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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 uncertainty 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

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 /oss or alteration,
interference with migration patterns, increased noise disturbance, hazards and
altered ecology.

[vol. 1, Introduction, Project Description 1. 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.

11 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 harvest from the meat replacement costs and annually it is $11.2 million. (Case et al.
1995).
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1.2 Issues
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. " Vol. /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.
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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 nhamed 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, landforms) 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 draft, Department of Renewable
Resources, Government of the Northwest Territories, 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 km2 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 (Créte 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 start 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 (Vol./, 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 traffic.
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Summer

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
tarandi). 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 10%. 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.
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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. 2.186).

The Proponent’s speed limit (30-40 km/h; Vol 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 (Vol./,. 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.
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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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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 intensify human disturbance. Caribou proximity and the rating for the environmental
factors should 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.

Traffic 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
temporary (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
" . 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 ef 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.
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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.

40 RECOMMENDATIONS TO THE PANEL

1. 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.

2. Interactions between the NWT 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 humbers
and behaviour of caribou and environmental factors that influence their behaviour are
essential baseline data to measure effects and plan mitigation.

Volume ll:
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 (Urguhart
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.

'(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/IRGM,




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 (1000/0 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.




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 al.(1986) 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.?

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. 108.
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Section 3.3.4.3 Disturbance

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 traffic “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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Effects of a road system on caribou distribution during calving
J R.Dau’ and R D. Cameron’

Abstract: In winter 1981 -82, a29-km road svstem was built in a high-use caribou (Rangifer tarandus gran:)
calving area near Milne Point, Alaska. Aerial surveys of this area Were conducted annually during the calving
period for 4 years before and + vearsafter road construction. Effects of the road systemon rhe distribution
of caribou were investigated by comparing survey data obtained during these two periods. The 414C¢-ha study
area was partitioned into 4C quadrars; after construction (1982 - S6), significantly fewer caribou were observed
within quadrats encompassing the present road system than before construction (1978-81). The area within
6 km of the road svstem was stratified into six 1-kmintervals, and differences in the distribution of caribou
among those strata were examined using linear regression analysis. After construction, the density of maternal
femnales was positively correlated with distance, whereas no such relationship was apparent before construction.

Density of nonmaterial adults was unrelated to distance during both periods. The results suggest that a local

o

displacement of maternal caribou has occurred in response <o roads and associated human acuvity.

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

v Alaska Cooperauve Wildlife Research Unit. Universicy of Alaska, Fairbanks. Alaska 99775 U.S. A.
“ Alaska Department of Fish and Game, 130C Coilege Road. Fairbanks, Alaska, 9971 U.S..\.

Introduction

The Central Arcuc Herd (CAH) 1S a distinct
subpopulation of ca. 13 CCC caribou(Rungifer
tarandus granei) (as of 1983: W. Smit h,
unpublished data)that ranges the Arctic Slope of
Alaska between the Canning and Colville Rivers.
Seasonal movements are principally north-south
between wintering areas in the Brooks Range and
calving grounds; summer range on the Arctic
Coastal Plain (Cameron and Whitten, 1979).

In winter1981- 82, CONOCO, Inc. built 29
km of gravel road as the initial phase of
petroleum development within the Milne Point
Production Unit(Fig. 1). This complex is
approximately centered on one of two known
CAH calving concentration areas (Whitten and
Cameron. 19 85). In winter 194 - S5, asingle
pipeline 33 ¢m in diameter and approximately 1.3
m above ground was erected adjacent to the
Milne Point Road, and a3CC-person housing

Rangifer, Soecial Issue No.1,1936

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

facility was constructed. Human acuvity and
tratfic levels near Milne Point were low in June
1983 and 1984 (<13 vehicles per dav;lacuve
drill rig), moderate in 1?S2 (1C - 1CC vehicles per
dav;2acuve drill ngs), and high in 1983 (>2¢CC
vehicles per dav;3acuve drill rigs).

The objective of this study was to determine
the effects of roads and associated activity on the
local distribution ot caribou. especially marternai
females, in this high-use calvingarea. We
compared the distributionof caribou within this
region during the four vears before construction
of the road svstem (1978 - 81) with thatduring
the four vears after construction (19S2 - 85).

Methods

The studyareaisca. 43 km northwest ot
Prudhoe Bay.lving north of the West Sak Road
between the ‘Olikiok Road and Kuparuk River

9
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Fig. 1. The Milne Point study area and surrounding region, wit

h roads and gravel pads as or 1981and 1983.

(Fig. 1). Terrain ranges from sealevel to 25 m
elevation. Veneration is typicalot the Arctic
Coastal Plain(Wahrhaftug, 1965) and similar to
that described for the Prudhoe Bay region
(Neiland and Hok, 1975; Webber and Walker,
1975).

Aeral survevs of the study area (Whitten and
Cameron, 1985; Cameron et al., 1985) were
conducted annually berweeniCand!* June1978
- 85, within a few days after the majority Of CAH
calvinghad occurred. North-south strip tran-

96

sects spaced at 3.2-km were tlown by helicopter.
and observers searched within 1.6 kmot the
transect center line. For eachgroup or’ caribou
observed, we recorded map location. group size.
and sex/age composition.

The study area was partiioned into 42
quadrats of 1036 ha each (ki g. 2V Median
percentages of caribou observed within the seven
quadrats that include the present road system
(i.e., «road quadrats~) were compared betwesn
the pre- and postconstruction periods using the

Rangifer, Spceial Issue No. L, 1956
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Mann-Whitnev test: the Z test statistic is
reported when ranks were tied (Conover, 1980).

The area within 6 km ot ‘the present roads was
then stratified into six 1 -km distance intervals,
excluding portions of strata that were closer to
the West Sak Road(Fig. 1), and the data were
examined to determine whether the assumptions
for linear regression analvsis were satisfied
(Neter and Wasserman, 1974). Square root
transformations eliminated che correlations
between means and variances of caribou density
within strata. Linear regressions describing
caribou density asa function of distance from
roads were fit using the fulland reduced model
approach (Neterand Wasserman, 1974) to
examine differences within and between the two
four-year periods. Linear models for 197S - S1
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Fig.2. Distribution or1C36-haquadratsin the study
area (sce Fig. 1) prererred by caribou (calves.
in parentheses; during calving, 1978 - 81 and
1982 - 85. The occurrence of caribou 1s
expressed as 3 percentage of the total observed
in all 4C guadrars: onlv those percentages
exceeding 2.3 (the percentage of the totai
area for cach quadrat’ are shown.

Rangifer, Spccial Isue No. 1. 1936

and 1982 - S5 were fit simultaneously and
compared  through  analvsis of variance
(ANOVA).

During the surveys. we did nor distinguish
between maternajand nonmaterial females.
Theretfore. [o describe the distribution ot
maternal temales, the above analvses based on
total number of caribou were repeated using
number of calves (i. e, neonates). In addition,
stratification and ANOVA were used to
compare the responses of maternal groups (i. e.,
=25%calves)and nonmaterial groups (i. e,
<25% calves) to roads. It should be noted that
the latter isan a posteriors analysis, and the results
should nor be granted the same level of
objectivity as other results presented here.

All statistical operations were performed using
a Compagq Deskpro computer svstem and
SPSS/PC statstical software (Norusis, 1984).
Alpha leveis (P-val ues) =8..5 were consi dered
statistically i gni fi cant

Results

Fewer caribou were near the present road
svstemarter construction than before construc-
tion. The median percentage of caribou in the
seven road quadrats was significantly different
between 1978 - 81and 1982 - 85 (S5 v s. 2.27%.
T = 26.2. P =3.85). Betore construction, 17
ot all cartbou observed in the studv area (465 of
28C6, were within these seven quadrats.
compared with onlv 2% (9 C of 3424) sfrer
construction.

Dirrerences between periods tor calves were
not clear. Even though the median percentage of
calves in the road quadrats was higher during
1978 - $1112.5%) than during 1982 - 85 (C.2% 3,
the dirference was not stausteally sigminicant « 2
= -1.69, P = C.29). However, the disparity
between pre- and postconstruction periods in the
percentage of all calves observed in the seven
quadrats was greater than that ror all caribou.
Berore construction. 17% of all calves observed
(19C of 1150) were within these quadrats,
compared With <1% (,6 of 2339} after road
construction.

Linear relationships  berween caribou density
2nd distance trom roads were signiticantly
different berween197S- 51 and 19S2 - S5 for all
cartoou. and for ¢alves (Table 1). The annual
variability in these relationships within each
four-vear period was not significant tor all
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caribou, butwasnearly significant tor calves (P
= 0.053). The latter mav have resulted from
vearly differences in levels of humanactivity in
the study areaafter 19sl. Nevertheless.
differences in these relationships were grearter
between periods than among vears within
periods (Table 1).

During 1978 - S 1. there was no delectable
linear relationship between the density of either
total number of caribou or number of calves. and
distance 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
real and not attributable to within-period
variation.

indicate thacthe distribution of maternal caribou
was not appreciably different trom the distribu -
tion of all caribou. This is not surprising
considering that most adult (=2 vears;caribou
in the study area during June were materna.
females (minimum mean =69%: SD = 13,
The relationships between number of maternal
groups per km¢and distance from roadsdittered
significantly between 197S - 81and1982-385.:
difference that cannot be attributed to within-
period variability (Table2).No such difference
was found for nonmaterial groups, eithe:
between or within the pre- and postconstructior
periods. Furthermore, there was no linear
correlation between the number of maternal or
nonmaterial groups per km®and distance during
1978 - 81; nor was there anv correlation for

The similar results obtained for total number
of all caribouand number of calves (Fig. 3)

nonmaterial groups during 1982 - 85.1n 1982 -
85, however, the number of maternal groups pe:

Table 1. Analysis of variance examination of the relationships between numbers of all caribou, and calves, per
km’,and distance from roads. Milne Point. Alaska. June 1978 - 85,

Density Source of  Sums or’ Mean Entering
parameter Model: variability ~ squares  df square F P F value P
All cartbou Total 35,26 47
Basic® Regression 3.43 I 343 723 Lot 723 2.0
Error 21.85 46 3.47
Reduced:  Regression 8.84 50295 789 <C.lt 0 7.2 <2.21
Error 16.42 44 2.7
Fulls Regression {369 13 1.25 330 <.l L9l bl
Error 9.36 32 3.3C
Test Periods 3.34 3 295 515 2.lz
Years: Periods 6.36 12 C.37
Calves Total 463 7
Basic® Regression 27 i 207 753 <.l 7.38 <.
Error 2.56 46 .27
Reduced  Regression 5.38 30 L79  ssl <C.lt 783 <221
Error 9.26 +4 .21
Fulls Regression 9.4C 15 063 3.8 <Cil 233 Sk
Error 5.24 32 C.16
Test Periods 5.38 3 1.79 2.5 2.22
Years/Periods 4.22 12 C.34

Each model tests simple linear relationship(s), whersthe dependent variable is the square root orcarioo
density (numbers, km’) and the independent variable is distance from the road site {km).

Fits alinear model with data pooled acrossall vears: Ha:the eight relationships are notsignificantiv ditterent
The Entering F valuetestsfor the significance of this mode! bevondthe significance of the Basic model.
Fits a separate linear model for each period; Ho:theswo relationships are not significantly dirzerent. The
Entering F value tests for the significance of this mocel bevond the significance or' the Basic model.

Fits a separate linear model for each vear within each seriod: Ho: the tour relationships are notsigniticanziy
different. Tine Entering F value tests for the signiticance of this model bevond the signiticance of the Reducer
model.

Tests Ho: the variation in linear models betseen periods is not significantly greater than the variationinlinear
models among vears within each period.

98 Rangifer, Special Issue No. 1, 1936



| 30 y.w322¢-320  km’' washighly correlated with distance from
roads (Fig. 4).

& 25f
£
~ N Discussion
3 Results of the quadrat analvsis for calvesare
5 10+ probably misleading. The absence of a statisti-
2 o5k cally significant difference between 1978 - 81
S N ol oot ININNE .:md 1982 - 85 in the median percentage qtc:lves
: .oogzm| in the seven road quadrats may be attributable
1 - to the small sample size (n = 8), tied ranks, and
Ji:026%+0.12 the large effect on ranks of the slightly greater
o 20 r:C 68 percentage of calves observed during 1985 (1%)
«‘vE' . Pe.00! VS. 1980 (C%).
= Linear regression analyses clearly show
g0 e significant differences between 1978 - 81 and
. 3 05‘» T377 1982-85 in the relationships between caribou
f ki - 5050 . . . density and distance from roads, differences that
2 oo — 2 3 2 5 s are not artifacts of annual variability. A ppa-
Distance from Rooo (km) rently, displacement of maternal females from
) ) . . . areas near the Milne Point road svstem account
Fig. 3. T}_]e relationships berfvcen caribou density and for this chanee.
distance fromroadstor all caribou, and calves > .
(i.c.. neonates), during June 1978 — 81und Extrapolating these local effgcrs to aregional
1982 - 85, Milne Point, Alaska. Data points level requires some speculation. The logical
shown are strata means for each 4-vear period: ~ iMplication is that an extensive, dense network
however, linear models were firusingdatafor ~ Of roads will result in widespread. partial
individual wears. displacement of maternal caribou from calving
Table 2. Analvsis ot variance examination of the relationships berween numbers of maternal and nonmaternai
| groﬁps per km* and distance from roads. Milne Point, Alaska. J une 1978-85.
} Density Source of  Sums or Mean Entering
parameter Model: variability’  squares  dt  square  F P F vaiue P
; Maternal groups Tortal .873 47 :
Basic® Regression  C.144 LI 939 <Cll 9.39 <2
Error 2.73C 6 3.0
Reduced:  Regression 2.363 300121 14 <l 939 <.l
Error 12 24 c.on2
Full: Regression  2.5C7 13 133 294 <l 14 MR
Error 2368 SRR} ¥l
Test Periods 363 300 %121 1ee <
Years. Periods  C.[144 12 2312
Nonmaternal groups Toral 2742 47
Basic: Regression 3.026 1 3.026 1.66 :.2c 1.66 .22
Error S.716 <6 .06
Reduced: Regression SRR 3000337 23 vt 97 2.%6
Error 2.631 44 2014
Full: Regression 2273 i3 C.o1s 124 2 192 M
Error 2.469 32 C.ol3
Test Periods S SISO VAR L S Lo
; Years. Periods  2.162 12 213
- See footnotes o Table 1.
Rangifer, Soccial fsue No. 1L 1986 94
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Fig. 4. The relationships berween the number of
maternai groups (i. €., Z25% calves) and
nonmaternal groups (i. e.. <25% calves)per
km’. and distance from roads during June
1978 31 and 19 S2-S5, M:ilne Point, Alaska.
Data soints shown are strata means for each
4-vear seriod: however. linear models were
fit using dara for individual vears.

grounds uniess thev beginto tolerate these
structures and associated activities (Cowan.
1974). Unforrunatelv. there is no evidence for
habituation 5v maternal caribou. On the
contrary, numbers ot CAH females calving
within the Prudhoe Bay oil field have remained
consistently iow (Whitten and Cameron,1985,
unpublished data), despite nearlv adecade of
exposure to manmade structures.

The tidelity that most caribou herds show to
calving grounds suggests that these areas mav be
more important than other seasonal ranges which
are used less predictablyv ( Skoog, 196 S). Bergerud
(1974)stated: « The basic question is .. . . . why the
same areas. limited in extent. are used vear after
vearascalving stes. » Valkenburgeral. (in press;
discuss some of the tactors that could influence
the affinity ot caribou to calving areas.

The CAH nas continued to grow despite the
10ss or caiving habitat. However. this apparent

12C

inconsistency does not preclude the possibility
that traditional calvingareas confer anadvantage
to caribou. Thus far, displacement of CAH
maternal females has been relatively minor, and

the low densitv of this herd on its calving

grounds hasallowed use ot suitable alternacive
areas (Whitten and Cameron, 1985).

Toour knowledge, this study is the firstto
svstematically and quantitatively address the
effectsof development within 1 ‘high-use calving
area. If petroleum development continues to
expand across the central Arctic Coastal Plain.
we shouid have more opportunities to evaluate
the importance of calving areas to the CAH.
Other seasonal ranges have been only slighzly
affected by man. losses to predation are thought
to be low, and the annual human harvest is small.
The absence of these confounding factors
provides a unique opperrunitv-to evaluate the
consequences of habitat loss to the productivity

of a barren-ground caribou herd.
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Abundance and movements of caribou in che oilfield conpl ex near Prudhoe

Bay, Alaska
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Abstract: We examined the discridbution and movements or L1 radiocollared female caribou (Rangifer tarandus Jranti) or
the Central Arcric Herd during summer, 1980-1993. Numbers of caribou locations within each of 3 quadrats along the
arctic coast were toralled separately for days during which insects were active and inactive, and numbers or' exe-west
and west-east Crossings ot each quadrac mid-line were determined rrom sequential observations. Borh abundance and
laceral movements or radiocollared temales in cthe quacrat encompassing che intensivelv-developed Prudhoe Bay oilneld
complex were signincantiy lower man in ocher quadrats«P < 0.001 and P < 0.00001. respectiveiy). Avoidance or. 1nd
fewer movements within. che complex by temale caricou are ostensibly in response ro the dense network or production
and support sacilities, roads. above-ground pipelines. ind the associared vehicular and human activity. Impaired access

to chis area constituzes a functional |0Ss or habitat.

Kev words: arcric. disturbance. pipeline. Rangifer furandus

Introduction
Barren-ground caribou (Rangifer tarandus granziiot
the Cenrral Arctic Herd (CAH) inhabit the Arczic
Slope between approximarely che Colville and
Canning Rivers. Seasonal movements occur berwesn
calving and summer ranges on che coastal plain and
wintering areasin rhe northern foochills ot the
Brooks Range{Cameron & Whitgen.1979).
Summer distribution and movements of CAH
caribou are influenced strongly by insects. During
warm. calm daysn July when mosquitoes (Azdes
spp. ) and oestrid ties ( Hypoderma ¢ = Oedemagena )
tarandi. Cepbenem ta trompe) Decome active. caribou
aggregate uand move o the coust or che Beautort Seu:

Rangifer, |35 1}, 1995

Rangifer, {5 1), ;.-

when cooler conditions prevail. insect activitva-
bares. and caribou return inland { Dau. 1986). These
oscillatory NMDVENMENT'S periodically bring NUMEr ous
caribou | Nt O conract withoilfieidsinthecoascal
zone (e. g, Smith & Cumeron.1985a.1985b:
Murphy & Curarolo. 1987: Smith «r /. . 1994).
Petroleum-celated activicy near Prudhoe Bayv
spans nearly 25 vears. Following the discorvery or
oil there in 1968.developmentincreased steadily.
from liccle more chan a staging are near Deadhorse
Airport toalarge. dense network of roads.pipe-
lines. processing facilities. and assorted commercial
enterprices. The present complex occupies muchof
the coastal zone berween che Kuparuk and
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Fig. 1. Roads and facilicies in che Prudhoe Bay region.
Alaska. ca. 1990. Note: One or more pipelines
(stippled) are adjacent to most roads.

Sagavanirktok Rivers. During cthe 1980s, additional
oilfields were developed west of the Kuparuk River
and in the Sagavanirktok Delta (Fig. 1).

For 14 summers. we monitored che distribution
and movements of radiocollared caribou. in partto
idenrtify any changes that might occur wirh increas-
ing development in the Prudhoe Bay region. In rhis
paper, we rest rhe following hypothesis (HO):
Neither overall abundance nor frequency of east-
west and west-east movements of radiocollared
females within the area encompassing rhe Prudhoe

15

Bay oilfield complex differed from similarareas
elsewhere within the summer range of che CAH.

Methods

From 1980 through i 995, we relocared 14 1 diffe:-
ent radiocollared femaie caribou (range. 6—0 cari-
bowyr) by fixed-wing aircraft ac least once each
during che period 25 June - 10 August. Locations
were marked on topographic maps (U.S. Geologica
Survey, 1:250,000) and later converted to UTM
coordinates, or coordinates were recorded directiy
from a LORAN or GPS receiver: most were accurate
to0<2 km, and all <5 km, judging from our abilicv
torelate caribou observations co identifiable map
landmarks or based on position errors of airborne
navigation equipment.

Analyses were restricted to locations within ca.
20 km of the coastline. The area'was subvided ac1®
intervals of longitude from 146°W co 15 1'W, yield-
ing 5 quadrars. each ca.850km-. The central quad-
rat encompassed the Prudhoe Bay oilfield complex
north from Deadhorse Airport. while the other quad-
rats included less-developed areas west of che
Kuparuk River and undeveloped areas easc of the
Sagavanirkwok River (Fig. 2).

