests  for the signiiic~nc~ ot’ this model be~;ond :ne signlrlconct  ot :be Rcduct:
model.
Tests HO: ~he ~ari2tion  in Iinezr models berwcen periois is not signiiiclntly  greater  th~n the vario::on in !ir,<~i
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km’ was highly correlated with dist~nce irom
roads (Fig. 4).

Discussion
Results oi the quadrat  anzlvsis for calves are

probably misleading. The absence of a statisti-
CZIIY signiflcanr  difference between 197s - s I
~nd  1982 - 85 in the median percentage of calves
in the seven road quadrats  may be atrribut~bie
to the small sample size (n = S), tied ranks, and
rhe large  effect on ranks  of the slightly grearer
percentage of c~lves observed during 1985 (1?4)
VS. 198C (C?L).

Linear regression analyses ciearly  show
significant differences between 1978 - 81 and
1982-85 in ~~e relationships between caribou
density and dlst~nce from roads, differences th~t
are not artifacts  of annual variability. .+ Dpa-
rently, displacement of maternal females from

Fig. 3. The relationships berween  caribou  density ~nd
are~s near the .Milne Point road svstem account

distance from roads  for all czribou. Jnd c~ives
for this change.

(i.e.,  neon~tes), during  June  1978 — S1 ~n~ Extrapola t ing  these local effecrs  to a regional

1982 - 85, !vlilne Point, .ilaska. DaKI points level  requi res  some specula t ion .  The logic~l

shown ~re jtrzta me~ns for e~ch A-vear period: implication is that an extensive, dense network
however, Iinezr models were fir us]ng data For of roads will result in widespread. parti~l
individual yezrs. displacement oi maternal c~ribou from c~lving

. .

T~blc 2. .+nalvsis IJ; vari~nce  cx~mination  of the relationships  berwcen numbers  oi marcrnal ~nd nonm:r:m.li
groups  per km: Jnd disr~ncc from rolds. >lilne  ~oin[. .~i~ska. J  unc ig~~-~s.

Density Sourct  ot’ Sums or >[e~n Entering
parameter \[ode! v2ri3bi  Iitv 5au3res sauareL!t , F P F vaiut P

!viatern3i groups
—

Basic-

Full’

Tesr

Nonmatem~i  groups
Basic

Reduced.

-1”0[21
Re:re5siun

Error
Regression

Error
Regression

Error
Periods

Ye2rs( Periods

Tor31
Regression

Error
Regression

Error
Regression

Error
Ptriods

Iejrs Periods

. . . 2.97..”/
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1.KM. Jnci distance from roads during  June
197S -31 zna  19 S2-S5, >[ilne  POint,  .ilask2.
Data ?oints  shown ~re strzta me~ns for ezch
~-vezr ~eriod:  ho-ive~’er.  linear  mode!s w e r e
fit”usifi~  data ior indiviciuol ye2rs.

g r o u n d s  uniess rhe~.r begin co to l e ra t e  these
structures Jnd associated acri~rities  (Cowan.
1974). Un~orrunarelv,  there is no evidence for
habituation bv matern~l  c a r i b o u .  O n  the
contrary, n u m b e r s  of C.IH ie.males caiving
within the Prudhoe  Bay oil field have remained
consistently iow (Whirren  and C2meron.  19S5,
unpublished data), despite ne~rly a dec~de of
exposure to manmade structures.

The tideIity that  most c~ribou  herds show to
calvinq ~rounds suggests  that these areos may be
more imporr~nr thin other seasonal ranges which
are used less oredicrablv  ~, Skoog,  196 S). Bergerua
( 1974\ st~ted:  ., The basic question is . . . . why the
same ~reas. iimited in extent. are used vear alrer

,..
‘vear 35 c21v Ir, *2 sites. ., V~lkenburg et al. ”(in press;.
discuss jomc or :he iac:ors  that  could  iniluence
the ztiinitv  I;i caribou  to calving ~re~s.

Tne C.~H h~s continued to grow  despite the
1 0 s s  or Caivin; habitlt. HoweJ’er.  :his apparent

inconsistency does not preclude the possibili[,;
chat traditional calving arezs confer  an advantage
to caribou. Thus far, displacement of C.~H
maternal females has been relatively minor, ~nd
the low density  Oi t h i s  h e r d  o n  i t s  caivin$ ‘‘~

. ,
g rounds  has Jllowed  use Ot suitable  ~lternative
Ireas (Whitren  and Cameron, 1985).

T O our knowledge, this study is the first to
svsternaticailv and quantitatively  a d d r e s s  the
effects  of development within a high-use calving
area. [f petroleum development continues to
expand across the central Arctic Coastal Plain.
we shouid  have more opportunities to evaluate
the imporronce  of calving areas to the CAH.
Other seasonal r2nges  have been only sliqh:lv
affected by man. losses to predation are thought
to be low, and the annual human harvest is small.
The absence o; these confounding factors
provides a unique oppcrnrni~  to evaluate the
consequences of habitat loss to rhe productivity

O{ a barren-ground czribou  herd.
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Abundance and movemeqcs  of caribou in the oilfield complex near Prudhoe

Bay, Al~ka

R. D. Cameron’, E. ~. Lenarr, D. J. Reed, K. R. Whi~ren & W. T. Smith

Alaska Department of Fish ~nd G~me.  1300 College Road. Fairbanks, AK 99701-1599 U.S.A.

* corresponding aurnor

Absrrarr:  We examlnea che disrrlbuclon  and movements o; 141 radiocollared female caribou iRJrrgjir  rarand//I ;r~nr~’) er’
[he Centrol  .+rcrlc  Herd during  summer, 1980-1993. Numbers of.caribou Iocotions  wirhin each 0~ 5 quzarars along the

arctic couc were tordled separarelv for days during  wnich inseccs were active ~nd inactive, ~nd numbers or’ exe-west
and wesr-~r crossings of etch quadror mld-~ine were determined ;rom sequential obsemzrions. Borh ~buna~nce  ~nd
Iacerai movements oi r3dioco11~rea  ;emales in rhe quatir~r encomp~sing  rhe lnrenslvely-developed Prudhoe Bay oiiiield
complex were signl~clnrly lower man in ocher qu~dr~rs  I P c 0.001 ~nd P < 0.00001. respecrlveiv).  .+voidance  oi. lnd
fewer ~movernenrs wlrhln. che complex by ie.m~ie car:cou ~re ostensibly in response ro the dense network O; protiuc:]on
~nd supporr  :~ciiitles. roads. ~bove-ground pipelines. ind rhe ~soci~red vehicuiar ~na human ~crlvity.  Im.p~lred  Access
to rhls ~r~~ consclru:es  ~ fincrion21 loss oi hablttr.

Introduction
Barren-ground caribou  (R~ng~;r  r~randus ~rtinrt) of
the Centrai Arctic Herd (C.\H) inhabit the Arc:lc
Slope berween ~pproximorely  che ColviIle  ~nd
C~nning  Rivers. SvXonal movemenrs  occur  berwe~n
csiving  and  summer ranges  on [he coasral plain ~nd
w i n t e r i n g  ~rem In rhe norrhern toorhiils oi che
Brooks R~nge lC~meron  & Wlllr.ren,  19-9).

Summer  disrr]burion  ~nd movements oi C.\H
czribou ~re Influenced srronglv  ‘Dy Insecrs.  Dur:ng
warm.  c~lm days In Julv w h e n  mosqulroes  (.i(:i~~
s p p .  )  ~nd oesrriti  dies ( H~pOtitnn~ ~ = Ot:itln~{tJ:~:  )

tdrll]l(ii.  c:~b<tlel!l’, :.1 :rnft/.fre)  “btcome ~crlve. caribou
~ggrey~re  ~nd move co the  ,;otir  (j; the  Br~uiort  Se::

-W,  i511):  j.-

when cooler conditions prevail. insect ~ctlvicv J-

bares. ~nd coribou  rerurn  inland ( Dau. 19S6). TileS~
oscill~rory movements p~riociicall~  bring numerous
caribou into conr~ct wi[h oilheids  in rhe coasr~l
zone (e. g., S m i t h  & C~meron.  19852. l!~s>b:

h[urphy  & Cur~rolo.  198-: Smirh  (r ,//. . 199+).
Perroleum-rel~ced  ~crivicv nv~r Prudhoe  BJy

spans ne~rly 25 years. Following rhe discomery  or’
oil there in 196S, dei,eiopment  increuea j[~~dilv.
f rom Iirrle  more rhan .L staying ~re ne~r De~dhorse
Airpor t  ro ~ Izrge. dense network of- rOJCS.  plp~-

Iines, processing focllities.  ~nd ~sorred commerc;:~l
enrerprices.  The present complex occupies much (J;
[he cour:ll  z o n e  ‘be[ween rhe KupIrJk ~nd
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Fig. 1. Roads ~nd facllicies in the Prudhoe Bay region.
Alask.  ca. 1990. Note: One or more pipelines
(stippled) ore ~djacenr to most roads.

Sagavanirkrok  Rivers. During the 1980s, additional
oilfields  were develaped  west  of [he Kuparuk River
and in the  Sagavanirkrok  Delta (Fig. 1).

For 14 summers. we monitored che distribution
and movements of radiocollared  caribou. in parr  to

idenri~ any changes rhar  might occur wirh incr@-
ing development in the  Prudhoe  Bay region. In rhis
paper, we rest rhe following hypothesis (HO):
Neither overall ~bundance  nor frequency of =r-
wesr and  wesr-emr  m o v e m e n t s  of radiocollared
females within  rhe ~rea encomp~sing  rhe Prudhoe

Bay oilfield  complex differed from simiifir zrr~
elsewhere within the summer range of rhe CAH.

ifethods
From 1980 through i 995, we reiocared l-i 1 differ-
ent radiocollared femaie caribou (range. 6-iO c~ri-
bow’yr]  bv hxed-wing aircra~r oc lemr o n c e  eQch
during the period 25 June - 10 August. Locarions
were marked on topographic maps (U.S. Geological
Sumey,  1:250,000) And later converted to UT>[
coordinates, or coordinates were recorded directiy
from o LORA.W  or GPS receiver: most were accurare
to < 2 km, and all t 5 km, judging from our abilirv
co relate  caribou observations CO identifiable map
landmarks or based on position errors of airborne
navigrtrion  equipment.

Analyses were restricted CO locations within CZ.
20 km of the comtline.  The arawas subvided  at 1‘
intervals of longitude from 1463W co 15 1‘W, yield-
ing 5 quadracs,  each ca. S50 km:. The central quad-
rar encompmsed  the Prudhoe Bay oilfield  complex
norrh from Deadhorse  Airport. while the other quad-
rars i n c l u d e d  less-de~’eioped arm west o f  the
Kuparuk  River and undeveloped arm eut of the
Sagavanirkrok  River (Fig. 2).

Insect acrivity  was cixsified x present or ~bsenr
for each survey day by zpplying  hourly  remoer~rure
~nd wind doc~ recorded Jr Deadhorse  .ii~orr co rile

!47.! so.

I

I* Lo”tl.n, of malmollared  CSnbOU  I

o N o ” - , ” , * c 1  OIVS 1
:iq. 1 1 .  I“.*CI aa”s I
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predictive models of Rmsell tf ~f. (1993). Ifremper-
arure  and  wind velocity met che criteria for predicr-
e d  mosquiro  or oescrid dv acriviry  for 2 4 h o u r s .
chat entire dav wu clusified M In ~~insecr,~ dav; Ill
orher  days were classified M ,, non-insect. ~~

The entire summer range  of the CAH seldom
was sumeyed  for rzdiocoilared  females on ~ single
day, and, in some ymrs,  coverage of quadrars  (Fig. 2)
to rhe west (A and B) or emt  (D and  E) W= nor
equal.  Quadrac  C. however, Wm overdown  regularlv
dur ing  deparrure  and ~rrival  in the Dadhorse  arm,
our base of operations. Lyonerheless. bacause  radio-
craclcing effort  was nor always sparially  uniform. we
assessed disrriburion of radiocollared  females among
quadracs  by comparing ratios  of non-insecr:  insecr
observations. We compared ease-wesr movemenrs  of
females within qmdrars from a subset of sequential
locations of 115 individuals, from which ratios  of
inferred: porenrial  crossings of each quadrac  mid-
line were calculated. Standard errors were compured
(ratio  formula Cochran,  1977), with female-year u
the sample unit, and differences between ratios  of
means were evaluated using t-tests. P-values c 0.05
were considered significant.

Results
We obtained 1220 point locations for radiocoll~red
females within [he study Qrea. Despite use oi L sim-
p i e  c~tegorical estimate of insect ~Ccivir~  for ~~~h
full dzv, rhere w= I clear tendency for c~ribou  co be
nearer  the coast on insecr days than on non-insect
days (Fig. 2), o direct retiecrion  of movements rhac
occur In response to changing musqui[o  ~n~ ocscrld
fly har=smenc.

T h e  rarlo  of non-insecr:insecr  obsemarions  of
female  czribou  within Quadr~c  C was signincznrly
l o w e r  than chose for [he o c h e r  4 quadra[s  (P c
0.001. Toble 1). Similarly, the  rel~tlve  frequency
with which radiocollared  females crossed the mid-
line o~ Qu2dr~t  C was signihcjntly  lower then for
orher  quadrars  (P.< 0.00001. T~ble 1).

Discussion

T~ble 1. R~tios OF  non-i  nsecr::nsecr observations o~ radio-
collared female car]bou Wirhln mcn quadr~r
i Fig. 2). ~nd Inierrea:porenciai crosstngs  ofqw~d-
rac m i d - l i n e s .  Cenrrzl .\rcric  Herd. summer
1980-1995.

Quadrac Obsemacions. Cross;ngs.
non-insecr:insecr  (n) inferred: pocenrial (n-)

A 0 .60  (154) 0 .46  (192)
B 0 . 5 5  (382) 0.4; (408)
c 0.08’  ( 186) 0.05’ (222)
D 0.43 (505) 0.41 (269)
E 0.61 (193) 0.49 (168)

‘ Number oi porenrial crossings breed on seauenriai loca-
tions, including those resumed for inrerjacenr qtiracs.

3 Signific~ncly lower than ratios for Quaarars A. B. D.
znd E (r-zest, P < 0.001 ); Ill ocher differences nor sigrrifi -
canr. excepr for Quadrats B vs. E (P <0.0  I ).

:  SignincanrIv lower rhan ratios for Quadrats .+, B. D .
and E (f-cesr, P < 0.00001); all ocher differences not
signihc2nc.

plain, a major movement corridor for caribou

(Smith  ~r ~f., 1994),  or wi[hin  a few kilometers e~r
of rhe Kuparuk Delr~. an ~rea of little surface devel-
opment.  Cle3r1y, avoidance is far more exrensive. .
than reported previously for the central porrlon  oi
the oiifield  (C~meron <~ ,;f., 1 9- 9 :  Smirh  M
Clmeron. 1983).

The comparative p~ucity  of ~emale caribou In
Qu~dr~c C during non-insecr  vs. insecr davs (TLbl&
1) ~lnnor  be ~[tribuced  co a unique h~bir2c compo-

sition.  speci nc~lly, a grez[er  occurrence of sp~rse[y -
veye[ared  ripariln Jr= used principally for insecr

~ .hows ~h2c Quadrar  C comprisedrelle;. F igure  - \
more riparian  habir~r  than  Quadr~t  B. D, or E. but
less rhan Qu~dr~t  A. yer rhe non-insect: insecr rarlo
f o r  che l~crer w a s  ~mong the  highesr  compured
(’rJble 1).

Derermlning rhe exacr ~rea that femzle c~ribou
~vold is diflcult, owing  co the grzduai  progress OF
oiineld  devtloprnenc  ~nd rhe accomp~nying  net
~rowrh  o~ the C.+H f r o m  CI. 9 0 0 0  i n  !9S 1

{\Vhi[ten  L< C~meron,  198;z) to CL. 25.000  in 19!)2

( \Vhicren.  unpubl.  d~ro).  .~ Tninitnj(nl ~re~. however.
c~n bc esrim~ced.  .~ssumlng,  consemati~eiy.  rh~r
~bundance  or” r~diocolllred  females duriny  i n s e t :
d.Lys  Jld nor decline. reduced use oi Qu~dr~c  C c~n
be ;~lculated M [he producr  of the ror~l number  o~

loc~r;ons there  during  Insecr Joys ( I - 1 )  ~nd the
secund lo~esr  r~tio r e p o r t e d  tO.55. Qu~~rZr  B:
T~bie 1 ). Thus.  .Lr leMt 60 iem:~ies should  h~ve been
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present in Quadrac  C, wherein only 15 were obsem-
ed, a deer-e of 78 % or an equivalent arm of 660
km:.

fbl we7nentJ
Our observation of infrequent lateral movements of
female caribou wirhin  Quadrar C reinforces mrlier
evidence for low races of crossing the Trans-A1aska
Pipeline corridor, including its exrension  through
che complex ( Whicren  & Cmeron, 1985b).  In con-
trast, caribou app~rencly  were abundant, and  major
movemenrs  were noc uncommon. in this same area
during the 1970s (Child, 1975; White et u~., 1975;
Gavin, undated).

Obvious accempcs by large groups of caribou co
penecrace  the oilfield  complex have been observed in
recent years. On several occasions (e.g. Smith er ~f.,
1994),  insecc-harassed  aggregations moved wr-
ward across che Kuparuk Delta, conraccing  the
roads and pipelines wesr and south of Prudhoe Bay
(Fig. 1), but apparently were unable co continue co
che west  c h a n n e l  o f  the  Sagavanirkrok  R i v e r .
Moreover, in our 14 ymrs  of radiocracking,  nor a
single collared caribou is known co have passed
entirely through the main oilfield  in either direc-
tion.  The 10 iru’erred crossings of che Quadrac  C
m i d - l i n e  (Table 1 ) may h a v e  o c c u r r e d  near
Deadhorse Airport. the southern bounda~  of the
complex.

Although precievelopmenc  data ore unavailable.
there  is no croon co believe that previous move-
ments  of czribou  in Quadrar C were subscanriallv
different from chose in similar arem of the C.\H
s u m m e r  r~nge. [nsecr-induced  m o v e m e n t s  a r e
ostensibly more opportunistic rhan  reperirivelv  sire-
specihc.  Given unimpeded access. the exact  routes
caribou cake co and from the come depend [~rgel~’
u p o n  their loc~cion ~t the  onser  and c e s s a t i o n .
respecrivelv.  of insecr harmsmenc;  ~l[hough  riparian
arex. when available, ~re seiecced as corridors

(Smith t; tif.. 1994). Hence. just x we~ther  events
r e n d  co be  random.  so  2re [he ~soci~red move-
menrs.  If mid-line crossing ratios  For Quadracs  A. B.
D, ~nd E ~ccura[ely  redecc ~ r~ndom  process. [hen
the ~requency  or’ l~reral movements within Quadr~r
C hti decremed  by ne~rly 90 % (T~ble 1).

