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Abstract 

This report provides information on overt behavi
oural responses of Peary caribou (Rangifer tarandus pearyi) and 
muskoxen (Ovibos moschatus) to simulations ofthree likely 
categories ofhelicopter activity that would be associated with 
construction of a gas pipeline in arctic Canada. The study 
was carried out on Prince ofWales and Russell islands, 
Northwest T erritories, in summers 1976 and 1977. One 
three-man team and a Be1l206B turbo-helicopter were used 
in July and August 1976, and four two-man teams and a Bell 
206B were used in June-August 1977. AlI helicopter harass
ment overAights were Aown at less than 400 m above ground 
lev el (m agi): mostly below and above 200 m agi in 1976 and 
1977, respectively. The maximum response of an animal dur
ing an overAight was taken as a measure ofharassment. In 
total, 3939 individual maximum response samples (IRS) of 
Peary caribou were obtained during 671 harassment over
Aights and 40 II IRS of muskoxen during 315 overAights: 
64.0% of the Peary caribou samples and 43.6% of the 
muskox samples responded overtly to the helicopter over
Aights. It was judged that the 12.1 % (477) of the Peary cari
bou samples and the 21.0ro (841) ofthe muskox samples 
that were still responding at the extreme level after corn ple
tion of the overAights represented the animaIs most seriously 
affected by the helicopter harassment. Helicopter landings 
were made on 116 occasions near 736 Peary caribou samples 
and 69 touchdowns near 1192 muskox samples. In total, 
28.7% (211) of the Peary caribou IRS and 12.3% (147) of 
muskox IRS responded at the extreme level to the harass
ment. Our results indicated that (a) the responsiveness of 
cows and calves of both species and solitary bull muskoxen, 
(b) group size and type, (c) number of calves in a group, 
(ri) the position of the sun and direction of the wind relative to 
the helicopter Aight, (e) previous activity of the animaIs and 
if) the terrain where the animais were sampled are aIl factors 
contributing to the level ofresponse exhibited by harassed 
animaIs. There was an inverse relationship between response 
level and the altitude of the helicopter overflights or the 
distance away for a helicopter landing and our recommen
dations were based on that relationship. Evidence for 
habituation was detected within but not between sets of 
passes simulating cargo slinging. The levels of harassment 
did not cause any visible pathological conditions or lead to 
group splintering or calf desertion. It is not known, 
however, what the actual short-term costs of harassment to 
the individuals were in energy, or what are the potential 
long-term effects to the populations. If we are to advise 
wisely on the conservation of Peary caribou and muskoxen, 
there is a vital need for additional baseline data, especially 
on affinities for and locations of critical areas such as calving 
grounds, post~calving areas, rutting areas and migr~tory ro,utes. 

Résumé 

Le présent rapport fournit des renseignements sur les 
réactions manifestes du caribou de Peary (Rangifer tarandus 
pearyi) et du boeuf musqué (Ovibos moschatlis) lorsqu'ils sont· 
mis en présence de trois manoeuvres possibles d'helicoptères 
associées à la construction d'un gazoduc dans l'Arctique cana
dien. L'étude a été réalisée sur les îles Prince-de-Galles et 
Russell, dans les Territoires du Nort-Ouest, pendant les étés 
de 1976 et de 1977. En juillet et août 1976, on a utilisé une 
équipe de trois hommes et un hélicoptère turbopropulsé 
Bell 206B et, de juin à août 1977, quatre équipes de deux 
hommes et uri Be1l206B. Tous les survols de harcèlement 
ont été effectués à moins de 400 m de hauteur; surtout 
au-dessous de 200 m en 1976 et au-dessus en 1977. La réac
tion maximal d'un animal penda_nt un tel survol a été consi
dérée comme une mesure du harcèlement. On a obtenu au 
total 3939 réactions maximales individuelles (R.M.I.) de cari
bous de Peary à l'occasion de 671 survols de harcèlement, 
et 40 Il R.M.I. de boeufs musqués pendant 315 survols: 
64 % des caribous et 43,6% des boeufs musqués ont 
réagi de façon manifeste aux survols de harcèlement. 
On ajugéque les 477 (12,1 %) caribous et les 841 (21 %) 
boeufs musqués qui montraient toujours une réaction 
extrême après les survols étaient les sujets les plus 
sérieusement touchés par ce type de harcèlement. L'héli
coptère a atterri 116 fois près de 736 caribous et 69 fois près 
de 1192 boeufs musqués. Au total, 28,7ro (211) des R.M.I. 
de caribous et 12,3% (147) R.M.I. de boeufs musqués 
étaient encore observables à la fin des survols. Nos 
résultats ont démontré que: a) la réaction des femelles et 
des petits des deux espèces ainsi que des boeufs musqués 
mâles solitaires; b) l'effectif et le type du groupe; c) le 
nombre de petits dans un groupe; d) la position du soleil 
et la direction du vent par rapport à l'hélicoptère en 
survol; e) l'activité préalable des animaux; et f) la confi
guration du terrain étaient tous des facteurs influant 
sur le degré de réaction des animaux harcelés. Le degré de 
réaction des sujets était inversement proportionnel à la 
hauteur des hélicoptères en survol ou à la distance 
séparant les animaux des appareils lors des atterrissages, 
et nos recommandations s'appuient sur cette observation. 
On a décelé une certaine accoutumance à l'intérieur d'une 
même série de passages, mais pas entre les passages 
simulant un transport de marchandises. Le harcèlement n'a 
entraîné aucune condition pathologique visible et n'a 
jamais provoqué la division des groupes ou l'abandon des 
petits. Toutefois, nous ne connaissons pas le coût 
énergétique réel à court terme de ces harcèlements pour 
un sujet particulier, pas plus que leurs effets possibles à 
long terme pour les populations. Si nous voulons porter 
un jugement éclairé sur la' conservation du caribou de 

Peary et du boeuf musqué, il nous faut absolument obtenir 
des données fondamentales supplémentaires portant 
notamment sur l'emplacement des régions essentielles 
comme les aires de mise bas, d'élevage et de reproduction 
et les routes de migration, ainsi que sur les affinités des 
animaux pour ces régions. 