Insect activity was classified as present or absent
for each survey day by applving hourly temperarure
and wind data recorded at Deadhorse Aircort toche

147
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Fie. 2. Luocations of sad:ocoilared female caribou within ca. $30-km- coastal quadrats in relation 0 insect dcnvisy.
Centrai Aretic Herd, Alaska. summer 1980=1993 Note: Some points represent - L lemale in 4 3ingis 2roue.
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predictive models of Russelles /. (1993). If remper-
ature and wind velocity metche criteria for predict-
ed mosquito or oestrid fy acrivicy for 24 hours.
thar entire day was classified as an «insect» day; all
other days were classified as« non-insect. »

The entire summer range of the CAH seldom
was surveyed for radiocoilared females on asingle
day, and, in some vears, coverage of quadrats (Fig. 2)
tothe west (A and B) or east (D and E) was nor
equal. Quadrac C. however, was overflown regularly
during departure and arrival in the Deadhorse area,
our base of operations. Nonetheless. bacause radio-
tracking effort was not aways spatially uniform. we
assessed discriburion of radiocollared females among
quadrats by comparing ratios of non-insect: insect
observations. We compared ease-wesr movements of
females within quadracs from a subset of sequential
locations of 115 individuals, from which rarcios of
inferred: portential crossings of each quadrac mid-
line were calculated. Standard errors were computed
(ratio formula; Cochran, 1977), with female-year as
the sample unit, and differences between rarios of
means were evaluated using t-tests. P-values < 0.05
were considered significant.

Results

We obtained 1220 point locations for radiocoilared
females within che study area. Despite use of asim-
pie categorical estimate of insect activity for each
full day, there was a clear tendency for caribou to be
nearer che coast On insect days than on non-insect
days (Fig. 2),a direct retlection of movements chat
occur 1n response to changing mosquito and oestrid
fiv harassment.

T h e rauo of non-insect:insect observarions of
fernale caribou within Quadrat C was signifcantly
lower than those for the ocher 4 quadrats (P <
0.001. Table 1). Similarly, the relative frequency
with which radiocoilared females crossed the mid-
line of Quadrat C was significantly lower then for
other quadrars (P .< 0.00001. Table 1).

Discussion

Abundance

The dara indicate reduced use of Quadrac C by radio-
collared remale caribou. at least during non-insect
davs. apparently in response to che presence of the
Prudhoe Bav oilfield complex. An inspection of
cartbou locations (Fig. 2. wich reterence to Fig.
clearty demonstrates chac tew were in the general
area of the complex. Even during insect harassment,
most femaies were along or near the Kupurak dood-

Rangifer, 15 1. {999

Table 1. Ratios of non-insect::nsect observations of radio-
collared female caribou wichin each quadrat
¢ Fig. 2). and inferred:potential crossings of quad-

rat mid-lines. Central Arctic Herd. summer
1980-1993.

Quadrarc Observations. Crossings.
non-insect:insect (7} inferred: potential (n-)
A 0.60 (154) 0.46 (192)
B 0.55 (382) 0.43 (408)
c 0.08* ( 186) 0.057 (222)
D 0.43 (30%) 0.41 (269)
E 0.61 (193) 0.49 (168)

+ Number of potential crossings breed on sequential loca-
tions, including those resumed for interjacent quadrars.

> Significantly lower than ratios for Quadrats A. B. D.
and E (r-zest, P < 0.001 ); all ocher differencesnor signifi -
cant. except for Quadrars B vs. E (P < 0.01).

‘Significantly lower than ratios for Quadrats A, B, D .
and E (s-test, P < 0.00001); all ocher differences not
significant.

plain, a major movement corridor for caribou
(Smich er @/.,1994), or within afew kilometers east
of rhe Kuparuk Delta. an area of little surface devel-
opment. Clearly, avoidance is far more exrensive
than reported previously forche central portionof
che oilfield (Cameron ¢f /., 1 99 : Smith &
Cameron. 1983).

The comparative paucity of female caribou 1n
Quadrat C during non-insect vs. insect davs (Table
1) cannot be arcributed to a unique habitat compo-
sition. specifically.a greater occurrence of SParsely
vegetated riparian areas used principally for insect
relier. Figure 5 shows chat Quadrar C comprised
more riparian habitat than Quadrat B. D, or E. but
less rhan Quadrat A. ver rhe non-insect: insect ratio
for che lacter was among the highest computed
{Table 1).

Determining rhe exact area thac female caribou
avoid is difficult, owing to the gradual progress or
oiifield development and che accompanving net
growth of the CAH from c¢a. 9000 in 1981
{Whicten & Cameron. 1983a) to ca. 23.000 in {992
( Whitten.unpubl. data). A minsmum ares. however.
can be estimated. Assuming, conservatively, chat
apundance of radiocollared remales during inset:
davs didnot decline. reduced use or Quadrat C can
be calculated as che product of che total number ot
locations there during insect davs (| "1) and the
second lowest ratio reported (0.35. Quadrac B:
Table 1 1. Thus. ac least 60 temales should have been
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present in Quadrac C, wherein only13 were observ-
ed, a decrease of 78 % or an equivalent area of 660
km?.

M ovements

Our observation of infrequent latera movements of
female caribou within Quadrat C reinforces earlier
evidence for low rates of crossing the Trans-Alaska
Pipeline corridor, including itsextension through
che complex ( Whitten & Cameron,1983b). In con-
trast, caribou apparencly were abundant, and major
movements Were not uncommon. in this same area
during the 1970s (Child, 1973; White er 4/.,1975;
Gavin, undated).

Obvious attempts by large groups of caribou co
penetrate the oilfield complex have been observed in
recent years. On several occasions (e.g. Smith er a/.,
1994), insect-harassed aggregations moved east-
ward across che Kuparuk Delra, contacting che
roads and pipelines west and south of Prudhoe Bay
(Fig. 1), but apparently were unable to continue to
the west channel of the Sagavanirktok River.
Moreover, in our 14 yearsof radiotracking, nor a
single collared caribou is known to have passed
entirely through the main oilfield in eicher direc-
tion. The 10 inferred crossings of the Quadrat C
mid-line (Table 1) may have occurred near
Deadhorse Airport. che southern boundary of the
complex.

Although predevelopment data are unavailable.
chere is no reasonto believe that previous move-
ments of caribou in Quadrat C were substantially
different from chose in similar areasof the CAH
summer range. [nsect-induced movements are
ostensibly more opportunistic than repetitively site-
specific. Given unimpeded access. the exact routes
caribou cake toand from the come depend largely
upon their locarion at che onset and cessation.
respectively. of insect harassment; alchough riparian
areas. when available, areselected as corridors
(Smith er al..1994). Hence. just as weather events
rend to be random. so are the associared move-
ments. If mid-line crossing ratios tor Quadrats A. B.
D, and E accurately reflect 2 random process. then
the rrequency of lateral movements within Quadrat
C has decreased by nearly 90 % (Tuble 1).

Lmplications

Underuse of.and reduced movements within. the
Prudhoe Bav oilfteld bv caribou are apparently due
to che cumularive effects of intensive and excensive
surtace development. high levels of vehicular eraffic,

6

and widespread human acrivity. Very likely, avoid-
ance is exacerbated by numerous pipelines < 1.0 m
above ground level, which constitute physical barri-
ersto movement.

By comparison, more recent oilfields west of the
Kuparuk River (i.e. within Quadrac B) have a lower
densitiy of production-related facilities (Fig. 1),and
nearly all pipelines are elevated 2 1.5 m. Numerous
caribou conrinue to occupy these areas in summer.
albeit with notable shifts in distribution (Smith er
al., 1994). Nevertheless, 1 development within che
Kuparuk region continuesto expand and intensify,
additional changes can be anticipated.

The avoidance process, we suspect, is quite sub-
tle and therefore difficult co detect. Unlike the
extreme sensitivicy noted during calving (Dau &
Cameron, 1986; Cameron e 44..1992), female cari-
bou evidently will tolerate considerable surface
development in summer, especially when passage
under (or over) pipelines is possible (Smith er .,
1994). However. if structural complexity increases
to a point at which the environment becomes unac-
ceprable, caribou may largely abandon an area per-
haps abruptly. Wichdrawal is probably sustained by
new movement patternsthat emerge through learn-
ing.and trial-~nd-error. Bochrate of egress and the
eventual level of use might also vary co an unknown
degree. depending upon local habitat types and
regional landscape features. Our inability to quant-
fv this complex interaction of man-made and naru-
ral stimuli renders cricical levels of disturbance elu-
sive and accurate predictions of the timing of aban-
donment virtually impossible.

Barren-ground caribou are indeed adaprable
( Becgerud er wl., 1984), bur chere are limits.
Exceeding their tolerance for adverse stimult will
infuence distributionand may preclude access toan
area. And inaccessible habirtat is habirtat lost.
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Redistribution of Calvin: Caribou in Response to Oil Field Devel opment
on the Arctic Slope of Alaska
RAYMOND D. CAMERON.  DANIEL J. REED.'JAMESR. DAL and WALTER T. SMITH'

tRecerved 3 Novemper 1991 : uccepted in revised torm 23 Murch 1992,

A BSTRA CT. Aenul surveys were conductad annually in June 1978-87 neur Prudhoe Bay. Alaska. 10 determine chunges in the distribution ot calving
caribout Runetjer tarandus yranity that accompanied petroleum-related development. With construction of an oif tield uccess road through 4 calving
concentranon ared. mean canbou density (no.km™ decreased from 1.4 10 0.31 £ = 0.05 rwithinikm and increased from !4 1 104.33(P = ).04)5-
6 km trom the roud. Concurrently. relative caribou use of the adjucent area declined (£ < 0.02). apparently in response to increasing surrace develop-
ment. We suggest thut perturped distribution associated with roads reduced the capacity of the nearby area 10 sustain parturient temales and that
insufficient spacing of roads may have depressed overall calving activity. Use of traditional calving grounds and of certain areas therein appears 10
favor caif survival. principally through lower predation risk and improved foraging conditions. Given the possible loss of those habitats through dis-
placement and the crucial importance ot the reproductive process. a cautious approuch to petroleum development on the Arctic Slope is warranted.

Key words: Alaska. calving. caribou. disturbance. 011 tield

RESUME. Des photographies aériennes ont ét¢ prises au mois de juin chague année de 1978 31987 prés de Ia baie Prudhoe en Alaska. envue de
determiner ieschangements clans la distribution des caribous (Ranyifer tarandus 3ranti) qui mettaient bas, changements accompagnant les projets de
mise en valeur relies au pérrole. Avec la construcnon d’une route d’acces 3 un champ petrolifere 3 travers une zone importante de muse bas. la densité
movenne ducariboutnombred’individus/km 1diminuaitdel 4130.31¢P = 0.03) dmoms d'| kmdelaroute etaugmentaitdel.4134.53(F = 0.04

a1 une distance de 5 4 6 km de la route. En meme temps. | utilisation refative de la zone adjacente par le caribou diminuait ( P < 0.02). apparemment en
réponse A 1"augmentation de la mise en valeur de suriace. On suggere que la perturbation de la distribution associde 2 1a construction de routes dimi-
nuait lu capacité de la zone environnante 2 supporter des femelles partunientes et gu’un espacement insurfisant des routes aurait pu faire chuter
Iactivité générale de muse has. L’utilisation de rermuns traditionnels de mise bas ainsi gue de certaines zones a1'intérieur de ces terrains semble
favoriser {a survie des veaux. en particulier grice 1 une baisse de la prédation et 2 de metileures conditions de paturage. Etant dorm< que le caribou
pourrant étre évince de cet habitat €t vu l"importance cruciale du processus de reproduction. on recommande une approche prudente 3 |’ exploitation

du petrole sur le versant arcnhique.
Mots clés: Alaska. mise bas. caribou. perturbation. <hamp pétrotitere
Traduit pour le journai par Nésida Lover.

INTRODUCTION

For more than 20 vears. barren-ground caribou ( Rungifer
rarandus grant) of the Central Arctic Herd 1CAH)have been
exposed 10 petroteumn-related activity ona portion ot their calv-
ing grounds. Aerialsurveys from 1978 through 1984 revealed
that the area encompassing the Prudhoe Bav oil tield sup-
ported the lowest caribou densities within the calving grounds
of the herd t Whitten and Cameron.1985). suggesting a causal
relationship between oil field presence andiow caribouabun-
dance:however. comparable pre-development observations
were lacking. and the data remained equivocal.

With expansion ot surtace development westof the Kuparuk
River in thelatel970scame an opportunity to monitor
changes in the distribution ot calving caribouthat accompa-
nied placement ot roads(andlater. above-ground pipelines).
Aerial stnp-transect observations by Dau and Cameron ( 19861
during the four vears before road construction near Milne
Point( i.e. control period)indicated thatmean caribou density
wasunrelatedto distance w i thin 6 km ot future roads. whereas
during the four vears following construction « i.e.. treatment
period) densityincreased significantly with distance within 6
km of roads. However. neither the actualpre-and post-con-
struction caribou densities nor the associated changes in local
distribution were reported. Here we test for signiticunt differ-
ences In caripou density at 1 km distance intervals based on
[en years” data. estimate the relative magnitude of alterations
in habitat use. and discuss the implications of future petroieum
development on the Arcuc Siope.

STUDY AREA

The CAHinhabits that portion of the Arctic Slope between
approximately the Colville River on the west and the Canning
River on the eust. Seasonal movements are oriented north-
south between winterrange in the northern foothills ot the
Brooks Rangeand calving grounds/summer range near the
coast of the Beaufort Sea (Cameron and Whitten. 1979). From
1978 through 1983, the herd increased from approximately
6000 to 13 000 caribou (Whitten and Cameron. 1983: W. Smith.
unpubi. data) and in 1991 was estimated at 19000 canbou (D.
Rezd. unpubl. dartas.

Approximately 43km west of Prudhoe Bay is the Kuparuk
Development AreatKDA)(Fig. 1). which lies within one of
tive calving concentration areasof [he CAH (Whitten und
Cameron.1985: W. Smith and R. Cameron. unpubl. data). Ter-
rain relief and vegeration communities are typical of the Arctic
Coastal Plain Province (Spetzman. 1959: Wahrhafttig. 1965).

In winter 1977-78. the Spine Road was extended across rhe
Kuparuk River (Fig.1). Bv198 1. a construction camp. office/
living quarters.rudimentary production facilities. andan
airstrip were in place at ARCO’ s rirst central processing facil-
itv iCPF-1) pad. As well. the Kuparuk Pipeline had been con-
structed between CPF- 1. with its small network ot production
wells and above-groundtlow lines. and the origin station of
the Trans-Alaska Pipeine. 40 km east. During winter 1981-S2.
Conoco built the Milne Point Road from the Spine Road north
to the future site or a centrai facilities pad. and ARCO extended
road access 1o Olikiok Point. Between 19S2 and 1987. ARCO

“Alsha Department of Fish and Guame. Division of Wiiditte Conservation. 300 College Road. Fuurpunks. Alaska 90701 L.S.A,
“Alaska Depurmment of Fish and Game, PO, Bon N0 Kotzenue. Aluska 997320 U8 AL
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FIG. 1. The Kuparuk development area as of 1981 and 1987.

enlarged the administrative/support facilities at CPF- 1. expanded
the network of access roads. well pads.and elevated pipelines:
commissioned two additional CPFs: constructed dock facili-
ties at Oliktok Point: and installed a svstem of seawater pipe-
lines for tertiary recovery of crude oil. Conoco built a central
campand processing facility. several drill pads.a modest sys-
temof production flow lines. and a main transport pipeline
southward. along the Milne Point Road. o the Spine Road
where 1t joins the Kuparuk Pipeline.

Each vear. during breakup in late May or early June. the
Spine Road was breached at the Kuparuk River. and accessto
the KDA was possible only by air until after mid-June. Con-
sequently. road tratfic was greutly reduced during the period
in which our surveys occurred (see below). Mean traffic levels
estimated during ground surveys along the Milne Point Road
in June 1982-87 were generally < 200 vehicles/dayand more
commonly < 10() vehicles/day tDauand Cameron.1986: J.
Dau and W. Smith. unpubl. data).

METHODS

On 10-14 June 1978-87. approximately one week after the
peak of calving. we conducted low-level aenal surveys of the
study area bv helicopter «Cameron er ul.. 1935. Whirtten and
Cameron. 1985: Dau and Cameron. 1986). In brief. a pilot and
three observers in a Bell 206B or Hughes 300D searched
within 11 contiguous north-south strip transects t10 transects
in 1978, each 2.2 km wide. For each group of carnibou. we
recorded total number. sex/age composition. and map location
(USGS 1:63 2601 where first observed.

The zone within 6 hm of the present Milne Point road sys-
tem was apportioned into 1 km distance strata. and numbers of

CALMNGCARIBOUAND OIL FIELD DEVELOPMENT; 339

caribou within zach stratum texcluding groups closer to the

Spine Road) were totaled for each of the ten” survevs. Mean

caribou densities for each stratum were compared between
pre - and post-construction periods (1973-8land 1982-87
respectivelyiusing Student’s r-tests: degrees of freedom were
adjusted for unequal population variances (Satterthwaite.
19461, To assess shifts in cartbou distribution within the over-
all studv arew. we evaluated changes in the occurrence of cari -
bou betweea the Oliktok and Milne Point roads ¢ expressed as
4 percentage of ailcuribou north or the Spine Roud)byv Speur-
man’srank correlation. In all cases. P values <0.10 were con-
sidered statistically signiti cant,

RESULTS

Numbers of caribou observed within 6 km of the Milne
Point road system varied more than fivefold duringthe ten
vears of study. from 232 in 1980 to 1259 in 1984 (Table D).
Despite this wide range in total counts. densities cf caribou
within the six distance strata differed between pre- and post-
construction periods. After construction. caribou were signifi-
cantly less numerous within 1 km ot roads and significantly
more numerous 3-6 km from roads (Tabie 2). Differences in
caribou density for other strata. although statistically insignifi-
cant. were intermediate in degree. indicative of the functional
relationships reported previously by Dau and Cameron { 1986).
Data for all caribou and calves were similar. reflecting a pre-
dominance of cow-calf pairs.

These changes become clearer when caribou densities are
expressed in reiative terms and the means for control and
treatment periods compared. Following construction. reiative
abundance: i.e.. percent distribution among strata. adjusted tor
differencesinarea) declined proportionally by 0.86.0.59.
0.27. and 0.30 w ithin the first four distance strata respectively.
but increased by1.88 and 1.34 within the lasttwo strata
respectively (caives: declined by 0.95. 0.73.0.33.and 0.21.
increased by 2.10and .30 respectively)(Fig. 2).

Associated with the locally perturbed distribution of cari-
bou wasadeclineinrelative use of a portion ot the study arex.
From 1979 through 1987. caribou numbers berween the pres-
ent Oliktok and Milne Point roads. expiessed asa  percentage
ot total vbservauons north of the Spine Road (Fig. 1). decreased
signiticandy. independent ot total counts (Fig. 3).

TABLE |. Numbers of caribou observed within 6 km of the Miine
Point road system during aerial strip-transect surveys. and snow-metlt
status in the study area (Fig. 1. 1978-87

—_—
NaLobsenved

Yeurs Ail cartbou Culves Snow melt
1978 485 IN7T L
j974 4N 281 z
{oR0 BRI -2 L
HERS] T20 Kb E
182 0% il L
[CER 1 RS E
roxd 1289 bRl £
JORS hRH 224 L
SR] 455 o) L
Shi 200 pLs L
—_——
e
Retative nnng: L= aate smoderate 1o complete Snow over of snignsive
Aoodiis = 2 = earls .itde or 10 snow cover o snding waters,
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TABLE 2. Meuan (SE) caribou density (no./km™, vbserved within each of 6 intervals of distunce from the Milne Pownt road system. pre-construc-

tion (1978-81) vs. post-construction ( [982-87)

Distance interul - kmy

Sample unit Yeuars 0-1 [ 2.3 T~ RSN bEG)
All caribou 1978-81 141035 1.93(0.49) 3.0801.26) IRl .3900.82; E4100.40)
1982-87 031013 1.1000.40) 2.48(0.73) DRRE A9l 45500

p:’ 0.05 0.24 0.70 0" 0.12 0.04
Calves 1978-81 0.6010.16) 0.76(0.23 ) 1.31(0.61 P00 o) 0).370.38, 1).56(0.20)
1982-37 0.040.02) 0:340.13) 1.01(0.35) HESTR KN 24901 .04 2.030.54)

P: 0.04 0.19 (),6X n 88 (.13 0.04

rr-test. degress of freedom adjusted for unequal variancas (Satterthwaite. 1946).

DISCUSSION

Annual variation in the numbers of caribou observed near
Milne Point (Tuble! ) is primarily an effect of spring snow
conditions. In years of early snowmelt and runoff. calving cari-
bou occupy the immediate coastal zone in abundance. whereas
if snowmeltislate or flooding widespread. distribution tends
to be skewed inland (Whirten and Cameron. 1985'). The stage
of snow ablation also influences caribou sightability and. there-
fore. the total count. Survey conditions are best when snow is
either absent or continuous. as caribou are casily discernible
against consistently light or dark backgrounds: however. sight-
ability decreases it snow cover is discontinuous. Anadditional
complication was herd size. which continued [0 increase dur-
ing the tenure of this study. Thus. tor a given vear.the number
of caribou observed may have been influenced by measure-
ment error. as well as population variability. but the relative
distribution or’ caribou among distance strata was unaffected.