[tnpli,:tcto~lj

Underuse of. ~nti reduced movements within. [he
Prudhoe  Bay oiliielci bv c~ribou  ~re ~pporencly  due
co [he cumui~c]ve eifec[s oi inttnsi~’e  ~nd ex[enslve
surr~ce dc~elopr,ent. high levels o[vehicul~r rr~~lc.

6

and widespread human acrivicy. Ve~ likely, avoid-
ance is exacerbated by numerow pipelines c 1.0 m
above ground level, which conscicuce physicli  barri-
ers to movement.

By comparison, more recent oilfields west of the
Kuparuk  River (i.e. within Quadrac  B) have ~ lower
densiciy  of production-related facilities (Fig. 1), and
nearly all pipelines are elevated  Z 1.5 m. Numerous
caribou concinue  co occupy these arm in summer.
albeit with notable shifrs  in disrriburion (Smith ~r
uf., 1994). Neverrheless,  M deveiopmenr  within  rhe
Kuparuk region concinues  co expand and incensi~,
additional changes can be anticipated.

The avoidance process, we suspect, is quite sub-
tle and therefore difflculc  CO derecc. Unlike the
exrreme  sensiriviry  noted during calving (Dau &
Cameron, 1986; Cameron e; af.. 1992),  female cari-
bou evidenrly  will colerare considerable surface
development in summer, especially when passage
under (or over) pipelines is possible (Smith ~t ~f.,

1994). However. if srrucrural  complexity incrmes
co a poinr  ac which the  environment becomes unac-
ceptable,  caribou may largeiy  abandon an area. per-
haps abruptly. Wlchdrawal  is probably susrained  by
new movement pacrerns  char emerge through learn-
ing. ~nd trial-~nd-error. Both race of egress ~nd the
eventual level oi use might also vaq co an unknown
degree. depending upon local habicac types Jnd
re~lonal  landsc~pe features. our inability to quanci-

fi this complex Interaction  of man-made ~nd natu-
ral stimuli renders critic~l  levels of disturbance elu-
sive ~nd accurate  pcedicrions  of the timing oi aban-
donment  virtually impossible.

Barren-~round  c~ribou  are i n d e e d  adaprable
(  Be~gerud tt ./f., 1984),  but rhere  are iimics.

Exceeding their  rolerlnce  for adverse srimuli  will
intiuence  disrriburion  ~nd may preclude access [o in
~rel. And inaccessible habi[~r  is habi[ac  lost.
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Redistribution of Calvin: Caribou in Response to Oil Field

on the Arctic Slope of Alaska

Development

R.AYYIOND  D. C.+\lERON.  ” DANIEL J. REED. ~ J,A,VES R. DAL: and WALTER T. SNIITH;

.< BSTR.+  CT. .\erldi .ume~~ f~ere conducted  ~nnu~lly in June 197S-S7 neor Prudhoe BJy. .\lJskJ.  to delemlne  cn~ges  tn [he disrrtbutlon  otcul~flng
c~n”DI)u  I RUII!IIL$r’  !UI”(I)I(IIIS  :rti~rf( I (hal ~ccomp~qleci pe!roleum-reluted  development. Wi[h  construction 0[” m oli lieid ~ccess  road  through J c~lvin:
corrcerrtra[lon  xeo.  meun c~nb(]u  dcnslty  I no.ikm- I decre.~scd  fmm 1.J I io 0.31 I P = 0.05 I \vlthm I km Md incrr~sed from 1.J 1 IO 4.53 I P = 0.U4) 5:
6 km from the rood.  Ctmcurren[ly.  rel~rli”e cx[bou use O( [he ~djticent  xea declined IP < 0.02).  ~ppwerztly  in response [o increasing su~”ace  develop-
ment.  We >uggest  [hut perruroed  dls[nbu[[on  ~ssoc]~ted  wlrh ro~cis r e d u c e d  the CJPJCIIY  ~)r’ the nexby ureo 10 >ust~ln parrunent  lcm~les md [h~t
insutfic)en:  spac]rrg  of roods  may  have  depresscu  overall  calving  ~CII\rIty.  Use  or’ [rad]tiomti  cslvlng  grounds ond or’ cen~m ore~s therein ~ppem  10
t’~vor  c~if sum IYol.  princlp~lly thrnu:h  lo~$er preda[lon  risk and improved tomg!ng conditions. Given [he possible loss UI’ those h~bit~ts  [hrough  dis-
placement ~nd [he crucItii  lmporr~nce 01 zht! reproduc[lve process. J csutious  ~pprouch  [o petroleum development on [he .tictIc Slope is wmted.

Key words: .<laska. culving. c~nbou.  i.iisnsrb~rzce. 011 field

RESL>IE. Des pnotogr~phtes  ~Enennes on( +1< prises JU mois de Ju]n chaque  mnee  de 197S ~ t 987 pres  de la bile Prudhoe en .Alaska. cn vue de
determiner Ies changements clans 1~ distnbu[ion  des cmbous (Ran,v/~ir larandus ?runrll  qui rne[taient  b~s. chmgernents ~ccompagnmt  Ies pro]ets  de
mise <n valeur  relies JU  pe:role. .Ivec  la constmc[]on d’une route d’~cces  ~ un chmp petrol ifere 3 tr~vers  une zone imporrmte  de mlse bm. la densiti
moyenne  du caribou (nombre d“indii’idustkm:) dimlnu~it de 1.41  ~ 0.3 I (P = 0.05’I ~ moms d’ I km de la route et ~ugmentait de 1.41 i 4.53 (P = 0.04)
~ une distmce de 5 i 6 km de II rou[e. En meme !emrrs.  I“utdisutlon re!atlve  de !a zone ~djacente  par ie cmbou  dimmu~l[  ( P < 0.01). app~emment  en
reponse i l“~ugmentoclon  de la mlse en \oleur  de >urrace. On suggere que IJ percuroa[iorr  de la disrnbution  tissoc!<e ~ la consrrucrlon  de routes dim]-
nualt lJ copacite  de IJ zone envlronnante  i ~upponer  des femtlles pmunentes  et qu”un espacement  msurfrs~I  des rou[es  JumIt pu faire  chuter
l’JctIvIre  g&nerale  de m]se  has.  L’ur]lisal]on de :e.~~]ns  trzditionnels  de mlse bls Iinsl que de ~enlmes  z o n e s  i I’inten:ur  de ces [errlins  semble
iavoriser  la ju~ie des  veaux.  en pmlcuiter grice .I une butsse  de !d pred~tion  t! ~ de meiileures conailions  de piturage. Etmt dorm< que Ie cmbou
pourrJIt  +tre +vtnc< de cet htibitat e: vu I“imporrance  crucl~le du processus  de reproduction. on recommfinde une opproche  prudence  3 I’exploitation
tiu pe!roie  >ur [e ~,erslnt xcrtque.

Ylots cI+s: ,AIMkJ. mise bJs. corihou.  perturbation. champ ptitrolitZre

Tradul[ pour Ie joum~l pur N/sIdI  Loyer,

[NTRODLCTIO\

For  more  than 20 yeors. btirren-ground  c~ribou I R~/Iyi~L’/”
raran~’~ts  ,y~”at~f~)  of the Centr~l .\rctic  Herd 1 C.IH) have been
exposed 10 perroleum-related  activiry on J portion ot’ their col\-
ing grounds. ,+~ri~l surveys  from 197S  rhrough 1984 reveuled
that the are~ encompassing the Prudhoe BJy oil field sup-
ported the lowest c2ribou densities ~~ithin the ~oiving ~rounds
of [he herd ( Whi[ten and CJmeron. 1985’1.  suggesting o c~usul
relationship between oil t’ield presence and low c~nbou  ~bun-
dance: hoivever. comparable pre-development observations
were l~cking.  ~nd the data remained equivoc~i.

With expmsion ot’ surt”ace  development west of the Kupwk
River in the late 1970s came  an opportunity to monitor
changes  in the distribution of calving c~ribou  that accompa-
nied placement ot’ ro~ds  (~nd l~ter. above-ground pipelines).
.Aeriai stnp-rransec[  observ~tions  by Dau ~nd Ctimeron ( 1986i
during the four years before ro~d construc:lon  near Ylilne
point ( i.e.. control period) indic:lted rh~t me~n  caribou  densiry
was unreloted  to distance i~ i thin 6 km ot’ furure  roads. whereos

during the four yeors t’olloivlng  cons[ruc[ion  I i .e . .  treorment
period) densl[y increused signit’ic~ntl!  Wlrh distance within 6
km ot’ rouds. However.  neither [he JctuJl pre- ~nd post-con-
struction c~rlbou  densiries  nor rhe ~s>ociu[ea changes  in Iocol
distribution \\ere  reporred. Here we tcsr for >i~nit’icunr differ-
ences In c~ribou den>ity .~t 1  km distonce Internals  b~sed on
[ e n  ) e:lrs” datd. e>tima[e [he relltive  m~~rrirude  of tilreru[ions
in habirl[  u>e. .ind  cii>cu>s [IIC implic~[ions or’ Future  petroieum
develuplmtn[ oil [he .<rc[lc Slope.

,,. STUDY .4RE.I

The C.AH inhobits  rh~t porrion  of the .Irctic Slope between
approximately the Colville  River on the west and the C~nning
RiIer on the e~st. Seosonal  movements are orien[ecj  nor[~.
south between win[er range in the northern foothills of the
Brooks  Range and  c~lving groundslsummer  range near [he
coast of the Beaufon Seu (C.tmeron and Whitten. 1979). From
1978 through [ 9S3. the herd increased from approxima[e!y
6000 to 13000 cwbou  (Whirten  ~nd C~meron.  1983:  W. Smith.
unpubi.  dat~] ~nd in 1991 \vas esrimated  aI 19000 caribou  (D.
Reed. unpubi. date].

.Approximately  45 km west ot’ Prudhoe Bay is [he Kuparuk
Development .Areo I KD,A) (Fig. 1). which lies within one of
five c~lving concentration oreas  ot’ [he C.AH (Whitten ~nd
Cmeron.  1985: JV. Smith and R. C~meron. unpubl.  data]. Ter-
r~in reliet’ ~nd t!egerotion  communities ~re typical of [he .Arc[ic
Coastal Ploin Province ( Spetzman.  1959: JVahrh~ftig.  1965).

In winter 1977-7S. [he Spine Ro~d was exrended across  rhe
KuDJruk  River (Fig. 1 ). By 19S 1. J construction comp. ot’tice:
living quurters.  rudimenrory  p r o d u c t i o n  f a c i l i t i e s .  ~nd  an

airstrip \vere in plJce at .ARCO” S tirst centrol processing focil-
i[y (CPF- I ) pod. .Aj well. the Kuparuk  Pipeline h~d been con-
structed between CPF- 1. ~vith its small network ot’ production
tv~I}s ~nd  ~bot’e-ground  flow lines. ond the origin station or
the Trans-.+laska Pipeline. 40 km e~s[. During wincer 1981-S2.
Conoco built [he \Iilne  Point Road from [he Spine Road north
to [he t’u[ure \ite or’ J cenrr~i Focllities pad. ~d .\RCO  extended
rotid Jccess 10 Olikrok  Poln[. Berween  19S2 ~nd 1987. .ARCO



I

f

eniiirged the administrative/suppon  facilities zt CPF- 1: expanded
the network of access roads. well pads. and elevated pipelines:
commissioned two ~dditional CPFS: constructed dock facili-
ties tit Oliktok Point: tind installed J system of seawater pipe-
lines for tertiaq recovey  of crude oil. Conoco built I cen[ral
cfimp and processing facility. several drill pads. d modest s~s-
tem of production tlow lines. 2nd 1 m~in rr~nspor[ pipeline
southward. along [he \lilne Point Road. [o [he Spine Road
where i[ joins the Kuparuk  Pipeline.

E~ch yeor. during bre~kup in late >la!  or early June.  the
Spine Road ~vas breached ~t the Kup~ruk  River. ~nd ~ccess [o
the KDA w~s possible only by ~ir until ~f~er mid-June. Con-
sequently. road traffic was greatly reduced during the period
in which our surveys occurred (see beiow). \[ean traffic levels
estim~ted during grourtd Sumeys ~IOn~ [he ~lilne point Road
in June 1982-S7  were generallv < 200 vehicles/day ~nd more
commoniy < I O( )  vehicles/day  I Dau ~nd  Cameron.  19~6: J.
Dau tind \V. Smith. unpubl. dl[aI.

\lETHODS

(T.iL\  l\G  C.< RI BOI-”  +>D OIL FIELD DEVELOPNIEXT  /

c a r i b o u  ‘.vithin etich ~[rotum [excluding groups closer to

339

the
Spine Road) \vere totoled for each ot’ ;h; t e n ”  surveys.  >lean “
caribou densitle> for euch stra[um  were compared between
pre - ~nd post-construc[;on  per iods  ( 197S-S1 and 1982-87
respecrlve!y  I using  Student’s t-tests: degrees  of’ freedom were
~djusted  for unequtil popul~tion ‘:ariances  (Satterthwaite.
1946 ). To JSSC>> .hit’ts in ctiribou Liistributlon within [he over-
JII jtudv ~re~. v.e evaiu~ted ch~nges  in the occurrence of curi -
bou bet;vee~ [he OlikIok ~nd Ylilne Point roads I expressed QS
~ percentage ot ~il coribou north or the Spine Roudi by Spear-
man’s  r~nk correlation. In Jll cuses. P values e 0.10 were con-
sidered \[aIisticully  Signit;  cant.

RESULTS

N u m b e r s  ot’ c~ribou  o b s e r v e d  within 6 km of the .Vlilne
Point road sys~em varied more than fivefold during [he ten
years of study. from -J-‘-? in 1980 to 1259 in 1984 (Table i).
Despite this wide range in to[al counts. densities ot’ caribou
within [he six distance strata differed between pre- and post-
consrruction periods. .After construction. caribou were signifi-
cantly less numerous within 1 km ot’ roads and significantly
more numerous 5-6 km from roads (Table 2). Differences in
caribou density for other strata. although statistically insignifi-
cant. were in[ermedi~te  in degree. indicative of the functional
relationships reporred previously by Dau and C~meron ( 1986).
Data for ail caribou und calves were similar. reflecting a pre-
dominance ot’ colv-calf pairs.

These chunges become clearer when caribou densities are
expressed in reialive  terms and the means for control and
treatment periods compured.  Following construction. reioti~e
:lbundance  ( i.e.. percent  distribution ~mong s[ra[a. ~djusted for
dit’ferences in ~rea) declined proportionally by  0.86.0.59.
0.27. ~nd 0.30 ti l[hin [he tirs[ four disrsnce  str~ta  respec[lvely.
b u t  incre~sed  b! 1.SS ~nd 1.34 within the last two strata
respectiteiy  (c~i~es: declined by 0.95. 0.73. 0.33. and 0.21.
increased by 2. !0 ~nd 1.50 respecrlvely)  (Fig.  2).

.\ssocIa[ed  t~ Irh the loc~lly  perturbed distribution ot’ cari-
bou \v~s J decline  in relative use ot’ d portion ot the stud} ~re~.
From 1~79 through 19S7. coribou numbers ber!veen [he pres-
ent Oliktok and Jlilne  Point rouds.  expiessed  as a percentage
ot’ [oral ~bserva[lons norrh of the Spine Road (Fi~. 1 ). de~iefitd
signir; c~ntl>. independent ot’ total counts  (Fig. 3).



CdIves 197s-$1 ().60(0,161 0.76(0.23 ) 1.31(0.61 I ! holll.  cl)l ,).5710. ss I 1).56(0.20)
I \~82-s7 0.04(0.021 0?34(0.  1 x ) 1.01( 0.35t : ::,1 ).::, :.49(  1 .04) 2.03(0.54)

P: ().()4 0.19 (),6X f) ,s: (). !3 1).04

DISCLSSION

Annual variation in the numbers of caribou observed near
Milne Point (Table  1 ) is primarily an effect of spring  snow
conditions. In years of early snowmelt and runoff. calving cti-
bou occupy the immediate coastal zone in abundance. where~s
if snowmelt is late or flooding widespread. distribution tends
to be skewed ini~nd (Whi[ten  and Cameron. 1985’). The srage
of snow ablation ~lso influences ctibou sight~bili[y and. there-
fore. the total count. Survey conditions are best when snow is
either absent or continuous. as caribou are easily discernible
against consistently light or dark backgrounds: however. sighr-
obili[y decreases It snow cover is discontinuous. .An tidditional
complication was herd size. which continued [o increase dur-
ing the [enure  of this j[ud~.  Thus. for a given ye~r.  [he number
of caribou observed may have been influenced by measure-
ment error. as well ~s population variabilip~.  but the relative
distribution or’ caribou ~mong  distance strat~ was unaffected.

The data strongly  suggest that calving coribou  were dis-
placed outward ~t’ter construction of the \IiIne  Point road sys-
tem. Reiutive  obundance  within 2 km decressed by more than
two-thirds. while that beyond 4 km neariy tripled (.Fig. 2).
Though opposi[e in direction. these dual effects  are additive or
synergistic from the perspective of habi[at use. Underutili-
zation adjacent to roads and resultant overutilization elsewhere
effectively diminish the capacity of the ~rea to juppo~  c~ribou.
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Another implic~tion is th~t overall coribou use could be

-geatly reduced if rotids are routed [00 closely. Owing to a sen-
sitivity to disturb~nce  (de Vos.  1960: Lent. 1966: Skoog. 1968:
Bergerud.  197 I ). most fem~les with calves might then be
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un~bie  [ o  m~int~in ~n accepruble  dist~nce  r’rom ~dverse s[im-
uli. triggering u gener~l  withdrawal. In re:rospec[. this may
have occurred within the Prudhoe Bay oil tie!d complex  I \Vhit-
ten tind Cdmeron.  1985) QS it gre’.v trom ~ remote exploration
ouIposr  to J hub ot’ development ~ctivity. with numerous sup-
port futilities. roads. ~nd pipelines (Shideler.  19S6).

Likewise. Liispiacement  ot’ c~lvin:  caribou from the KDA
muy occur ~s overlapping and contiguous oil reserves ~re
exploited. Indeed. those chtinges appeor to be in progress.
judging from  the declining percentage ot’ caribou within [he
he~vily developed ~re~ north of the Spine Road (Fig. 3).
Construction ot’ the Olik[ok Road und its ~ssociuted pipelines
and pads. expansion ot processing facilities. find increasing
Wlilne Point development ostensib,l~ have contributed to o
gr~dual  redistribution of calving actIv Ity. Either some caribou
shit’~ed into areas e~sI of the ;Milne Po[nt  Road. or rel~tiveiy
fewer entered the western portion of the study Mea from the
south. That such a change occurred independent of total cari-
bou abundance constitutes circumstantial evidence that it was
disturbance-induced and not simply a response to stochastic
weather varitbles.