9 
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Introduction 

The construction and maintenance ofa gas pipeline 
in the High Arctic willlead to great increases in aircraft activ
ity along the route of the pipeline. Polar Gas propose in total 
the use of 19 aircraft induding five light- and two heavy-lift 
helicopters. The helicopters will be turbine powered and 
used for such routine operations as pipeline inspections and 
close-in suppon of contingency operations. 

The proposed pipeline routes and supply lines orthe 
Polar Gas project in the High ArctÎc (eastern Melville, Byam 
Manin, Bathurst, Cornwallis, Prince ofWales and Somerset 
islands) cross habitats used by about 6000-7000 Peary cari
bou (Rangifer tarandus pearyi) and 1000-1500 muskoxen 
(Ovibos moschatus) (1974 estimates). Our concern was the 
effects of the aircraft traffic associatedwith the pipeline on 
the Peary caribou and muskoxen. More specifically, our 
objectives were to determine the responses of the two ungu
late species (Q helicopter-induced harassment. 

As the state oftelemetry ofphysiological parameters 
such as heartbeat was not advanced enough for use under 
field conditions, and knowledge of physiology and energetics 
is limited, especially for muskoxen, we did not measure the 
cost ofharassment in physiological or psychological terms. 
Instead we noted only observable responses or apparent lack 
ofresponses in behavioural terms. Any harassing stimulus 
causes a change in an animal's environment and the animal 
will respond in an attempt to adapt to the change. Therefore, 
the apparent lack ofresponse during sorne harassments is, 
in fact, a reflection of our inability to detect a response. 

ln the 1976 field season our objectives were (a) to 
develop techniques for observation of animais harassed by a 
helicopter simulating likeIy categories ofhelicopter activity, 
and (b) to describe the responses ofhiîrassed animais by 
direct observation From the ground and air. 

For the 1977 field season our objectives were to 
further examine (a) the effect of the aircraft's altitude on 
the animais' responses, (b) the possibility of habituation to 
overAights and (c) the possibility of delayed responses to 
heIicopter harassment. We Aew simulations of cargo
slinging at relatively high altitudes (200-400 m above 
ground level) with ground observers. Our fourth goal was 
to examine the animais' responses to helicopter landings 
and to the subsequent activities of either work parties or 
amateur photographers. 

Literature review 

Knowledge of the effects of harassment on Peary caribou and 
muskoxen is limited and has to be largely drawn From paral
Iels with other ungulates and predicted from descriptions of 
caribou and muskox behaviour. Most of the concern about 
potelllial wildlife problems that industrial exploration and 
development activities have brought to the Arctic has been 
for caribou, st.ill an Integral part of native culture. 

The literature on harassment of ungulates is 
scattered among different subjects such as animal 
husbandry, ethology, range and wildlife management, 
physiology and psychology. Geist (1975) and Mair (1976) 
compiled partial general bibliographies of harassment. 
Hudson and Stelfox (1976) emphasized the physiological 
aspect of harassment in their bibliography. We have 
emphasized cervids in our preliminary bibliography 
(Gunn and Miller 1977). 

There are four main categories ofindustrial develop
ment likely to have an impact on caribou populations, and 
these categories have been the basis for several recent stud
ies. The potential of pipelines, roads, rail ways and hydro
electric lines as barriers to caribou have been described by 
Klein (1971), Miller et al. (1972, 1 977a),Child (1973), 
Banfield (1974), Bergerud (1974), Cowan (1974), LeResche 
(1975), LeRescheand Linderman (1975), Villmo (1975), 
Cameron and Whitten (1977) and Roby (1976). The effects 
of on-going and completed sei smic lines were observed by 
Riewe (1973), Urquhart (1973), Banfield (1974), Beak Con- . 
sultants (1975), Freeman (1975) and Slaney (1975). The 
third category of industrial development is the great increase 
in the use of aircraft associated with indus trial exploration 
and development. Espmark (1972), Thomson (1972), Klein 
(1973), McCourt and Horstman (1974), McCourt el al. 
(1974), Surrendi and De Bock (1976) and Caleret al. (1976) 
have described caribou responses to fixed wing aircraft and 
helicopters. Finally, Calef and Lortie (1973) McCourt el al. 
(1974) and Surrendi and DeBock (1976) de scribe some cari
bou responses to permanent installations such as construc
tion camps, oil rigs and compressor stations. 

Geist (1971, 1975) in his discussion ofharassment has 
argued for a physiological approach to harassment studies 
with emphasis on the energetic cost ofharassment. So far, aIl 
published accounts of caribou harassment have depended on 
observations ofbehavioural responses. The reliance on 
behavioural responses was partly the result of most harass
ment studies being secondary to other projects, such as 
studies of sex and age composition, but also was the result 
of the current state of remote monitoring of physiological 
parameters. 