The data strongly suggest that calving caribou were dis-
placed outward after construction of the Milne Point road sys-
tem Relative abundance within 2km decreased bv more than
two-thirds. while that beyond +kmneariv tripled (Fig.2).
Though opposite in direction. these dual effects are additive or
synergistic from the perspective of habitat use. Underutili-
zation adjacent to roads and resultant overutilization elsewhere
effectively diminish the capacity of the area to support caribou.
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particularly in vears of early snowmeit when absolute densi-
ties are high (Table 1.

Another implicationisthat overal caribou use could be
greatly reduced if roads are routed [00 closely. Owing to asen-
sitivity to disturbance (de Vos. 1960: Lent. 1966: Skoog,1968:
Bergerud. 197 ). mosttfemales with calves might then be
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unable [o maintain an acceprable distunce from adverse stm-
uli.triggering & general withdrawal. In retrospect. this may
have occurred within the Prudhoe Bay oil tietd complex ( Whit-
ten and Cameron. 1985) asitgrew trom a remote exploration
outposi to 4 hub of development activity. with numerous sup-
port futilities. roads. and pipelines (Shideler.1986).

Likewise. displacementof calving caribou from the KDA
may occur as overlapping and contiguous oil reserves are
exploited. Indeed. those chungesappearto be in progress.
judging from the declining percentage of caribou within the
heavily developed area north of the Spine Road(Fig. 3).
Construction of the Oliktok Road and its associated pipelines
and pads. expansion of processing facilities. and increasing
Milne Point development ostensibly have contributed to a
gradual redistribution of calving 3¢tV tyv, Either some caribou
shifted into areas cast of the Milne Point Road. or relatively
fewer entered the western portion of the study area from the
south. That such a change occurred independent of totat cari-
bou abundance constitutes circumstantial evidence that it was
disturbance-induced and not simply a response to stochastic
weather variables.

Repeated use of calving grounds by the CAH (Whitten and
Cameron. 1985: Cameron er al.. 1986 1 appears to retlect an
ecological compromise whereby net benetitsare maximized.
Rather than remain on inland winter range (Cameron and
Whitten.1979). where newly emergent forage is abundant dur-
ing [he calving period. parturient females. unlike most bulls
and nonparous temales. precede the northward progression of
plant phenology (Whittenand Cameron. 1980). moving to
coastal regions. which generally have fewer wolves (Cunis
lupusit Stephenson. 1979Yand grizzly bears (LUrsies urctos)
(Reynolds. 1979:Younger a.. 1990: D. Young. pers. comm.
19971 ) and where mosquito emergence occurs later « Roby.
1978). Bv doingso. however. they forego nutritionai compen-
sationfor the additional metabolic demands of late gestation
and early lactation (Robbins and Moen.1973: Oftedal. 1985).
Hence. femalesthat consistently calve near the arctic coast
reduce predation risk [0 their newborn calves. but at the expense
of access to high-quality forage.

In contrast. recurrent area-specitic calving concentrations
{Whitten and Cameron. [983)are related to the occurrence of
drvtundra (Bishop and Cameron. 1990) with abundant £rio-
phorum vaginatum ( Walker and Acevedo. 1987). a nutrient-
rich forage species (Kuropatand Bryant. 1980)that flowers
immediately after snow ablation (Chapin er uf.. 1979). Also.
the better-drained habitats comprising these plant communities
are probably superior as birth sites. especially in vears ot per-
sistent snow cover.

To summuarize. it appeurs that fideliny of the CAHtw its
caly ing grounds invols es predator und insect avoidance. W hereas
caly ing concentranons wirhin that broad region correspond to
areas characterized by the best had itats. The  relative  occur-
rence of caribou amonyg those areas for a ziven vear iy influ-
enced primarthy by snow conditions and. therefore. forage
avatiabifity. In essence. then. nutritional fuctors define calving
distributio n. but within the spatial constraints imposed by
predators and insects.

Preference for a calving eny ironment. e 1t 4 broad land-
scape class or specific vegetanon ype. implies long-term depen-
dence onthoseresourcesto the extent tharsUsined accessis
reduired for persistence of the  population Rugaiero or ul.,
1Yy, Moreove roparticularly adverse conditions te.g.. in
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weather, predator abundance. insect activity)might periodi-
cally render unpreferred — and. presumably. suboptimal —
areas totally untavorable. underscoring the importance of
those occupied selectively, Patternsof habitat use. like
metabolic adaprations. mayv playa role in minimizing the con-
sequences of extremes tLevins. 1968 ) that might otherwise be
detrimental to individuals and. ultimately. to the population.
If. on the other hand. caribou are not subjected to adverse con-
ditions that approach the limits or’ their adaptive capability. the
constraints inherent in heterogeneous habitats will not become
apparent. and the options available will seem more numerous
than is actually the case. Asa result. the loss of preferred areas
might be erroneously viewed as inconsequential.

[n view or' [he probable importance of calving grounds to
the long-term reproductive performance of caribou. our data
on the CAH indicatea need for discretion in developing pet-
roleum resources elsewhere on the Arctic Slope. The much
larger Porcupine Herd (Fancy eral.. 1989) is similar to the
CAH in terms of tidelity to coastal calving grounds (Skoog.
1968: Hemming. 1971: Clough er al..1987) that favors calf
survival (Funcy and Whitten. 1991 ): and calving concentration
areas (Clougher d.. 1987: Fancy and Whitten. 1991) are char-
acterized by beneficial snow conditions (Lent. 1980: Eastland
eral..198%) and a greater abundance ot highly digestible
Eriophorum (White er al.. 1989: Chnstiansener al.. 1990).
U.S. legislation is now pending [0 open a portion of the Arctic
National Wildlife Refuge (ANWR) coastal plain to oil explo-
ration. If ANWR leasing is authorized and production follows.
extreme care must be exercised to ensure that individual
actions adversely affecting calving caribou ona local level do
not cumulatively result in major impacts on a regional or popu-
lation level.

Bevond direct changes in the geobotanical environment
(Walker ¢r «/..19871. progressive expansion and intensifica-
tionof surtace development will. at some stage. reduce the
totality. diversity. and quality of calving habitats on the Arctic
Slope. Our short-term trame of reference and relative inexpen-
ence should give rise to caution when we contemplate the
exploitation of these ecosystems.
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BACKGROUND

Reduced local use of calving and summer rawith progressive éjlfieldic herd (CAH)
on the'CArcticzCoastalPlains (CameronS ¢fCCUT T €d devel opnent

al. 1979; Cameron and Mtten 1980; Smith
and Caneron 1983; Whitten and Cameron 1983a, 1985; Dau and Cameron 1986).
Habitat lossis, in itself, an undesirable consequence of petroleum developgsatatiig
there is an additional major concern that such proximate impactsgpeifically
cumulatively, will eventually reduce productivity of the herd. ’
displacement of adult females from preferred areas could adversely affect foraging
success and therefore growth and fattening (Cameron 1983; Elison et al. 1986;
Clough er al. 1987), which in turn might depress calf production (Dauphiné 1976;
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FINAL REPORT (RESEARCH)

State: Alaska

Cooperator: J.S—Fish-and Wildlife SemiteUniversirv-of Alaska Fairbanks

Project NO.: W-23-1. W-25-2, Project Title: Wildlife R h and Management

W-23-3, W-23-4,
W-23-5. W-24-1
W-24-2. \N-24-3
Study No.:  3.35 Study Title: Distribution and Productivitv_of the
Case Historv__Studies %ith a
fional :
Period Covered: 1.Julv 1987-31 August 1994
SUMMARY

As of July 1992, the Central Arctic caribou (Rangifer tarandus granti) herd numbered
approximately 23,400 head, confirming a decline jn growth rate: low calf productipn
in recent years was a contributing factor. el 'strvey data Obtameé biling the

calving period demonstrate maternal females and theiL. calves were displaced outward
after construction of the Milne Point road system.eg'm lar ebriormalities th Carbou

distribution associated with oilfield development were observed in mid-summer. Data
on radiocollared female caribou indicate the likelihood of | 1s.d

related to female body weight during the previous aB{BﬂW’ r\g’ﬁ‘e?g”] %g{hecﬁ%
incidence of early calving and the probability of calf survival are correlated with
postpartum weight. During summer lower weight gain among lactating than among
nonlactating females substantially decreases parturition rate. The high frequency of

reproductive pauses among females exposed to disturbance may be attributable to
their relative inability to compensate for the metabolic costs of milk production.

Key Words: Alaska, body weight, calving caribou, Central Arctic herd, disturbance.
nutrition, oilfield, reproduction



Thomas 1982; Reimers1983; Eloranta and Nieminen 1986; Lenvik etal. 1988;
Thomas and Kiliaan 1991) and survival (Haukioja and Salovaara 1978; Rognmo er
al. 1983; Skogland 1984; Eloranta and Nieminen 1986; Adamczewski et al. 1987).

Such concerns, though justified from a theoretical point of view, lack empirica
support. As industrial development in the Attic is virtually unprecedented, there is
little basis for predicting the extent and duration of habitat 10SS, much less the
secondary short- and long-term effects on the well-being of a particular caribou herd.
Furthermore, despite a general acceptance that female body condition and fecundity
are functionally related, it is unlikely that any single model would apply to all
subspecies of Rangifer, and perhaps not even within a subspecies for different
geographic areas. We therefore possess neither adequate foresight as to the probable
behavioral responses of Arctic caribou to industrial development, nor an
understanding of the mechanisms by which changes in habitat use might translate
Into measurable impacts on population dynamics.

These uncertainties form the basis “of the present two-component study: (1)
assessments of CAH productivity and distribution in relation to oilfield 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 published, and 10 others are currently
in preparation (Appendix A). During the past year, a paper on predicting parturition
rate of caribou was accepted by the Journal of Wildlife Management (Appendix B),
another on abundance of radiocollared caribou near Prudhoe Bay was submitted to
Rangifer (abstract, Appendix C), and a note on measurements 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, caf production, and recruitment of the CAH.

To describe changes in the distribution and movements of CAH caribou in
relation to oilfield development on the Arctic Coastal Plain.

To determine the relationship between body condition and reproductive
performance of female caribou of the CAH, including comparisons of
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t he 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 gain and subsequent reproductive
performance of lactating vs. nonlactating female caribou.

RESULTS AND DISCUSSION
1 | : i |

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 has declined from that noted in the late 1970s and early
1980s. In fact, had the CAH continued to increase at that previous rate, it would
have numbered about 48,000 by 1992, roughly twice the observed total (Fig. 1). A
reduced rate of growth 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 decline in female body condition (Cameron et al. 1993) cannot be attributed
to increasing trends in either insect activity or snow depth. The CAH apparently has

reached or exceeded carrving capacity (Cameron and Bowyer, in prep. [B.S,
Appendix Al).

Development-related Chanees_in Caribou Distribution

Changes in the distribution of calving cari bou associated with t he Kuparuk
Devel opment Area (KDA), west of Prudhoe Bay (Fig. 3), have been quantified using
strip-transect surveys flown by helicopter (Fig. 4). Asa followup to an earlier paper
by Dau and Canmeron (1986), Canmeron et al. (19922) showed that, after construction
of a road system near Milne Point, mean cari bou abundance declined by more than
two-thirds within 2 kmand nearly tripled 4-6 kmfromroads (Fig. 5). Such perturbed
distribution reduces the capacity of an area to support females and their cal ves.
Logically, roads conpri sing anoilfield complex that are, on average, <3 km apart
may depress area-wide calving activity; and, in fact, percent occurrence of caribou in
the heavily-devel oped western portion of the KDA declined significantly from 1979
through 1987, independent of total abundance (Fig. 6). The probable consequences
of perturbed distribution is reduced access to preferred habitats (Cameron etal. in
prep. [B.4. Appendix AJ; Neliemann and Cameron. in prep. [B.6., Appendix A]).
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That out war d displacement of caribou from the Milne Point road system has
occurred is corroborated by the regional changes in caribou distribution
acconpanyi ng construction. Prior to road placenent, caribou were found in a single
nore-or - | ess continuous concentration roughly centered on the Milne Point Road;
whereas a bimodal distribution, with one concentration east and west of ther oad,
was clearly apparent after construction (Fig. 7; Smith and Cameron 1992).

A companion investigation conducted from the KDA road system has been
completed (Smith eral. 1994). During spring and summer 1978-90, the Spine and
Oliktok Roads (Fig. 3) were surveyed systematically by light truck to monitor the
influence of oilfield development on caribou distribution and movements. Caribou
increasingly avoided zones of intensive activity, especialy 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 areas 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. Reproductive Performance

Body weights of CAH female caribou are closely related to their reproductive success
(Cameron er al. 1993). For radiocollared females, the probability of producing a caif
varied directly with body weight during the previous autumn, in contrast to calving
date and perinatal survival, which were more closely related to maternal weight
shortly after parturition (Fig. 8). Probably the likelihood of conceiving is determined
by body condition at breeding, whereas parturition date and calf survival are linked
to maternal condition during late gestation. Body fat content. specificaly, is highly
correlated with fecundity (Gerharteral., in prep. {B.8., Appendix A]).

Several data sets suggest reduced nutritional status and reproductive success of
radiocollared females exposed to oil development west of the Sagavanirktok River.
July and October body weights, oversummer weight gain, the incidence of successive
2-year pregnancies. and perinatal calf survival 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 95% confidence level (Cameron er al.199 2b). A recent
| ongi tudi nal analysis of fecundity, however, showed the frequency of reproductive
pauses was significantly hi gher for western (36’ ?0) than for eastern (19%) (t-test, P
c 0.02). This is the subject of a future paper (Cameron, in prep. [B.10.,
Appendix A]).

Mid and latelactation exacts asubstantial cost on summer weight gain which, in turn,
influences the probability of conceiving that autumn (Cameron and White 1992).
Weights of lactating CAH females averaged 9 kg less than for nonlactating females
(Fig. 9), resulting in a projected 28% reductioni n parturition rate (Fig. 10). Thus,
declining calf production of the herd in general (Fig. 2), and anong femal es 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 increased
forage intake or lower energy expenditure), thereby depressing body condition and
evoking more frequent reproductive pauses (Cameron and Ver Hoef 1994,
Appendix B).
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Fig. 2. Decline in calf production of the Central Arctic Caribou Herd, 1980-93.
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(Spearman’s Rank, P < 0.02), and changes in total numbers of caribou observed
north of the Spine Road (see Fig. 3, 1979-87. From Cameron er al.(1992a).
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EXECUTIVE SUMMARY

Altmcuch oil exglorztion cn the North Sicpe has cccurrad since the 1920's
large scale oil develctment dié not begin until the Pruchce Bay discovery
in 1968. Since that discovery, oil develcmment has spread westwarc into
the Xuparuk oilfield, and is Continuing with the develcmment of the M ilne
point field. Intensive exploraticn is cccurring in the Colville River
delta, ané in severzl ofIshore locations east of Prudhoe Bay. In general
the majcrity of the Central Arctic Caribou Herd (CAH) winter range is in
the focthills and surmer rance (including ccncentrated calving areas) 1is
on the coastal plain. Movements between these rances are pradcaminately
nor-h—-south, wheresas movements within the summer range are east-west
alcng the coast and are derendent in part on the intensity of moscuito
harassment. Oil develcmment on the sumrer Iance cculé directly contacet
calving and cocastal mosquito ralief habitat, as well as affect movements
o these habitzts. O0il develcgment in the Zfcothills could directly

contact CAH winter range, as well as affect mcvements between summer and
winter range.

Thers is ample evidence €O demcnstrate that the term "herd" can be
correctlv applied to the C3H. Historic data sucgested, and current data
has ccnfirmed, that the vasc majority of caribcu that are found on the
CAE summer rance telcng to the CRE. Calving concentration areas near the
coast and in proximizv to Ol ~ck and Milne gcints, arnd Bullen Point tc
he Canning River delta, have been identified since the early 1970's.
Althcuch the cverzll density of calving cn the ccastal plain has varied
frcm vear to year, apparently due to weather and sncw ablation during
spring migraticn ard early calving, these TwC areas hzve consistently
been used by mcre carturient females than have cother areas. Data frcm
visual- ané radic-ccllared animals indicate that there 1s STICLG fidelity

of CAE ccws to the CRH summer rance ard cenversely few animals collared

in adjacent herds have been re-lccated on the CAH summer range.

Two categories of habitat receive intensive use bv CRE caribcu-—the secge
meadcws camprising the calving ccncentration arsas cn the ccastal plain,

and ccastal beaches, pramontories, and river deltas that are usec
intensively as mesguito relief arsas. The use cZf ccastal sedce meadcw
habitzt bv calving caribcu 1is contra-intuitive in that at calving time
the availabilizvy and nutrient content of Zcrage 1s greater in the
Zcothills than cn the ccastal plain. Several hvrotheses for the use cs
the ccastal plain curing calving have reen acvanced. These include tfe
hvcctheses that calving areas ars located whers credatcr cdensitles ars
lcwer, or that calving areas are lccated in Troximity to mesquito reliel

habi-=at; hcwever, =o¢ sincgle exglaraticn for the apparent Zidelitys oI
Turs justified. Trne
~ctercial sicnificance to CRH caribcu cf conzinued access TO ccastal

parTurient caribcu T fReir cazlving crouncd arpears to I€

I



mosquitc relief habitat is discussed. These mosguito relief areas cdo not
arpear to provide acecuats forzge during MOsQuitc harassment teuts |
hocwever thev dJdc rrovide habitat where caribcu can aveidé continual
haraszment ané raduce the amcunt O energy expenditure that would be
likelv iZ such nhabitat were not available.

OQur definiticn cof imract is an effect cn the ecosystem ci caribcu such
that there has reen a reduction in habitat cuality, cuantity, cr the
animal's ability to utilize that habitat that has been caused bv oil or
gas develcrment. The emrhasis on habitat-related effects as cpposed to
demcgraphic effects (e.g., reduced populaticn numbers, reduced cals
recruitment) is due to the reccgnition that the effects of oil ané gas
develcment on caribcu habitat and its utilization by caribou are
spatially extensive and long-term (essentially irreversible). Impacts cn
CAH caribou that are caused by oil andé gas activities cn the North Slope
include direct habitat loss; avoidance of develcmments; and disruption of
movements. Potential impacts include harassment by aircraft and ground
vehicles, and by pedestrians; and an increase in predation or human
harvest.

The amcunt of hacitat loss directly due to cil and gas develcmment in the
pPruchce Bay, Kuraruk, and Milne Point oil fields was aprroximately 3,200
ha (8,000 ac) as of 1983. This is a ccnservative estimate because it
includes only habitat covered by gravel or stripr for gravel mining,
and dces not include adéditional vegetation losses due to fugitive cdust or
ponding along rcads and drill pads. However, direct habitat loss is an
insignificant impact when campared to habitat that beccmes unavailable to
caribcu because of their respense to facilities and human activity that
are asscciated with oil and gas development.

Harassment of caribou bv aircraft can gpotentially cause injury or
mortality to individuals (especially calves), disrupticn of the cew/calf
social bond that could affect a young calf's ability to survive, and an
increase in the amcunt of energy-consuming activities that a caribou
engaces in (e.g., fram walking to running) or a decrease in feeding.
Caribou in scme herds appear to be sufficiently habituated to aircraft
that thev do not resgend to overZlights; caribcu in other herds may react
to a similar overflicht with panicked rurning. Caribcu in cther herds
apcear to be most reactive to aircraft during calving and mosquito
seascn. Overflights of higher than 660 m (2,000 ft) AGL during these
sensitive pericds, and 330 m (1,000 ft) at other times apper tC cause
lit=le cr no overt reaction. Harassment of caribou by cff-road vehicles
and pedestrians especially when herds are hunted, aprears toO czuseé &
stronger reaction than most aircraft harassment; however, comparative
ocbservaticns in the CAH have not been mace.

Caribeu can react tc linear develcmments (e.g., roads, pipelines) arc

~cint develcpments (e.g., d&rill pads) by avoiding areas

Eievelcg:ments. Avoidance has been measursd by the distributicn cf caribcu
copancy. The stwencth and lengeviiy of the aveidance restense kv
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caribcu aprear to vary cepencing crn the compesiticn of the caribcu grour,
seascn of the vyear, tvoe of develcpmenc, amcunt of human activiz;
asscciatad with the develcpment, species and cecree of harassment v
insect pests present, and the type of torocrzchy between the develcgren%
ané caribcu as they agprecach a develcoment.

Caribcu of the CAH have been cbserved to avcic "soint" develcrments such
as an isolated, active drill rig during summer totally up to 1,200 m
(4,000 f%) ané partially up to 2 km (1.2 mi). Peary carikcu have been
obser7ed to avoié an active seismic camp in wintsr bv 2 km (1.2 mi) when
ne camp was lccated in flat terrain, but o arprecach similar campes which
are located in hilly terxain.

Maternal grougs of caribcu in the CRH have been shown to avoid the TAPS
corrider during all seasons, with the possible exception of the fall
rutting pericd; the Prudhce Bay oil fielé during summer; the Spine
Road/Kuparuk Pipeline ccmplex and the Milne Point Road during calving;
arsas of intensive human activity along the Spine Read during mié-summer;
and the Milne Point Read during mid-summer. Maternal groups almcsct
totally evoid the Frudhce Bay oil field, ané the arsa within 4 km (2.4
mi) of the Spine Rcad déuring calving. Matarnal groups avoid linear
develorments during the remainder of the surmer in direct (but nct
necessarily linear) proportion to the crcup's distance fzcm the
develcmments, up to a distance of a few kilcmetsrs.