Repeated use of calving grounds by the C.<H (~hitten and
Cameron. 1985: Cameron er al.. 1986 I appears to retlect  an
ecological compromise whereby net benetits ~re maximized.
Rather  th2n remain  o n  inland  win[er  r~nge (C2meron  and
Whirten. 1979). where newly emergent fora:e  is ubundant dur-
ing [he calving period. parrurien[  females.  unlike most bulls

and nonparous  femules. precede the norrhward  progression of
plant phenology  (Whitten  ~nd Cameron. 1980). moving to
coastal regions. which generally have fewer ivolve> ( C~/~is
l~ip~(~” J 1 Stephenson. 1979) ~nd grizzly bears  I L“~.s~[$ u).c[f~.s  )
(Reynolds. 1979: Young  er al.. 1990: D. Young. pers.  comm.
190 \ ) and \vhere mosquito  emergence  occurs  Iutcr [ Roby.
197 S). Bv doing so. however. they forego nutritiontii compen-
sation for the additional metabolic demonds ot’ late gestation
~nd euriy lactation (Robbins  and YIoen. 19-5:  Oftedal. 1985 t.
Hence.  temtiles [hat consistently colve neor the ~rctic coasc
reduce predation risk [o [heir newborn c~lves.  but Jr [he expense
of access to high-quali[y  forage.

In contrast. recurrent ~reo-specific c~lvin~ concentrations
(\Vhitten and C~meron. 1985’)  are reltited to the occurrence of
d~ [undra (Bishop and C~meron.  1990) \vith obundzn[ E/”io-
p/IoI”t(nz  \aqi/)ar/(n? ( Wllker  ond .Acevedo.  1987). a nutrient-
rich forage  species (Kurop~t  ~nd Bryant. 19S0) thut flowers
immediately atter  snow abla[ion  (Chapin <r cil.. 1979). .+lso.
the better-drained h~birats  comprising these plJnr communities
~re prob:lbl! superior :ts binh sites. e>peciall! in !eors OF per-
sistent ~now co~er.

To summtirize. i[ appe~rs  [hti[ t’ideli[:  (J( [he C.+H co i t s
c21\ ins grounds  invol\ es predti[or  Jnd inset: .l\[lidMct.  il hereos.-
cai~ in: concentrut]ons n////i/l [h~[ broud  reglt>n correspond  t o
tire~s ch:lracter]zed b) [he bes[ hab Ira[s. The rel~cive occur-
rence or caribou  :Lmong [hose ~re~s for J :l\en !e~r IS influ-
enced prlm:lr]l! h) ~notv condi[lons  .lnd. :herer’ore. t’oro:e
l\21iJbllit\.  In cs>ence.  [hc:l. nu[rirlon:ll  itic:ors define  :lli }ng
disiribu[];  n. IJU[ ivi[htn  [he  \p:~t!Ji ~l>ns[r:iin[s  impt]~td by
pred:l[(>r~ JIILI In>cct>.

Preference  ((lr .1 ~~l\ Ing eni lrt)nmtn[. 5< ir .I ilro:ld l.Lnd-
\c:Ipe clfis~ or  \pecir’ic iege[~[loll :!pe. imc!i~~ lLJIlg-[em liepen-
dence on I]71)sc  reit~urc:~ [t) [he :xIcI1[ IlluI  .LI.  [.iIncLi  :LL’i:\I  IS

/.(’,/:(1/~,Li t’or perii~[e:)c”e  ~~t [he p(~DIIi.IIIc’Ii RuQI~Icro ,; ,I!..
l~<SJ,  \ioreo\er.  ” p:lrrlc~]i:irl) ddicr~e  :.~l:,iill;~ll> [c.:.. i n

weother. pred~[or  ubundance. insect ~c:ivity) might periodi-
cally render unpret’erred — and. presum~bly.  suboptimai —
areus corJlly unt~vorable.  underscoring [he importance of
those  occupied selectively, P~[terns  of h~bitat  use. like
metabolic ~daptations. may play J role in minimizing the con-
sequences or’ extremes ( Levins. 1968 ) that  might otherwise be
detrimenttil to individu~ls  ~nd. ultim~tely. to the population.
If. on the other hand. caribou are no[ subjected [O adverse con-
ditions thot ~pprotich  the limits or’ their udaptlve capabilit>l. the
constr~ints inherent in heterogeneous habitats will not become
apparent. and the options availoble  will seem more numerous
than is octually the case. .+s a result. the loss of preferred areas
migh[ be erroneously viewed as inconsequential.

[n view or’ [he probable importance of c~lving  grounds to
the Iong-tem  reproductive performance of c~ribou. our data
on the C.\H indicote a need for discretion in developing pet:
roleum resources elsewhere on the .4rctic Slope. The much
larger Porcupine Herd (Ftincy er al.. 1989) is similar to the
C.+H in terms of tldeliw  to coastal calving grounds (Skoog.
1968: Hemming. 1971: Clough er uf.. 1987) that favors calf
survival (F~ncy and Whitren. 1991 ): and calving concentration
areas (Clough c’r al.. 1987: F~ncy and Whit[en.  1991) Me char-
acterized by benetlcial  snow conditions (Lent. 1980: Extlmd
er u1.. 1989) and a greater abundance of highly digestible
Eriup}loillrn  ( Whi[e  er al.. 1989: Chnstiansen  er al.. 1990).
U.S. legislation is now pending [o open a portion of the .Arctic
Nationid W’ildlife  Refuge  (&NWR) coastal plain to oil explo-
ration. If .+,N\VR leasing is authorized and production follows.
extreme c~re must be exercised to ensure thtit individual
actions ~dverse!y ~ffecting calving caribou on J local level do
not cumulatively fesult in m2jor impac~s on 2 re:ionul or popu-
lation level.

Beyond direct  ch~nges in the geobotanic~l environment
~WaIker  ‘r ./i.. 19s7’i. progressive expansion ~nd intensitlca-
tion ot’ surilce development will. it some stage. reduce the
totality. diversity. ~nd quality ot’ caiving habitats on the .Arctic
Slope. Our shorr-tem  frame of reference and relative inexperi-
ence should  give rise to c~ution when we contemplate the
exploit~tion ot’ rhese ecosystems.
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BACKGROUND

Reduced local use of calving and summer ranges by Central Arctic herd (CAH)
caribou (~m~.ferrmti~~mtz)h~ occurred tithprogressive  oilfield development
onthe Mctic Coasrd Plain (Cameron et al. 1979; Cameron and Mitten 1980; Sfith
and Cameron 1983; Whitten and Cameron 1983a,  1985; Dau and Cameron 1986).
Habitat loss is, in itself, an undesirable consequence of petroleum developmen~  but
there is an additional major concern that such. proxmate  Impacts,

operating

cumulatively, will eventually reduce productlwty of the herd.
Specifically,

displacement of adult females from preferred areas could adversely affect foraging
success and therefore growth and fattening (Cameron 1983; Ehson et al: 1986;
Clough et af. 1987), which in turn might depress calf production (Dauphlne 1976;

1
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SUMWY

& of July 1992, the Central Arctic caribou (Ran~~er  ?tiatiu  ~anti) herd numbered
approximately 23,400 head, com-irming a decline in growth ra~e; low+calf production
in recent years was a contributing factor. Aerial survey data obta]ned during the

calving period demons~rate maternal females and their calves were displaced outward
after construction of the Milne Point road system. Similar abnormalities in caribou

distribution associated with oilfield development were obsemed in mid-summer. Data
on radiocollared female caribou indicate the likelihood of producing a calf is directly
related to female body weight during the previous

autumn, wherein both the

incidence of early calving and the probabili~ of calf sutival are correlated with
postpartum weight. During summer lower weight gain among lactating than among
nonlactating females substantially decremes  parturition rate. The high frequenq of
reproductive pauses among females exposed to disturbance may be attributable to
their relative inabili~ to compensate for the metabolic costs of milk production.

Key Word: Alaska  body weight, calving, caribou, Central Arctic herd, disturbance.

nutrition, oilfieid, reproduction

i
,



I

1 Thomas 1982; Reimers 1983; Eloranta and Nieminen 1986; bnvik et al. 1988; !
Them= and Kiliaan 1991) and survival (Haukioja  and Salovaara 1978; Rognmo et ::

J
af. 1983; Skogland 1984; Eloranta  and Nieminen 1986; Adamczewski et al. 1987). :

:
7 . .3

i Such concerns, though justified from a theoretical point of view, lack empirical
suppor~. % industrial development in the Attic is vir~ually unprecedented, there is
little basis for predicting the extent and duration of habitat 10SS, much less the
seconda~  short- and long-term effects on the weil-being of a particular caribou herd.
Furthermore, despite a general acceptance that female body condition and fecundity
are functionally related, it is uniikely that any singie model would apply to ail

I subspecies of Rmgz~er, and perhaps not even within a subspecies for different
geographic arem. We therefore possess neither adequate foresight u to the probabIe,
behavioral responses of Arctic caribou to industrial development, nor an
understanding of the mechanisms by which changes in habitat use might transIate
into memurable impacts on population dynamics.

These uncertainties form the basis “of the present two-component study: (1)
msessments of CAH productivity and distribution in relation to oilfieId development;
(2) an investigation of the influence of female body condition on reproductive
performance. Here I summarize, extract, or update results from various reports and
publications in addressing study objectives. Applicable methods, where not described,
are detailed in the sources cited.

Under the auspices of this study and through a companion program at the University
of Alaska Fairbanks, 8 manuscripts have been pubiished, and 10 others are currently
in preparation (.4ppendi.. A). During the pat year, a paper on predicting parturition
rate of caribou wm accepted by the Journal of Wildlife klanagement  (Appendix B),
another on abundance of radiocollared caribou near Prudhoe Bay was submitted to
Rangz~er (abstract, Appendix C), and a note on meuurements of weight vs. mass was
accepted for publication in the fall 1994 issue of the Wildlife Society Bulletin
(Appendix D).

OBJECTIVES

● To monitor the size, calf production, and recruitment of the CAH.

● To describe changes in the distribution and movements of C.W caribou in
relation to oilfieid development on the .4rctic Comtal Plain.

● To determine the relationship betsveen body condition and reproductive
performance of female caribou of the C.~, including comparisons of
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the body condition, reproductive success, and offspring survival
of females under disturbance-free conditions (i.e., east of the
Sagavanirktok River) with the status of those exposed to oil-
related development (i.e., west of the Sagavanirktok  River); and

- the rates of summer weight
performance of lactating vs.

gain and subsequent reproductive
nonlactating female caribou.

RESULTS AND DISCUSSION

Status of the Central Arctic Caribou Herd

A July 1992 photocensus of the CAH yielded a total count of 23,400 (K. Whitten,
unpubl. data), in general agreement with a point estimate of 19,000 made by
extrapolation in June 1991 (D. Reed, unpubl. data). Both estimates indicate the
growth rate of the herd h= declined from that noted in the late 1970s and early
1980s. In fact, had the CAH continued to increme at that previous rate, it would
have numbered about 48,000 by 1992, roughly tsvice the obsemed total (Fig. 1). A
reduced rate of ~~owth is consistent with low calf cow ratios estimated from transect
surveys of the calving grounds (range, 48-74 calves/100 cows: Fancy et al. 1992;
Cameron, unpubl. data) and a downward trend in the reproductive success of
radiocollared females (Fig. 2). Preliminary analyses of weather data indicate the
inferred deciine in female body condition (Cameron et al. 1993) cannot be attributed
to increasing trends in either insect activity or snow depth. The CAH apparently h=
reached or exceeded ca~ng capacity (Cameron and Bowyer, in prep. [B.S.,
Appendix A]).

Develo~ment-related Changes in Caribou Distribution

Changes in the distribution of calving caribou usociated  with the Kuparuk
Development Area (KDA), west of Prudhoe Bay (Fig. 3), have been quantified using
strip-transect surveys flown by helicopter (Fig. 4). ~ a follow-up to an earlier  paper
by Dau and Cameron (1986), Cameron et d. (199ti) showed that, after construction
of a road system near Milne Point, mean caribou abundance declined by more than
two-thirds within 2 km and nearly tripled 4-6 km from roads (Fig. 5). Such perturbed
distribution reduces the capacity of an area to support females and their calves.
hgically,  roads comprising an oilfield complex that are, on average, <3 km apart
may depress area-wide calving activity; and, in fact, percent occurrence of caribou in
the heavily-developed western portion of the KDA deciined significantly from 1979
through 1987, independent of total abundance (Fig. 6). The probable consequences
of perturbed distribution is reduced access to preferred habitats (Cameron er al. in
prep. [B.4. Appendix .A]: Nellemann and Cameron. in prep. [B.6.,  Appendix A])-



That outward displace.rnent of caribou from the lMilne Point road system has
occurred is comoborated by the regional changes in cxibou distribution
accompanying constmction.  Prior to road placement, caribou were found in a single,
more-or-less con~inuous  concentration roughly centered on the ,Milne Point Road;
whereas a bimodal distribution, with one concentration eml and west of the road,
was clearly apparent after construction (Fig. 7; Smith and Cameron 1992).

A companion investigation conducted from the KDA road system has been
completed (Smith er al. 1994). During spring and summer 1978-90, the Spine and
O1iktok Roads (Fig. 3) were suweyed systematically by light truck to monitor the
influence of oilfieid development on caribou distribution and movements. Caribou
increasingly avoided zones of intensive activity, especially during the calving period.
In addition, crossings of the road transect by large, insect-harassed groups shifted
away from the central portions of the complex to are~ of lower disturbance near
Oliktok Point and the Kuparuk floodplain. Clearly, patterns of caribou use have
changed considerably in recent years.

Female Caribou Bodv Condition vs. Re~roductive Peti”ormance

Body weights of CAH female caribou are cioseiy related to their reproductive success
(Cameron et ai. 1993). For radiocoilared  females, the probability of producing a caif
varied directly with body weight during the previous autu~ in contr~t to calving
date and perinatti  survival, which were more closeiy related to maternal weight
shortly after parturition (Fig. 8). Probably the likelihood of conceiving is determined
by body condition at breeding, where= parturition date &d caIf suMval are linked
to maternal condition during late gestation. Body fat content. specifically, is highly
correlated with fee~ndi~ (Gerhart  et al.,  in prep. [B.8., Appendix A]).

Several data sets suggest reduced nutritional s~atus and reproductive success of
radiocollared  females exposed to oil development west of the Sagavanirktok River.
July and October body weights, oversurnmer  weight gain, the incidence of successive
2-year pregnancies. and perinatal calf sumival were all lower for females to the west
than for those under disturbance-free conditions to the east, although differences
were not significant at the 9570 confidence level (Cameron er al. 199 M). A recent
longitudinal analysis of fecundity, however, showed the frequency of reproductive
pauses was significantly higher for western (36’?0) than for eastern (199G) (f-test,  P
c 0.02). This is the subject of a future paper (Cameron, in prep. [B.1O.,
Appendix A]).

lMid and late lactation exacts a substan~ial cosz on summer weight gain which, in turn,
influences the probabili?  of conceiving that autumn (Cameron and White 1992).
Weights of lactating Cm females averaged 9 kg less than for nonlactating  females
(Fig. 9), resulting in a projected 28% reduction in parturition rate (Fig. 10). ~us,
declining calf production of [he herd in general (Fig. 2), and among females west of
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the Sagavanirktok River in particular, may be a consequence of repeated failure to
compensate  for the metabolic burden of milk production (i.e., through incremed
forage intake or lower energ expenditure), thereby depressing body condition and
evoking more frequent reproductive pauses (Cameron and Ver Hoef 1994,
Appendix B).
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Fig. 1. Growth of the Central Arctic Caribou Herd, 1978-92. Census estimates by
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da~a). From Cameron (1993),
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Fig. 2. Decline in calf production of the Central Arctic Caribou Herd, 1980-93.
Estimates based on obsewations of radiocollared adult (i.e., se,~.ally mature) females
(n) from 10 June through 15 August. Note: Data not adjusted for emt-west
differences inherdproductivi~. Adapted from Cameron (1993).
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16. lt i s  ~ssfile ‘At ~ c=tiu a r e  tijus~tig to ~le oil/gas develcxnt
in the Kupti oii field. -*u Crosstig access of S- of t!!~
~n~es has inc=~ed slightly in 1983 and 1984 f= L%t of ~M=W
years . king mid~r  1 9 8 4  mate.-l grOUP OC_q along khe Sp ine

Wad increased frm that of several previous years. Large voups of

car- that med southward frm the coast as msquito haras~nt
declined then crossed the Spine ~ad/K_ Pi~tie cqlax &~ectly
&xe.n the K- Xver and Central Processing Facili& (CPF-1 ) , rather
than paralleling c~s qlex wes~-~d and w en.d-runni-ng” the develo~l

area as they had done Lhe thre. prwious ~s. These data re=le~.

only one y= X=Y f and should not k consi~red definitive ev:&ce.
There are no such i.ndicati~ from data concefig the ~YS corridor or
the~ =y field, or concerning ~tie.?.?t carti avoidance of the
Milne Point Road.
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Short-Term Impacts of Low-Level Jet Fighter Training on Caribou in Labrador

FRED H. H.\  RRINGTON’  and AL.< SDAIR .M. VEITCH:

IRCVCCfI td /9  Stptcmhcr /990:  uccepred  III rc~.t.redj>rm  ! Y WurrII  !Y9/  I

.\ BSTRA~.  The snon-rem lmp~crs  on cmtiu (Rarrcf~>r  [arandus] of Iow-levei  Jet !ignter  [raln]rrg JCIIVIIy  ~1 Canad]an  Forces Base Goose Bay
( L~bmdor) were !n~,estlga[ed  during [he 1986-88 [raInlng se~sons I April-October). Visual observations oi low-level 130 m zgl) Jet overpasses tndi-
czted m Intt!al  starrie =sponse  but other.v!se unef oven reac:lon by woodland cmbou  on late-winter ~lptne tundm hablnt.  BeIween 1986 md 1988.
tidy effects of jet overrlignts  were momlored  on 10 cmbou  equipped  with sarellite-tracked  radi~oilars.  ,xh!ch pro>,lded  daily indices of ~ctIv IIy and
movement. Half the mlmals  were exposed to !CI  overiligh!s:  the other 5 caribou were avoided during tmlrrlng  exerc]ses  and therefore sewed as con-

[rol  mlmals.  h 1988. the control cmbou  were from a population that had never been overtlown. Level  of exposure [o low-level flying wlthm [he
exposed population did no! significantly ticc~  dady ac!!vlty  levels or distance travelied. although  compmson wtth [he unexposed population did
suggest po[entlli  effects. The results indicate [hat sigmticmt Impacts of low-level ovenligh[s  CM be m!nim]zed  through a program of zvoldartce.