Although techniques formeasuring metabolic rates of 
unrestrained large mammals are being developed (Young 
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and McEwan 1975), the need for a portable infusion appara
tus Lü monitor the Aux of radioactive tracers prohibits the 
use of the method for harassment studies. A more promising 
approach employs radio-telemetry to monitor parameters 
such as heartbeat. Skuu el al. (1973) developed an implanted 
transmiuer to monitor heartbeat of white-tailed deer (Odocoi
leus virginianus) and Holter el al. (1976) further refined the 
technique ta measure metabolic rate under laboratory condi
tions. Moen and Chevalier (1977) and Geist (pers. comm.) 
have used external electrodes to record heartbeat on unres
trained white-tailed deer and domestic sheep (Ovis aires), 
respectively. 

General descriptions of caribou behaviour (Pruiu 
1960, Kelsall 1968 and Skoog 1968) have been supple
memed by detailed treatments of calving behaviour and cow
calfrelationships (Lent 1966, de Vos 1960, Ericson 1972 and 
Miller and Broughton 1973), ruuing behaviour (Lent 1965, 
Espmark 1964, Bergerud 1974) and movements (KelsaU 
1968, Pruitt 1959 and Curatolo 1975). Previous behavioural 
studies have emphasized two critical aspects of caribou beha
viour that increase their susceptibility to harassmem, namely 
migrations and the synchronized breeding and calving on 
discrete traditional areas (Miller et al. 1972, Miller 1974a, 
Dauphiné and McClure 1974 and Bergerud 1974). Espmark 
(1970), Thomson (1972) and Miller el al. (1972) have also 
emphasized the importance of socialization in maintaining 
traditional migrations. 

These harassment studies demonstrated that 
caribou responded differently to harassment that coincided 
with the identified critical phases of their life cyde. 
Observations of responses to both pipeline simulations and 
aircraft harassment identified a cow-calf pair as the most 
responsive sex/age group. The studies of aircraft 
harassment critically reviewed in Geist (1975) al! agreed 
that altitude of the aircraft was one of the determinants of 
the responses, but previous activity, sex and age cIass, 
group size, season, surrounding terrain and aircraft type 
were aIl considered important. 

Most studies ofharassment have considered barren
ground caribou. Peary caribou are the least known caribou 
subspecies Uakimchuk 1975): recent data on numbers and 
movements (Miller el al. 1977a and b, Miller and Gunn 
1978b) suggest this subspecies may be particularly vulner
able to harassment. 

There have been to date no specific studies on harass
ment ofmuskoxen by aircraft and only one study.on the 
effects of seismic activity on muskoxen (Beak Consultants 
1975). There are some descriptive accounts ofresponses to 
isolated harassments by aircraft (Gray 1974), seismic activity 
(Urquhart 1973, Riewe 1973, Slaney 1975) and human activ
ity (Hone 1934, Tener 1965). 

Tener (1965) outlined the biology of the species and 
noted some ofthe adaptations ofthis unique species to the 
Arctic. Gray (1973) wrote a descriptive account of muskox 
behaviour and Smith (1976) described ruuing behaviour. In 
a subsequent paper, Gray (1974) described the characteristic 
defense formation of muskoxen which, although often 
caused by low-Aying' aircraft, probably originated as a 
defense mechanism against wolf attack. Other studies of 
muskoxen have examined productivity (Hubert 1974), range 
relationships (Wilkinson and Shank 1974), numbers and dis
tributions (Tener 1958, 1963, Fischer and Duncan 1976 and 
Miller et al. 1977a) and domestication (Wilkinson 1974). 

Geist (1971, 1975) outlined sorne effects ofharass
ment primarily on ungulates and noted (1971 :419) that 
"Another serious consequence of persistent disturbance is 
voluntary withdrawal from available habitat." Beak Consult-

ants (1975) suggested that seismic activity subtiy modified 
muskox distribution on Banks Island but both Urquhart 
(1973) and Riewe (1973) could ascribe no major changes of 
distributions to seismic activities. Gray (pers. comm.) has 
suggested that aircraft activities will drive muskoxen From an 
area. However, as almost nothing is known about the factors 
influencing muskox distribution. it is difficult to evaluate 
such suggestions. 

At present, knowledge of possible effects ofharass
ment on muskoxen has to be largely drawn l'rom parallels 
wilh other ungulates and predicted from descriptions of 
muskox behaviour. Lent (1974) predicted from his observa
tions of muskox calving that calves would be particularly vul
nerable to aircraft dislUrbance. 

Il 
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Figure 1 
Prince orWales Island, Northwest Territories 
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Studyarea 

Prince ofWales Island is about 32 000 km 2 in size and lies 
between 71 and 74°N and 96 and 103° W (Fig. 1). Our aerial 
reconnaissance included ail of Prince ofWales Island (except 
the extreme s.outh) and a southern coastal strip (3 x 42 km) 
on Russell Island between 98°00'W and 99°20'W. Ground 
work was restricted to the northeastern portion of Princeof 
Wales, including the north coast from Cape Hardy (73°53'N, 
97°36'W) west to Forsyth Point (73°44'N, 98°50'W), the Allen 
Lake drainage From Forsyth Point southeast to Back Bay 
(73°32' N, 97°41 'W) and the "Russell" (unnamed) River from 
Back Bay north past our base camp at 73°41 'N, 97°41' W to 
the mouth of the drainage east of Cape Hardy and west of 
Lyons Point (73°5 l'N, 9T25'W) . 

Dunbar and Greenaway (1956), Bird (1967) and 
Blackadar (1967)" described the physiography of Prince of 
Wales Island and Netterville el al. (1976) have recently 
described the terrain and geology. Craig (1963) discussed 
sorne of the glacial features of the island. Woo and Zoltai 
(1977) classified regions and districts of Prince of Wales 
using physiographic, soil and plant distribution characteris
tics. Russell and Edmonds (1977) give botanical information 
and further descriptions ofrange types for the island. 