Carirou summer movements thrcugh and withizn -the 0il £ields have Leen
recorzed from the viewpoint oI broad scale zovements within az subrsgicn
{e.c., within or arcund the pruchce RBav and Xuparuk oil Zlelds), or Zrom
specific investigaticns of the tehavior of caritcu as they attampt 2
cross  linear develomments. CariZcu movements into the Prudhce Z2av
oilfield during mcsquito harassment pericds have virtually ceasec,
cresumebly due to the lcw clearance (often less than 1 m (3 £t]) o2
feeder lines and the intensifty of human activity thers. CariZcu
movements into and within the Kuparuk oil £2213 have been disruptsd bv
develcmments and human activity within the field; however, scme of these
disructions may be short-term responses o localized areas of intansive
humen aczivity, ané scme return 0 pre—Cevelcpment catisrns TEY re
cccurring.

The success of caridcu in crossing linear developments appears to e
decerdent on several Zactors including size ¢ the crossing group, </Ee
of develcoment (e.c., isolatsd rcac, isclzted pipelire, or road anc
rireline in croximizy), season of the vear, type ané density cf insec:t
pests, amcunt of ruman aczivity asscciatsd with the develcrment, anc
cresence of special features tO enhance cariocu crossing (e.g., IATES,
curied secticns, elevatzd pice).

me =-ats of success bv CAH of crossing limear cevelcorments varies

accoriing o the tte o develcpment. I CrIer OI CeCIr2as—C success <
crossing Tv caribeu, the Zollowing linear cs lermmernts coouy in the B
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range: buried pipeline, rcad without traffic, elevated pipeline alone
(1.5 m, 5 ft, above the ground), road with traiZfic, cipeline and adjacent
road withcut traffic, and pipeline and ccjacent roac with traffic.

raffic levels averacing 15 ven..clos/hr have caused z significant decline
in crossing success of caribou attempting to cross the Spine Road/Kuparuk
Pipeline camrlex during moscuito seascn. Trzffic levels averaging 6
vehicles/hr have not apparentlv affected crossing success of a
road/pipeline camplex. These data shculd not be interpreted as actual
ranges of traffic ZIrecuency that can affect crossing success, but do
reflect cualitatively the importance of trzffic in affecting crossing
success. The distribution of traffic during the day (and night) is as
important as the average number—for example, if a hich frequency of
vehicles is concurrent with the apprcach of mosguitc-harassed groups to a
road/pipeline, these groups will probanly be unable to cross the camlex.

Althcuch almost all quantitative studies of CAH crcssing success have
been conducted between late May and August, there have been changes in
rossing success over the summer pericd. These changes in crossing
success may be in response to changes in seascn, but it is difficult £5
isolate changes in seascn fram other variables such as type of insect
pests and intensity of harassment bv these pests. The success of
crossing linear develcpments is gererallv lower during pericds of little
or no insect harassment in midsummer and during calving. Because most
calving cccurs north of the Kuparuk Pipeline/Spine Rcad and parturient
females are generallv more sedentarv, caribou may be less "motivated" to
cross the cchTex then, as corosed to pericds of mesquito harassment when
their motivation tc cross ancd reach insect relief itzt is greater. Cn
the other hand, during oestrid fly harassment, group size is sma.le.. anc
the reactivity of caribou toO structares anéd human activity 1s much
lower-—caribou will arproach and even utilize structures such as roads or
under buildings as £fly relief. These changes in reactivity o
develcrments and human activity markedly affect crossing success.

Group size also affects the success of CAE caribou in crossmg linear
devnlounent=——1..rce* groups have a lcwer success in crossing develomments
than do smaller groups. However, often large croups apparently occur in
response  to increasad mosquito harassment; therefore, the effects oI
moscuito harassment can not be readily isclated frcm the effects of th
social dvnamics of larce groups per se.

Buried sections of the Kuparuk Pipeline have been prez “erentially used by
CAE caribou for crossing the pipeline. Ramps which have been constructed
specifically tc facilitate caribou passage are preferred over adjacent
secticns of elevated pipeline-—-this preference appears to be especially
noticeable in arsas whers there are hich levels of traZiic alcng the roac

associated wi"'* the pipeline. Ramcs may be a very important stIucturs
for enmhancing the success by large, moscuitc-harassed c*'uu:s in crossing
abcve—crocunc  cTipelline and espec*_al:j road/abcve—grcund  pipeline
camlexes.
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It is possible that CAH caribou are adjusting to the oil/cas cevelcrment
in the Kugaruk oii field. Caribou” crossing success of scme of the
structures has incresased slightly in 1983 and 1984 frcm that of eag
years . During midsummer 1984 maternal group occupancy along the p|ne
Road increased fram that of several previous years, L-af9€ groups of
caribou that moved southward from the coast as mosquito harassment
declined then crossed the Spine Road/Kuparuk Pipeline comolex directly
between the Ruparuk River and Central Processing Facil ‘-y( h )d ther.
than paralleling the complex westward and " end-runnirg” de evi:ODe"
area as they had done the three previocus summers. ese data rellect
only one year however , and should not be considered definitive evidence.
There are no such indications from data concerning the TRPS corridor or
the Prudhoe Bay field, or concerning partutient caribou avoi'dance of the
Milne Point Road.
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Short-Term Impacts of Low-Level Jet Fighter Training on Caribou in Labrador i

FRED H. HARRINGTON'and ALA SDAIR M. VEITCH"
(Recen ed 19 September 1990, accepted in revised form VY Muren!991

A BSTRACT. The shon-term impacts on caribou (Raneifer tarandus) of low-level jet fignter trasming activity at Canadian Forces Base Goose Bay
(Labrador) were investigated during the 1986-88 traiming seasons ( April-October). Visual observations of low-level (30 m agl) jet overpasses indi-
cated an initial startie response but otherwise dbrief oven reaction by woodland caribou on late-winter alpine tundra habitat, Between 1986 and 1988.
daily effects of Jetovertlights were monitored on 10 caribou equipped with satellite-tracked radiocollars. which provided daily indices of acuvity and
movement. Half the animals were exposed to Jetovertlights: the other 5 caribou were avoided during training exercises and therefore served as con-

trol animais. In 1988. the control caribou were froma population that had never been overflown. Levet of exposure to low-level flying within the 4
exposed population did not significantly affectdaily activity levels or distance traveiled. although companson withthe unexposed population did
suggest potenual effects. The results indicate thar significant impacts of low-level overflights can be minimized through a program of avoidance. §

Key words: canbou (Raneifer tarandus). low-level flying. jetaircraft. helicopters. disturbance. acuvity, movements. Labrador

RESUME. Durant les mois de !a saison d"entrainement (d'avril 2 octobre). de 1986 2 1988. on a €tudié les retombées i court terme sur le caribou
(Rangtfer tarandus) de |’ entrainement  basse altitude des avions de combat ala base des Forces Armees canadiennes de Goose Bay au Labrador.
Des observations visuelles du vol des avions a réaction a basse aititude {2 30 m du sol) ontindiqué que. vers la fin de I'hiver. darts son habitat de
toundra aipine. le caribou des bois avait une r€action initiale de surprise. nettement perceptible mais qui ne durait pas. Entre 1986 et 1988. on a
surveillé les effets quoudiens du vol des avions sur 10 caribous équipés de colliers-radios suivis par satellite. qui fournissaient quotidiennement des
indices de I"activité et du déplacement des amimaux. La moitié de ces demiers étaient exposes au vol des avions. les cing autres étant €vités a dessein
au tours de I'entrainement pour pouvoir servir d"animauxtémoins. En 1988. les canbous témoins provenaient d'un groupe qui n'avait jamais été sur-
vole. Le niveau d’exposition aux vols a basse aititude n "a pas affecté de fagon significative ie niveau d"activité ou la distance parcourue quotidien-
nement par la population exposée aux vols. bien qu "une comparaison avec |a popuiation non exposée aux vois aif laissé entrevoir des effets poten-
tiets. Les résuitats indiquent que des retombees significzuves de vols 2 basse altitude peuvent étre mimimisees si 1'on adopte un programme visant a

éviter les animaux.

Mets clés: canibou ( Rangifer raranaus). vol a basse aititude. avion a réaction. hélicopteres, perturbation. actuivite, dépiacement, Labrador.

Traduit pour ie Journal par Nésida Lover.

INTRODUCTION

The continuationand expansion of militarv low-level flight
training activities in northern Canada haveincreased concern
regarding their impact on caribou (R ang ifer :arandus).
Northwestof Goose Bay. Labrador. NATQ forces stationed at
Canadian Forces Base (CFB) Goose Bay siarted the present
era of low-level jet fighter [raining in ! 981. The number of
arcraft flights (sorties] has increased from approximately
1500 in 1981 to over 6000 in 1988 and is projected to reach a
maximum of 18 000 per vear by 1996.

The potential effectsof this training can be conveniently
divided into two classes: short-term behavioural responses that
indicate the energetic costs and the potential for injury result-
ing from individual overflights. and long-term population
responses that indicate the cumulative effects of overflights on
population demographics and- habitat use: The impacts of jet
aircraft have only been assessed indirectly through the demo-
graphics and habitat use patterns of caribou frequently
exposed tojet activity (Davis eral..198%). The short-term
effects of jetactivity have not been svsiematically investi-
gated.

The present studv was designed [0 investigate the potential
shot-r-term erfects of low-level flving acuvity by fighter-tvpe
jetaircrart on caribou. [twas hypothesized that disturbance
due to low-level flving would be reflectedin increased activity
levels and by greater dailyv distances travelled. as animals
engaged in escape-related behaviours (running, walking) more
frequently following overtlights. These erfects were measured
bv watching the behavioural reactions of cartbou 10 low-level
overflightsand by determining the reiationship berween an

“Mount Saint Vincent University. Haiifax, Nova Scona. Canada B3M 2J6

animals daily exposure to low-level flying activity and its
dailv movement and activity levels, remotely monitored by
satellite telemerry. Our adoption of satellite telemerry — a rela-
tivelv new technology in wildlife studies (Fancy er al.. 1988)
— is one of its first appiications to remotely monitor caribou
behaviour and movements.

STUDY AREA

Within the two areas currently used for low-level training
(Fig. 1), flights to within 30 m above ground level (agl) are
permitted. Training exercises consist of navigation. evasion
and simulated artacks on ground targets. using terrain features
[0 provide cover from radar. Flight speeds are subsonic (typi-
cally 775-825 km-h™'). The Iwo training areas and CFB Goose
Bay are connected by transit corridors. where minimum  alti-
tudes of 80 m agl are permitted. The exposure of different
sites to low-level flving acrivity varies substantially within the
training areas.ranging from up to 250 flights per month in [he
southeastern sectionof the northern low-level [raining area
(LLT1) [o fewer than 10 sorties per month in the outer two
units.

Our study area included the ranges of three woodland cari-
bou (R.:.caribou) populations (Fig.1). Two small. sedentary
populations inhabit [he southern portion of the study area. The
Red Wine Mountain(RWM) population of about 700 animals
inhabits a 23 000 kmarea. which includes the heavily over-
flown southern portionot LLT1. as well asrange to rhe south.
During winter. most members of the population can be found
within LLTI. whereas a portion of the population migrates out
of LLTI prior to calving and remainsto the south or west of

Department or Fishenes and Wiidlire. University or Minnesota. St. Paul. Minnesota 55108. U.S.A. tpresent address: Department of Zoology. University of
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the training areauntl after the fail rut. The Mealy Mountain
{ MM) population of about 2000 animals inhabits a 22 000 km"~
area east of Goose Bay, which is far from both training areas.
Topography, climate. vegetatdon and other range characteris-
tics are similar for both populations. Both rangeshave
rounded. barren hills supporting 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
caribou uses the northern and northwestern sections of LLT 1
ona periodic basis, usually during the post-calving period
between June and August. Since 1984. the calving grounds
have expanded to the south-southwest. Thus, the southernmost
5-10% of the calving ground is now within the northwest cor-
ner of LLT1.

IMPACT OF LOW-LEVEL JET FLIGHTSON CARIBOU/ 319

VETHODS

Study Design

Two criteria constrained the methods chosen. First. [he
canibou's exposure to low-level flying (number of overflights)
had to be manipulated reliably, as low-level flying over any
individual animalwas expected to be unpredictable and spo-
radic in nature. Second. the methods for measuring exposure
and response had to be unobtrusive. as disturbance from moni-
toring overflights and responses could be greater than thart
caused by low-level flying. The two methods chosen. direct
visua observations conducted on late-wintering areasand
remote monitoring using satellite telemetry, seemed to best
fulfill these requirements.

Visua observation of directed overflights allowed us. to
record the type and level of response by caribou and to test the
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FIG. ;. Map of the study area and approximate ranges of three canbou populations n L;xbrnc_lor and no.rmcm Quebec. The George River ‘(GR.) pc;g::asog r;néc 15
indicatea bv the dashed line. Cg = caiving grounas of the GR popuiation. The ranges ot woodland canbou are denoted by doued lines: RW! -.m:: ' l;;c
Mountain :'opulauon: MM = Mealy Mountain populanion: nl.LTA = the northern low-‘igvei traiming area (LLT1Y s;_LTA =the northerpmnost ponx.or;c;;un::[:cosu.ué
ern low-ievel tramming area. The three unus of the aL LTA are indicated. as are the corridors between the LLTAs and CFB Goose Bay. Permanent co ;
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flexibility of directing overtlights remotely over specitic can-
bou. The use of satellite telemetry permitted us to remotely
directaircraftto specific caribou and non-intrusively monitor
‘heir responses on a daily basis. which couid be compared to a
conrtrol group consisting of caribou deliberately avoided by
aircratt or individuals from a herd not exposed to overtlights.

Observational Approach — Direcred O verylights: Visual
observations were attempted in late winter. when caribou were
in open habitat where they could be observed without influ-
encing their behaviour. Jets (F-4. F-5. F- 16. F-1 8 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 opera-
tional speed (775-825 km-h™') and at minimum altitude (30
m-agl). Usualy severd jets arrived together andtlew over the
animals at internals of less than one to several minutes.

Observations were videotaped using a Panasonic WV-3250
(18X) video camera with a Panasonic AG-2400 video cassette
recorder { 1987-88) and a Panasonic AG- 160 (6X) camcorder
(1988). A spotter kept the camera operators appraised of the
jet's approach and recorded the moment of overpass. altitude
and distance of the jet to the animals. type and air force of jet.
and other pertinent data. Caribou responses to overpasses by
helicopters also were observed for comparative purposes.
These were done before departing the observation site arter the
last jet overpassed. Helicopter overtlights were conducted at
tvpical cruising speed ( 130 km-h™") and aititudes of 50-150 m.

Videotapes were analvzedusingaPanasonic A G-1830
VCR. For the RWM caribou. the time of 1irst response relative
to [he moment ot overpass was determined. Initial responses
included: standing (for lying caribou): head-up :forlving or
feeding cariboui:and changes in movement (for feeding.
standing or walking caribou ).If [he animais moved or acceler-
ated their movements. [he duration and distance or’ movement
were measured until movemenc either stopped or returned [0
pre-overflight levels. Distances were estimated in body
lengths ( BL =1.3-2.0 mJ.asan independent measure w3s not
available. Duration and distance data were log-transtormed
betore multiple regression analyses were performed. Group
identity. composition (cows plus! |-month-old calves only.
bulls onivand mixed sex/age groups). size and behaviour prior
[0 overtlight were used as independent variables. For [he GR
canbou. distances (BL) moved by randomly selected samples
of 20-40 caribou were determined tor each 3 s period. begin-
ning 3-20s before and ending up [0 20 S arter the overpass.
For each period. half [he animals were takentroma 100 m
wide strip under the jet’s flight path. while the other halt’ came
from bevond thisregion.

Remote Monitoring of Overplighrs: We used sateltite
telemetry ( Fancy er u/.. 1988) to manipuiate and measure the
daily level of exposure and responses to low-leveitlving of
each study animal. Satellite telemetrv remotely provided dailv
relocations and anindex of the animal’s totalacuvity level
during the preceding dav.Usingthelocauons. we could
remotely direct jet aircraft either toward or awas [fom an ani -
mal’s location. By manipulating exposure leveis among ant-
mals. we could then evaluate the refationsnipbetween expo-
sure toawcrart and a caribou’s subsequent datiy movement
and activity level.

The satel] teplatform transmitter terminals (PTT)
(Telonics. Inc.. Generation ST-2and ST-3) broadcasta brief
(250 ms)digital signal once each minute. These signals are
received by polar-orbiting satellites whenever the PTT is
within view and relayed [0 Semite Argos processing centres.
To conserve battery power. our PTTsbroadcast for 8 h each
day.

Locations provided by Service Argos. athough precise to
0.0010 for both latitude and longitude (roughly 100 and 65 m
respectively). vary in accuracy. Three levels of “guaranteed”
locations average within 1 km of the true location (Barrington
eral.. 1987:Fancyer al.. 1988). In 1988.a fourth “non-guar-
anteed.” location index was added. These non-guaranieed loca-
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 Argos and second on the
number of messages received during the overpass (more mes-
sages = better signal). In 1988. if onlva nonsuaranieed loca
tion was available, this location was used only if it fell within
the range of better quality locations obtained on previous
and/or subsequent days.

The long-term (24 h) activity index. generated by a mer-
cury switch within the PTT (Fancy er al.. 1988). discriminates
wellamong running. walking andlving/feeding (S. Fancy.
pers. comm. 1989). Although variation in [he installation angle
of the switch may cause svstemauc differences in the index
among individuas (S.Fancy, pers. comm. 1989: M. Ferguson.
pers. comm. 1989: A.Ginn. pers. comm. 1989). the long-term
activity index does provice areliabieindex of relative activity
for each individual caribou.

Satellite collars were deployed in April or Mayand were
retrieved in December. arthe beginning and end of the low-
level flving season respectively. Adultfemale caribou were
captured from helicopters usinga CO. danting pistot. Either
etorphine i 1986) or carfentanil (1987-88) combined with
xylazine or acepromazine were used asimmobilants: these
were reversed with diphrenorphine or naloxone. In May 1986,
we attempted to recapture RWM caribou originally collared in
1982-35 ¢ Brown. 19861. both to expediteiocating animals
already dispersed in the lowlands and to capitalize on their .
known histories. In April 1987 3nd 1988. we attempted to ‘ %
recapture RWM animals that had vtilized suitable mess in past :
vears. In 1988, we recaptured MM caribouthat had been ini-
nally outfitted with VHF collars in 1983,

In 1986 3nd 1987.the 10 satellite collared caribou were
divided into exposure and control groups. Eachdav. the most
current location was obtained for the collared caribou 3nd
relayed to each NATO air force as etther "target” (exposure _
group) or “avoidance™ (control group)coordinates. We .3
requested as many overtlights for each target coordinate 2s§
possible. Conversely. jets were requested to stavatleast9.2 E
km away from avoidance coordinates. Followinga sortie. the
pilot reported the time. speed and altuude of all target coordi- ;g
nates flown. Field-truthing exercises. in which observers were 3
stationed at either target or avoidance Sites. were conducted in o
1986 and1937 [0 measurethe reliability of directing over- %M
flights reward or away from [he study amimals.

[n1988. the design was changed and rlights were not regu-
lated throughout LLT1. so that 2 “normal™ distribution Of
exposure ojow-leveltlvingcouldbeobtained. The number of 8
jets passing Within 1 km of each caribou was estimated fromg

htrtined ? Lath s atlia rotat e
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the records of all flight tracks tlown in the low-jevel training
areas during 1983. The tlight tracks were derived from the air-
craft’s turn coordinates. which were generated either by on-
board computers or were recorded by hand from [orographic
maps. Allanimalsin LLT1 would be considered exposure ani-
mals but would differ in their level of exposure to low-level
flving primarily due to geographical differences in low-level
flving activity.

We chose the control caribou in 1988 trom [he MM popula
tion because | ) it ensured the military completely avoided the
control animals. 2) all control animals in the RWM population
had prior exposure to overflights and 3) under the 1988 study
procedures. it was not possible to avoid specific caribou in the
RWM population. The MM population was chosen for its
proximity to Goose Bay. its similar characteristics in terms of
both caribou and habitar and its position outside the present
and historical range of low-level flying aircraft.

Data Analyses

Exposure to Oversligars: The primary Independent variable
was the measure of the caribou’s daily exposure to low-level
flving. In 1986 and 1987. this was simpiyv the total number of
reported overflights eachday. In 1988.an overflight was
defined asa jet within | km of the caribou’s location. This
radius was chosen to account tor the inherent error in our esti-
mate of the caribou’s location. anv movement that occurred
since that location had been fixed. navigational error on the
part of the pilotand because | km is similar [0 the accuracy of
reported overflights in 1986 and 1987.