Key words: cmbou  (Ran<,rjtr  rurarrdus].  low-level flying. jet alrcmfi. helicopters. disturbmce.  act]vity. movements. l~bmdor

~SL’ME. Dumt  Ies  frrois  de la saison d“enminement I d“avril  3 octobre). de 1986 A 1988. on a Etudii ICS re[omties  i coun teme sur Ie canku
(Raneffer rararrdus~  de l“entminement  i basse  ~ltltude des avtons  de combat i la base des Forces Armees cmadiennes de Gmse  Bay au Labrador.
Des obsemations vtsueiles  du VOI des avions a reacI]on i basse altitude (~ 30 m du sol) om indique que. vers la fin de I’hiver. darts son habitat de
tounti aipine. Ie cmbou  des bois avait une :csction lmtiale de surprise. nettemem perceptible mais qul ne durait pas. Entre 1986 et 1988. on a
survedle les effets quotldiens  du vol des avions sur 10 caribous &quipes de colliers-mdios  suivis par satellite. qui foumlssaient  quotidiennemem  des
indices de I’activite  et du depiacement des ammaux. h moitie de ces dem]ers etaient exposes au vol des avlons. Ies clnq aucres  etant evites  h desse!n

au tours de I“en[minement pour pou~’otr  semir d“uimaux  [imoins.  En 1988. Ies cmbous  temoms  provena]ent d“un  groupe qui n’avait jamais <tc sur-
vole.  Le niveau d“exposttlon  ~ux VOIS ~ basse  Ji[![ude n ‘J pas affecre  de fa$on  signlrlc~tlve Ie rrtveau d“sc[]vltd  ou la distmce  parcourue  quotidien-
nement pm la pooulotlon exposee  aux VOIS. b]en qu ‘une comparalson  avec la popul~uon  non exposee  oux ~’ols III Iaissk entrevolr des effe!s poten-
riels, bs resuirats  Indiquem que des retombees  slgnlfic~t]ves de vols i basse altltucie peuvem  +tre mm]m:secs  si I“on Idop[e un progmmme  visant ~
Evlter Ies ammaux.

Mets cles: cmbou  I RarrcIier  rarundl~s).  vol i oasse  aitltuae.  ~vlon i re~ct]on. helicoptkres. penurbatlon. ~c:lvi[e.  deplficement. Labmdor.

Tradult  pour le Journal par Xdsida Loyer.

The con[inuarion  and expansion of milir~ry  low-level flight
training activities in northern Canada have incre~ed  concern
regarding their impac[  on caribou (R J)Ig Lfer :ararrduJ).
Northwest  of Goose Bay, Labrador. \’,ATO forces stationed a[
Canadian Forces Base (CFB) Goose Bay s[arted’ the presen[
era of low-level jet figh[er  [raining in ! 981. The number of
aircraft flights (sorties] has increased from approximately
15~ in 1981 to over 6000 in 1988 nd is projected to reach a
maximum of 1 S 000 per ye~ by 1996.

The potential effecrs  of this training c~n be con~’eniently
divided into two classes: short-[em  behavlour~l responses that
indicate the energetic costs and the potential for in!u~  result-
ing from individual overflights. and long-term population
responses tha[ indicate the cumulative effec[s  of overflights on
population demographics and habitat use The impacts of jet
aircmft  have only been assessed indirectly [hrougn  the demo-
graphics  and habitat use parterns of caribou frequently
exposed [O jet activity  (Davis et al.. 1985). The short-term
effects  of je[ ac[]vi[y  have nor been sys[ema[ically investi-
gated.

The present srudv  was designed [o in~,es[i~a[e the poten[ial
shot-r-term effects  if Iow-le\,el flying aCIIVIIy  by ti:hter-type
jet aircraft on caribou. II \vas hypothesized that disturbance
due to low-level flying would be reflec[ed In increased activity
levels a n d  by gres[er  d3iIy  dis[ances  [raie]le~.  as animals
enga:ed  in ~sc~oe-rela[ed  ~ehaviours  ( mnnln:.  walking) more
frequently follo~,in:  ovenlights.  These effec:s  !~ere measured
by watching the ben~vlouro]  reactions of CL7DOU  10 low-level

overflights ~nd by detemlnlng the reia[lonsnlp be:ween an

animals daily exposure to low-level flying activity and its
daily movement and acrivity levels, remotely monitored by
sateIli[e  teleme[~.  Our ~doption of satellite telemeq — a rela-
tively new technology”(n wildlife studies (Fancy et af.. 1988)
— is one of its firs[ ~ppiicatlons to remotely monitor ctibou
behaviour and movements.

STUD  Y .\RE.A

within  the two ~reos currently used for low-level [raining
(Fig. 1), flights IO within  30 m above ground level (agl) are
permitted. Training exercises consist ot navigation. evasion
and simulated artacks on ground targe[s. using terrain features
[o provide cover from radu.  Fiigh[ speeds are subsonic (typi-
c~lly 775-825 km. h-l ). Tne Iwo troining mess and CFB Goose
Bay are connected by transit comdors.  where minimum alti-
tudes of 80 m a:] are permitted. The exposure of different
sites to low-level flvin:  ac[ivity  varies substantially within the
training are~s. rang~n: from up to 250 flights per month in [he
southeastern sec[ion of the northern low-level [raining area
(LLT1 ) [o fewer than 10 sonies per month in the outer two
units.

Our study wea included the ranges of three woodland cti-
bou (R.r. ctibou)  populations (Fig. I). Two small. seden~
populations inhabit [he southern portion of [he study mea. The
Red wine .Mountain  (.R;VN1)  population of about 700 animals
inhabits a 23 000 km- ~ea.  which includes the heavily over-
flown southern poflion of LLT1. as well x range  to rhe south.
During  winter. most members of the population cm be found
wtthin LLTI. where3s J porrion  of the population mi-~ates  out
of LLT1 prior to c~lving md rem~lns  10 the south or west of
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the training area until after tie fail rut. The Mealy .MounUiq
f MM) population of about 2~ animals inhabits a 22000  krn-
~ea em[ of Goose Bay, which is far from both training arefi.
Topography, climate. vege~tion  and other range characteris-
tics are similar for both populations. Both ranges  have
rounded. barren hills suppornng alpine tundra, which provide
for late-winter forage when deep snow in the surrounding
heavily forested plateau limits foraging opportunities and
impedes travel (Brown. 1986).

The George River (GR) population of more than 500000
ctibou  uses the nofiem md nofiwestem sections of LLT 1
on a periodic basis, usually during the post-calving period
between June and .August. Since 1984. the calving grounds
have expanded to the south-soutiwest.  Thus, the southernmost
5-10% of the c~ving  ground is now wi~in  the no~hwest COr-
ner of LLT1.
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VETHODS

Study Design

Two criteria constrained the methods chosen. First. [he
ctibou’s  exposure to low-level flying (number of overflights)
had to be manipulated reiiabiy,  as low-level flying over ~ny
individual animal  wx expected to be unpredictable and spo-
radic in nature. Second. the methods for memuring exposure
and response had to be unobtrusive. as disturbance from moni-
toring overflights and responses could be greater than that
caused by low-level flying. The two methods chosen. direc[
visual obsemations  conducted on late-wintering areas and
remote monitoring using satellite telemetry, seemed to best
fulfill these requirements.

Visual obsemation  of directed overflights allowed us. [o
record [he type and level of response by caribou and to test the
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flexibility of direc:ing ovefilights  remotely over specitic c~n-
bou. The use ot’ satellite te!emec~ pennltted  us to remotely
direc: aircraft  10 specific clribou  ~na non-intmsiveiy  monitor
:heir responses on a dally basis. which could be compared to a
;on[rol group consisting of caribou deliberately ~voided by
~ircraft or individuals from a herd not exposed to ovetilights.

Obxervuxioflal  ,4pproach  — Direcred O ver]7ignrs: Visu~l
obsemations  were attempted in late winter. when ctibou  were
in open habitat where they could be observed without influ-
encing [heir  behaviour.  Jets (F-4. F-5. F- 16. F-1 S and Tornado
aircraft) were deliberately directed to fly over the caribou. The
field crew. including a forward air controller from CFB Goose
Bay. flew by helicopter to the observation area. where they
located a suitable group of caribou and vantage point. When a
jet neared the rendezvous point. the forward air controller
guided the pilot to fly directly over the caribou at normal opem-
tional speed (775-825 km. h-’) and at minimum altitude (30
magi).  Usually several jets arrived together and tle’.v over the
animals at internals of less than one to several minutes.

Obsemations were videotaped using a Panasonic WV-3250
( 18X)  video camer~  with ~ PQnasonic  .AG-2400 video cassetre
recorder ( 1987-88) ~nd ~ P~nasonic  .AG- 160 (6X) c~mcorder
(1988). .+ spotter kept the camera operotors ~ppraised of [he
jet’s approach ond recorded the moment ot’ overpass. 3ititude
md distance of the jet to the mimais.  type ond oir force of jet.
md other pertinent data. Ctibou  responses to overp~sses by
helicopters also were observed for comparative purposes.
These were done before departing [he ubsemation si[e ar’rer the
last jet overp~ssed.  Helicopter overrlignrs  were conducted ~t
typical cruising speed ( 150 km.h-”l  ~nd ~ititudes ot’ 50-150 m.

Videotapes were analyzed  using ~ Ponasonic .+ G- 1SS0
VCR. For the RWM ctibou.  the time ot’ rirsr response relative
to [he moment of overpass was de[emined.  Initial responses
included: standing (for lying caribou): head-up i for lying or
feeding coribou): ~nd changes in movement (for feeding.
stmding or walking caribou ). [f [he ~nimais moved or acceler-
ated their movemen[s.  [he duration ~nd distance or’ movement
were me3sured until movemenr  either  stopped or rerumed  [o
pre-overflight levels. Distances were estima[ed in body
lengths (, BL = 1.5-2.0  m J. ~s an independent me~sure  W3S not
available. Duration ~nd distance dat~ were !og-trc,nsfonned
before  multiple regression onalyses were performed. Group
identity. composition (COWS plus I l-month-old czlves only.
bulls onlv md mixed sex/age  groups). size znd beh~viour prior
[o overrl~gnt  were used IS independent vtiables. For [he GR
ctibou. distances (BL) moved by r~ndomly  selec:ed samples
Ot 2f)A0 ccnbou were de~emined  for e~ch 5 s petiod. begin-
ning 5-20  s before md ending up [o 20 s 3irer  [he overpass.
For ezch period. half [he ~nimals  were [ken from J 100 m
wide sn-iu’under  the je~”s tlign[ path. while [he other halt’ ~ame
from beyond  this reg)on.

Remore .v(um[orIny  oj 0rer~7iqhrs:  Wt used sate!lite

teiernetp  [ Fmcy er u/.. 198S) to mznlpuiare  ond measure the
daily level of exposure and responses to Iow-le’:ei  rlying 01’
each study uimal. S~tellite [elemet~  remo[e!y  provided d~ily
r e loca t ions  and an Index ot the ~nimoi”s  total ~c:lvity level
during the preceding day. Using [he Iocatlons.  we could
remote!y direc: je: ~ircr~f[ ei[her tow~d  or ~wo~ tiom Jn ~ni -
mal’s  Iocotlon.  By man]pula[lng  exposure  leve’ls ~mong ~nl-
mals. we could then evaluate the reiLclonsnlp  be:ween  expo-
s u r e  to olrcraft ond ~ c~ribou”s >ub>equent  d~ii) m o v e m e n t

md ~c:iv[tv le~:el.

The sstell te pia[form transmitter terminals (PTT)
(Teionics.  Inc.. Generation ST-2 md ST-3) broadc~t  a brief
(250 ms) digit31 signal once each minute. These signals me
rece ived by polar-orbit ing satell i tes whenever the PTT is
within view and relayed [o Semite .Argos processing centres.

To conserve batter{ power. our ~s broadc~t  for S h each
day.

Locations provided by Se~ice ,Argos. although precise to
0.0010 for both latitude and longitude (roughly 100 and 65 m
respectively). vw in accuracy. Three Ieveis of ‘-guwnteed”
locations average within 1 km of the true location (Barrington
er al.. 1987: F~ncy er al.. 1988). In 1988, ~ fourth “non-guar-
anteed.’ location index was added. These non-guwanteed Ioca-
tions are sometimes accurate but other times err by tens to
hundreds of kilometres.  To minimize locational errors. we
used only the best daily location. chosen first on the basis of
the quality index assigned by Service .\rgos  and second on the
number of messages received during the overpass (more mes-
sages = better signaI).  In 1988. if only a non-=~leed loca-
tion was ovailable. this location was used only if it fell within
the range  of bet[er  qu31ity  loc~tions obt~ined on previous
mdlor subsequent days.

The long-rerm (24 h) ~criviry index. genera[ed by a mer-
cuw switch within the ~ (Fancy ?r al.. 1988). discnminaces
weil 3mong running. walking and lying/feeding  (S. Fancy.
pers. comm. 1989). .Although  voriution  in [he installation angle
of the switch may cause sys[ema[lc  differences in the index
among individuals (S. Fanc:~. pers.  comm. 1989: .\l. Ferguson.
pers. comm. 1989: .+. G~nn. pers.  comm. 1989). the long-term
activity index does provlae ~ re!iabie index ot’ rels[ive  ~c~ivitv
for each individual cwibou.

Si.t[ellite collars were deployed in .April or >lay ~nd were
rerrie~veci  in December. a[ [he beg~nning ond end of the Iow-
Ievel tlying season respectively. .\duit  female c3ribou were
captured from helicopters using a CO. darning pis[ol. Either
etorpnine i 1986) or c~rfent2nil  ( 198~-SS) combined with
xylazine  or acepromazine  were used JS immobilants:  these
were reversed with diphrenorphine or nalo,xone.  In \lay 1986,
we 3ttempted to recoDrure RWNI cari’oou originally collared in
1982-83  ‘( Brown. 19861. both to expedite  Iocoting  animals
alre~dy dispersed in the lowlands and to capitalize on their .‘
known histories. In April 1987 3nd 1988. we attempted to ‘
recapture RV/Yl ~nimals  thzt had urilized suirabie  mess in past
years.  In 1988. we recaptured >Ikl ctibou  th~t had been ini-
tially ouflitted wi[h VHF collars in 1985.

In 1986 3nd 1987.  the 10 sate!lite coll~red c~ribou were
divided into exposure ~nd control groups. E~cn day. the most
curren[  locorion was obralned for [he col lared car ibou 3nd “
relayed to eoch Y.<TO air force os either ““target”’ (exposure
group)  or ““~void~nce”” ( c o n t r o l  ~roup)  coordin~tes. We .
r e q u e s t e d  a s  many overrlignts  for e~ch [~rge[ c o o r d i n a t e  as
possible. Conve r se ly .  jets were requested to s[~~  ot least 9.2

km Jway from ~voidance  coordinates. Fullowlng  a sortie. the
p i l o t  reponed the t ime .  speed ~na 3irltude  of all [xget  coordi-  ‘,
nates flown. Fie!d-[mthlng  exercises. in which observers were
sratloned at ei[her  t~ge[  or ~voidance sites. were conducted in
1986 ~nd 1987 [o me~sure  [he reliability of directing over- :
tligh[s reward or ~way from [he sludy onlm~ls.

[n 198S. the design was changed ~nd tlighrs were not regu-
l~ted [hroughou[  LLTi. so tha[ ~ “-norm~i”  dis[rlbution  of
exposure :0 iow-level tlying  c~ulcf  be Obtained.  The  number o f
jets passing  Within I km or’ each c~rrbou was e s t i m a t e d  f r o m
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the records ot’ all tligh[ tracks tlown in [he low-ieve~ tr~ining
areos during 1988. The tlight tracks were derived from  the ~ir-
craft’s  turn coordinates. which were generated either by on-
board computers or were recorded by hand from [orographic
maps. .+11 ~nim~ls  In LLT1 would be considered exposure ani-
mals but would differ in their !evel of exposure to low-level
tlying primarily due to geographic~i  differences in low-level
tlying Jctivity.

We chose the control caribou in 198S  t’rom  [he .MIM popula-
tion becouse I ) it ensured the milita~ completely avoided the
control ~nimals. 2) all confrol animals in [he RWN1 population
had prior exposure to overflights md  5) under the 1988 study
procedures. i[ w~s no[ possible to avoid specific caribou in the
RWN1 population. The .Vkl population was chosen for its
proximity to Goose Bay. its similar characteristics in terms of
both caribou and habitat  and its position outside the present
and historical rmge of low-level flying aircraft.

Dara t4naiyses

E.rpos{lre [o Ot’eqligilfi:  The prima~  Independent variable
was the measure of the ~tibou.s  daily exposure to low-level
tlying. In 1986 ~nd 1987. this was simpiy the total number of
reported overflights each day. In 198S. an overflight WaS
defined as d jet within 1 km of the catibou’s  location. This
radius was chosen to ~ccount  for the inherent error in our esti-
mate of ~he coribou’s  location. ony mo~rernent that occumed
since that location had been tixed. navig~tional  error on the
part of the piiot ~nd because I km is similar [o the ~ccuracy  of
reported overflights in 1986 and 1987.

Although miliro~  jets vap in rheir no!se ourpur.  we did nor
control for this variation ‘oec~use 9-l?c or’ Jll sorties ~re tlown
bv ~ircrai[ simil~r In no ise  ou tput  I Dep~rtment ot’ N~tionai
Derence.  1989).  In a study of low-level overtli:hts  conducted
nem CFB-Goose  B~y. F-:5 (41 TC ot’ ail sonies ) ~nd Tornadoes
(SO~c) did not differ significantly in pe~k noise  level
{C~nadian  Pubiic Hcolth .Association.  1987). T w o  other jets
tlown at CFB-Goose  Bay we simii~r to e:ther the F-4 (F-18:
:Co ot’ sorties) or the Tornado (F-16: 20CC of sorties) in noise
ourput  \Department of \rational  Defence.  1989). T h e  sm~ller
and quieter .+lpha-je[ accounted for oniy 6?’c of ~11 sor[les
flown. Uncontrolled variation in altitude. ~ttitude. air speed.
engine power. m~sking noise ~nd topographic feztures. as well
u disronce to [he cfibou.  are expected [o have a greeter intlu-
enct  on sound level [hart is oircraft [ype for the present study.