Inuit are not known to have settled on Prince of 
Wales, but Inuit From Resolute Bay and Spence Bay have tra
velled there to hunt Peary caribou. Dunbar and Greenaway 
(1956) in their account of the history of exploration stated 
"No trading post or other settlement have ever been estab
Iished on the island." 

We selected Prince ofWales Island for our study area 
because it lies along a potential route for the proposed east
ern Arctic pipeline, at thejunction orthe high- and mid-arc
tic regions (Polunin 1948, Woo and Zoltai 1977). It also has 
characteristics in common with other high- and mid-arctic 
islands along the proposed pipeline routes. In addition, pres
ent distributions and numbers ofboth muskoxen and cari
bou are more favourable for study on Prince ofWales than 
on adjacent islands (Fischer and Duncan 1976, ,Miller et al. 
1977a, Russell and Edmonds 1977). 

Methods and sources of data 

1. Experimental field techniques 

ln 1976 we established a base camp in the "Russell" 
(unnamed) River valley which we shared with field parties of 
AIPP project 6123. Our party ofthree observers used a Bell 
206B "Jet Ranger" turbo-helicopter as a harassment agent 
from 5July to 15 August and f1ew 49.9 and 33.7 h inJuly and 
August respectively. In 1976 we varied our daily distrib
utions and directions of f1ights according to suitability of 
weather for flying, aircraft maintenance, requirements of the 
other field party and the explora tory nature of our first field 
season. 

On 29 May 1977 we returned with six observers to the 
1976 base camp. Two observers Icft 4 August and the camp 
was removed 25 August. InJune we flew 97.2 h in a Bell 
206B helicopter on exclusive contract to our project (Miller 
and Gunn 1978b:'Appendix 1). InJuly and August we f1ew 
42.3 and 65.5 h, respectively, on a casual contract wh en the 
helicopter was available from Resolute Bay, Cornwallis 
Island. 

Our helicopter harassment simulated three likely 
categories of activity that will probably be associated with 
construction and maintenance of an oil or gas pipeline in the 
Arctic. Our work in 1976 emphasized the development of 
techniques and an opportunistic appr~ach prevailed. In 
1977, we restricted our work to a more detailed look at the 
effect ofrelatively high altitude simulated cargo slinging and 
simulated work parties. We also concentrated on maximum 
use of ground crews to record behaviour prior and subse
quent to harass~ent overflights. 

1.1. Reconnaissance and search f1ights 
We flew reconnaissance flights only in 1976 to obtain 

information on relative numbers and distributions of Peary 
caribou and muskoxen and their overt responses to the heli
copter. Subsequently we carried out search and harassment 
flights inJuly and August over the areas that groups of Peary 
caribou and/or muskoxen frequented. Occasionally, we 
returned to areas that previously had carried low numbers to 
determine wh ether animais had moved into those areas. 
The altitude of the helicopter was partly determined by the 
weather, but we flew at ail 30-m intervals below 325 m agi 
(above ground level) altitude. Sorne f1ights were Rown at 
20-70 m agi to simulate aerial inspection of pipelines. 

We searched for groups within 2-4 km of the helicop
ter. When we spotted a group or an individual, the helicopter 
f1ew past them, turning if necessary to have the animais on 
the same side of the helicopter as the two observers. In 1976, 
we recorded helicopter speed (km/h) and altitude (m asl) 
and, using a clinometer, the actual (diagonal) distance (m) to 13 
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the first animal to respond and Lü the animais wh en the heli
copter approached them most closefY. In addition we 
'recorded sex. age and overt responses ofindividual animaIs 
and shot Kodachrome 40 or Ectachrome 40 Super 8 film, 
when conditions allowed, with a Braun 800 movie camera at 
54 frames/sec through the open window of the helicopter 
rear door. We located the observation on a 1 :250000 topo
graphical map and also noted the terrain and direction of 
wind and position of sun relative to the helicopter for each 
observation. We tape recorded ail observations on Phillips 
LFH 0085/25 cassette record ers and subsequently tran
scribed them onto data sheets. 

We recognized the following categories and overt 
behavioural responses: (a) bedded, (h) foraging. (c) standing 
alerted, (d) walking, (e) trotting or cantering and (j) gallop
ing. We noted the relative position ofindividual muskoxen Lü 

each other and whether the locomotary activities of the indi
viduals were directed toward taking up a group defense 
formation. We recorded the type of group defense formation 
and the subsequent response of the group to the harassment. 
We divided our observations into three periods: approach, 
closest contact with the animaIs (opposite helicopter) and 
departure ofhelicopter. Other overt responses including 
calves moving to cows, bolting, milling, aggressive and 
grooming behaviours were also recorded in our tape
recorded narratives of observations. 