Although military jets vary in their nose ourpur. we did not
control for this variation because 94¢% or’ ali sorties are tlown
by aircrart similar in noise output ( Department of National
Derence. 1989). In a studvot low-level overtlights conducted
near CFB-Goose Bav. F-2s (41 % of ail sortiesyand  Tornadoes
{30%)did not differsignificantly in peak noise level
tCanadian Public Health Association. 1987). Two other jets
flown at CFB-Goose Bay are similar to either the F-4 (F-18:
3%of sorties) or the Tornado (F-16: 20% of sorties) in noise
output (Department of’ National Detence. [989). The smaller
and quieter Alpha-jet accounted tfor oniv 6% of all sorties
tflown. Uncontrolled variation in atitude. attitude. air speed.
engine power. masking noise and topographic features. as well
as distance to the caribou. are expected to have a greeter influ-
ence on sound level than is aircratt type for the present study.

Response to Overylighrs: The two variables used to estimate
the erfectsof exposure or' astudvcaribouio low-level tlying
acuvity were daily activity level ‘and daiiy distance [ravened.
The PTT 24h activity index is suitable to compure daily vana-
non in acuvity for an individual caribou. Daily distance trav -
¢iled wasthe distance between the two highest quality loca-
uons on successive davs. Dailv distancz was not normally
distributed and was log-transtormed for ail statistical analyvses.
Seasonal variables modirving caribouactivity and movements
nctuded Jultan dav. month and season. The vanable season
compnsed the pre-calving. calving. insect and fall periods.
The pre-calving period ranfrom [he Jdate of capture in Apnior
Mav to 22 Moy andincludedumeon the I-[e-wintering areas
inthe Red Wine or Mealy mountains. as weilas spring disper-
sal into the surrounding iowlands. The salving period was
from the date of cariiest suspected calving 23 May) [0 the last
davn June with sub-freezing temperaturas. The earfiest dire
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of calving was estimated by examining the patterns of daily
activity and movements for 4-6 d periods or minimaj activity
and movement (S. Fancy, pers. comm. 1989). The insect
period was from the last day with sub-freezing temperatures in
the spring to the firstday with sub-freezing temperatures in
the late summer. The fail period followed the insect period and
continued untillow-level flying activiry ceased. Temperature
data were from Environment Canada in Goose Bay.Churchiil
Falis and Cartwright.

Other variables were the identity of the female and the
presence of a calt. Calf survival was determined by periodic
aerial surveys starting in mid-June in 1987 and 1988. Euach
female was located by helicopter every 3-4+ weeks and briefly
driven from cover (if necessary) so her calf could be detected.
When a female lost her calf between successive surveys. it
was assumed to have died in the middle of the interval.

Weather variables included minimum and maximum tem-
perature. precipitation. atmospheric pressure. wind speed and
hours of sunlight. The 12 weather variables for each caribou
population are highly correlated and redundant. Therefore, a
Principal Components Analysis using a varimax rotation was
conducted for the RWM population using al April-October
weather data collected in 1986-88 (N=642 days) and only the
198S data for the MM population. The analysis isolated three
principal components for each set of data (Harrington and
Veitch.1990): factor | (temperature) was an indicator of tem-
perature: factor 2 (precipitation) was a combination of precipi-
tation. barometric pressure and hours of sun: and factor 3
(wind) largely.comprised wind speed and atmospheric pres-
sure. Thesethrez normalized weather factorswere used o
examine the relationship of weather to activity and move-
ments.

Regression Analvsis: The daily influence or’ low-level fly-
ing activity was examined using regression analysis on [he set
of variables. The anaivsisbeganwitha step-wise regression.
using one of thetwo dependent variables asthe Y variate. 0
isolate a subset of predictors. From these predictors. amodet
was tested using multiple regression. Residuals from this analy -
siswere plotted against variables to determine if other system-
atic variatton might still reside in the data. All analvses were
conducted using SYSTAT on a VAX 8330 mainframe com-
puter.

Overslight Stimulus

To characterize the sound Of 2 low-level overpass. audio
recordings of overpasses were collected ontwo dayszn198_?
using 2 Nagra Model 4.2 reel-to-resitape recorder ar38<m-s
and an Electro-Voice D034 omni-directional microphone. The
modulometer and potentiometer of the Nagra were Set 10 act as
a sound level meter. so that peak sound pressure level 3s weil
as change in amplitude could be recorded throughout the over-
pass. Peak sound pressure ievelswere measured bva Bach-
Simpson Modei 386 Sound Level Meter. using the fastsetting
on the C scale.

RESULTS
Overylizit Observanons

Red Wine Mountain Caribou: Observations of overtlights
were conducted 1n the Red Wine Mounmains on 13 Apnl 1987
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ad 28 and 29 Apni and 3 May 1988, The terrain of heavily
laciated hills with only low boulders and alpine tundra gave
e protective cover. Most caribou were observed at dis-
inces of 300-750 m. and vidhility wasseveral kilometres.

Atotal of 40 overpasses were tlown over eight groups of
aribou (Table 1). High (300 m agh) or wide (>75m)over-
asses caused detectable responses oniy38<%or the time
N=16 overtlights). Direct overflights (30 m agland within 50
a10of the animals). on the other hand. resulted in overt
esponses significantly more often (88% of the time [N=24];
3-test. P<0.00 ). The median time toreact(0 s) was presum -
bly in response to the most intense sound of the overpass.
levenof 2| direct overflights began with startle responses. in
vhich caribou suddenly scrambled to their feet red/or bolted
everal body lengths away, coincident with the jet’s overpass.
light of 10 responses thatbegan prior to the jet's pass
securred when caribou sighted the jet ata distance.

Although caribou usually began to run after [heir initial
-esponse (22 of 27 overtlights), they began slowing almost
mmediately. The median time from beginning to end of
novement was 9 S. with the last half of this period done ata
slow walk. If animals had been feeding, standing or walking
orior to the overpass. thev resumed similar behaviour within
‘he next minute (13 of 15 overflights). Animalsthathad been
tvying before the overpass usualy continued to stand for at
ieast aminute following the overpass (10 of 12 overtlights).
However. during the next several minutes. animals either
began [, feed or lav down again. and by 3-10 min arter the last
overpass. behaviour had returned to pre-overflight level.

A multiple regression analysis. using data from direct over-
tflights (N=24), indicated that only behaviour prior tothe over-
pass was significantly correlated with the level of response
(Table 2). When canbou were walking prior to the overtlight,
thev reacted sooner (P<0.05) and ranlonger (P<0.03) and far-
ther (P<0. 0| Ythan did caribou that were fezdingsstanding or
lving prior tothe overpass. Group identity (P>0.7). composi-
don(P>0.6)and size (P>0.1) were not svstemarically refared
toany response variable.

One seriesof seven overpasses by a Bell 206L helicopter
was tlown at 30 m agl over a group of eight adult male caribou
in t1987: the group had not been overtlown by jets earlier that
day. These animals were travellingat awalk prior to the over-
passes, [n1988.three helicopter overpasses were tlown 15
min atter the last of eight jet overpasses over agroup ot eight
bulls. Prior to the helicopter overtlights. the animuls were
either bedded ortfesding. In all cases. every caribou reacted
prior to the helicopter’s passing ( Table 11. The animals sighted
[he helicopter and trotted oOr galloped directivaway from its

path. They continued to gatiop hard until [he helicopter passed
overhead. when thev turned to the side and slowed their pace.
The animals continued to move for another 8-2.7 s afier the
helicopter passed and moved atotal of 22-180 body lengths.

The group gvertlown on [he same day by both jer and heli-
copter aircraft responded significantly sooner to the helicopter
and ran sigmficantly longer and farther than it did in response
to the jets (Mann-Whitney U: P<0O.051.

George River Curibow. Qbservations of jet overflights of a
group of approximateiy 500 GR caribou on upland tundra
were videotaped on 13 May 1988. Asteepridge provided us
with a panoramic view of the caribou in a relatively flat valley
30 m below. Hard. crusted snow covered 70-80% of the
ground. Three independent surveys (total caribou = 276)indi-
cated an average composition of 38% cows. {9% 1 -month-
old calves: 23% hulls.

Between 1250 and 1302 h. six series of atotal of 13 over-
flights by F-16 aircraft were observed (Tabie 3). The jets
arrived in the area in groups of two and three and were
directed individually over the centre of [he caribou group at
intervals of 6-225.During the firstthree series. when many
caribou (30%) were still lving, only 15% (N=60) reacted
before the initial overpass ot each ‘series. During the last three
series. when all animals were standing. feeding or walking, an
average of 50% (N=113) reacted prior to the overpass.
However. the absolute level of this reaction was low; the maxi-
mum distance moved prior to a series of overflights was 10
BL (15-20 m) and the meanwas 2 BL (3-4 m).

Most caribou (70%:N=260:13 overflights) reacted sud-
denly. scrambling to their feet and bolting forward as the jet
passed. Although 90-93%% of the caribou began to run. most
began slowing shortly urfter the overpass.TFirty-five percent
stopped moving within s, and 63%had stopped within 10
of the overpass. uniessanother jet passed over in the mean-
while. Total median distance moved during a single overpass
was 3 BL (12-16m). ranging to a maximumot 34 BL (50-68
m) for the second overpass in 1 series OF' two.

Caribou within 30 m of the jet'sflighttrack moved a
greater distance in response to anoverpassthan those farther
away(9.9=1.8 mvs 42223 m: 9 overflights/360 caribou:
Two-way Anova: P< 0.001 ). All caribou within 50 m of the
flight track ran. but7%(N=1 s0) or those animals 30-100 m
from the flighttrack did not run.

Five overpasses were tlown by an A-Star 300D helicopter
one hour atter thelast set or’ jet overpasses. Most (90%) cani-
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 toan overpass and the median animal had moved a

TABLE 1. Summury of response parameters of Red Wine Mountain caribou to jow-level jetand helicopter overrlightsinthe Red Wine
Mountains 1 1987 and 1988 (raw data in Harringron and Veuch. 1990)

- - S
Responses 10 igh or wide uverpasses

Group data Responses o direct overtlights’
Arreraft Size N Latency Duration’ Distance* R/TO Latency Durauon Distance R/TO
Jet o33 b 0 Y 12 2124 0 < 5 6/16
Heticooter b 2 - 19 35 3/8 - s 3 22
——————
Durect overtlights: 30 m slutude and € 30 m o vide.
High and vide overtlights: > 3 m aittude and/or > S0 m 1o vide.

“Medtan {gtency sy messured reistive 10 the overtuss Uy = overhead).
“Median duration of movement in seconds.

Median disfance moved > expressed i canbou bogy lengtny LI 20 mo
RTO = pumner of averrHghis with vvert responses,1otal numoer ot vvertlights




distance of 83 BL ( 125-150 m) before the helicopter passed
overhead (Table 3). After the helicopter passed. the animals
turned andran back opposite their initial direction. Although
they now ranata slower pace. the median animal stll moved
another 36 BL (53-70m) over the next 20 s,

GR caribou ran longer and farther in response to helicopter
overpasses thunto jet overpasses (N=18 overflights: Anova:
P<0.001 ). The greatesttotalmediandistance movedin
response to a jet was 34 BL (50-68 m). This was exceeded by
every helicopter overpass by a factor of two or more. Caribou
alsoran harder from the helicopter. The maximum rate of
movement per 5 s period during an overpass was more than 45
BL (68-90 m) for the helicopter. but only 28 BL (42-36 m) for
the jets. while the median maximal rates of movement were 39
and 6 BL respectively. Seventy percent of the response to the
helicopter occurred prior to the overpass. whereas nearly all
the response to jets occurred after the overpass.

Field-Truthing of Direcred Overflights

Observers placed at five dummy target sites in 1986

recorded atotal of 39 jets. Mean distance of jets from the tar-
ger Coordinates was 225262 m (N=33 Jetsi. Forty-two per-
cent passed within 30 m of the target. Onlv 34% of observed
overflights were reported by piiots. indicating that exposure of
target canbou to overflights in 1986 may be underestimated by
half due to underreporting by pilots. However. an analysis ot
jet flight track data. caribou locations and overflight reports
indicated that overflight report dataand flight track data were
highly correlated 1r=0.89:P<0.01). Therefore. overflight
reports do provide areliable index of relative exposure to low-
level aircraft activity.

In 1987.56 jets were observed art'target sites. Mean dis-
tance from rarget was 1702263 m (N=32)and 60% of jets
were within 50 m of the target. Significantly more overflights
were reported in 1987 (82%) than in 1986 (G-test: P<0.01).

TABLE 2. Relationship betweenleveiof response to low-level jet
overpasses and behaviour of caribou prior to the overtlights

Behaviour prnor Latency s) Duration (51 Distance (BL)

1o overtlight N*  Median ranges  Median (range)  Median trange)
Lving 10 0 =0 34023 4 (0-30)
Feeding/standing & 0 =1 0l 8 (0-62)
Walking 6 —  =T-D S (1328 51 (2380

*N = number of overtlights.

TABLE 3. Median distance moved by George River caribou during overtlights by jet and helicopter aircrart on

Hamngton and Veuch, [990)
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following 2 more rigorous procedure for reporting instituted in
1987. Virtwally all(400of 42)reported overflights were
observed by us in the field.

Observers stationed near four avoidance sites recorded 2
total of six jets (out of a possible 64) within the surrounding
9.2 km control zone. Their mean distance from the avoidance
coordinates was 3.6x1.3 km. and no jet passed within 2 km of
the avoidance site. indicating that control caribou locations
were being avoided successfully.

Remote Monitoring of Overtlights

Atotal of 1 SRWMand+ MM caribou were captured.
equipped with PTTs. and monitored berween 1986 and 1588
(Table 4).Locations were obtained 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% of
days. Activity indices were obtained on 97% of possible days.

1986 and 1987 Low-Leve!l Flving Seasons. In 1986 and
1987. both daily activity levels and distances moved vaned
nearly twofold among the animals (Tables 5 and 6). The varia
tion in exposure to overflights was similar in 1986 and 1987.
ranging from none to +4.5 per day among the caribou. The two
caribou exposed [0 the greatest number of overflights had
intermediate values for both dailv activity and distance trav-
etled in 1986. The two most overflown animals in 1987 had
both the highest and the lowest mean activity indices and
moderate to-nigh vaiues for daily distance. The three animals
never overtlown had relatuvely low mean actvity indices but
low. medium and high values tor daily distance travelled.

1988 Low-Level Flving Season: Flight rack data from 83 %
of the sorties flown during 1988 indicated that exposure levels
varied more than tenrold among the RWM caribou (Table 7).
Two animals had an average of one jet or more per day within
1 km of their Jocation. whereas the other three were exposed
only once zvery 2.5-10 davs. Mean activity indices and daily
distances travelled for RWM animals were similar to previous

ther variable was correlated with ananimal’s exposure to
overflights (Anova: df=2.22:P>0.4 and O.? respectively). For
MM caribou. mean activity indices and daily distance T3V -
elled were less than those obtained for the RWM animals in
1988 (Tabie 7) but were similar to RWM animals in previous
vears (activity in 1987: daily distance in 1986). Overall. MM
caribou moved less on a daily basis in 19S8 than did RW™M
caribouover the three vearsthey were foilowed (Anova:
df=1.27: P=0.049). but the two popuiation sampies did not dif-
fer significantly in mean daily activity level (Anova: df=1.27:
P>0.3.

13 Mayv 1988 (summarized from

—_——
Intervai wn refation 1o overtlight’

Aircraft N7 -20s 15 ~-10s -3 ~33 =10 el
Jet' 13 — — — 0% 0412 0 (0-15 0 (0-101 0 (0
Heficooter” 2 V-2 12 1127 18 13-30) REFEENCL 23423 8§ (0-39% 240-07

Negauve miervaly immediately precsded the overpass: posiuve mtervais followed the overpass.

™ = number of overtlights.
“Alutude of jet overtlignts vaned between 25 and 60 m tmedian = 30 mo.

sl rem e n 2am00u DodV lengths 1.5-2.0 m, with the range in carentheses.

Euch inaividual overrlight median s dased on sampic
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Regression Analvsesof Activity and Daily Distance
Travelled: The 24 hactvity index and daily distance ravelled
are correiated variables. as directional movement is one com-
ponent contributing to the total activity index. Thus daily 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 significantly related to the daily dis-
tance travelled by the animals (Table 8). In general, daily dis-
tance was lowest during the calving period. highest in the
insect and fall periods. and also increased after afemale had
lost her calf. Whenthe RWM and MM data sets for 1988 were

TABLE 4. Red Wine and Mealy Mountain caribou followed with
saellite telemetry between 1986 and 1988

Initial #

Caribou®  Age’ capture’  recapures  PTT-vears®  Comments®
RWFO13 9 03/19/82 6 3 PTT-F (88/296)
RWFO16 8 03/20/82 3 2 PTT-F (S7/114)
RWFO035 7 03/27/83 2 !

RWFQ37 7 03/26/83 5 2 PTT-F (88/250)
RWFQ39 12 05/09/86 ? 2

RWFO40 12 05/09/86 [ 1

RWFO4 | 9 05/09/86 0 1 Mort. (86/235)
RWF043 14 05/09/S6 ! 1

RWFQO4d 1 4 05/12/86 3 2 PTT-F (877273
RWEO4S (2 0S/15/86 | 1 PTT-F (86/177)
RWF046 10 04/04/87 | 1

RWFO47 3 04/05/87 1 I

RWFQ48 5 04/05/87 | 1

RWFDSO 6 04/1 0/s7 1 |

RWFGS 1 9 04/02/s7 1 [

RWEQs2 3 04/05/s7 3 2

RWFDS3 2 04/07/38 1 ! PTT-F (55/279)
RWFO:sS 1 07/04/88 1 1

MMF0O0 | 8 04/10/85 | 1 Mon. (88/224)
MMF002 6 04/02/85 7 1

MMFQ003 12 04/10/s5 2 i

MMFOO: 3 (34/20/s5 3 ! PTT-F (55/106)

‘Caribou: RWF = Red Wine Mountain femalee MMF =
remalc
®Age calculated as of resumed birthdate in 1956.
(‘anbou captured Erlor 10 1986 were initially outtinted with VHF collars.
PTT-vears = number or’ low-level flying seasons weanng

‘PTT-F . PTT tailure: Mor. = Moraiity. Year and Julian dav of death are
given in parentheses.

Mealy Mountain

TABLE 5. Summary or daily data collected for satellite-collared Red
Wine canbou during the 1986 study semen

Canbou Activity index  Distance travelled (km) Overtlights reported
RWFOL3  141236" (7D 28222 (10b 342530 (163
RWFO16 208%68 (17O 34£25 8N 0.1:0.6 (163
RWED3S 122247 135 0223 78 0.1=1.3 (13D
RWF037 143266 (170) 31E24 (153D 0.0=00 (165
RWTF039 137233 (176) 378298 0.020.0 (16>
RWF0 19237 (10 3124 69 0.0£0.0 (163}
RWF] 116=33 106y 20£29 (TH TR (95)
RWFO43 119260 1 176) 2.6£3.0 (120 O04zi6 (163
RWFO 156=3% (173 29225 (135) 2330 (163
RWFD45 Q7273 2Dy 238£27 3D 0.120.5 (3N
Grand mean 1467000120 28225 (95 0.8x29 (18D

e

Mean = sd (numoer ol Javs).

considered together.the population variuble accounted for the
greatest amount of variance ( 1.8%): on average. MM caribou
moved significantly shorter distances on a daily basis than did
RWM cartbou. The total amount of variance explained by
these correlated variables. however. was under 5% in any
vear. The level of exposure to low-level flying, as measured
by the number of overtlights. was not related tothe distance
an animal travelled each day.

For the 24 h activity index. daily distance favelied
accounted for aboutt5% of the variance (Table 8).
Temperature, a weather component, accounted for another
5%. while season. individual andcalf survival together
accounted for an additional 5%. 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 greater daily travel rates were taken
into account. The index was lowest during the calving per_iod
and was lower for females accompanied by caves. MM car | -
bou had lower 24 h activity indices. even when their. shorter
daily travel rates were taken into account. In all. these vari-
ables accounted for 20-32% of the variance in the 24 h index.