R/sp{jIlse  10 01’e~7iqi7rs: The IWO variables  used to esrimate
:he effec:s  of’ exposure or’ a ~tudv ctibou ro low-level tlylng
~ctlvity  were dally octlvity level ‘and d~iiy dist~nce [ravened.
The ~ 24 h activity index is suiroble to compwe daily vlna-
[lon in ~c[lvity for an inaividu~l ctiDou. Dlily d i s t a n c e  [rav -

e!led WIS  the d i s t a n c e  between the t w o  highest quality io~a-
[Ions on s u c c e s s i v e  days. DtiII\I distznce was  nor norm~ily
distnbu[ed  md was lo:-trusfo~ed for  ~11 S[a[is[lcol tinalyse.s.
Seosonal  ~’ariables modii?in:  cmbou ~ctlvity  ~nd movements
!nciuded  Juli~n  d~y. monrh  ~nd je~son. T h e  v~riuble  se~son
tomprlsed the pre-cllving.  c~lving.  instct  ond fall p e r i o d s .
The pre-c~lving period ron from [he d~te or’ c~pture in .AprI1  or
\IJV [O ~0 \IQ\ .lnd  inc!uded  [Irne  On [he l ~ [ e - w i n t e r i n g  xeas

In the Red LVine  or \leol>  moun[~lns.  J> .Je!l JS s p r i n g  disper-

s~l Into :he ~urrounding ~ov.l~nds.  The ;~l~:lng p e r i o d  was

~rom [he d~te or’ :~r!]e>[  ~uspec:ed JIivlng  1: \iJy I [o [he IJS[
dai In J u n e  wl[h  ~uo-fre:zlng :emper~ture>. The e~rllest d i r e

of calvlng was estimated by examining the patterns  of dai]~
activity md movements for 4-6 d periods Of minimai  ~ctivity
and movement (S. Foncy, pers. comm. 1989). The insect
period was from the last day with sub-freezing temperatures in
the spring to the first day with sub-freezing temperatures in
the late summer. The fall period followed the insect period and
continued unrii Iow-ievei  tlying ac[iviry  cemed.  Temperature
data were from Environment C~ada in Goose Bay.  Churchiil
Faiis and Ctiwrigh[.

Other vari~bles  were the identity of the female and the
presence of Q calf. Caif sumival was determined by periodic
aerial surveys starting in mid-June in 1987 and 1988. Each
female was located by helicopter evew ~-~ weeks and briefly
driven from cover (if necess~) so her c~lf could be detecred.
When a female lost her calf  between successive surveys. it
was assumed to have died in the middle of the interval.

We~ther variab~es  included minimum ud maximum  tem-
perature. precipitation. ~tmospheric  pressure. wind speed md
hours of sunlight. The 12 weather variables for each ctibou
popul~[ion  Ire highly correIared  and redundant. Therefore, a
Principal Components Analysis using a vaxim~  rotation was
conducted for [he RWN1 population using all Aprii-Ocrober
weather data coilec~ed in 1986-88 (N=642 days) and only the
198S da[a for the .MM population. The analysis isolated three
principal components for etch set of data (Hamington and
Veitch. 1990): factor 1 (temperature) WM m indicator of tem-
perature: factor 2 (precipitation) was a combination of precipi-
tation. barome[.rlc  pressure and hours of sun: and factor 3
(wind) lar~ely. comcrised  wind speed and ~[mosphetic  pres-
sure. Tnese  three normalized weather foctors were used to
ex~mine the  rei~tionship  of westher  [o activity ~nd move-
men[s.

Regression .+)~uf~:s~$: Tie daily influence or’ low-level fly-
ing ~ctlvl[v was e~~mlned  using regression maiysis on [he se[
of variables. fie ~n~iysis  begin wi[h J srep-wise regression.
using one of the IWO dependent variables as [he Y variate. 10
isol~[e  ~ subser ot’ preaic[ors.  From these predictors. o modei
was [ested  using  mul[iple regression. Residuds from this Mdy  -
sis were piotteci ~gainst variables to decermlne  if other system-
atic v~riatlon  might still reside in the data. .+11 malyses  were
conducted using SYST.\T  on a VA.X S350 mainfrme com-
puter.

01’erJ7ig)lt Sliml[liis

To characretize  [he sound of J low-level overpass. audio
recordings ot overpasses were collected on [WO days !n 1986
using 2 Nagra  >lodel 4.2 ree!-lo-ree!  [ape recorder 3,1 3S cm. s

-1

md  ~n E!ectro-Voice D054 omnl-directlon~l  microphone. The
modulometer  ond po[ent]ome[er  of the Xagro were set to Jet as
J sound level me:er. So that pek Sound  pressure Ieve! 3s weil

IS change in ~mplitude could be recorded throughout the over-
pass. PeA sound pressure levels ‘.vere  measured by J Bach-
Simpson \loaei S96 Sound Level Yleter. using the f~st senlng
on the C scale.

RESULTS

., ,,
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nd 23 and 09 .+pril  Md 5 ~l~y 198~.  The [e~ain ot heavily
Iacia[ed hills with only IOW boulders  and ~lpine [unar~ gave
[tie protective cover. Nlost caribou were observed IC dis-
mces of 500-750  m. and visibility WIS se’:eral kilometres.

.A total of 40 overpasses were tlown over eight ~roups  of
tibou (T~ble 1). High (300 m Lgi) or wide (>75 m] over-
asses caused  detectable responses oniy 38ffG of the time
Y= i6 ovefilights  ). Direct overflights (30 m 3:1 ond wi[hin  50
1 of the Inimals]. on the other hand. r e s u l t e d  in overt
esponses  significantly more often (S8?0 of the time [N=241:
j-test. P<O.00 1 ). The median time to react (0 s ) was presum -
bly in response to the most intense sound of [he overpass.
:ieven of 2 I direc[ overflights began with starrle responses. in
which caribou suddenly scrambled 10 [heir fee[ red/or bolted
everzl  body lengths away, coincident with the jet’s overpass.
sight of 10 responses tha[ began  prior to the jet’s pass
]ccurred  when caribou sighted the jet &t a distance.

Although caribou usually began to run after [heir initial
.esponse  (ZQ of 27 ovefilights),  they began slowing almost
mmediateiy.  The median time from beginning to end of
novement was 9 s. with the last half of this period done at a
;IOW walk. If animals had been feeding, standing or walking
>tior to the overpass. they resumed similar behaviour  within
he next minute (13 of 15 overflights). .\nimals  that had been
.yirtg before the overpass usually continued to stand for at
ie~st a minu[e  following the overpass (10 of 12 over-tligh[s).
However. during  the next several minutes. animals either
~egm [0 feed or Iav down ~gain.  and by 5-10  min ~~rer the las[
overpass.  behaviour had returned [o pre-overflight Ieve!.

.+ multiple regression analysis. using data from direct over-
[Tign[s  ( N=24 ), indico[ed [ha[ only behaviour prior [o [he over-
pass was significantly comelated with :he leve! oi response

IToble  2). When ctibou  were walking prior to the ove~light.
the:: reacted sooner I P<O.05’)  ~nd ran longer  (P< 0.05’) ~nd fx-
[her  { P<O. O I ) than  did caribou that were feeciingjs:anding or
lying prior 10 the overpass. Group identity (P>O.-}. composi-
tion ( P>O.6) and size ( P>O.  1 ) were not systematic~lly  reiated
co ony response variable.

One seties ot’ seven oveqasses  b? o Bell 206L helicopter
was tlown It 30 m agi over Q group ot e~ghr ~dult male caribou
in 1987: the group had not been overtlown by jets exiier that
day. These animals were travellirrg It a walk prior to the over-
passes, in !988. three helicopter ovepasses were tlown 15
min after the last ot eigh[ jet overpasses over a group of’ eight
bulls. Prior to [he helicopter overr7ights. the anlmxls were
e i the r  beddeti  or feeding.  In ail cases. dve~ c~nbou re~cred
prior to the he!icopter”s  passing (T~ble 11. The mimals sighted
[he helicopter and trotted or g~llooed directly  ~woy from ics

path. The:/ continued [o gallop hard un[li [he helicopter passed
overheod. w h e n  :hey  turned  co the side ~nd slowed [heir pace.
The ~nimals contlrtueti co move for ~nother 8-?.7 s af[er  the
helicopter passed and moved Q rorai of 22-180 body Iertg[hs.

The group  Ovefllown on [he same day by both Jet ~d heli-
copter ~ircraft responded significantly  sooner to the helicopter
and ran signifrc~ndy longer and farther than it did in response
to the jets (,Mann-Whimey  U: P<O.051.

Geor$e  Ri\er C~rIbo[(:  Obsemations ot je! overflights of J
group of’ approximuteiy  500 GR c~ribou on upiand tundra
were videotaped on 13 Ylay 1988. .+ steep ridge provided us
with a panoramic view of the coribou in a relatively tlat valley
30 m below. Hard. crusted snow covered 70-SO?G of the
ground. Three independent sumeys (total CtiOOU  = 276)  indi-
ca[ed an ~vera:e  composition of 587c cows: 199c 1 l-mon[h-
old calves: 23?0 bulls.

Between 1250 and 1302 h. six series of ~ total of 13 over-
flights by F-16 aircraft  were observed (Ttibie 3). The jets
arrived in the area  in groups  of two and three and were
directed individually over the cenrre of [he ctibou group at
intervals of 6-22 s. Dunn: the firsr three series. when” many
c a r i b o u  (30?o) were s[ill l~ing,  only 15?0 (Y=60) reacted
before the ini[iaI  overpass ot eQch series. During [he last three
series. when d] animals were stmdiny.  feeding or walking, an
average of 50?0 (N=l 15) reacted prior to the overpass.
However. rhe 2bso1ute level of this reaction Wm low; the ma-xi-
mum distance moved prior to a series of overflights was 10
BL [ 15-20 m) and the mean was 2 BL (3-4 m).

Nlost caribou (70ac: ?i=260:  13 overflights) reacted sud-
denly. scrambling to the!r fee[ ortd boitirtg  forw~d  M the jet
passed. .Although  ~0-95G of :he coribou be~~n to run. most
began slowing ~ho~ly  ~r’ter [he oveqass. Fifty-five perccnc
stopped moving  withlrr  5 s. and 65rc  h~d stopped within 10 \
of the overpass. uniess  ~nother jet passed over in the mean-
while. Total median  distonce moved during a single overpass
was S BL ( 12-16 m). rarrglng to ~ m~.~imum  ot’ 34 BL (50-68
m) for the second overpass in Q >eties or’ two.

Caribou within 50 m of’ [h& je[”s fligh[ track moved a
gre~ter distance [n response to ~n ove~ass  than those farther
away f9.9~ 1.S m vs. 1.2=2.3 m: 9 overflights/360 caribou:
Two-way .Anova: P< O.OUI ~. .All caribou within 50 m of the
tlight  track ran. bur  7fiC (N=l  SO) of those ~nlmais 50-100 m
from [he fligh[  [rack did not run.

Five ove~asses were tlown by ~n .A-StU 300D helicopter
one hour after she last set or’ jet overpasses. >Iost (90~c)  caxi-
bou on snow-free ground were feeding. while [hose on snow
were either standing or walking. The caribou began to run 10-
20 s prior [o an overp~ss ~nd the mediorr  mimal had moved a

coribou [o [ow-lc{.’e!  je[ Jnd h e l i c o p t e r  o~errligh[s  in the Red Wine

!

------- -
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distance of S5 BL ( 125-150 m ) before the helicopter passed
overhead (T~ble 5). AfIer  rhe helicopter passed. the animals
turned and ran back opposite rheir  irti[ial direc!ion. .Although
they now ran at 3 slower pace. the median animal still moved
another 36 BL (55-70 m) over the next 20 s.

GR caribou ran longer and fmher  in response to helicopter
overpasses [hurt co jet overpasses (N=] S overflights: .Anova:
P< O.001  ) .  The greotest focal median disr~nce  moved in
response to a jet was 34 BL (50-68 m). This was exceeded by
every helicopter overpass by a factor of two or more. Ctibou
aiso ran harder from the helicopter. The maximum rate of
movement per 5 s period during  art overpass was more [hart 45
BL (68-90 m) for the helicopter. but only 2S BL (42-56  m) for
the jexs. while the median maximal rates of movement were 39
and 6 BL respectively. Seventy percent of the response to the
helicopter occurred prior co the overpass. whereas nearly all
the response to jets occurred after the overpass.

Fieid-Trtirlring  of Direcred O\erylights

Observers placed at five dummy  target sites in 1986
recorded a total of 59 jets. iMem distance of jets from the tar-
~et Coordinates was ZQ5=Q6Z  m (.N=33 jets). Forty-two Per-:
cent passed within 50 m of the target. Only 547c of obsemed
overtlighls were reported by piiots. indicating that exposure of
tuge[  c~bou to overflights in 1986 m,ay be underestimated b:

half due to undemeponing by pilo[s. However. an analysis ot
jet flight track data. clrioou  Ioca[ions  ond overflight reports
indicated that overflight repon data md flight track data were
hlgh]v correlated ~r=f). S9: p<O.01  j. Therefore. overflight
reports do provide a reli~ble index of re!ative exposure to low-
Ievel aircrafl acrivity.

In 1987.56 jets were observed at - [arget sites. Nlean dis-
tance from target was 170=263 m (N=52) and 60nc of je[s
were within 50 m of the target. Significantly more overflights
were reponed in i987 (S2CC I than in 1986 (G-test: P<O.011.

TABLE 2. Relationship be[ween [eve] of response [o low-level Jet
overpasses znd behaviour of ctioou prior 10 the overili~h[s

following o more rigorous  procedure for reponlng  instituted in
1987. Virtu~lly  all (4O of ~~~ reported  overflights were
obsened by us in the fieid.

Observers sta[ioned near four Svoidance  sites recorded a
coca] of six jels (out of a possible 64) ~ithln the surrounding
9.2 km control zone. Their mean distance from the avoidance
coordinates was 3.6kl.3  km. and no jel passed within 2 km of
the avoidance site. indicating that control caribou loca[ions
were being avoided successfully.

A total of 1 S RWM and 4 MM caribou were captured.
equipped with P~s. and monitored between 1986 and 1588
(Table 4). Locations  were ob~ined  on 82% of available days
(N=4906).  improving from 76% in 1986 to 92% in 1988.
allowing us to calculate daily distance travelled for 74~G of
days. .Activity indices were obtained on 97?c of possible days.

1986 and 1987 Lovtt-Le\8el  Flyitlg Seasons: In 1986 and
1987. both daily ac~ivity levels and dis[artces moved vaned
nexly rwofold lmong  the animals (Tables  5 and 6). The varia-
tion in exposure to overflights was similar in 1986 md 1987.
ranging from none [o 4.5 per day mong  the caribou. The two

caribou exposed [o the grextest  number of overflights had
intermediate values for both daily activity and dis~nce  trav-
eIIed in 1986. The two mos[  oveflown  mimals  in 1987 had
both (he highest and the lowest mean activity indices and
moder~te  to-nigh vaiues for daily distance. The three animals
never ovenlo~vn  had relatively low mem ~ctiviry  indices but
low. meaium  and high ‘;alues  tor dail~ disnnce  travelled.

f 9S8 1,~~(-L21el  F!~ing  Season: Filghr  rrack data from S3 Tc
of the sorties rlown during 1988 indicated that exposure Ieveis
varied more thtin tenfoid  mong [he RWM ctibou (Tabie 7).
Two animals h~d an average of one jet or more per day within
1 km of the~r ioc~~lon.  whereas the other three were exposed
oniy once eve~ 2.5-10 days. Yletn ac[ivity indices and daily
distances rraveiied for RW’\l mimals  were similm to previous
years  (.+nov~: df=2.22: P>O.S  and 0.1 respective!:  I, and nei -
[her variabie  was correlated with an animal-s  exposure to
oveflighrs  (,Anova: df=2.22: -0.4 and O.? respectively). For
MM caribou. mean Sctivity indices 3nd daily distance tr3v -
eiled were less than those obtained for the RWNI mimals  in
1988 (Tabie 7) but were simiiar to RWM Snimals in previous
ye~s (~cti~iry  in 1987: daily distance in 1986). Overaii. \lNl
cmbou moved less on a daily basis in 19S8 than did RWYI
csribou  o~er the three years [hey were foilowed (Anova:
df= 1.2?: P=O.049).  but the two popuistlon sampies  did not dif-
fer significsrttly  in mean daiiy sctivity ievel (.Anov3: df= 1.2;:
P>O.3).
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R e g r e s s i o n  .4na[.sxes ot ,4crivily and Daiiy Disrance
Traveiied: The 24 h ac:ivicy index md  daily dismce rravelled
are correia[ed  variables. aS directional movernen[  is one com-
ponent contributing co the total activity index. Thus daiIy dis-
tance was one of the predictor variables used in the regression
analysis for the 24 h activity index (but not vice versa).

Few variables were significmdy  related to the daily dis-
tance travelled by the animals (Table 8). h general, daily dis-
tance was lowest during the caIving  period. highest in the
insect and fall periods. and also increased after a female had
lost her c~lf. men  the RW~ and ivfM data sets for 1988 were

TABLE 4. Red Wine and Mealy Mountain caribou fol[owed  with
sateilite telemev between 1986 and 1988

tnltid #
Ctibou’ .\geb capture’ H2DNKS  ~-yearsd Commenrs’

RWF013 9
RWFO16 8
RWF035 7
RWF037  7
RWF039  12
RWFWO 12
RWFW i 9
RWFW3 1~
RWFM 1 ~
RWF045 [2
RWFW6 10
RWF047 3
R\ww8  5
RWF050  6
RWF05 1 9
RWF05:  3
RWF05j  2

RWF055  1
M.moo  I s
&t.wM2 6
M,MFW3 12
M.MFW 3

03/1 9181
03C0/82
o3P7i33
03126i83
05/09/86
05/09/86
05t09/86
05/09/S6
05/1 396
05/ 15;86
04/w/s7
m/05/s7
04/05is7
04/1 0/s7
04/02/s7
04/05/s7
wio7/ss
07iW18S
04/ [0/s5
04/02!s5
04/ I 0/s5
(34/20/s5

6
3
2
5
?

1
0

1
3
1
I
1
1
I
1
3
i
1
I
7

?

3

~-F (8 SC96)
~-F (S7/1 14)

~-F (S8flJO)

,~Ofi. (86/235)

~-F (87E73)
~-F (86/177)

~-F (SS/279)

Mon. (ssn2J)

~-F (SS/106)

‘Cxlbou:  RWF = Red Wine Mountain female: .MMF = ,Mealy Mountain
female.