1.2. Simulated cargo slinging Aights 
ln 1976 and 1977 we Aew a series offive or more pas

ses over a group at relatively low speeds (Iess than 100 km/h) 
to simulate the slinging of cargo by helicopter. We were able 
to make those simulations when animais were in areas that 
allowed observation from nearby high ground. During 
searches for groups for simulated slinging, we Aew at high 
altitudes (200-400 m agi) and on spotting a group in a suit
able location we turned away and landed out of sight of the 
group 0.4-1.6 km away, depending on coyer afforded by sur
rounding terrain. Two observers walked to a prominence 
and used 15 x 60 zoom spotting scopes and 10 x 40 binocu
lars to observe the animais. If the group was less than 0.8 km 
from the observers, one observer shot Super 8 movie film on 
timed single frames or continuous footage. Immediatcly 
after the two observers had deplaned, the helicopter took off 
and Aew away from the group ta king advantage of suitable 
terrain to remain out of sight. We started Aying passes over 
the group either immediatcly or within 4 h after observer 
placement, depending on hclicopter avaiIability and the suit
ability of the location for the observers maintaining contact 
with the group. An observer remained in the helicopter and 
recorded the time, altitude (m asI), speed and direction of 
each pass. He aiso located the observation on a 1 :250000 
topographical map and noted the direction of wind and posi
tion of the sun relative to the helicopter for each pass. 

The observers on the ground divided their observa
tions into three periods: pre-harassment (undisturbed), har
assment and post-harassment (recovery). The duration of the 
three periods varied according Lü weather, helicopter availa
bility and movements of the animaIs under observation. We 
recorded behaviour at 10-min intervals of ail individuals in 
the group by sex/age class during pre- and post-harassment 
periods, and continuously during periods ofharassment. 
In 1977, one observer attempted to main tain a continuous 
record of the behaviour of an individual cow-calf pair while 
the second observer concentrated on the en tire group. We 
used the same categories as we had used for aerial observa
tions and also l'ecognized ot.her specific types of adaptive 
behaviour. In our examinat.ion of the possible behavioural 

repertoires we used as guides descriptions ofspecific behavi
oural patterns or North American ungulates: Pruitt (1960), 
Cowan and Geist (1961), Geist (1963, 1966), Thomas et al. 
(1965), Lent (1966), Prenzlow et al. (1968), De Bock (1970), 
Gray (1973), Miller (1 974b, 1975) and Smith (1976). , 

ln 1976 the use of a shared helicopter on a daily basis 
restricted our simulated cargo slinging Aights. The sets of 
passes were Aown at either constant altitudes or descending 
altitude with each pass from 305 to 30 m agI. In 1977 we only 
Aew simulated cargo slinging flights using sets of six passes 
at relatively high altitudes (270-400 m agi). When distrib
ution of the animais permitted, we positioned two teams of 
observers walching different groups 1-5 km apart and Aew 
one set of passes over both groups. The helicopter Aew at 
about 80 km/h and turned at 8 km on either side of the 
group. Ifweather permitted and the observers had m~i~
tained contact with the group, we Aew a second set of SIX pas
ses over the group within 2-6 h of the first set. 

1.3. Inspection Aights, simulated work parties and simu
lated amateur photography 
In 1976 we simulated inspection fiights by Aying low

leve! passes or circles al hovering speeds. In 1976 we simu
lated the placement ofwork parties by helicopter as a likely 
type ofharassment associaled·with survey and inspection 
crews. The helicopter landed and shut down within 20-800 m 
of the animais. The observers left the helicopter but remained 
in Ïls Immediate vicinity with no attempl al concealment. The 
observers recorded on tape and Super 8 film overt behavioural 
responses using the categories for ground observation already 
described. We also recorded terrain, distance to the animais 
and wind direction in relation to ourselves and the animaIs. 

Although we did not simulate inspection Aights in 1977, 
we did simulate work parties by landing within 200-800 m 
of groups of animais. In 1977 we also simulated the type of 
activity we would anticipate from amateur photographers. 
These simulations were the same as for the work parties 
except that we approached the group and recorded the ani
mais' overt responses to the approach al 2-min intervals. 

2. Data analyses 

2.1 Computer analyses 
In 1977 ail field observations were numerically coded 

and transcribed onto computer sheels al the field camp and 
subsequently key punched on our return to the office. Ail 
files (Table 1) were edited and checked for any spurious 
values and cross-checks were run, The 1976 caribou com
puter data files were overlaid with the 1977 format and the 
1976 muskox data sheets were lransferred to files. 

We recorded our observations ofresponses to harass
ment into several phases (response pattern) according to the 
type of harassment, and those phases were maintained 
throughout analyses. During harassment Aights, we recorded 
the minimum (A) and maximum (B) response of an individ
ual during approach of the helicopter. As the helicopter was 
overhead, the departure phase began; a maximum (C), a 
minimum (D) and, in 1977 only, a last response while the he!- . 
icopter was last audible (E) were recorded (in our overIay of 
1976 data we arbitrarily assigned E response to equal D). 
During landings, we recorded responses ofindividuals at 
specific phases or times: when first sighted, during approach, 
as we touched down, as the blades wound down, at 2-min 
intervals until we returned to the helicopter, as il started up, 
during take offand wh en the animais were last seen. The use 
of discrete phases during the recording of overt responses 
permitted slandardization of observations and allowed us to 
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Table 1 
Schema of collection of data obtained during helicopler harassmenl study. 

NWT.1977 

lî il 
Ali group individuals 
by sex/age class 
(chronologicaJ 

Ali group individuals 
by sex/age dass 
(responses by 

seq uence of . 
ail activities during' 
pre- and rm'"' ph",) r' ·h'~'m'"" 
GRPACT 

(Maximum response 
of one individual 
during one flil{hl) 

(Maximum response 
or ~roup during one 
fli~hl) 

compare both specific responses and response sequences al 
differem times during harassments. 

We have analyzed one type ofresponse sample in this 
report. The maximum response of one individual during one 
Aight (or landing) i5 referred to as an individual response 
sample (IRS). The number of groups sampled is equivalent 
to the number of Aights. 