TABLE 6. Summary of daily data collected for satellite-collared Red
Wine caribou during the 1987 study season

Canbou Activity index  Distance traveiled (km) Overtlights reported
RWFO13 98+46' (137 3.0522 (5D 32451 (208)
RWF016 11=65  iH) =21 b 0.020.0 (D
RWF039 113248 (190) 35223 78 0.0=0.0 (206
RWENL 13748 1160 275360 190 15229 (17T
RWF046 120=34 (104 10226 (185 0.2%1.2 1206
RWEQ47 143254 (206 353224 (7D 0.8=2.0 (208
RWF048 128=56 1205 352030 (198) 0.120.6  (208)
RWFO050 111=49 (07 24225 (184 0.0=0.0 (21O
RWFO3S1 [10=37 (207) 2.6T2S (18 0.1=04 (209
RWF0S2 174247 (206) 35222 (13 1576.6 (208
Grand mean 126256 (1304) 312224 (1339) 1L1=3.4 (1857

—

'Mean = sd (number of days)

TABLE ‘. Summary of daily data for satellite-collared Red Wine and
Mealy Mountain caribou during the 1988 study season

Overtlights

Canbou Activity index  Distance travelled (km) (4 jets < 1 km}

Red Wine Canbou

RWFD13 138202 1199) (10h 1.0£25 (209
RWTFQ37 113233 (157 (140) 04£1.3 (13N
RWFDS2 {62253 (175 (160) 17336 (179
RWFD33 168=39 (180) R (170 0.1%0.7  (13h
RWFJ33 143=31 1120 18=2.0 12O 0.3%1.8 (120
Grand mean 146z20 (331) 3.3%21 (69 0.3=2.3 (836
Meaiy Mouncain canbou
MMFOO1 135278 (119 (108%) —
MMFO02 111=22 200 1173 —
MMFDO3 138=74 (20D (198) —
MMFNOL 108=3) (174 (153 _
Grand mean 12tz 1699) 2.6=27 (63 _
e ——— Z———ﬂ

"Mear = sd (number of days)
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TABLE 8. Contribution of predictor variables tothe variance in the daily distance travelled and the 24 h activity index. 238 determined by muiti-

pie regression

Predicior 1986 season | 987 season 1988 Red Wine 1988 Mealy Mountain
vanable %o explained P % explained P ‘e explained P % explained P
Dependent vanabie = daily distance traveiled
Individual — 0.9% 0.002 Ll 4.001 —
Calf survival . 0.4% 0.013 — —
Julian day 4.1% <0. 001 —
Month 0.7% 001 - -
Wind - 1.3% 0. 002 -
Dependent variable =24 h activity index
Daily distance 15.4% <0.001 18.6% <0. 001 11.220 <0.001 21.6% <0.001
Temperature 2.0% <0.00 | 7.7% <0.001 8.6% <0.001 7.1% <0.001
Season 1.6% <0. 001 - 3.4% <0.001 1.1% <0.00 1
[ndividual | 4% <0.00 | 1.5% <0.00 1 1.2% <0.00 | 22% <0.00 |
Calf survival na” 0.3% 0.033 1.0% <0.001 —
Overflights — 3.5% <0.001 — na
\Only those values sigmificant at P < 0.05 are shown,
na = not appiicable.
. 1404
Overflight exposure was significantly correlated with activity Q |
level only in 1987. N’ I
Overflight Stimulus = 1207
Regression analvsis of 32 low-level overpasses. using alti- E' ]
tude. horizontal distance and aircraft type as independent vari- 100
ables. indicated that noise level decreased 6.9 dBevery 100 m L ]
from [he jet’s flight path (r=-0.8 17: P<0.001 ) (Fig. 2). Sound % i
level also decreased at the rate of 5.9 dB per 100 m altitude. N .
Aircraft (F4 and Tornado jets only) did not differ significantly N 8-
in noise level (P>0. 1). The maximum noise level recorded was E .
131dB for a direct overpass at 30 m agl.and mean noise level o 4
for close overpasses (within =30 m of flight track) was 1 15=8 .
dB. Q 604 }
Noise level increased rapidly as a je[ approached. rising % .
from ambient levels to a maximum in about | s. Sound level e ]
dropped immediately after the jet passed over but did not ) ]
return to ambient levels for another 10 s or more. The noise 40
was broadband. with peak amplitudes between land 4 kHz. 30 100 250 500+ m

The amount of warning we had of a direct overpass was
dependent on background noise. On calm days we could hear
the approach of a jet 10-20 s before it was overhead. but on
windv davs. especially when surrounded by trees. we had little
warning of an Overpass.

DISCUSSION
Behavioural Response to Overylights

Our observations indicate that the initial response of cari-
bou toa low-level jet aircraftis causedby [he sound of [he
overpass. not the sight of the jetr. The usual response to ssud-
den. intense noise is the “startlereflex.” withits concurrent
acuvanon or the sympathetic nervous svstem(Moller.1978),
Direc: overpasses will produce sounds with the most rapid rise
[lines andhighest peak levels and thus should cause the most
intense startle reactions. In addition. due [0 the retlex narure of
[he response. habiruation [o such stumuiiis not likely. Overpasses

pistTaNce FROM  JET

FIG. 2. Mean sound pressure level (dBc) of F4and Tornado jet overpassesare
shown as a function of mean distance from flight track. Vertical bars connect
mimma and maxima: boxes enclose standard errors of the mean: horizontal
dashes indicate the mean.

Startle responses may be especialy demrimental to cartbou
duning calving. causing problems such as stillbirths, cow-calf
separations or injuries to newborn calves(Banfield. 1974:
Cowan. 1974: Miller and Broughton. 1974; Miller erai..
1988). Panicked cows and calves during thaw could result in
calves mired in wet snow. Startle responses may have more
subtle effects. such as reduced milk production {Elvand
Peterson. 1941)and calf thyroid function (Ames. 1971 .
Possibly. calves exposed to frequent overflights may grow
slower and could consequently suffer higher mortality from
increased predation. inability 10 cope with inclement weather

e rha cmnrmeticdamanAc AF commaer MAavements and INSECT
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Startle reactions may also be detrimental where sudden
movements can result in injurv because ot rugged topography.
especially when ice cover reduces traction. [njuries are also
poss ble when animals are congrezated in groups. especially
when constrained by deep snow, river crossings or icy ridges.

Following theinital startle. the animals” responses fol-
lowed a time course similar to thatof the overpass itself. If
animals tegan [0 run. maximum rate was reached almost
immediate!y and within 5-10 s they had stopped. Following an
overpass. the caribou often oriented to the receding jet. appar-
ently watching it. which suggests thar the visual image of the
jet becomes animportant focus after the initial startle. Within
the first minute following an overpass. most animals appeared
[o refax [heir vigilance (e.<.. lie down or lower head and feed)
and resumed former activities within several minutes of [he
overpass. On those occasions when caribou could watchan
approaching jet. the animals reacted before the pass. thereby
running slonger period. These more prolonged responses are
to be expected in open habitat. as caribou in forested habitats
are unlikely to see jets. except briefly 3sthey recede.

The slower air speed of [he helicopter gave advance wam-
ing of its approachand thus reduced [he startle impact. The
caribou began [0 run sooner and ran significantly longer than
during jet overpasses. Following asingle helicopter overpass.
the animals were displaced farther thantor jet overpasses. The
longer overpass time and [he visual stimulus of a helicopter
suggests thatthey may cause greater avoidance responses in
caribou over time than would jetaircraft. as the latter are
rarelv observed by the animals prior to the overpass. In addi-
tion. helicopters are the onlv aircratt likely [0 actively pursue
caribou. either through [he piiot’s curiosity or during wildlife
management operations (e. g.. captunng/collaring. classifica-
tion survevsi.Caribou that are pursued bv helicopters may
learn to associate heiicopters with the threat posed by preda-
tors. intensifying the response withihe reinforcement of peri-
odic exposure.

Impuct of Low-Levei Fiving on Energy Expenditure

The 24 h activity index appears to be the most valid ot our
two daily measures of impact. First. this index wassigniti -
cantlv and consistently correfated to a number of biologically
relevant variables. Second. it is anabsolute measure of head
movement that isrelated in predictable wavs to standard mea-
sures of activity (running, waiking, teeding/resting). The other
“dependent variable, daily distance travelled. has a significant
amount of error ( 20-40%) on the scale of movements made
daily by woodland caribou (24 km-dav™"). Also. when move-
ments are not strongly directional. dailv distance willunderes-
timate actual distance [rave lled. The location data are better
suited [0 analvze home range use. which is a more valid indi-
cationof long-term disturbance (Barrington and Veirtch.
1990).

Netther the 24 h activity index nor [he daily distance trav -
elled was consistently related to [he degree of exposure to
low-level flving aircrart. These findings are consistent with the
directed overtlight observations. which indicated that the ani -
mals’ reactions to an overpass were short-lived.

Heartrate telemetrv. however. shows that hewt rate often
stavs elevated after anyvinitial overt response hasended
(Kanwisher ¢r al.. 1978: Moen e¢r ul.. 1978; MacArthur ¢ Ji..
1979). The overt response of abighom sheep (Ovis canuden-

siscanadensisywshelicopter overpass (MacArthur er ul..
1979) paralleied that of caribouto jets in the present study
[bus it is likely that heart rate similarly remains elevated fo
several minutes following a jet overpass. However. the energy
expenditure associated with an elevated heart rate. in the
absence or an overt behavioral response, is equivalent ¢
moving only a few body lengths (Flovd er a/..1988). The one
significant correlation between exposure [o overflights and
daily acuvity index in 1987 suggests [hat under higher level:
of exposure. as occurred when particular animais were being
deliberately overrlownby jets on 3 daily basis, aslignt
increase or’ stew percentage points in overall activity level
may occur. consistent with Geist's 11971 ) calculations on the
costs of harassment in caribou.

Overall Impac:s of Low- Level Jer Overylights

Our results indicate that the greatest impact of low-level
flying jet aircraft wiil be due [o the startle reactions caused by
the loud and sudden noise of low..direct overflights. Peak
sound pressure levels in excess of 120 dB-occurred with direct
overpasses at 30 m agl. but peak levels were typically less and
fell off rapidly (7 dB/100 m) 3s distance from the flight track
and jet dtitude increased. Beyond 250 m from [he jet’s flight
path. the mean sound pressure level for jet overpasses was
under 90 dB. which is less aversive in domestic and wild
mammals (Mancier al..1988). Thus. the “disturbance foot-
print” of an cverpass iS probably confined to a width of less
than 500 m. Asmost low-level [mining flights are at 30-150 m
agl( Deparment oi’ National Derence. 1989). however. every
jetstllhas she potential [0 disturb caribou within this 500 m
comdor.

Data collected in1988 on satellite-collared canbou and jer
tlight tracks indicate that oversiights close enough [0 elicit
startle responses by caribou are inraquent under present leveis
or' flying. The animal designated as RWF052. which spenr
most of the 1988 low-level flying season in the heavily used
southeast comer. would have experienced one or more over-
passes -vithin this 300 m wide “disturbance corridor.. once
every eightdays. on average. For other caribou. the freguency
ot such overtlights w3s much less. However. it is possible that
under the higherleveisof low-level flyingactivity expected by
1996. some cariboumay be exposed to an unacceptedly high
number of overflights during sensitive periods. Any poten-
tially adverse impacts could be minimized by monitoring jer
flight paths through the Red Wine population range. so that
excessive exposure of speciric areas can be avoided. particu-
larly during the calving period.
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Calving Success of Woodland Caribou Exposedto Low-Level Jet Fighter Overflights
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ABSTRACT. Effects on woodland canoou (Rungifer tarandus cartbowr of low-levei mulitary jet iriming at Canadian Furcas Base - Goose Sav
(Labragor) were studied dunng the 19%6-38 trmming seasons. Caif survival was penodically monitored Juring 1987 and 1988 in a sampie of 15
females weanng sateilite-racked ragiocoilars. Dunng 1987, zach femaie’s exposure (0 low-levei overtlights was expenmentally manipulated on 2
daily basis. In 1988, daily exposure was detsrmuned by analyzing jet rlight tracks foilowing the low-level tlving season. Calf survival was monutored
by survey tlights every 3-2 weeks. A caif survival index. the number of survey periods (maximum = <) that a cow was dccompanmed by a caif. was
negauvely correiated with the female’s exposure to low-levei jet overtlights dunng the calving and immediate post-catving penod and again dunng
the pentod of insect harassment dunng summer. No significant refanonship between calf survival und exposure 10 low-levei flying was seen dunng
the pre-caiving penod. during the iate post-calving penod prior 1o insect harassment. and dunng fall. In view or the continued depression of popula-
ton growth in the woodland canbou population within the low-levet training area, jets should avoid overtlying woodland canbou calving range at
least during the last wesk of May and the rirst three weeks of June.

Key words: cartbou. Raneifer rarandus car:bou, calf survival, low-level tlying. jet aircraft., disturbance. Labrador

RESUME. Autours des saisonsd’entrainement de 1986 2 1988. ila base des Forces armees canadiennes de Goose Bay au Labrador. cn a étudié les
retombees SUr le canibou des bots (Ranytfer :arandus cartbou) de I"entrainement 1 basse altitude sur des avions militaires 3 réaction, En1987 et 1988.
on a observé periodiquement la survie des veaux dans un échanuilon de 15 femelles équipées de coiliers émetteurs suivis par satellite. Err 1987. on a
manipulé quotidiennement de racon expérimentale |'sxposition de chaque femeile 3 des survois i basse altitude. En 19X8. on adéterminél’exposition
guoudienne en analysant le parcours dcs avions  rézction apres [a saison de voi 3 basse altitude. On 2 observe la survie des veaux en erfectuant des
releves op voltoutesles3 OU 4 semaines. Unindex de survie des veaux ~ [e nombre de fois i maximum = ) durant les reievés od une femeile stant

accompagnee d'un petit — a été corrélé neganvement 3 |"exposition de la femetle au survol 4 basse aititude des avions 2 reacuion au tours de a mise
bas et de la periode lui faisant immeédiatement suite. ainst que durant la saison estivale de harcélement par jes insectes. On n’a observe aucun lien sig-

nificauf entre la survie des veaux 2t I"exposition aux vois 3 basse altitude au tours de la période preceédant !a muse bas. au tours de la période tardive
swvant1a mise oas et préceédant celle du narcelement par lesinsectes. ainst que durant |'automne. Yu [a baisse conunue de !a crowssance de popula-

uon du caribou des bois a I'intenieur de la zone d”entrainement 2 basse aititude. les al’ions 3 réaction devraent éviter de survoler le temrore de mise

bas du caribou des bois au moins durant fa dermiere semaine de mai et les tross premieres semaines de juin.

Mots ciés: caribou. Rangifer :arandus caribou. survie des veaux. vol 2 basse altitude. avion i reaction. perturbation. Labrador

Traduit pour le journal par Nésida Lover.

dvnamics and behaviour. Previously. Davis ¢r ul. (1987
assessed the long-term impacts of jet aircraft activity through
population-wide habitar use and demographics. We assessed
long-term erfects on an individual level by determining the
relanionship berween an animal’s exposure to low-level flying
and its corresponding calf survival. An individual’s exposurs

INTRODUCTION

Viost studies of aircrart impacts on caritou (Rangifer iarandus)
have focused on the short-term effects of overtlights (Klein.
1974: Calef ¢r af.. 1976: Surrendi and DeBock. 1976: Miller
and Gunn. 1979: Gunn er af.. 1985). Although knowledge of

the nature of these shori-term effects and the varables inrlu-
encing their severity is imporant. these studies fall short n
terms of answering a more fundamental question: does aircrart
disturbance have a negative impact on population dvnamics in
the long term (Bergerud er al.. 1984). The validity of extrapo-
lating from short-term reactions of individuals to long-term
impacts at the level of the population has not been proven. For
exampie. 3 minutes of hurd running in response (o an over-
flight may appear (o have a greater potential long-term impact
than a brief startle rfollowed by several minutes of alert
behaviour. But if the energy expencad in running can be
recouped the same day by extending 1 foraging bout. whereas
the physiological depression of lactauon caused by the startle
reduces the caif’s miik intake by 23%. then the impact on pop-
ulation growth may be the reverse. Consequently. both short-
term and long-ierm erfects must be monitored to more fully
assess the impacts of aircrart disturbancs on cantou.

In our study of the short-term effects on woodland canbou
\R. r. carbowr of low-level flving acuvity by fighter-type jet
airerart in Labrador «Hammington and Veich, 1991). we also
investigated the potenuai for iong-ierm 2rrects on population
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t0 low-ievei overtlights was assessed on a daily basis. whereas
calf survivai was determined every 3+ weeks. We hypothesized
that frequent overrlights during the calving and immediats
post-calving periods would reduce calf survival as 4 conse-
quence of the startle responses caused by low-level overpasses
{Harmngton and Veitch. 1991).

STUDY AREA

The studv area encompasses the ranges of two woodland
caribou populations Fig. 1. The Red Wine Mountain popuia-
tion of about T00 animais ( Veitch. 1990) inhabits a 23 000 km”
area that includes a heavily overrlown portion of the norhem
low-level training area. Severai NATO-member air forcas
engage in low-levei jet fighter training there petwesn April
and November 2ach vear. During winter. most Red Wine
Viountain caribou can be found within the training arez.
whereas a poruion of the population migrates out pror 0 cain -
ing and remains 1o the south or west of the training arez unti
atter the fall rut. The Mealy Mountin population of about
2000 animais  Hearn and Lurtich. 1987) inpabits a 22000 Am”
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7iG. . The study area and approximate ranges of two woodlanag carbou popu-
‘utions in Labrador. The ranges of each popuiauon are cenoted by dotted
1es: RW = Red Wine Mountain popuiation: MM = Meaiv Mountain popula-
on. nLLTA = the northern low-leve! raining area: sLLTA = the northern-
..0st portion of the southemn low-level raiming area. The three units of the
aLLTA are indicated. as are the comdors betwesn the LLTAs and CFB Goose
Ray. Permanent communities are indicated bv circled stars.

-ea cost of Goose Bavand is removed fromoth [raining
-eas. Topography. climate and vegerauon are generallyv simi -
.rtor theranges of both caribou populations. Eachrange
:ncludes an area of rounded. barren hillssupporting alpine tun-
a. providing late-winter forage whendeep snow in the sur-
>unding lichen -conifer forestplatzaulim:tsforaging
Jpportunities and impedes traveit Brown. 19861,

METHODS

We used satellite telemetry. Plattorm Transmitter Terminals
PTT). 10 manipulate and/or measure the daily ‘reguency of
(posure to low-level flving of 2ach studv ammai - Harmingron

and Veitch, 1991, Satellite telemetry allowead us 1o locate
zzch animal as often as daily without disturbancz. Using these
canons. jet arrcrart (Alpna-jet. FL. Fia, Fi8. une Tormadoes)
ere direcied either toward or away from an 2mimal’s loca-
on. By manipuiating exposure freguency among xnimals, we

Aduit remule canpbou were aptured grior o the beginning
or :he low-jevel flyving season 2ach spring by darting from
helicopter 1Beil 206B. 206L .. Euch amimai was outnitted with
a satellite collar contamning ¢ PTT (Generation ST-2 or ST-3:
Teionics. Inc.. Mesa. Arizona). These collars were retneved in
winter {or refurbishment.

Locations obrained irom Service Argos (Landover. Mary-
land) through satellite telemetry vary in accuracy. Three levels
of “guaranteed” locations average within | km of the true
location (Harrington er al.. 1987: Fancy er af.. 1988). which is
simiiar to the accuracy of locations we obtain using VHF
radiotelemetry. To minimize !ocational error. only the best
location obtained 2ach day was used. This was chosen first on
the basis of the qualiry index assigned by Service Argos and
second on the number of messages received during the over-
pass (more messages = berter signal). Locations were not
obtained on all davs. The percantage of days with locations
(Location-davs} varied among PTTs and tended to decline
several months arter a2 PTT was deploved (Hamngton er al..
19877, During the caiving and immediate posi-calving periods.
however. Jocations were obtained on $3% of days in 1987 and
98% of davs in 1988.

In 1987. the 10 satellite-collared canbou were all obtained
from the Red Wine Mountain population. These were divided
into 2xposure and control groups. Each day. the most current
location was obtained ror each animal and relayed to each par-
ticipating NATO air force prior to that dav's flying as etther
Targe:r (2xposure group) or Avoidance (controi group) coord:-
nates. Each Targe! coordinate was accompanied by a request
for as many overTlights as possidie. Avoidance coordinates. on
the other hand. wers 10 be aveided by jets by at least 5.2 km.
We received a report back indicating the number of times €ach
day that a Targer ammal’s coordinates were overtlown. Fieid-
truthing exareises. in which we were stationed at dummy tar-
ger or avoidance coordinates. indicated a high degree (0% -+
of accuracy in these reports (Harrington and Veutch. 19915
The numper of repored overtlights each dav was used as the
measure of an animal’s exposure 10 fow-{evel jer activity.

In 1988. our study animals were taken {rom both the Rzd
Wine Mountain and Mealv Mountin populations. Red Wine
Mountain caribou were used as exposure animals. whereas
Meaiy Mounmain canbou served as controls. We placed the
control animals outsice the Red Wine Mountain populauon
because 1) it ensured the military compietely avoided the con-
trol animals. 2y all control animais in the Red Wine Mountan
populauon have had prior exposure to overtlights and thus
constitute 2 biased sampie. and 21 under the 1988 stdy proce-
dures. it was simpiv not possibie to avoid specific caribou in
the Red Wine Mountan population. The Mealy Mountain
population was chosen for its proximity 1@ Govse Bay. its sim-
ilar characteristics. and its position outsige the present and nis-
torical range of low-level flying wrcrars

Records of all flight tracks flown by jets during 1988 were
collectad. Each slignt track consisied of a list of coordinates
that recresented tuming points duning the flight. For some air-
crart (F16. Fi8. Tomudo, these were generaed by onboard
computers. whereas for other aircrart - F+. RF40 these wers
recorded by hand from topograchic maps. From these coordi-

nates. ilight hnes were construcizd rom which indicas o

-

exposure were generzted. An overtlight was considered to be 1

jet within | km of the canbou’s focauon. This radius was cho-

cnmitan ' locanion.,
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fixed. and navigational eror on the part or’ the priotandis sim-
ilar to the accurucy of reported overtlights in 1987,

Calf Survival

Calf survival was determined by periodic aerialsurveys
starung in mid-June (Fig. 2). Everv 3-< weseks cach female
was visually located by helicopter so thatany accompanyving
calf could be detected. A calf s survival was measured as the
number of survey periods (0-+) during which hercalf was
observed. These periods inciuded survival [0 mid-June (1 1. [0
mid-July (2). to mid-August(3). and throughout the entire
low-level flving season (4). No direct observations of calving
were availabie. but declines in 24 h activity indices and daily
movements (Harriseral.. 199 | ) were used to estimate the
calving period. Fermal €S never seenwithcalves were treated in
two ways. First. we assumed they lost their calves between
rth and the first survey. Second. we assumedthev were
never pregnant and therefore deleted [hem from the sample.