~.~ge calculated M of resumed birdsdate  in 19S6.
‘Cmbou  czptured  prior to 1986 were initially ouetlrted with VW collars.
‘~.~e~ = number or’ low-level tlying semons Wemng ~.
‘~-F . ~ ftiiure:  .Worr.  = Motiity. Yeu nd Juiim  dav of  death Ue
:Iven !n parentheses.

T.ABLE 5. Summ~ or daily data collected for sateliire-coilared Red
Wine cmbou  during [he 1986 study semen

considered [oge~her.  the population vti~bie occounced  for the
~mea[est amount of variance ( 1.8?o):  on ~verage.  MM caribou
moved significantly shoner distances on a daily basis than did
RWM c~ribou. The total amount of variance explained by
these correlated variables. however. was under 5’% in any
yex. The level of exposure to low-level flying, as measured
by the number of ovefilights. was not related to the distance
an animal  travelled eoch day.

For the 24 h acrivity index. daily distance travel  led
a c c o u n t e d  f o r  about 15?0 of the variance (Table 8).
Temperature, a weather  component, accounted for another
5V0. while season. individual ~nd calf survival together
accounted for an additional 5T0. The activity index was posi-
tively correlated to temperature and was highest during  the
insect period. It also was higher for females not accompanied
by calves. even when their grea[er  daily travel rates were ttien
into account. The index was lowest during the calving period
and was lower for females accompanied by calves. MM cari-
bou had lower ?4 h ~ctivity  indices. even when their. shorter
daily travel rates were taken into account. In all. these vari-
ables accounted for 20-?270 of the variance in the 24 h index.

TABLE 6. Summasy  of daily data collected for satellite-collared Red
Wine ctibou  during the 1987 s[udy  sexon

T.+BLE  ‘. Summ~ or’ daily data for satellite-collared Red Wine ma
Me~ly \loun[ain  cfibou during [he 1988 study season

Red ~Vine Cmbou

.
.
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TABLE S. Contribution of predictor variables [o [he vasiance in the daily distance ~ravelled  Md the 24 h ac:lvity index. u determined by muiti-
pie regression

Predic:or 1986 sexon I 987 se=on 1988 Red Wine 1988 Mealy Mountain

varrable TO cxDlamcd r ?O explained P Co explained P ?O cxplalned P

Dependent vanabie = dally diswce uavelled
Individual — 0.9% o.tn12 2.1 ‘?0 4.001 —

Cllf  Sumlvll . 0.4% 0.013 — —

Juiian day 4.1?. <0.001 —

Month o.7~c 0.0 I — —
Wind — — 1.390 0.002 —

Dependent vmable  = 24 h activity index
Dally dismce 15.47. d.oo I 18.670 <0.001 1 1.2?0 Co.oo I 21.670 <0.00 i
Temperature 2.0% <0.00 I 7.770 Ct3.oo 1 8.6% a.ool 7.1% 4.001
Se3son 1.67. <0.001 — 3.4~o d.oo 1 1.1% <0.m I

[naivldual I .4~o <0.00 I [ .5ffo <0.00 I I .270 <0.m 1 2.?% <o.tM I

Calf sumlvai nab o.s~o 0.033 1.070 <0.001 —
Overflights — 3.570 <0.001 — na

~Only [hose  values significmt  at p <0.05  are shown,
na = not ~ppiic~bie.

Overflight exposure was significmtly  correlated with activi[y
level only  in 1987.

Regression ~na]vsis of 52 low-level overpasses. using aiti-
tude. horizontfii distance and aircraft type’ as independent vari-
ables. indicated that noise level decre~sed 6.9 dB eve~ 100 m
from [he jet’s flight path (G-O.8 17: P<O.001 ) (Fig. 2). Sound
level SISO decreased at the rate of 5.9 dB per 100 m altitude.
.Aircraft (F4 and Tornado jets only)  did not differ significmtly
in noise level (P>O. 1). me maximum noise level recorded was
131 dB for a direct overpass at 30 m agl. ~nd mem  noise level
for close overpasses (within 50 m of flight track) was 1 15=S
dB .

Noise level increased rapidly as a je[ approached. rising
from ambient levels to a maximum in about 1 s. Sound level
dropped immediately after the jet passed over but did not
return [o ambient levels for another 10 s or more. The noise
was broadband.  with peti amplitudes between I md 4 kHz.
The amount  of warning we had of a direct overpass was
dependent on background noise. On calm days we could hex
the ~pproach of o jet 10-20 s before i[ was overhead.  but on
windv days. especially when surrounded by trees. we had little
warning of an overpass.

DISCUSSIO$

Our obsemations  indic~[e thst the initial response of cfi-
bou [o a low-level jet aircraft  is caused  by [he sound of [he
overpass. not the sigh[  of the je:. The usual response to 3 sud-
den. intense noise is the ‘“starI1e  reflex.””  with  its concurrent

ac:)vo[]on  or’ [he sympathetic nervous system  ( Moiler.  1978).
Dire:: ove~xses  will produce sounds with tie most r~pid rise
[lines md hlgnest pe~ levels ma tius should couse the mosr
intense smle relctions. IrI addition. due [o tie retlex rrarure of
[he resuonse. hfibiruotion [O such stimuii  :s not likely. overpmses

I

I
1

Y
#

40 !

30 100 250 5 0 0 +  m

DISTANCE FROM JET
FIG. :. Me~ sound pressure level (dBc) of F~ md Tornado jet overpmses  wc
shown m a function of me~ distice  hm flight reck.  Verrical bars connect
mlnlma md  maxima: boxes enclose standard errors of r.he mcm: honzontd
dashes ind]cote the mem.

Startle responses may be especially decrimentd to ctibou
during calving. causing problems such as stillbifihs, cow-calf
separations or injuries to newborn calves (Banfseld.  1974:
Cowan. 1974: Miller and Broughton.  1974; Miller er af..
1988). Pmicked  cows and calves during thaw could result in
caives mired in wet snow. Smle responses may have more
subtle effects. such as reduced milk production (El!/ and
Peterson. 1941) and calf thyroid function (.Ames.  1971 ~.
Possibly. calves exposed to frequent overflights may grow
slower and could consequently suffer higher mortality from
trrcreased preaa[ion.  inabiliry 10 cope with inclement weather
. .. L- ,> -,.=-.,  ;- A’,”,- ..<. ~{ ,,,~-.. mnvpmenrs  Ond insec~
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SCarrle re~ctions muy 31s0 be detrimental where sudden
m,overrtents  can result in inju~  because of rugged  topography.
especially when ice cover reduces [raction. Injunes  are ~lso
possble when ~nimals  ~re cortgregzted in groups. especially
when constrained by deep snow, river crossings or icy ridges.

Following [he ini[ial st~rrle. [he animals” responses foi-
Iowed u time course similar to that ot’ the overpass itself. If
animals keg~n [o run. maximum race was reoched  almost
immedi~te!:~  and within 5-10 s they had stopped. Following an
overpass. the ctibou often oriented [o the receding jet. appar-
ently watching it. which suggests tha[ the visual image of the
jet becomes In imponant  focus af[er  the initial srmie.  Within
the first minute following an overpass. mos[  mimals  ~ppe~ed
[o relax [heir vigilance (e. q.. lie down or lower head ~d feed)
and resumed fomer acti~iries  within several minutes of [he
overpass. on those occosions  when caribou could watch an
approaching jet. the animals reocred before the pass. thereby
running 3 longer  period. ~ese more prolonged responses are
to be expec[ed  in open habitat. x ctibou in fores[ed  habitats
are unlikely to see jets. except briefly 3s they recede.

me slower air speed of [he helicopter gave ~dvance  warn-
ing of its approach and thus reduced [he stanle  impact. me
caribou began [o run sooner and ran significantly longer [hart
during jet overpasses. Following a single  helicopter overpass.
the animals were displaced fmher  [hm for jet overpasses. The
longer oveqass time ond [he visual stimulus of ~ helicopter
suggests rha[ the:; may cause greater  avoidance responses in
caribou over time than would jet aircraft.  as the Ia[ter are
rarely obsemed by the animals prior to the overpass. In sddi-
tion. helicopters ~e the only ~ircrafr Iike!y [o active!y pursue
ctibou. either [hrough [he pliot. s curiosity or during  wildlife
management operations (e. g.. captunng/colllring.  class itlca-
tion surveys).  C~ribou that are pursued by helicopters m~y
learn to ~ssociate  heiicoprers  with the thre~t  posed by preda-
tors. intensifying the response with  ih~ rein~orcement  ot peti-
odic exposure.

The 24 h activity index uppears to be the most valid ot’ our
two daily measures of impacr. First. this index was signiti  -
can[ly ~nd consistently corre!a[ed to a number of biologically
relevant variables. Second. it is m absolute me~sure  of head
movement that is reiated in predictable wavs to standard mea-
sures of ac[ivi[y (running, walking. feedin~resting).  The other

“dependent vtiable. daily distmce rravelled. has ~ significant
amount of emor ( 20-40ao) on the scale of movements made
daily by woodland ctibou (24 km.doy-’  ). .AISO.  when move-
ments ~re not strongly directional. dally dis[ance  will underes-
timate ~ctual distance [rave !led. The Iocotion dara ~re be[ter
suited [o anaiyze home range use. which is a more valid indi-
cation of long-term disturbance (Barrington ~nd Veitch.
1990).

:Nelther the 24 h ~c[ivity  index nor [he daily distance rrav -
elled was conslstentl~  re!atea ;O [he degree ot’ exposure to
low-level flying  ~ircrar[. These findings xe consistent with the
direc[ed  overrligh[  observ~[ions. which indic~ted char [he ~ni -
mais’ re~crions  to m overpass were short-lived.

He3rr  race telemetp. however .  shows [ha[ hem r3te often
s[ays elevated ~fter ~rty ini[l~l  over[ r e s p o n s e  has ended
(Kunwtsher <r ~1.. 1978: \loen /: ~i.. 1978: >Iac.+rthur ~r J1..
1979). me oven r e s p o n s e  of ~ b~ghom  sheep [o\ts canuden-

—.- -- -

Si3 c.unud<nszfI 10 3 helicopter overpass (}[acAnhur  ~r a/..
1979) paralleled [hat o~ caribou to jets in  the presen[  stu~~

[bus it is like!y that nea~ race Simiiuiy remains  eIevated  fo
several minutes following ~ jet overpass. However. the energy

expenditure ossocitited  with an elevated heart rare. in the
absence  of ~n overt behavioral response, is equivalent tc
moving only J few body Iengrhs (Hoyd er al.. 1988).  The onc
sl~nlfican[  comeiatlon be[ween  exposure [O overflights and

daily activity  index in 1987 suggests [hat under higher level:
of exposure. as occurred when particular uimais were bein~
deliberately overrlown  by jets on 3 daily basis, a slign[
increase or’ 3 few pe:centoge points in overall activity level
may  occur. consistent with Geist’s 11971 ) calculations on tit
costs of harassment  in ctioou.

Overall lmpac:s  of Low-  Le~’ei ler Oveq7ig}l[s

Our results indiczte that the gre~test impact of Iow-leve!
flying jet aircmft  will be due [O the startle reactions caused by
the loud and sudden noise of Iow.-. direcr overflights. Peak
sound pressure levels in excess of 120 tlB”occurred with direc:
overpasses at 30 m 3:1. but pe~ levels were typically less and
fell off rapidly (7 dB/100 m) 3s distance from the flight rrack
md jet altitude incre2sed. Beyond 250 m from [he jet’s flight
path. the meon sound pressure level for jet overpasses was
under 90 dB. which is less aversive  in domestic ~nd wild
mammals ( Nllnci Fr af.. 1988). Thus. the “disturbance foot-
print.’  of an cverpass  is probably confined to a width of less
than 500 m. .As tnost low-level [mining flights Me at 30-150 m
agI ( Depwent o~ .Vational Defence.  1989). however. eve~
jet still has ‘~he porenti~i [o disturb ctibou  within this 500 m
zorndor.

D3t3  collec:ed in 1988  o n  s~~e!lite-collwed ctibou and je[
tlight  tracks indic~re rha[ overlighrs close enough [o e!ic:[
st~ie responses by c~ribou  Me inl”.-equent under present leve!s
or’ tlying.  The animal designated  as RWF052. which spenr
most of the 198S low-level tlying sewon in the heavily used
southeus[  comer. would  have experienced one or more over-
passes ,~irhin  this 500 m wide “disturbance corridor.. once
eve~ eight d3ys. on 3ver3ge.  For other caribou. the frequency
or’ such ovenligh[s  W3S much less. However. it is possible that
under the nigher leveis of low-level tlying acttvity expecred  by
1996. some ctibou may be exposed to an unacceptedly ,high
number of overflights during  sensitive periods. .\ny  poten-
tially adverse impac:s could be minimized by monitoring jet
tlight paths through the Red Wine population range. so th~[
excessive exposure of specific ue~s  can be avoided. pmic~-
l~ly  during the calving period.

W e  ot+e J jpeci~l  [h~nks [o Stu Lu[tich  (Region~l  Wildlif<
Biologls[. L~br~dor) For ~il hls juppo~  md us]stance.  We Me ~lso
-vl[eful  [o [he o[ner members or’ [he projec:’s steering commlt[ee: J.
H~ncoc!i.  J. [naer.  E. >Iercer  (Ne~.vfoundland- Lobrodor Wildlife
Divlslon ): .+. Nose’wofihy I In[ergovemmen[ol  .~ff~irs  Secrerti~[~:  B .
>[oores I En\  lronment Canada]: C. \locYeil  wd  J. Rowell (L~brodor
Inu]t .Assoc:~[lon I: ~nd [he]r ~l[e.m~tes.

We [huk Yor [he:r v~lulbie con[nbu[lons  10 tie]cj  work: B. Bolkic.
D. BaIkIe. il. Berger. D. Bl~e. C. Butler. B. ChauLk.  B, DoIron. B.
He~m. K. Hoile[I. X. Hughes. T, Kent. F. Phillips. H. Supper. R.
Trmk ~nd Z. Tooze. JVe ~iso thti [he stoffs  Jr Se~Iand  (C~n~di~  I
Jnd ~nivers~i  Helicopters. Goose BJV .\lr Services (L~br~dor

. . . ..c—
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:
$ Air.vaysi  ~nd .+Ir Yonhland.  nd [he;r pilots: H. Blake. P. Bradford.

H. Day. C. f-fouse.  B. Kendall. K. Loder. W. !vlassie. W. .Vitchejl.  G.
YutIall.  G. Penny. B. Raymond. B. Smith. H. Supper ~nd R. Tfiylor.
We [h@ T. Downs ~nd his staff. Department of National Deience.

“] Ot[owa. for the:r continued ~ssist~nce,AL CFB Goose Bay. the staff
of the YIilicr?  Coordinutlng  Cemre deseme I special thanks. includ-
ing YIst. Cpl. J. Getscheil.  Pvt. D. Ottway and Pvt. ,M. Tinkham. md
especi~lly  Valor D. Ghyselinks.  We thank !he off icers, squadron
le~ders ~d operzt~orrs personnel in the Ge.man Air Force, Royal Air
Force wd Royai Netherlands Air Force.

D. Decker. J. Russell and S. Tomkiewicz. ot’ Telonlcs. Inc.. and
Semite .+rgos staff  in Toulouse. France. znd Lmdover.  .Maqland.
especially L. !vlorfiis  ~d H. Sparks. providea help ~nd advice. S.I
Fmc:/.  [hrough [he .Alaska  Fish md  wildlife Rese3rch Center (U.S.
Fish md Wildlife SeWIce I ~d .Alask~ Depanmen[  of Fish ond Game.
provided computer programs used in [he Malyses of [he sareilite data.
A. Kenney and the YOVa  Scotia  College ot’ Geographical Sciences
provided ~dditlonal progmming  and [he 3rtaiyses of jet flight tracks.i
R. K~fer provided consultation on statistical matters. .M. Houlihan
and the computer serf ices staff It Ylount  Saint Vincent L’niversity
assisted in the mainfme malyses.

Funaing  md other suppo~  for this study were provided by the
Newfoundland-Lobrador Wildlife Division. the Department of

National Defence. the Natural Sciences and Engineering Rese~rch
Councii ~nd .Vount Saint Vincent University.

A. Gunn. S. .Murphy and  ~n anonymous reviewer greatly
enhanced [he paper through their many helpt’ul comments.
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Calving Success oi Woodland Coribou  E.~posed to Low-Level Jet Fi:~ter Ovefligh[s

FR~~ H. H.< RRIYGTONi ~nd .AL.ASDAIR  >1. VEITCH:

RESUME. .\u tours des salsons  il’entrainemem  de 1986  ~ 1988. i la base des Forces c.rrn+es  conadierrnes de Goose Bay ~U Llbmdor. cn t +rudie les
retombees  sur [e cmbou  des bols  (Rurrytjkr  :~rana”u carlbott)  de l“tnrminement  i basse oltltude sur des avlons miiitllres  ~ fiacrlon.  En 1987 er 1988.
on a obseme perrodiquement la suwic des veoux dms un <chamdlon  de 15 femelles  +quipties de collie=  <me(reurs  sulvis PN sateilite. Err 1987. on a
marrtprsle quotrdiennement de i~con  expenmemale l’:xposition  de chaque femelle  ~ des sumois  ~ basse olrrtude. En 19X8. on a detemrme  I“expositton
quotldienne  err m~lysnt  Ie p~cocrrs dcs avions 3 rescllon  ~pres la salson de voi i basse alrlfude.  On 3 oose.~e  la sumie  des veaux  en effecrumr des
re!e~,~s en VoI ~ouCCS Ies s ou J semaines.  Un u-rdex  de sumle  des ve~ux  —

[e nombrc  de iols I m~lmum  = J) dumnt Ies reieves ou unc femeile itatt
accompagnee  d“un petlr — I t!e carre!i  negor]vement 3 I“exposirlon  de la femeile  JU survol  ~ basse ~itltude des ovions i reoctlon JU tours de la mtst
bas et de la per]ooe luI f~lsarst lmmedi~te.rntmr  suite. 2MS1 quc dumn[ la saison es~~vlie de harc+!ement par ies lnsectes. On n’a obsewe aucun lien slg-
niricz[lf entre !O sumle des ~’eaux  t[ I“txposl[lon Jux vois  i basse ai[]tude  ou tours de II perlode preciciant  !d mlse bx.  JU tours de la penode txoive
sutvant  !~ mise OM C[ Frec+amt ct!le du rrarc~!ement  par Ies  lrrsecIcs.  ~insl quc duracr[ l“~utomne.  VU il balsse  continue de !l crolssarrce  de DoDulJ-
tlon du cmbou  des bo!s J l“irrteneur de !I ~one d“errminemerrr  i basse oitltude. ~es at’ions J riact]on devralem  tv][er de sumoler  Ie remtolre de mlse
bas du cmbou  des bols au molns duranc lt de.mlkre semzine  de mal  er !es trois premieres semames  de jum.