2.2. Categorization ofresponses 
We have assumed in our work that the most extreme 

response that a Peary caribou or muskox could exhibit would 
be Aight by galloping away from the harassing stimuli. In an 
attempt to make our analyses ofIRS more meaningful, how
ever, we have identified the following categories as responses 
at the extreme level: (a) Peary caribou that trotted or gal
loped; (h) muskoxen that walked, cantered or galloped 
together to form tight and loose group defense formations; 
(c) muskoxen that stood in tight or loose group defense 
formations and (d) muskoxen that cantered or galloped. 
Although trotting and cantering are defined as controlled 
gaits, they are responses that demand energy expenditures 
beyond the level normally associated with ongoing mainte
nance activities. We have. therefore,judged that they should 
also be categorized as extreme level responses. 

We have also assumed that although walking is part of 
foraging activity, deliberate walking in apparent response to 
harassing stimuli may at times be excessive to the demands 
of maimenance and 50 we have categorized walking and 
alarm (alert) behaviour as moderate level responses. We 
have further assumed that as long as these moderate level 
responses are short-lived and infrequent, as they appeared to 
be III Our work, thev do nol in themselves constitute serious 
extra demands on ~he harassed animais. 

Muskox/caribou 

IJ 
Cow-calfpair 
(responscs by 
harassmenl phase) 

(Maximum response 
of cow or calf during 
one f1i~ht) 

(oneground 
observer) 

n 

GRS 

Û 
Cow-calfpair 
(chronolo~icar 
sequence 
of ail activities 
during 
pre- and post
harassment, 
and responses tu 
harassmenl) 

~ 
INDACT 

(Maximum response 
of cow-calf pair 
during one Aight) 

Ifthe harassed animais remained engaged in mainte
nance activities (bedded or foraging) and exhibited no 
apparent responses to harassing stimuli, we considered the 
lack of observable responses as an indication that the animais 
were not harassed to a level that would elicit an overt 
response. Such a condition was recorded as a maintenance 
level activity or maintenance activity. We have avoided any 
consideration of psychological or internai ph ysiological 
problems in this approach because we could not measure them. 

We analyzed IRS in relation to measured variables by 
observed/expected (OIE) indices. OIE indices indicated 
whether observed values were occuring as often as expected 
(OIE = 1.00), more frequently than expected (OIE > 1.00) 
or were less frequent than expected (OIE < 1.00). Statisti-
cal significances of the observed values (Hypothesis ofindepen
dence, Freund 1960) were measured by contributions 
to Chi-square (Xn2 ) values calculated from OIE indices and 
expected values: where Xn 2 E (1-1)2, where 1 = OIE. 

When calculating the OIE ratios, a "class" should 
be thought of as an "independent variable" composed of 
"values": e.g. the sex/age class is composed of the values 
Bull, Cow, Juvenile, Yearling and Calf which constitute the 
independent variable - the sex/age class. In the tables, we 
presented two-way contingency tables of tabulations of 
response levels against the independent variables (e.g. sexl 
age, group size, group type classes) for each altitude class 
« 200, > 200 and < 400 m agi) separately. In the text, we 
discuss results obtained by calculating two-way contingency 
tables of altitude against response levels, looked at 
separately for each value of each independent variable 
(e.g. the sex/age class, Bull; group size class, 2-5; and the 
group type class, Cow-calf pairs) and those results are 
presenled in the text and are not tabulated. The reader 15 
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should note, that the OIE ratios in the tables reflect only 
the relative responsiveness of each value to each other 
value of an independent variable while the OIE ratios in 
the text indicate the responsiveness of only that particular 
value of an independent variable in isolation. Considera
tion of only the OIE ratios in the tables or in the text 
would permit only a partial understanding of the subject 
matter and could often pro vide misleading evalutions of 
the data. Therefore, the reader must con si der both sets 
(tables and text) of OIE ratios to truly understarid the 
distribution and contribution of each value of each 
independent variable to the analyses of responses induced 
by turbo-helicopter harassment. 

We use "predicted" to mean the assumed inverse alti
tudi!1al relationship ofharassing agent to harassed animais: 
the closer the two entities are to each other the more fre
quent the extreme level ofresponses. That is, we predicted 
that the lower the helicopter harassment flight, the more fre
quent the extreme level of the responses and the less fre
quent the apparent lack ofresponses (remaining bedded or 
foraging). We also predicted the converse for extreme level 
and maintenance activities during harassment overflights al 
higher altitudes. 

Three stepwise multiple regressions were used for 
analyses of the variance of measured variables obtained for ail 
helicopter harassment overflights < 200 m agi, > 200 m agi and 
< 400 m agi with levels of responses used as the dependant 
variable. The critical proportion for exclusion of variables 
was setat <0.5%. 

2.3. Definitions ofterms 
Alerted. An animal was alerted wh en it took a "head 

high" or "head low" stance. Such alerted positions were 
more stereotyped for caribou than muskoxen and more 
easily recognized. Animais "standing alerted" or bedded and 
"alerted" usually looked toward the harassing agent. Ani
mais that became "alerted" while bedded received the same 
response rating as animais standing "alerted." 

Bedded. A "bedded" animal is one that was in a resting 
or ruminating position either upright on its brisket or lying 
on its side, and showing no apparent signs of alertness to 
changes in its environment. 

Canter. A "canter" is a slow galloping assymetric.al gait 
(Bullock 1974) employed by muskoxen during periods of 
apparently restrained flight behaviour. 

Circle (helicopter harassment flight pattern). A "circle" 
was a more or less constant radius flight pattern flown at a 
given altitude around the harassed animais. 