Statistical Anaivses

We divided the low-level flyingseason into seven biologi-
callvrelevanr seasons (Fig.2). The pre-calving period began
with the initiation of low-{evel flving during the third week of
April and ended With the beginning of [he caiving period. The
calving period (23 May - 3June: included all but one of [he
suspected caiving dates. The initiai post-caiving period { 6-19
Juney included the remaining caiving date«3 Juneas well as
[he first one or two wezks post-calving. The pre-insect post-
calving period (20 June - 3 Julyiended wnen both [empera-
[ ue indicesand 24 h activ itv indices indicated that insec
harassment had become extreme. T»\thu.ll-:engthsummcr
insect periods ended with the first day of sub-freezing weather
(as determined by Environment Canadaat Goose Bayand
Churchill Failsi. Insect acuvity is 2xpectzc 0 be high during
the tirst of these periods and to continue penodically through-
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out the seconc. A fall geriod foilowed from | 7 September to
the end or the low-levelflving season. For =ach period. the
mean number or' low-leve! overtlights per day waus determined
for eachumimal. In addiuon. the overall mean number or’ over-
flights per das was calculated for the entire period afemale’s
calt was presumed [0 be alive. For this latter analvsis. we pre-
sumed a caif waslostat [he mid-point of the interval during
whichit disappeared.

Once acalf was determined lost. its mother’s data were
deleted fromthe analvses of subsequent periods. Because
females were droppea from [he sample as [he season pro-
gressed. we SCMPU ted separate Spearman correlation coetfi-
cients for each period betweena calf'ssurvival index and the
mean number of overtlightsit was exposed [0 during that
period. Our hypothesis predicted anegative effect of exposure
frequency on calf survival: therefore one-tailed probability
values were used.

Two females were followed during both vears. To avoid
“pseudo-replication”™ (Hurlbert. 1984: Machliser al.. 1985’).
we represented eachfemale by her mean values over the two
vears. Both females held the same ranks amongail females
eachveur intermsot frequency of exposure to flying.

RESULTS

Of thetenRed Wine Mountain females ourfitted with PTTs
in early April 1987, eight provided caif survival and satellite
data throughnour.the entire low-level flving season and a ninth
provided sateilit¢ data through the end of September and calf
SUrv jval data throughout. The tenth animal’s PTT failed in late
April. and thus was deleted from the study. In 198S. five
female cartbouwereinitially collared on the Red Wine
Mountains in 2ariv Apriland one in eariv May. Two of these
animals were Jeieted from the sample after’ zhev emigrated
from the Red ‘“Wine Mountain population range 1n May and
were assumed :¢ have been George River caribou. Exposure [o

M
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o exposure 10 low-level jet overtlights of sateilite-ceilared female woodland vanbou in Laorador

TABLZ . Calt suraival and freguency
Calves surviving o’ Freguency of overtlignts”
Popuiation Year 2 June Juiy Aupust Ocrover Mean=3D range; n
Red Wine uRT a - : il : VR i 5 1357
Redy “Wine 1988 - | 1 ! i 0.3 =07 10.1-1 16
3 2 z — no ovcrﬂzgms —

1088 < 3

Meziy Mun.

'Numeer of caives (of muximum ny aiive dunng surveys in the months noted.

—_—

*Frequency of overtlights 1s the numoer ot jet ove*‘lwms reported <! km rrom an animal’s locauon wuthtn cach 24 npenod.

low-level flvingaircraftvaried greatlvamong Red Wine
Mountain caribou (Table | ). In each vear. some animals had
virtually N0 exposure whereuas others were exposed to several
low-level passes each day. on average.

Four Mealy Mountain females were also foilowed by satel-
lite telemetry during the 1988 season. after the early failure of
afAfthPTT in Aprii(Table!). One or these animals diea on ! 1
August but was never seen withacalf.and thus is included in
the sample. None of the four Mealy Mountain caribou was
exposed to low-level jetactivity. asthese animals did not inhabit
the iow-levei training area and tlightracks indicated that no
jets siraved over the area.

Culf Survival

Calf survival was negatively correlated -vith exposure [0
low-evel flving activity for all periods anaivzed (Tabie 2).
This rziationship was significant during [he zaiving and imme-
diate post-calving periodsi 23 May -19 June:jor the subsetof
females known to have calved and was marginally signiricant
(.03< P ¢ 10) during the calving period forthe 2nure sample
of femaies. The relationship was also sigmificant dunng both
of the summer insect periods. Deleting the Mealy Mountain
caribou trom the sample did notchange the results: Red Wine
Mountain caribou still showed significant negauve correla-
lions Derwesn mean exposure trequency and <alf survival dur-
ing the same four pernods.

Five femaies successtully brought their calves through the
enurelOW- lc\clﬂ»mo;cason Two or these were Meulv
Mountin caribou and thus were never exposed [0 low-level
overtiights. Ot [he three successful Red Wine Mountain females.
one wasnever KNOwn :o have been overrlown. another 2xpert -
enced overflights oniy during the pre-calving period and again
brierlvduring [he fall period. whiie [he last was exposed to
overslights onlv during [he calving penod.

TABLZ 2. Survival of caridou cajves 4s & function of 2xposure 1o
fow-lenel jet training acuvity during (987 and 1938

Panog Datzs Sumete’ N T irt
Preccunanyg All 3 - 152 03
Pre.ciiing Wit o -2z 06
Canny Ail N - 1T
Caninz wooull - - 3o7 2
Pasi-ciining Haen- s Wil o -7 i3
Pra.meeur ER . B 1Q
insen wiCdil i -ni: <3
inveu: wgni - -7 bR
Fui nd-Ihn PGS H N -l N

foovaMPLe Of TEIMIIEN. ACQHD = ons RO TRTIEeN Aflown o Auve

o e et

The frequency of exposure that individual caripou experni-
enced throughout the low-leveltlying seuson remained reia-
tively consistent tor most caribou. For example. the mean
correl grion for exposure frequency from one period to the next
was 0.910. However. changesin the frequency or distribution
of jet activity over the season. as well ascaribou movements
into or away from areas of jet activity. did result in substantial
changes for some animals. reducing the overall corTe!arion
among periods to 0.694. When the mean exposure freguency
for the entire period the calf survived was used. the correiation
between calf survivaiand exposure o low-leveltlving was
not significant (all females: n = 13.r, = -.312: females known
to have calved:n=11.r. = =333 Red Wine rfemales:n =1,
. = = 4130,

Discussion

We have showrm = significant negative correlation betweszn
1 female caribou’s exposure 10 low-level jet training acuvity
and her calf’s subseguent survival. The magnitude of this etfect
was substantizi: during the two calving periods considered.
42% of the varance in catf survival was expiained by expo-
sure levei 1o low-ievel overflights. and for the summer insect
periods this proportion increased 0 +8%. The robustness of
our finding is strengthened by the fact that it was shown for
each subsampie of females analyzed. That this refationship
was significant oniy during the caiving and immediate post-
calving perods. and again during the summer pericds of insect
activitv. turther indicates the biological reality of this relaton-
ship. In fact the md\ of a significant relationship durng the
pre-caiving. pre-insect. and fail periods may be 1s imporiant 2
finding as the significant relarionship dunng the other penods

The etfects of disturbance on calf survival should vary in
magnitude as a function of season. The greatest erfects would
be expected during cnitical stages in the animal’s dev elopment
or during periods when other stressors are also actng. The calv-
ing period is vne such cnmncal period as disturbance during
this period may result in stllbirths. injunes, or cow-calf sepa-
rations «Banfieid. 1974 Cowan. 1974: Miller and Brougnton.
1974 Miiler or wi.. 1988). Within a2 wezk of birth a calf’s lacta-
tion demands are greatest (Parker er u/.. 1990). und any reduc-
tion in lactation caused by disturbance «i.e.. Ely and Peterson.
194 1) may have long-term conseguencss ror growth and sur-
vival. [n partcuiar. failure to develop surficiently prior 0 the
onset of the insec ‘mrn:smeqt season may jeopardize later sur-
vival. Reducu n fezding rates. movement [0 nsect relier
habirat at the :x‘ben,sc of forage quality. the energzric costs of
insect avoidarce behaviour. and simpie loss of blood may
increase the oaii s »mc:cnbni{y to other stressors dunny the
summer insec: teriod. For these reasons. significant negamve
erfects of disiurbunce rrom low-level overﬂwhb wouid be
expecied Jduriny the apove periods and were found.



On the other hand. the caif is well protected 12 urero during
the pre-caiving period. when most femaies migrate substanual
distances overruggedterrain to caivingareas. During the
period justprior [0 [he emergence or’ insectsas major pests.
[ he caifis being weaned to solid food. which :tmay find in
sufficient quantiry and can 2at in refative peace. Finaly. dur-
ing fall rhe disappeurance of insects frees the cow andcalf to
expioitbetter resource habitatand rorage withour disturbance.
T he shor-term effects of low-level overtlights may be rela-
tivelv benign during these periods. as other stressors on the
animais have besn removed and critical stages have been passed.

The exposure of anindividual tolow-levelflving often did
not change greatly during the low-level flving season: correla-
[ions among [he periods analyzed were relatively high. For
thisreason. it is unknown whether each ot the significant cor-
relations berween exposure [0 low-level flvingand calf sur-
vival represents aneffect from thatperiod or from another
period in which exposure frequency was similar. For exampie.
astrong 2ffect during the calving period will aiso be rerlected
in every subseguent period in which the distribution of expo-
sure among females remains the same. Thus. the relationship
betwesncalf survival and exposure toflving found for [he
summer nsect period could represent a spurious correlation as
aresultor areal erfect from [he calving period. zoupled with
simiiur 2xposure frequency during [he summer ceriods. If our
data do record suchspurious correiations. however. thev are
more likelv to be seenfor the latter periods. Correlations seen
during the carlier periods are based on alarger sample of ant -
mals ang thus are nor likely to be the result or 2rfects acting
laterinthe season. By the beginningot [he summer inset:
period. one-third or the calves had already be=n'ost.and data
from their mothers had bezn dropped from [he analyses.

Born the boundaries or’ the low-ieveltraining areaand the
topograpny constrainthe distribution or low-ievel training
activitv. In particular. areas near the transit comdors feading
to CFB-Goose Bay and desp river vallevs receive a dispropor-
nonate amount of flving activity (Harrington and Veitch.
1990). In our requests for targe: coordinate overtlights in1987.
we found thattargets in some areas were readilv overtlown
whereas targe:s in other areas were seidom overtlown. This
same bias in the distribution of overtlightactivity wasseen in
1988. when pilots were permirtted [0 f1v wherever they wished.
If an unknown morality factor. such as predaton by wolves or
black bears. was distributed in a similar manner (e. g.. along
vallevs. nearer Goose Bay. 2tc. ). the relationship se2n berwesn
calf survival und overtlight frrequency may be sourous.

[n an 2ariier. unpubiished report of these tintings  Harring-
ron and Veitch. 1900), we used a mean exposure index that
was based on the animuls” exposure [0 overtlights throughout
the enure flyingseasonand found a non-signiricant negative
correfation berweszn overriignt 2xposure and caif survival.
Because refative exposure did change throughoutthe  low-level
fIving sexson. using a sezson-iong meun 2xposurs index was a
Serious :lzwin our zariier anaivsis. as the abilitv 10 datecr :mpor-

tant but <hort-in eg erfects during sensitive periods was lost.

Che.

Munaoerient Impiications

Through 1987, the Red Wine Mountain porulation has
shown no growth. despite o 2an on duaung sincz 972 «Veuch,
1005 wmereas the Meziy Mountain poruianon Ses more than

Jounizg surine tne come nenod Heo— and Lomnch, tusTy
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mayv have bezn an:mportant factor limiting the growth or the
population during thattuume. The z2ariv 10ss or caives in this
study is also consistent with predation morality. as both black
bears and wolves are reiativeiv commonin r he study area and
have been shown :cbe responsible for thres-quarters ot the
adult mortalities or' known cause t Veitch. 1990). In the present
study. we have shown that caif survival is also negatively cor-
related with exposure o low-level flving. which indicates that
current levels of training activity may have reached alevel
where negative impacts on caif survival will become notice-
able. Together. rhe impactsof predators and disturbance from
low-level training activity may be preventing the recovery of
the Red Wine Mountain population. despite over 15 years of
protection from human hunting.

The most conservative conclusion from the results pre-
sented here is thatcalf survival is affected by frequency of
exposure tolow-leveiovertlights during and immediately after
calving. Thus we recommend that calving areas of Red Wine
Mountain caribou no[ be overflown at atitudes below 300 m
above ground level during the last week of May and [he first
thres weeks of June. If it is no[ possibie ro avoid all areasof
the calving range. then corridors of permirted training activity
should be designed (¢ minimize the number of females being
overtlown. In addition. further study of the potential link
berwesn low-leve!l flving and calf survival is necessary to
firmly establishthe relationship and. in particular. 1o deter-
mine irs temporal properties.
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APPENDIX 3

Russian Taimyr and Norwegian Wild Reindeer and Migration Disruption
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in the shert term, it views these Zactors as less impertant cver the long
term. Prorcnents ci this school of thoucht are likelr to view the impacts
cf a pipeline in terms cf access to Icrace cor efiscts cn grazing.

The seccné schocl ¢ thcucht i1s mest thercuchly articulatsed v Bergered
(1978) andé btv Bercerxd =t al. (1984). Prcpenents cf this schocl cf thcucht
feel that habitzt relazicnships 1n terms cI ZIcrace availapilicy ard
utilization are a relatively insignificant factcr in Nerth American caribou
life histcrv as carzared with the effects ¢ predaticn and human harvest.
This school of thcucnt views habitat relaticnshigs in terms of predatcr
avoidance, thersfcre the IZcrameost campcnent oI habltat 1s space—space in
which to avoid predatcrz. Proponents of this scheel of thcucnt are likely
toc view the impacts of a pipeline in terms of its effects on rhysically
restricting caribou movements so that caribcu beccme less able to escape
fram predators, or by creating other ccnditions conducive to Iincreased
predaticn, and by the potential for creating increased access by hunters to
caribou .

These schcols of thcucht are not mutually exclusive, and most caribou
bi ol ogi sts are thilcscrhically distributed aleng a continuum between the two
scheels .

3.1.2 Case Hi stori es

There are two case histcries that demonstrate the effects of linear
develomments on Rangifer. The first case is that of the Norilsk gas
pipeline corridor in the Taimyr region of the Scviet Union (figure 4). 1In
this case a gasline corzidor disrupted fall and winter micraticn of wild
reindeer, and resulted in deflecting these migraticns tc adjacent areas.
Soon thereafter the reindeer abandoned a peorticn of thelr winter rance
because they were unable to reach it. The seccnd case is that of the
Snchetza herd in the Dovrefiell regicn of scutherm Nerway. In this case a
highwav andé railrcad ccrridor across a wild reindeer rance resultec in a
cessation Of migraticn between summer anc winter rance, ané eventually in a
decline of the pcrulaticn when the animals spent both winter and summer cn
summer range anc overcrazed their rance.

In the 1940's an electwic railrcad was estzblished between the incdustrial
(primarily mining) center of Norilsk and the port of Cudinka, which linked
the XKara Sez to the nor=h with the railrcaé line (figure ). The Yenisey
River was Kkept cpen into late fall to Dudinka by icebreakers. This
industrial camplex is located within the range of the Taimyr wild reinceer
herd. In the early 1960's the general pattern ci fall migraticn in this
area had been fcr reindeer to spend the summer in the north near Lake
Taimyr, and for the maicr porticn of the herd ( hund

{

eral hundred thcusand
animals) to migrate scutheastward to winter ranges in the Putorana Mountains
and for a smaller por=icn of the herd (a2 few tens of thcusands) to move
southward acrcss the Yenisev River near Ust'port (figure 5) and generally to
the scuth and west cntc winter rance (Svroechovskii 1984). In fall of 1867,
movements chanced sc that the majority of the herd moved scuthward anc care
into contact wish the railrcad and rcad corrider between Nerilsk and Dudinka
because thev had been unzble to get acrcss the Yenisey River farther ncrth
cue to the broken ice and cpen water caused Ly ice breakers (Geller and
Borzhanov 1984). Many amimals drowned in the attempted crossing of the

——
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Yenisev River, or were injured cr killed in cocllisicns with trains between
Norilsk ané Dudinka. Mcst of the herd moved cntc winter ranges 1nto Evenkia
(ficure 3) or west across the Yenisey River. In spring 1962 the reverse
mcvements occurred, and wild reindeer again came Iintc CnTact with the
raiircad corrider whers mcrtality Irom collisicns with cmzins occourTed, and
animals wandered thrcuch the citv of Norilsk in an aztigrct tC circumvent the
railrocaé corrideor and the water pipeline between the cizy o Nerilsk anc th
Nerilsk River (ibid.). In fall 1968 a mejority of the herd again moved
thrcugh  +the Norilsk aersa——morzality of calves due to drownlng while
at=emrring to cross the ice-choked VYenisey River was aczin documented
(Skrcbov 1984), and animals wera again diver=zed intoc the Ncrilsk arez,
eventually mcving scuth to the same wintering areas they hac used in 1967,

In 1968-6%, constructicn was camcleted on a 60 an (24 in) diameter gasline
cocnnecting Norilsk with the Messoyakha gas fields located 150 km (90 mi) to
the west (figure 5). This pipeline was elevated 1 m (3 £t) above the
ground, and paralleled the Norilsk-Dudinka railway corrider for part of its
lencth. No reindeer crossing structures were provided althcuch occasicnal
tooographic chances (e.g., ravines) resulted in secticns of the line being
elevated 2-3 m (6-10 =) abcve the ground. The first encounter with the
pipeline by reindesr occurreé during their spring migraticn northwaerd in
1969, when tens of thcusands of cow groups, after crossing the railroad
(which also deflected and halted movements samewhat) encountered the
pipeline, and "ran back and for=h" until they encountersd a ravine or an
area of drifted snow where thev could cross (Skrobov 1884). Many cf the
groups would not cross the pipeline, and returned o the railrcad track.
Many groups deflected westward between the railrcad and pipeline until they
enccuntersd the portz of Dudinka, or until thev rezched z buried section ci
the gasline where it crcssed the Yenisey River. 2althcough train trafiic was
limited in order +o allcw animals to crcss, sare animals remain stranded
into the summer—over 20,000 animals, mostly cows, were still south of the

corridor in late Mav (Xlein 1980; Skrcbov 1984). Zabrodin (1984) reported
that a higher than normal incidence of warbleflies wes reported for a

porticn of the Taimyr herd in 1870, and he attzifuted this to the fact that
reindeer had been delaved farther south than normal because they were utnable
to get across the Norilsk pipeline.

Hzrassment because of hunting may have ccntributed to the disruption of
micration. According <o Skrcbov (1984) "...poaching increases near Norilsk
at the time of reindeer migrations. In 1969 ... thev had killed 300
reindeer, undoubtedly a very ccnservative estimate.”

encounter the pipeline/rzilrcad/hichway ccrridor. Subsecuent mMOVETEnNts were
nct as larce as those In 1967-68; hcwever, in 1970 a secconé cgasline was
constructed parallel ané 1 km (% mi) awey Iram the Zirst. During the pericd
between 1967-70 due “o the widespread public rezction ané cutcry Irom the
Sovier scientific cammuity, the cgovermment retrofizted the pipeline with
cecticns of pipe elevated 3-6 m (10-20 £t) abcve the cround, 75-100 m
(225-300 #t) wide and at intervals of 3-4 km (2-2% mi) in crder to provide
crossing locations for <he reindeer (Klein 1980). Many of the reincdeer were
still unable tc negotizzs both pipelines so f{ences wers constructed betwesn
the two ptipelines o divert the animels Irom crossings cn cne cipellne ©

adsacent crossings cn the other. By 1970 the =zrzi number of reindeer using

Tn fall 1969, reindeer civerted around the Norilsk-Dudinka area, and éid not
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+he Norilsk-Dudinka area for migraticn had declined to conly several tens of
thousands. Only one—quartar of those enccunterinc the ccrridor manaced to
cross it--the rest either remained in the area, or diverted throuch the
Norilsk industrial camplex. After several wyears in wnich many of the
reindeer apparently failed to accammodate to the crossing structures, a
large wing fence was constructed (presumably in 1874 or 13875) northwest of
Norilsk *to divert animals campletely frcom the area and into previcusly
lichtly used winter range in nearby Putorana Mountains (Klein 1980) (ficure
5). This fence, which also utilizes a larce lake as part of the barrier,
ccnsists of two segments totalling 56 km (34 mi).