.Wors cILs: cc.ribou.  Ranqfjer  :arandus ~arfbot~.  sum!e  des veaux. voi L Dassc  ~ltltuae.  Jvion J reac:ton.  ~emsrhar]on.  Lsbrcrior
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‘ea cost of Goose Bay and is removed from,  ~oth [raining
-e~s. Topography. climate and ~’ege:otlon  are generally  slml -

,~r for [he ranges of both c~ribou populations. Each range
.ncludes  ~n ~rea of rounded. barren hiils ~U~oO~ing  ~iplne run-

‘a. providing late-winter forage when dee? snow in the sur-
>unding  !ichen  - c o n i f e r  fores[  pl~[e~u  lim:[s  for~ging

~pportunlties  and impedes tr~vei (. Brown. i 986 ).

\lETHODS
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fixed. ~nd navlg~tlon~l e~or  on the parr or’ :he pliot ~nd i> >im-
il~ to [he ~cc~rticy 01 reporrea  Ove~lignIs  in 1987.

Cti~SLir\”l\ai

Cdlf >urvlval wos determined by periodic ~er]al  ~ur’:e:.’s
st~rtlng in mid-June f Fig. 2). Every ~-~ weeks  e~ch f~m~le
was visullly  located by helicopter so that ~ny ~ccomoanying
c~lf could be de[ected.  .< calfs sumival  was measured JS the
number o~ survey periods (O-4)  during which her c~lf was
obsemed. Tnese periods inc!uded sum’ival  [o mid-June ( 1 I. [o
mid-July (2). to mld-.+ugust  (3). and [hroughout the entire
low-level tlying sesson (4). No direcr obsewatlons  of c~lving
were ~vailabie.  but declines in 24 h activity indices and daily
movements (Hsrris cr uI..  199 I ) were used to estimate the
calving period. Females never seen  wi[h  c~ives were trea[ed in
two ways.. First. we assumed they lost the:r calves between

birth and the first survey. Second. we ~ssumed they were
never pregnant lnd therefore deleted [hem irom the sample.

S[alisIical  .A]laiyses

W e  divided :he low-level flying sesson into seven bioiogi-
Coi]v reievant seasons (Fig. 2). The pre-calving  period began
with the initiation of low-ievel flying during the third week of
April and ended with the beginning of [he coi~’ing period. The
c~lving  period I 23 May - 5 June; included all but one of [he
suspected csiving dates. The initi~l post-caiving  period \ 6-19
June) included the remaining caiving da~e t 9 June ) is well x
[he first  one or :wo weeks post-calving. Tie pre-insect post-
caivlng period t 20 June - 3 July J ended ~vhen both [empera-
[ ure Indices ~nci 24 h activiry  indices lnaic~[ed [hat lnsec:
harassment had become extreme. T!-vo equ~l-iengrh  summer
insecl penoas  ended with the first day of suc-ireezing Westher
(as de:emined by Environment C~nuda J[ Goose Bay and
Churcniil Fsils;. !nsec: Sctivity is  expec:tti  [o be high during
the first of these periods Inci to continue penoaicoll} [hrougn-

Calf

ouc [he ~econc. A fall :erlod  f’oilo~ed  from 1 ~ Stptember  to
the end or the !o~-leve! !lying seoson. For each period. the
mean number or’ lo~-le~e! ovezlignts  per day wus deremined
for each ~ntmal. In adaition.  [he over~il  mesn number or’ over-
flights per da! was calculated for the entire period a femaie”s
calt was presumed [o be alive. For this Ia[[er snulysis.  we pre-
sumed a calf ~:as lost Jt [he mid-point ot’ the interval during
which it disappeared.

Once a cslf  was determined lost. its mother”s  ds[a were
de!e[ed from ;he ~naivses  of Subsequen[ per iods.  BCC3US~

iemales were droppea  from [he sample as [he season pro-
gressed. we compu Led separote  Spe~rman  correlation coeffi-
cients [or eoch period between  L c~l~s sumival  index and the
mesn  number  of overlligncs  ir was exposed [o during th~[
period. Our hypothesis predicted a neg~tive effect of exposure
frequency on c~lf survival: therefore one-tailed probability
values were used.

Two females were followed during bo~h.~e~rs.  To avoid
“’pseudo-repiica[  ion” (Hurlbert.  1984: Ylachiis er al.. 1985’).
we represented each female  by her mesn values over the two

yesrs. Bo[h females  held the same ranks among ail females
each yeur in [ems  of frequency of e.~posure to flying.

RESULTS

Ot’ [he ren Red Wine Mountain females ouflltted  with P~~
in ezrly ,Aprii 1987. eight provided coif sur.’ival  and satelli[e
da[a rhroughou~.the entire low-leveI  flying season Snd a nin[h
provided sateili[e’ data through the end of September and c31f
sur; ivai data :hrougnou[. me tenth animal”s ~ failed in late
.+pr:i. ~nd [hu~ w~s deleted from the study. In 198S. five
fernule :~ribou were ini[lally collared on [he Red Wine
>Iountains in t~riy .Aprii ~nd one in esriy >13y. Two of these
~nlmals were ~e~e:ed from  [he sample ~fter  [he?  emigrated

f r o m  the Red “.Vine >Iountain popui~tion  range in \lay ~na
were ~ssumec :C nave be’en  George  River c~ribou. Exposure [o

u Low-level Training Season
u
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low-level  /lying  aircraft vsried greotly  ~mong Red W i n e
\iountain  c~ribou (T~bie I ). In each year. some ~nim~ls had
virru~ily  no exposure whereds others were exposed [O sever~l
low-ie’~ei passes e~ch day. on ~verage.

Four }le~iy Ylountain females were ~Iso foi[owed by sare!-
lite te!eme:u  during the 198S sewon. after ;he euiy failure of
a tifih Pm in .+prii (T~ble l). One of these mimals  diea on 11
Augus[ but WaS never seen with a calf.  and  thus is included in
[he sarnpl~. None of the four >le~ly .Ylountain c~ribou was
exposed to low-level jet activi~.  M [hese mim~is did not inhabi[
the iow-le’.’ei  training ~rea ~nd tlignt tracks  indicated that no
jers s[rayed over [he ~rea.

Cu(fSllf)ivul

CJ1t’  survivll  ‘w~s  negatively correlated !.vith exposure [o
low-ie’:e!  flying ~ctivity for all petioas  ~n~iyzed (Table 2).
This re!a[ionship  ‘.v~s signific~nt during [he c~ivlng and imme-
dia[e pos[-c~lving  periods i Q: !vIay  -19 June: for the ~ubse[ Of
fe.m~les known [o hJVe caIved  ~nd .vas marg~nally ~ignitic~nt
(.05 < P c 1 0 )  during  the coiving petiod  for [he tntlre sampie
of fem~ies. Tne reilnonship  was ~lso j~:nli~~~nt  during  bo[h
of [he summer insect per iods.  De!ering [he \leQiy >lount~in
caribou trom the sampie  did no[ change [he :esuirs: Red \Vine
Y[ountaln c~ribou s[ill showed signific~nt negative corre!~-
tions  5e:ween me~n exposure frequency ona :Jit’ sumivai  Jur-
ing ;h~ ~~me four  per~ods.

Fi~e fem~ies suc~t>sfuil~ brou~ht their ~~lves through the
entlrt 10 W-le Yel tlying  season.  Two or’ these were .V[ejly
>Iountain c~nbou ~nd t h u s  were  nei,er e~~ojed  to Iow-leve!

ovemlig~ts.  Of [he rhree successful Rdd  LVine \lounrtin  fem~les.
one .~ds ne~:er known :0 hove been ovefilotvn. another experi -
enceti overflights only during the pre-caiv~ng period ~nd ~gain
bne:~y  Jurlng  [he f~ll period. wnlie [he !~~[ was exposed to
oven~i:hts  onlv  during [he c~lving period.

The irequenc:: or’ exposure !h~t individual carrbou experi-
enced throughou[ [he Iow-le’.’e! tlying $e~son remained iei~-
tively  consistent for mos[  caribou. For exzmple.  the me~n
come!  ation for exposure frequency from one petiod to the ne.~t
was 0.910. However. ch~nges  in [he frequency or distribution
of jet octivity over the sexon. m well u ctibou movements
into or ~way from uex ofjer ~c[ivity. did result in substmtisi
changes for some ~nimuls. reducing the overall come!  ation
among periods [o 0.69~. When  [he mem exposure frequenc:f
for the entire petiod the calf  survived was used. :he comeiation
between calf  survivai and exposure to low-ievei tlyirrg  was
not significant ~all females: n = 15. r, = -.312: females known
to have c~lved: n = 11. r. = -.555: Red Wine females: n = I [.
r,=-. ~l~).

Discussion
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on [he orner hand. :he coif is we!l protec:ed :~? ;{[et”() during
the pre-coivlng per]od. ‘.vnen most femaies mlgro[e subsrantlal
distances o~e? rugged [erraln to colt ing ~reos.  During the
perloa just ?r~or [o [he emergence or’ Insec:s  os maJor pests.
[ h e  calf is  being we~neci [O solid food. wnlch :t may  find i n
sufficient quantiry  and cln S2C in re!a[lve peace. Finally. dur-
ing fall rhe aisa,oDear~nce  of insects frees the cow ~nd ~21f  [0. .
expiol[ be!ter resource habirat ~nd forage  wirhou[  disturbance.
T h e  Snon-[e.m  effecls  of [ow-ievel  ovetilignrs m~y be rela-
tively benign during  these penocis.  JS o[her siressors on [he
anim~ls have been removed ud crrricai sr~ges havt been passed.

The exposure of an inaividutil  ro Iow-Ie\’e! [lying  of~en did
not change grea[ly during the low-level flying se~son:  correia-
[ions omong [he periods analyzed were rela[lvely high. For
[his re~son.  it is unknown whether each of the significant cor-
relations berween  exposure [o low-level flving orrd calf  sur-
vival represents ~n effect  from [ha[ perioa or from another
petiod in which exposure frequency was similar. For exampie.
a strong effecr during the calving petioa will ~lso be rerlected
in eve~ subsequent period in which the distribution of expo-
sure nong  females re,m~ins the same. Thus. [he relationship
bes~veen colf survival and exposure ro flying found for [he
summer  !nsec:  period could represent a spurious correlation as
a resulr  or’ Q real effecr  from [he calvlng petiod. coupled with
simiiar t.~posure frequency  during  [he summer  getioas.  If our
data do r e c o r d  Such spurious correia[lons. how~~:er.  [he:: ~re
more !ikely to be seen for [he latter periods. CJrre!a[ions seen
during :ne e~riier periods ore b~sed  on J larger  s~mple ot’ ani -
mais ~nc thus Ire nor likely ro be [he result of. :ifects zc:lng
later in the season. By the beglnnlng of [he summer inset:
period. one-third oi [he calves h3d ~Iready been !ost. tind UJC3
from tne:r mothers had been dropped from [he analyses.

Born the bound~ries or’ the iow-le’.’e! training ~rea ~nd the
ropogr3phy  cons[r~in the distribution of Iow-!evel  training
~c[lvlr~,  [n panicular.  areas n e a r  [he rr~nsir  comdors  leading
ro CFB-Goose  Bzy ~nd deep river valle;:s rece:it J dispropor-
[lonate ~mount of tlying  2ctlviry  (f-i~rrington  and Veitch.
1990).  In our requests for t~get coordinate ovenligh[s in 1987.
we found [hat targets in some are~s were readil)  ove~lown
whereas rarge:s in other areos were seldom  ove;lown. This
same bi~s in the distribution of ovenlignr  activiry was seen in
198S. when p]lots  were pemirted  [o tl> where~:er rhey wished.
If an unknown monaliry faclor. such as preda[lon by wolves or
black be~rs. was disrnbutea  in Q similar manner (e. g.. along
valle:{$. ne~rer C,oose ~a}. e[c. ). [he re!~[]onship  je:n berween
calf jur.l\~l ~nd ovenl]gn[ ~requenc)  ma! be sDunous.

[n ~n e~riier. unpubiisned  re?on  ot’ :hese tintings I Harring-
r o n  ~nci Vti[cfi.  19Q()).  wt used a me~n exposure  index [h~r
was  b~s?~ on [he dnlm,~lj”  t.~posure [O o\errlich[s  [hroughou[
[he enr]re !l~ tng Sedson 2nti found  2 non-$lgnlr;c~nt nega t ive
correia[lon ‘be[ween o\errliunr e~po~ure  ~nd :~it’ survlv~l.
BecGust  ref~r]ie txuosure  JiuTcnange  :hrougnou[ [he low-level
tl}ing scl>on.  using J .e~son-iong me~n exposurt  ~rrdex  was ~
serious :l:~t In our t~iier 2n~i\,sls. JS iht ~bli][\ [O deI~c~ !mDor-
ran[ buc :~0~-;IJ  ec :ff~~:. s Juring ~en\i[:\e  period: .~as iost.

may h a v e  ‘oe:n an !mporranr  fQctor Iimi[lng  rhe growth of [he
population during :na[ rime. The e~riy loss o~ c3ives in [his
s[udy is ~lso consisrenr Wirh preda[ion monaiiry. ss both black
be~rs  and wolves ~re reia[lve!) common in rhe srud~ area  ~na
have been shown [o be responsible for three-quaners  of [he
adult morrali[ies  or’ known cause I Veitch.  1990). In the present
study. we have shown [hat caif sun,  iva] is also negatively  cor-
related with exposure [o low-le)’el  rlying. which indicates that
cumenr Ie’:els ot rr~inlng  ac:iviry  may have reached a ]eve!
where nega[ive  impacts on caif suwlval  will become notice-
able. Toge:ner. rhe imoac:s of predators and disturbance from
low-level rralning  ac:ivity  may be preventing the recove~ of
the Red Wine ,Mountain population. despite over 15 years of
protection from human hunt]ng.

The most conservative conclusion from the results pre-
sented here is that c31f survival is affected by frequency of
exposure [o low-l e~’ei overrlignts  during  and immedia[e!y  after
calving.  Thus we recommend that calving areas of Red Wine
!Mountain  coribou  no[ be overrlown  at altitudes below 300 m
above ground level during the l~s[ week Of ~Ma~ and [he first
three weeks of June. If it is no[ possibie ro avoid all ueas of
the c~lving range. then corridors of pe.mirted training activity
should be designed 10 minimize the number of femaies being
overtlown. In addirion.  further  study of the poterr[ial  link
be[ween  ]ow-[e,Je!  :~ying and c~]f ~ur~,ival  is necessary [o
firmly es[abiish the relationship ~nd. in particular. ro derer-
mlrre irs temporai proceflies.
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APPENDIX 3

Russian Taimyr and Norwegian Wild Reindeer and Migration Disruption
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Fig. 5. Caribou Movements and the Norilsk,  U. S. S. R., Transport Corridor.

(After Jakimchuk  1979; Klein 1984, p e r s .  cornm.;  V. Lazmakhanin  1985, pers .

cbmm.;  Skrobov 1972; Soviet base map courtesy of D.R.  Klein)
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?fesented telow are po~ions  of the

MONITORING PP,OGaAM

Red Dog Mine prcjecl  caribcu monitcricg  plan which

provides met?ods  fcr monitoring caribcu movements, guidelines for restrictions of ~cad

traffic and options for minimizing adverse gffects on caribou movements, This plan has

been accepted by NANA, Cominco Afaska,  Alaska Depafiment of fish and Game plus :ne

National Park Sewice for monitoring caribou which migrate through tha area,

,.

Each year a major migration cccurs after the calving period; cdvjng occurs  approximately

100 roles north of Red Dcg along the head waters of the Cctviile,  Katik,  Meade  and

Utukok Rivers  from late May through mid-June. Scme caribou may disburse across the

Noti Slope, vvhde others travel on a ccunter-cloctiise  movement west and south tcward

Cape Thompson and then aastward into tha Srooks Range, where the anima!s move onto

summer ranges in the mountains and onto the Arctic Ccastd  plain. In some years,  the

post-calving movements etiends  as far south as the kvuli~ River. This movement  wou!d

normally not reach R* Dog.

Few caribou remain in the Red Dog area in summer. Most of the herd remains north cf

the Brooks  Range untl  fail. Fail migrtian  IS a leisure~ movement that may reach the

Noatak Rfier ar Mulgrave Hills any time from August through October, A majcrti~ of the

Western Arcdc herds moves  southward on migration routes la to the east of Red Cog,

but in some years, large numbers of caribou winter nofth of the 9rcoks  Hange.

Potions of tie Western Attic Caribou Herd spend the winter southeast of Kotzeoue and

some of the herd may occur as far east as the Afatna=Eeties  area or as fa south =s the
Yukon River delta A stii  segment of the herd has, in r8csnt dscades,  ‘w”ntered  in the
Mulgrave HBIs and the adjacent drainages of Wuiik ana Kweiina  Rivars. Bands of several

thousand caribou may occur afong the DMTS read at an~me.

32
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CONCLUS 10N:
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.

.

.

.

.

The Red Dog facil%ies and CMTS road are south  of recorded post-calving

migration areas.

The DMTS  road is in an area of irregular fafi migration but may experience

large numbers of caribou in years of use.

The DMTS road traverses a caribou wintering afea that may be used by

severaf thousand caribou each winter.

The poft sfle should be without caribou during the ice-free period each

year. . . .

The mine stie will have occasional caribcu, primarily bulls and yearlings,

during summer months.

The primary period of concern for montioring caribou movements is from

August through October, in years of m~or faJl coastal migrations. This

coastaf migration has occurred oniy four times in the past 20 years,

accord’mg to the ADF&G records.

Traffk  IeMs are not anticipated te cause serious impact to ovewintering

cariku along :ha road system. Road traffic from the mine Ml consist of,

at a min imum,  c.oncsntrate haul ~cks, pkk-up trucks and road

ma”ntenarrca  vehicfes.  operatbns trtic is afso not atlcipated to cause

serhus  impact to overwintering  caribou.
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. Read ?rafic  m,ay need to be stc~oed or carefully controlled if a Iarga

number 01 r,igrating caribGu apprGach the read.