Defense circle (also defense formation or defense ring). 
'The classical grouping ofmuskoxen in a circle, crescent, line 
or ring-like formation practised as a mu tuai defense maneu
ver during flight behaviour. We refer to mu tuai group 
defense by members of single-sex groups of bulls as 
"defense formations", and by members ofmixed-sex groups 
as "defense circles". We make the distinction as it is difficult 
to conceive oftwo or three muskoxen as forming a circle. A 
"loose" group was one with sorne animais one body length 
or more apart and group members could be readily counted. 
In a "tight" group the animais were compacted together, 
calves andjuveniles-were difficult to identify and it was not 
easy to count group members. 

Defense position. "Defense position" is the stance 
assumed by a solitary muskox bull against or close to a topo
graphical feature (gully bank, hummock or stream) seem
ingly as a defense aid during his flight behaviour. 

Expected (expected cell frequencies). We use the word 
"expected" in the sense ofa mathematical expectation. 

"Under the hypothesis ofiridependence, the expected fre
quencies for any cell can thus be obtained by multiplying the 
total ofthe row to which the cel! belongs by the total of the' 
column to which it belongs and th en dividing by the grand 
total" (Freund 1960:277). 

Foraging. An animal was "foraging" when it appeared 
to be feeding while standing in place or walking and not 
showing alertness to changes in its surroundings. 

Galloping. A "gallop" is the most rapid assymetrical 
gait employed during apparently unrestrained flight 
behaviour. 

Group. A "group" identifies a gathering of animais as a 
seemingly discrete closed social unit at the time of our con
tact with them. 

Habituation. The adjustment, affected in a cell or an 
organism, by which subsequent contacts of the same stimulus 
produce diminishing effects (Henderson and Henderson 
1963:232). 

Harassing stimuli. "Harassing stimuli" were changes 
(visual, auditory or olfactory) ofunknown intensity in the 
animal's environment brought about by a harassing agent 
(helicopter). We recorded the changes only as overt respon
ses made seemingly in attempts to adapt to those changes. 

Harassment. "Harassment" is assumed to be the phe
nomenon which resulted from the introduction of uni den ti
fied stimuli ioto an animal's environment. Our only measure 
ofharassment was through overt responses by the sup
posedly harassed animais. Therefore, its presence would 
have been undetected in cases where animais did not 
respond in an observable manner. A good analysis of the 
meaning ofharassment is given by Geist (1971). 

Harassmentflight. "Harassment flight" means a single 
flight ofthe helicopter (regardless of pattern: pass, circle or 
land) over and near an animal or group for the purpose of 
causing a harassment. 

Head high alert position. An animal with a "head high 
alert position" held its head and neck erect ab ove shoulder 
height to look in the direction of the harassing agent. 

Head low alert position. An animal with a "head low alert 
position" was usually an animal which had been foraging and 
raised its head but with the head and neck below or level 
with shoulder height to look in the direction of the harassing 
agent. 

Head-tracking. An animal was "head-tracking" when it 
rotated its head, usually on a horizontal plane but also some
times vertically, to maintain visual contact with the harassing 
agent while keeping the remainder ofthe body stationary. 
Both standing and bedded animais performed "head
tracking." 

Herd bull. A "herd bull" is the dominant bull of a 
mixed sex group whom we recognize<,l by his size, aggr~ssive 
behaviour, apparent leadership and apparent defense of the 
group during harassments. The herd bull often assumed a 
defensive stance on or slightly beyond the periphery of the 
group defense circle. 

"Intruder" bull. An "intruder bull" is a bull that has 
made contact with and seemingly is attempting to associate 
with a mixed sex group, apparently for the potential to mate. 
His presence is, however, noticeably intolerable to the herd 
bull and leads to aggressive acts and a degree of excitability 
within the group. 

Observation. An "observation" is an overall discrete 
period ofharassment(s) regardless of the number ofharass
ment flights and animais involved. For example: One pass 
over 10 animais in one observation (composed of 10 sam
pies). Ten consecutive passes and/or circles over one animal 
is also one observation (composed of 10 samples). Ten con-
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secutive passes and/or circles over 10 animais is also one ' 
observation (tomposed of 100 samples). Note: "observation" 
and "occasion" are synonomous. 

Pass. A single helicopter flight "pass" is a straight-line 
flight alongside the animal or group, and a "multi-pass" is a 
compressed elliptical pattern flown over animais for the pur
pose of harassment. The primary axis of the multi-pass was 
varied from 1.6 to 32 km during each harassment flight 
(0.8 to 1.6 km equally on each side of the harassed animal or 
group). 

Repeat sampling. "Repeat sampling" is two or more 
observations of harassments of an animal or group that we 
assumed was the same animal or group. 

Response. A "response" is an attempt by a harassed 
animal to adapt to a change in its environment caused by the 
harassment. The rating that we gave for an "individual 
response" (lRS) was determined directly by the animal's 
behaviour. 

Response pattern. The "response pattern" consisted of 
four parts (A, B, C, D): A = minimum response during initial 
stage of approach; B = maximum response during approach 
before point of closest contact with the animais; C = maxi
mum response during departure after point of closest con
tact; D = minimum response during departure. 

. S~mple. A "sample" is the smallest unit that we recog-
mzed; It IS the response of one animal during one harassment 
flight. For example, one harassment flight over 10 animais 
equals 10 samples, 10 harassment flights over 10 animais 
equals 100 samples and over one animal equals 10 samples. 