Since the wing fence was constructed, the Taimyr herd wintered primarily in
the Putorana Mountains and did not migrate across the Yenisey River (Klein
pers. comm., 1984). The Taimyr herd has increased to 800,000 animals as of
1985, but does not use the historic winter range alecng the Venisey River (V.
Lazmakhanin 1985, pers. camm.). Serveral years aco a portion of the herd
again deflected into Norilsk during spring{?] migraticn (ibid.). The
population total for the Taimyr herd may also include that of two adjacent
herds; however, the Taimyr herd has increased ccnsiderably in the past 10
years.

There are several conciusions fram +he Norilsk case history: (1) the
transportation corridor, by virtue of its geogrzrnic lecaticn, disructed
movements and caused local destructicn of winter range (primarily lichen
range) prior to the construction of the first pipeline; (2) the gas pipeline
initially created a physical barrier to movements, hcwever even after it was
retrofitted with crossing structurses, many reindeer did not cross the
structures and either deflected arcund the camplex entirely, or ramained in
the area later than the usual season of use; (3) althcuch no widespread
direct population effects were cbserved, mortality due o collision with
trains and drowning due to deflections into the Yenisey River, did cccur;
and (4) phvsical barriers that were erected to deilect wild reindeer away
frcm the Norilsk area also disrupted their movements to & portion of their
histcric winter rance and this winter rance has been abandoned by wild
reindeser for the past ten years. In spite of these disruptions the Talmyr
heréd has had sufficient alternative rance available to allow the herd to
double in size over the past 10 years.

Bercerud et al. (1984), Jakimchuk (1980), Skogland (1985), and Skogland and
Molmen (1980) have summarized the available information abcut the histery of
the Snchetta herd of mountain caribou in scuthern Noerway (Zigure 6). Unless
otherwise stated, the following sumary is from Skogland and Molmen (1880).
Archaeological and biclogical investicaticns have indicated that wild
reindeer have inhabited the Snchet:a regicn at least periodically since 1100
A.D. Due to the increased use and efficiency of Zirearms, hunters in the
late 19th centuryv reduced wild reindeer to the point that in 1820-25 it wes
believed that the Snohetza herd numtered cnly a Zew hundred indivicuals.
Bercerud et al. (1984) menticn that in 1900, the nerd numcersé 1,000, anc
that 250 of them wers cn the Knutshc rance ané the remainder cn the Snchet:a
rance (ficure 6). Traditional micration patterns wers to wintsr in the
Rondane ané Xnutsho arezs in the eastern porzicn of the Cevrefjell regicn,
and to micrate westwerd tTo the Snchetta area to calving and summer ranges.

However, these migrations ceased when the hercd was at extramely lcw numbers
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in the 1920's, ané the herd r=mained vear-rcund cn the Snohetta range. The
literature is unclesar abcut whether or not there wers two separate herls, or
only cne herd entiraly on the Snchetta rance. In 1921, construction cf a
railroaé across the Dovrefjell becan, ané continued to the 1830's. During
the railrcad censtmucticn period, no animals crossed Ircm the Snchetiz o
the Knutsho area. The herd gradually increased [in the 1930's, presumably]
so that a controiled hunting program was in place. During World Wer II,
Nazi occupation forces prohibited hunting and the herd increased to 10,000
animals by the 1250's (figure 6 in Skogland and Molmen 1980). Between
1946-33, several large hvdroelectric projects floocded much of the calving
areas in the Snchetta region, and a series of roads and transmission lines
crossed several of the Snohetta calving areas which had been in use even
during the early 1900's when the Snohetta herd was at low numbers (Zigure
6). Reindeer use of scme of these calving areas ceased wnen the arsas were
inundated but other areas were abandoned because oIf the increased
disturbance to the animals that was caused by activity along rcads and by
other developments such as powerlines (Skoglanéd anc Molmen 1980). During
this period (1950's) a road, paralleling the railrocad, was constructed
across Dovrefjell. By the miédle of the 1950's, the Snohetiz group numpered
15,000 animals. Marked destruction of lichen range in the Snchetta arsa was
documentad. The destruction occurred because not only had animals remained
year-round on what had creviously been only summer range, but also because
the herd had outcrown the available forage even if it had used the Snohetta
area only curinc summer.

During the severs winter of 1956, approximately 200-600 animals moved across
the highway and railrcad to the eastern (Xnutsho) side cf Dovreijell,
probably as a rasult of starvation on the western (Snchettz) side (Jakimchuk
1980). A reduction hunt was initiated in 1960; however, in 1965 winter
starvation on the Snohetta range was still high in spite of the fact that
the Snohetta group had been raduced to 1,500 animals (ficure 6 in Skogland
and Molmen 1980), ané that approximately cne-third of the group had migrated
to Knutsho in winter. During the 1960's the road was upcraded, and in the
1970's became a major travel route (E. Gaars 1985, pers. camu.). In 1872,
hich water in the Driva River alcng the road/railroad corridor prevented
parturient cows on the Xnutsho range from migrating to calving areas on the
Snohet*a range (Jakimuchuk 1980). Since then Knutsho animals have remained
on their rance “o calve. Apparently, a portion of the Snohetta group 21lso
now micratss to Knutsho during the winter, crossing the highwey at night
when traffic is less (E. Gaare 1985, pers. comm.). The situation as of the
earlv 1980's was that a portion of the Dovrafjell reindesr remained
vear-rcund in the Snchetta area, a portion summered in the Srchetta and

wintersd in the Xnutshe region, and a porzion remained vear-round in &9
Knutsho (Skoglané and Molmen 1980). However, for the past 3 wintars the

entire Snchetta herd has remained vear-round on the Snchet:iz side cf the
transportaticn corridor (E. Gaare 1982, pers. comm. ) .

Skcglané ané Molmen (1980) conclude that: (1) nvdrcelectzic develcoment in
she west and the <transportation corridor on the east have acted as
"eomirar—iers" +to movements between seascnal habitats; (2) raindeer have
been able to adiust tc structures associzted with the develcoment (e.g.,
rocade, snowfences, and 2 raiiroacd), however the asscciatad human activity
has caused avcidance of many areas as well as disruption of tracditional
migraticn routes; and  (3) covergTazing ané destructicn oI lichen
-33-
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winter rances has been caused by the restricticn of micraticn. Bercerud et
al. (1984: o. 135) however, argued that "the halt in migraticn was prcbacly a
result of z contraction of the range because the herd's numbers wers low.™
Althouch Bercerud et al. (1984) may be correct that the ccnstructicn of the
Dovrefiell railrcad may not have been directly respensible for the cessation
of migration in the 1920's, they do not address the cbservaticn that
micration %o Knutsho did not begin acgain until the Snchettz group had
exgerienced widespread starvation and a severs winter. Topographilc barriers
to movements are few along the histcorical migraticn routes, and it seems
likely that reindeer wculd not remain in the same area untii starvation
forced +them tc move elsewhere unless same other feature of their
environment, such as a transportation corridor, were restricting their
movements. Furthermore, Bergerud et al. (1984) do not address the fact that
use of the traditional calving areas in the western porticn of Snohetta had
virtually ceased by all but a few bulls after the road and powerline
corridors ané the hydro reservoirs had been constructed. The evidence pcints
to human develorments as being responsible for the herd's decline.

——

These “wo cases illustrate that linear transportation systems can disrupt
movements between seasonal ranges to the point that utilization of rorticns
of their habitat is eliminated. In the Norilsk case there have been no
population effects documented, however this herd is similar to many North
American Arctic herds in that wild reindeer densities were very low. The
Snchet+a case provides evidence of a demograrhic effsct—the herd would have
starved because of overcrazing its range iZ a reduction hunt had not been
carried out in the 1960's. Since then animals of .the Snchettz herd have
heen characterized by small body size and reduced repreéuction in camparison
with the adjacent Knutsho herd, due two the overgrazed conditicn cf the
Snchet<a winter rance (Skogland 1985).

3.2 DIRECT HABITAT ICSS

One immediately visible result of oil field develcmment is the proliferation
of roads, ¢érill pads, and pipeline work pads that is necessarv to prcvide
access for vehicles and ecuipment and a stable, all-weather working surface
that will support heavy ecuipment such as drill rigs. On much of the North
Slope, pads and roads ares constructed of gravel that is placed and campacted
directly on the ground, thus destroying the underlying vecetation.
Adéitional vegetation is destroyed when material sites are excavated in
order to provide the cravel for roads and pads; hcwever, the greatest amount
of vegetaticn damage cr destruction in addition to that coversd with gravel
is due to temporary or rpermanent ponding on the urhill side of rcads and
ripeline werkpads when inacequate drainage structurss (such as culverts) are
placed in these roads or workpads. Walker et al. (1984) have determined
that pending accounts Zor vegetaticn loss equivaient to more than cne—-tnird
that of crzvel overlav (cZ. table 11, ibkid.). Accicicnal lesses or changes
in vegetaticn ccour when "fugitive" cust Ircm the rcad svstems covers neardy
vegeraticn, or fIrcm minor oilspills or unautherized ciff-road vehicle travel
(bid. )

Al*hcuch nct all plant species CT vegetaticn tvpes ares of ecual value to
caribou, or are even used by carizou, the current cil fields are located In

he cummer range cf the C3E, and many Iforage speciss and planc COMMUNITIES
are urilized by caritcu during this pericd (White et al. 1975). Therercre,

t
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APPENDIX 4

Red Dog Mine Monitoring Plan
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CARIBCU MONITORING PRCGRAM

Presanted Selew ars portions of the Red Dog Mine preject caritcu monitering pian which
provides methods fer monitoring caribcu movements, guidelines for restrictions 6t rcad
traffic and options for minimizing adverse sffects on caribou movements, This glan has
been accepted by NANA, Comincg Alaska, Alaska Department of Fish and Game plus ne
National Park Service for monitoring caritou which migrate through the area,

Each year a major migration cecurs after the calving period; calving occurs approximately
100 roles north of Red D¢g along the head waters of the Cclville, Katik, Meade and

Utukok Rivars from late May through mid-June. S¢me caribou may disburse across the
North Slope, whila others travel on a counter-clockwise movement west and south tcward
Caps Thompson and then 8astward into the Brocks Range, where the animals move onto
summer ranges in the mountains and onto the Arctic CQastaJ plain. I some Yyears, the
post-calving movements axtends as far south as tha Wullk River. This movemant wouid

normally not reach Red Cog.

Few caribou remain inthe Red Dogareain summer. Most of the herd remains north cf
the Brooks Range until fai. Fail migration s a leisurely movement that may reach the
Noatak River or Muigrave Hills any time from August through October, A majcrity of the
Western Arctic herds moves southward on migration routes far to the east of Red Cog,
but in some years, large numbers of caribou winter north of the Brecks Range.

Potions of the ‘Nastermn Attic Caribou Herd spend the winter southeast of Kotzebue and
some of the herd may occur as far east as the Alatna-Setties area or as far south as the
Yukon Hiver defta. A small segment &f the herd has, in recsnt decades, wintered in the

Mulgrave Hills and tha adjacent drainages of Wulik ana Kivalina Rivers. Bands of several
thousand caribou may ¢ccur along the DMTS read at anytime.
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The Red Dog facilities and ODMTS road are south of recorded post-calving

migration areas.

- The OMTS road is in an area of irregular falt migration but may experience

large numbers of caribou in years of use.

- The DMTS road traverses a caribou wintering area that may be used by
several thousand caribou each winter.

- The port site should be without Caribou during the ice-free period each

year.

- The mine site will have occasional carioeu, primarily bulls and yearlings,

during summer months.

. The primary period of concern for monitoring caribou movements is from
August through October, in years of major fall coastal migrations. This
coastal migration has occurred only four times in the past 20 years,
aceording to the ADF&G records.

. Traffic lavels are not anticipated t@ cause serious impact to overwintering
caribou along the road system. Road traffic from the mine will consist of,

at @ minimum, con¢snirate haul trucks, pick-up trucks and road
maintenancs vehicles. Cperations traffic is alsc not anticipated to cause

serious impact to overwintering caribou.
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- Read traffic may need tobe stcpoed or carefully controlled if a large
number of migrating caribcu apprecach the read.

In order t0 assure adequate advance notice of caribcu migration approaching theproject

area, the fcllowing program will be initiated:

1. In years when caribou migrata scuthward near the coast in the fail, they
may pass Point Hcpe and Kivalina prior to reaching the CMTS read. It is
also possible that farge numbers of caribou could approach the read from
inland rather than the ¢cast, in some years. The scheduled fall aerial
survey conducted between August and October, by the Frcject Caribou
Specialist and incdependent surveys by cooperating agencies should identify
any evidence of unusual migrations. However, ¢ assure major movements
are not missed, t he NANA Subsistencs Commities has assigned one
persen frcm the villages of Kivalina and Noatak to moniteriocal caribou
movemeants. These representatives will alert ether the NANA Land
Manager of Mine General Manager and/cr the Project Caribcu Specialist
by telephicnae if there is any significant caribcu activity in the project area
from August through October. The General Manager will also alert truck
drivers on the road to report any caribou activity near the road or other
project facilities.

2. The winter asria} survey will confirm total numbers ant! composition of
canibou in the project area. The Subsistence Committes representatives
from Kivalina and Noatak, ptus truck drivers will alert the General Manager
and Project Caribou Specialist of any unexpectedly large ceneentration of
caribou near the project area.
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3. Post-calving migrations have rct been known 16 extend south of the 'Aulik
River and should not result in road traffic restrictions, An aerial survey will
be conducted during post-calving migration €ach Y ear tO determine if any
unusual novenent s are anticipated. Personnel are instructed to nctify the
General Manager and the Project Caribcu Specialist of any significant
migration activity.

4.  Special aera surveys will be flown, as required, whenever there is a
potential fer road restrictions,

5.  Whenever a major caribou migration has been identified and toad
restrictions appear warranted, an acrid survey willEe conducted to
estimate when caribou would be within 15 miles-of the haul road, Once the
proximity of caribou to the road occurs, afinal decision on read restrictions
will be made.

8.  An Annual Monitoring Report with caribou distribution maps will be provided
t o Comince, NANA, Alaska Industrial Development and Export Autharity
and ceoperating agencies by the Project Caribou Specialist. Tha report wiil
include starting dates and duration of surveys as well as an explanation of
the method empicyed to conduct the caribou survey,

FOR | 3TRIC

The purpose of the caritou monitoring program is to provide information on caribcu
movements that Is necassary o determine when road traffic restrictions may be needed
to minimize OF prevent adverse effects on caribcu migration and distribution patterns
during road c¢onstruction and operation.
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The NANA and the NANA Subsistence Committee are concerned about providing for
uninterrupted movement of the lead bands of caribou during fail migration. For themany
years in which village eiders have observed and hunted caribou, they have observed that
there are lead animals, and i thesa animals are allcwed to pass then theremaining
caribou will be miore likely to follow.

The Alaska Department of Fish and Game (ADF&G) and NPS are concerned that all
migrating caribou be allowed free passage through the developed corridor, The primary
objective of a traific restricticn program is to minimiza the cbstructionand disturbance
of migrating caribou so that natural migration and distributicn patterns can bs continued,

STEP 1 - SIGNIFICANCE

Caribou movements in¢r near the project area will be detected ty the metheds
described above. However, in each case, it maybe necassary to judge whether
or not the observed caribou movements are the result of local feeding activity (as
observed inrecant winters in the Mulgrave Hills) or is part of a major caribou

migration.

A movement would be considered significant and require special action if it;
- invotved more than 2,0C0 animals;

- was eceurring within 15 miles of the road system;

- would intercept the road system; and,
- ig clearty a migration and nct just local feeding activity.
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STEF 2- NCTIFICATION

If there is potential for inhibiting free passage of caribou based on the above
criteria, it will e necessary to immediately notity the General Manager, or the
NANA Land Manager. The NANA Land Manager will then infcrm the Project
Caribou Specialist and cther members of the Caribou Mcnitcring Team.
Hewever, it will be the prerogative of the General Manager 10O take immediate
action to prevent unnecessary impacts to caribou movements and to notify the
Caribou Monitoring Team as scon as possible of the corrective action.

STEP 3- NOTICE CF ALERT

If the General Manager ant!/or the Caribou Monitoring Team dstermines that a
major caribou movement is likely to cross the road corridor, within 24 hours, a
"Netica of Alert” will te issued. The "Notica of Alert” will be provided to truck

drivers, equipment operaters and other employeaes using the road and wiil inform
them of the impending road crossing by caribou, the estimated time of caribou
arrival, and a request they Immediatety notify the General Manager when caribou
are okserved approaching the road system.

STEP 4- OPTICNS FOR ROAD RESTRICTIONS

Based on the information at hand, the NANA Land Manager and the General
Manager, with due consideration of the recommendation of the Caribou
Monitoring Team, will determine the traffic restrictions to be applied to allow free

passage of caribou across the reaa corridor.
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Traffic or ccnstruction restrictions will depend on the number, speed ant! directicn of
caribou movements. Options will include but nct be limited to:

. limit nonessential read traffic;
« limit road maintenance traffic;

- convoy road traffic;
- alternate closures and opening of road traffic; and,

= road closure.

Specific guidance for application of these opticns maybe provided By the Prcject

Caribou Specialist,
STEP 5- INITIATE ROAD RESTRICTIONS

Traffic restrictions will commenca prior to migrating caribou approaching within
three miles of the road and wiil be in effect anthat potion of the road within one
mile on either side of where the caribou are crossing. Traffic restrictions will be
in farce until caribou have crossed the road. The initial restriction option can be

changed if necessary, depending on the number, spasc and direction of caribou
remaining 1o cross the road. The Caribou Monitoring Team and AIDEA will be

notified of changes in traffic restrictions.
STEP 8. DURATION OF RESTRICTIONS
Onca caribou have been allowed to cross the read, the General Manger with the

concurrence of the NANA Land Manager, Or the designated NANA
reprasantative, wil lit the restrictions on road or construction traffic.
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in the event of a disagreement zcouta read restriction, remedy can ke sought by the
affected agencies as outlined in Exhibit B, Section E of the Caps Krusenstern Land
Exchange Agraement. In part, this subsection states that in the evert of disagreement
betwean NANA, ADF&G and the NPS concerning the imposition of such restrictions, the
fins.f determination shall be made by NANA, except that ADF&G shall be able to gg !0
court if NANA procaeds with the Caribou Monitoring Program as defined by this Sectien
of the Agreement, without recsiving ADF&G's approval of the specifications  of the
contract or the selection of the contractcr, or if NANA procaeds with restrictions on
construction or controf of traific on the system without having given cua consideration to
the view of ADF&G; provided further, however, that the NFS may file suit to compel NANA
to adopt the restriction recommended by the NPS when significantly adversa i npacts are
deemed likely to result from construction er vehicular activities.

Any judicial proceeding initiated by the United States in accordance with the procedures
herein to compel NANA 10 adopt the restrictions recommended by the NPS shall be de

novo and the burden shajl£e on the United States to establish that significantly adversa
impacts are likely to resuit from censtruction or vehicular activities if the restrictions are

not adopted. | V)IMW /
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APPENDIX 5

Resume for Anne Gunn



ANN GUNN

Education: B.A. (Hens. Natural Science),1970
University of Dublin, Ireland
Ph.D. 1973 University of London, U.K.

Current employer: Government of the Northwest Territories
Department of Renewable Resources
600, 5102-50 Avenue
Yellowknife, NWT
Canada XIA 3S8

Positions held:

Caribou Biologist Jan. 1993- present
Yeliowknife
Kitikmeot Regional Biologist Aug. 1984- Jan. 1993
Cambridge Bay and Coppermine
Environmental Assessment Aug. 1983- Aug. 1984
Biologist Yellowknife
Caribou Biologist Nov. 1979 - Aug. 1983
Yellowknife
Previous employer: 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 | 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 | 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

Territories. NWT File Report, 66 pp.

-- and F. L. Miller. 7986. Traditional behaviour and fidelity to calving grounds by
barren-ground caribou. Rangifer Special Issue No. 1:151-158.




--, 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

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

Book chapters

Gunn, A. 1995. 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.

-- 71990. 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.

71985. Observations 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. Miller. 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, Thelon
Game Sanctuary, NW.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 lungworm infection in muskoxen,
Coppermine, N. W. T.. Rangifer. 13:45-48.

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

-+, J. Adamczewski and B. E/kin. 1991. 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,

-+, F. L. Miller and B. McLean.1989. Evidence for the possible causes of increased
mortality of adult bull muskoxen during severe winters. Can. J. Zool. 67: 1106-
1111.

-, and G. Arlooktoo and D. Kaomayok.1988. 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.

--, 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.

-, 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.



Jingfors, K. and A. Gunn. 1989. The use of snowmachines in the drug
immobilization of muskoxen. Can. J. Zool. 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:
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Miller, F. L., E. Broughton and A. Gunn. 1988. Mortality of migratory barren-ground
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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
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Salisbury, C. D. C., A. C. E. Fesser, J. D. McNeil, J. R. Patterson,
Adamczewski, P.F. Flood and A. Gunn. 1992. Trace metal and pesticide
levels in muskoxen from Victoria Island, Northwest Territories, Canada. Intern.
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