In order to assure adequate advance notice of c~ribcu migratjon approaching the project

area, the fcllcwing program will be initiated:

1. In years when caribou migrata scuthward  near the coast in the fail, they

may pass Point Hcpe and Mvalina prior to reaching the C!VITS read. It is

aiSO  possible that large numbers of caribou could approach the read from

in!and rather than th~ coast, in some years. The scheduled fall aerial

sumey  canducted between August and October, by the Frcject Caribou

Specialist and incapendent surveys by cooperating agencies should identify

any evidence  of unusual migrations. However, !0 assure major movements

are not missed, the NANA Subsistefics  Cofr:mitiee  has assigned one

perscn frcm the villages of Kivafina  and Noatak 10 monticr IOC4 caribou

movement3. These representatives will ded etiher the NANA Land

Manager of JMine Genar4 Mmager  and/cr the Project Caribcu Specialist

by teiephcne if there is any significti  caribcu actfi~ ~n the project area

from Augu~ through October. The General ,Manager will aIso aJert truck

drivers on the road to report any caribou activity near the road or other

project facilfiies.

2. The winter acrid sumey will confirm total numbers ant! composition of

ctibou in the project area. The Subsistence Commtiee  representatives

from Kivdina and No~ak,  plus truck dfiers  will alert the General  Manager

and Project CaribOU specialist  of any unexpectadfy  large ccncentratjon of

caribou near the project area.



DELONG ,MOUNTAIN TFfANSPQRTATION  SYSTEM  OPE~TING  pUN - ROAD

3.

4.

5.

64

Post-calving migrations have cct been known 10 exend .sauth of ~ke ‘Nulik

River and should not result in road traffic restrictions, An aerial sur~ey  will

be conducted during post-calving migration each Year to determine if any

unusual movements are anticipated. Personne! are instructed to nctify  the

GeneraJ Manager and the ProJect  Caribcu Specialist of any significant

migrat!cn  acttiity.

Special aertal surveys wiil be flo’ffn,  as required, whenever there is a

potential Icr road restrictions,

Whenever a m~or caribou migration has been identified and toad

restrictions appear warranted, an acrid survey  wtil be conducted to

estimate when caribou wouid be wtihin 15 miiescf  tie haul road. Once  the

proxim~ of caribou to the road occurs, a finaf decision on read restrictions
wiU be made.

An Annual Monitotig  Report w~ caribou distribution maps will be provided

to Cominco, W, A’aska lndustriaf Development and E%port  Authcir~

and caoperting  agencies by the Project Caribou Specialist. The repod wIil

include stig  dates and duration af surveys as well as an explanation of

th$ method e~oyed  to c~nduct the caribou survey,

PRO-F FCR~l  F~~7f~~ fiO~O ~.qT~fiTl~~

The purpose of the can’bu monitorhg  program is to provide inform~”on  on caribcu

movsments that Is necass~ !O determine when road trafi restrictions may be needed

to minimue  or prevent adverse effects on caribcu migration and distribution patterns

during road cans~ction  and opertion.

3s
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The NANA and the NANA Subsistence Commtiee are concerned about providing for

uninterrupted movement of the lead bands of caribou during f~l migration. For t~,e  many

years in which village alders have obse~~ed  and hunted caribou, they have obsewed that

there are lead animals,  afid i these animals are allcwed to pass then the  remaining

caribou wiil be m,ore likely to follow.

The Alaska Department of Fish ~d Game (AOF&G)  and NFS are concerned that all

migrating caribou be allowed free passage through the developed corridor, The prirn~~

objective of a tratic resticticn  program is to minjmk~ the ab*uction  md disturbance

of migrating caribou so that natural migration and distribu-ticn  patierns  can be continued,

Caribou movements h cr near the project area will be detected by the methods

described above. However, in each case, t maybe necess~ to judge whether

or not the observed caribou movements are the result of Iocd feeding activ~  (as

observed in recent winters in the Mulgrave  Hills) or is pm of a major caribou

migration.

A movement would be considered significant and require special action if h:

.

.

.

.

inveti  more thm 2,0C0 animals;

was ocwming within 15 reties  of the road system;

would intercept the road system; and,

is clearfy a migrw”on and net just !ocd  feeding a-,

36
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STEP 2- NCTIFICATION

If th~re is potential !or inh~od~ng free passage of caribou based on the above

criteria, t will be necsssary  to immediately notiw the General Manager, or the

NANA Land Manager. The NANA Land Manager ‘wiil then infcrlm the Project

Caribou Specialist and other members of the Caribou Mcnitcring  Team.

Hcwever, it vJilf  be tie prerogative of the Gener4  Manager to take immediate

action to prevent unnecessary impacts to caribou movements and to notify the
Caribou Montioring Team as scon as poss~bie of the corrective action.

STEP 3- NOTICE CF AERT

,.

If the General  Manager ant!/or the Caribau Monfiaring Team cf6termines  that a

major caribou movement is iikeiy  to cross the road corridor, within 24 hours, a

“Notica Of Aien” will be issued. The ‘Notica of Aeti wiil be protided  to truck

drivers, equipment operatcrs and other empioyees using the road and wiii inform

them of the impending road crossing by caribou, the estimated time of caribou

arrival, and a request they immediately  notify the General Manager when caribou

are obsemed approaching the road system.

STEP 4- O~lCNS FOR ROAD RESTRICTIONS

E=ed on the inform~ion  at hand,  he NANA Land M~ager  and the General

Manager, with due consideration of the recommendation of the Caribou

Monitoring Team, WM determine the tratic restridlons  to be appfied to aiiow free

passage of caribou across the road corridor.

37
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Tratic or ccnstructian restridions  will depend in the number, sFesd ant! directicn of

caribou movements. Options will include but not be limited to:

● limit nonessential road trtic;

s limti road maintenance trtic;

- con<ioy road traffic;

- afternate closures and opening of road tratic; md,

“ road closure.

Specjfic  guidance for application of these opticns  maybe pravided by the Prcject

Caribou Speciailst.

STEP 5- INITIATE ROAD HES~lCTIONS

Traffic restrictions wiil commenca prior to migrating caribou approaching within

?hree  miles of the road and wiil be in effect on that potion of *,s road within one

mle on either side of where the caribou are crossing. Tram restrictions wifl be

in force untiI caribou have crossed the road. The initial restriction optiofi can be

ch~ged if necass~,  depending on the number, speed and direction of caribou

remaining to cross the road. The C~ibou Montioring Team and AIDEA will be

notified of changes in tr~ resttidians.

STEP 8 ● DURATION OF RESTRICTIONS

Ones caribou hw been allowed to cross tie read, th8 General Manger with the

concurrence of the NANA Land Manager, or the designated NANA

reprasant~e,  wtil lifi the re*i~.ons  on road or construction trtic.

38
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In the event of a disagreement about a ?cad restriction, remedy can be sought by the

af?ected aqencies as outl”med in =.ibti B, Secticn  E of the Capa Ktusenstern Land

~chan~s Agraement.  In part, this subsection states that in the even~ of disagreement

between NAM, ADF&G and the NPS concerning tie imposfiion  of sucn restrictions, the

fins.f determination shall be made by NANA, except that ADF&G snail  be able to gc to

court if NANA procaeds  with the Caribou Monitoring Program as defined by this Sec~icn

of the Agreement, without recsiving AOF&G’s Wproval  of the sp=ifications of the

contract or the selection of the contra~cr, Or if NANA procaeds  wkh restrictions on

constru~jon  of contiof  of trafic  orI the system  wtihout having given due can$ideration to

the view of ADF&G; provided fufiher, however, hat the NFS may ffle  suit to compel NANA

to adopt the restriction recommended by the NPS when  sigpificantfy  ad’~ersa impacts are

deemed Iikefy  to result from construction or vehicular activities.

Any judicid proceeding initiated by the Unfied States in accordance with the procedures

herein to cumpeI WNA to adopt the restrictions recommended by the NPS shall be ~

= ad the ~Ur~en shafl be on the Unked states to establish that significantly adversa

impacts are Iik@ to resutt Rom,ccnstructlofi  or vehicular actities  if the restr~ctions  are

,’
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Education:

Current employer:

Positions held:
Caribou Biologist

Kitikmeot Regional Biologist

Environmental Assessment
Biologist

Caribou Biologist

Previous employer:

ANN GUNN

B.A. (Hens.

Ph.D. 1973

Natural Science),l  970
University of Dublin, Ireland
University of London, U.K.

Government of the Northwest Territories
Depatiment  of Renewable Resources
600, 5102-50 Avenue
Yellowknife, NW
Canada XIA 3S8

Jan. 1993- present
Yeilowknife

Aug. 1984- Jan. 1993
Cambridge Bay and Coppermine

Aug. 1983- Aug. 1984
Yellowknife

Nov. 1979- Aug. 1983
Yellowknife

Canadian Wildlife Service (1973 - 1979)
Research Scientist, Biologist and contracts
(caribou and muskoxen, controlled burns
and toxicology).

Work experience, skills and abilities:

Since 1979, most of my work experience has been the different facets of muskox and
caribou management, population dynamics and ecology. Those studies have depended
on a close working relationship with Inuit hunters and as well I have led cooperative
programs with federal agencies to investigate caribou responses to oil and mining
developments. Other cooperative inter-agency programs led to the national classification
of Peary caribou as “Endangered” and the establishment of an inter-agency Recovery
Team which I chair.

Publications on caribou and disturbance

Gunn,  A. 1984. A review of research on the effects of human activities on barren-
ground caribou of the Beverly and Kaminuriak caribou herds, Northwest
T e r r i t o r i e s .  NVVT File Repod,  66 pp.

.- and F. L. ~i//er. 7986. Traditional behaviour and fidelity to calving grounds by
barren-ground caribou. Rangifer Special Issue No. 1:151-158.
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. .
9 F. L. Miller, R. Glaholt and K. Jingfors. 1985. Behaviourial responses of barren-

ground caribou cows and calves to helicopters on the Beverly Herd calving
ground, Northwest Territories. Pages 10-14 In Martell, A. M.; Russell, D. E. eds.
Caribou and human activity. Proc.  Ist North Amer. Caribou Workshop. Can.
Wildl.  Serv. Spec. Public., Ottawa, Ont.

Miller, F. L. and A. Gunn. 1979. Responses of Peary caribou and muskoxen to
turbo-helicopter harassment, Prince of Wales island, Northwest Territories,
1976-77. Occasional Pap. Can. Wildl.  Serv. No. 40:1-90.

Miller, F. L. and A. Gunn. 1980. Behaviourial responses of muskox herds to
simulation of cargo slinging by helicopter, Northwest Territories. Can. Field-
Naturalist 94:52-60.

Miller, F. L. and A. Gunn. 1981. Play by Peary caribou calves before, during and
after helicopter harassment. Can. J. Zool.  59:823-827.

Miller, F. L. and A. Gunn.  1982. Nursing and associated behaviour of Peary caribou.
Can. Field-Naturalist 96:200-202.

Miller, F.L. and A. Gunn. 1984. Muskox defense formations in response to
helicopters in the Canadian High Arctic. Biol. Pap. Univ. Alaska No. 4:123-126.

Books

Caugh/ey,  G. and A. Gunn. 7995. Conservation biology in theory and practice.
Blackwell  Science, Cambridge, Massachusetts, USA.

Book chapters

Gunn, A. f995.  Responses of arctic ungulates to climate change. Pages 90-104.
/n Human ecology and climate change. Eds. D. L. Peterson and D. R.
Johnson. Taylor and Francis, Washington, DC, USA.

.- 1984. Musk ox. Ch.11 /n~ Evolution of domesticated animals. Ed. 1.
A. Mason. Longman, London.

-- 1982. Muskox. Ch. 51 /n: wild mammals of North America. Eds. J.
A. Chapman and G. A. Feldhamer.  Johns Hopkins University Press,
Baltimore.

Refereed journals and proceedings

Gunn, A. 7992. The dynamics of caribou and muskoxen foraging in arctic
ecosystems. Rangifer 12(1): 12-15.

. . 1992. Differences in the sex and age composition of two muskox
populations and implications for male breeding strategies. Rangifer 12(1): 17-
19.

-. 1990. The decline and recovery of caribou and muskoxen on Victoria
Island. In: R. Harington (cd.) The Canadian arctic islands: Canada’s missing
dimension. Nat. Mus. Nat. Scien., Ottawa, Ont.

. . 1985. Obsewations  of cream-colored muskoxen in the Queen Maud
Gulf area of Northwest Territories. J. Mamm. 66:803-804.



. . 7984. Aspects of the management of muskoxen  in the Northwest
Territories. Biol. Pap. Univ. Alaska Spec. Rep 4:33-40.

.- and F. L. ~i//er. 7983. Size and status of an inter-island population of Peary
caribou. Acts Theriol.  175:153-155.

.- and F. L. Miller.  1982. Muskox bull killed by barren-ground grizzly bear, TheIon
Game Sanctuay,  N.W.T.  Arctic 35:545-546.

-- and S. Tomkiewicz.  7997. Potential applications for satellite telemetry: where do
we go from here ? /n: Butler, C. E. and Mahoney, S.P. (eds.).  Proc.  4th North
American Caribou Workshop. St. John’s, Newfoundland. pp 362-381.

. . and Wobeser,  G. 1992. Protostrongylid Iungworm infection in muskoxen,
Coppermine, N. W. T.. Rangifer. 13:45-48.

. . , C. C. Shank and B. ~cLean.  1991. The status and management of muskoxen
on Banks Island. Arctic 44:188-195.

. . , J. Adamczewski and B. E/kin. 7997. Commercial harvesting of muskoxen in the
Northwest Territories. /n; Wildlife production: conservation and sustainable
development. eds. L. A. Renecker and R. J. Hudson. p. 197-204. Agricultural and
Forestry Experiment Station Misc. Publ.  91-6, Univ. Alaska,

. . , E. L. Miller and B. ~cLean.  7989. Evidence for the possible causes of increased
mortality of adult bull muskoxen during severe winters. Can. J. Zool. 67: 1106-
1111.

. . J and G. Ar/ooktoo and f). Kaomayok.  7988.  The contribution of the ecological
knowledge of Inuit  to wildlife management in the Northwest Territories. /n:
M.M.R.  Freeman (cd.). Knowing the North: integrating tradition, technology and
science. Boreal Inst. Northern Studies Occas.  Public. No. 23.

. . , F. L. Miller and D. C. Thomas. 1980. The current status and future of Peary
caribou on the Arctic Islands of Canada. Biol. Conserv. 19:283-296.

.- 3 R. Decker and T. W. Barry. 1984. Possible causes and consequences of an
expanding muskox population, Queen Maud Gulf area, Northwest Territories.
Biol. Pap. Univ. Alaska. Spec. Rep. 4:41-46.

. . 9 Jingfors, K. and P. Evalik. 1986. The Kitikmeot harvest study as a successful
example for the collection of harvest statistics in the Northwest Territories. Pages
/n 249-259. Native people and renewable resource management. Proc. of the
1986 symposium of the Alberta Society of Professional biologists, Edmonton,
Alta.

Adamczewski, J., A. Gunn, B. Laarveld and P. F. Flood. 1992. Seasonal changes
in weight, condition and nutrition of free-ranging and captive muskox females.
Rangifer 12:179-184.

Blake, J. E., B. D. McLean and A. Gunn. 1991. Yersiniosis in free-ranging muskoxen
on Banks Island, Northwest Territories, Canada. J. Wildl.  Diseases. 27:527-533.

Caughley, G. and A. Gunn. 1993. Dynamics of large herbivores in deserts:
kangaroos and caribou. Oikos  67:47-55.

Henry, G. and A. Gunn. 1990. Recovery of tundra vegetation after overgrazing by
caribou in Arctic Canada. Arctic 44:38-42.



1 ,.

Jingfors, K. and A. Gunn. 1989. The use of snowmachines in the drug
. . immobilization of muskoxen. Can. J. Zooi. 67:1120-1121.

Jingfors, K., A. Gunn and F. L. Miller. 1983. Caribou disturbance research on the
Beverley  calving grounds, Northwest Territories, Canada. Acts Zool. Fenn. 175:
127-128.

Miller, F. L. and A. Gunn. 1978. Inter-island movements of Peary caribou south of
Viscount Melville Sound, Northwest Territories. Canadian Field Nat. 92(4):

-, 331-333.
Miller, F. L. and A. Gunn. 1985. Observations of barren-ground caribou traveling on

thin ice during autumn migration. Arctic 33:85-88.
Miller, F. L. and A. Gunn. 1986. Effect of adverse weather on neonatal caribou

survival - a review. Rangifer Special Issue No. 1:211-217.
Miller, F. L. and A. Gunn. 1986. Caribou calf deaths from intra-specific  strife - a

debatable diagnosis. Rangifer Special Issue No. 1:203-209.
Miller, F. L., A. Gunn and S. J. Barry. 1989. Nursing by muskox calves before,

during and after helicopter overflights. Arctic 41:231-235.
Miller F. L., A. Gunn and E. Broughton. 1985. Surplus killing as exemplified by wolf

predation on newborn caribou calves. Can. J. Zool.  63:295-300.
Miller, F. L., A. Gunn and E. Broughton. 1989. Utilization of carcasses of newborn

caribou calves killed by wolves. Proc. Third North Am. Caribou Workshop.
Alaska Dep. Fish and Game. Juneau. Wildl.  Tech. Bull. 8:73-87.

Miller, F. L., E. Broughton and A. Gunn. 1983. Mortality of newborn migratory
barren-ground calves, Northwest Territories, Canada. Acts Zool. Fenn. 175:
155-156.

Miller, F. L., E. Broughton and A. Gunn. 1988. Mortality of migratoty  barren-ground
caribou on the calving grounds of the Beverly herd, Northwest Territories, 1981-
83. Can. Wildl.  Ser. Occas. Paper No. 76.

Miller, F. L., E. J. Edmonds and A. Gunn. 1982. Foraging behaviour of Peary
caribou in response to springtime snow and ice conditions. Occasional Pap. Can.
Wildl. Serv. No. 48:1-41.

Cooch, F. G., A. Gunn and 1. Stirling. 1987. Faunal  processes. /n: : J.G. Nelson, R.
Nedham, and L. Norton (cd.). Arctic Heritage. Assoc. Can. Univ. for Northern
Studies. Ottawa, Ont. 653pp.

Poole, K. G., Lee, J. and A. Gunn. 1994. Use of pulp cavity size in separating
juvenile and adult wolverines (Gu/o gu/o). Ann. Zool. Fennica: 329-333.

Salisbury, C. D. C., A. C. E. Fesser, J. D. McNei l ,  J .  R.  Pat terson,  J .  Z .
Adamczewski, P.F. Flood and A. Gunn.  1992. Trace metal and pesticide
levels in muskoxen from Victoria Island, Northwest Territories, Canada. Intern.
J. Environ. Anal. Chem. 48:209-215.

Tedesco, S., J. Adamczewski, R. Chaplin, A. Gunn and P. F. Flood. 1992.
Seasonal effects of diet on serum and urinary nitrogen in muskoxen. Rangifer 13:
49-52.

Vincent, D. and A. Gunn. 1981. Population increase of muskoxen on Banks Island
and implications for competition with Peary caribou. Arctic 34:175-179.