Solitary muskox bull. A "solitary muskox bull" is an ani
mai that appears to have no association (at that point in time) 
with other muskoxen. His flight behaviour reflects apparent 
awareness ofhis lack of companion animais. 

- Stress. "Stress" in this report is an unknown entity. 
We assume that al! of our helicopter-induced harassments 
resulted in sorne degree of stress to the harassed animais. 
"Stress" was defined by Selye (1950) as the action of nervous 
and emotional stimuli elicited by an animal's environment on 
the nervous, circulatory, endocrine, respiratory and digestive 
systems to produce measurable changes in the functionallev
els ofthose systems. 

. Trot. A "trot" is a two-timed symmetrical gait of 
me~lUm speed (Bullock 1974) employed by caribou during 
penods of apparently restrained flight behaviour. 

Unharassed (undisturbed). An "unharassed" animal is 
an individual that has not been deliberately disturbed by us 
and showed no escape behaviour in our presence. In reality, 
the animal may have been stressed by us but we could not 
detect any responses other than occasional alarm behaviour 
that might have been directed at us. 

. Walking. A "walk" is the slowest gait employed during 
feedmg activities and unharassed movements. The "walk" 
usually at a faster or more deliberate tempo is also the slow
est gait during periods ofrestrained flight behaviour. 

-Results and discussion 

I~ total, we obtained 8607 response samples during 
.11 02 hel~copter harassment overflights: 4358 from Peary car
Ibou dun~g 751 overflights and 4249 from muskoxen during 
351 overfllghts. As we have deleted ail circle-type overflights 
(see next paragraph) from the analyses in this report, the 
tota.l sampi es used are 3939 from Peary caribou obtained 
dunng 671 pass-type overflights and 40 Il from muskoxen 
obta!ned duri~g 315 pass-type overflights. Data obtained at 
the tIme ofhehcopter harassment landings involved 736 
Peary caribou samples during 116 landings and 1192 muskox 
samples at 69 touchdowns. More detailed considerations of 
season, wind, sun and terrain classes, and regression ana
lyses are given in Miller and Gunn (1978b) as are discussions 
~f cargo-slinging, analyses of muskox group defense forma
tIOns and responses of four muskox herds to repeated har
assment. 

.' We believe that the greater duration of the circle-type 
hehcopter harassment overflights is the principal reason for 
greater responses during those overflights. When we main
tained a more .or less fixed-radius, circle-type overflight 
a~o~nd the ammals, we were probably subjecting them to a 
slmllar level ofharassing stimuli but for about three times 
the duration of a helicopter pass:AIso, if the animais moved 
on a course that wou Id cross ahead on the circumference of 
the helicopter flight path, the helicopter wou Id often over
t~ke them or come closer to them as they passed beyond the 
Clrcle. On sorne occasions the helicopter may have caused 
the animais to turn. back within this circle several times in 
their attempts to escape. This behaviour was apparently 
more intensified during single and first circles than during 
subsequent circles. Such conditions would probably lead to 
reinforcing the escape drives of the animais and, therefore, 
to more extreme responses during circle-type rather than 
pass-type overflights. 

Analyses of IRS of Peary caribou and muskoxen 
obtained during single, first and subsequent circle-type har
assment overflights in 1976 could not, however, be directly 
compared to pass-type harassment overflights obtained in 
1976 and 1977 because few circles were flown in altitude 
cla~ses > 200 m agI. Therefore, we have deleted 419 Peary 
canbou samples obtained during 80 circle-type overflights 
and 238 muskox samples obtained during 36 circle-type 
overflights. 
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1. Peary caribou, IRS 

1.1. Altitude classes 
Of the 3939 ms obtained for Peary caribou cluring 

ail pass-type harassment overAights, 35.1;70 (1382) were 
extreme level responses (EURS), 28.9;70 (1 139) were 
moderate level responses (MU RS) and 360% (1418) were 
maintenance activnies (MAIRS) Cl'ables 2, 3 and 4; Fig. 2). 
The distributions of IRS during overflighls at < ancl 
> 200 m agi varied signiflcantly (X 2 = 991.18, 2 clf. 
P<0.005). EURS represented 53.6;70 (1068) of the 1992 
IRS obtainecl dunng Aights at < 200 m agI and exceeded 
the expected value by 53.0%. The EURS obt,uuecl cluring 
flights at >200 m agI equallecl only 16.1;70 (314) of 1947 
IRS ancl represented only 46.0% of the expected ELIRS at 
> 200 m agl. The clifference in the contributions of MURS 
during flights at < ancl > 200 111 agi is relalivcly weak, but 
moderate lcvel responses dicl follow the predicted pattern 
with altitude: < 200 m agI exceeded the expectecl value by 
14.0% ancl > 200 m élgl was only 85.0% of the expeclecl 
value. The strongest difTerence between altitucle classes 

Table 2 
Dislribulion of Peary caribou individual response samples, by levcl of 
response and altilude dass (melres above ground level), during helicopler 
harassmenl overAighls, Prince of Wales Island, NWT, 1976--77 

Level of response 

Altitude dass, 
Main!. Moderale Extreme 

m agi Bed For. Alerl Walk Trot Gal 

1-50 8 22 38 13 199 33 

51-100 46 48 183 89 324 135 

101-200 49 93 183 152 310 67 

201-300 355 727 317 140 222 53 

301-400 2 68 17 7 12 27 

<200 103 163 404 254 833 235 

> 200 357 795 334 147 234 80 

<400 460 958 738 401 1067 315 

Figure 2 
Dislribulion of Peary caribou individual response samples, by level of 
response and altitude dass, expressed as percenlage devialions of observed 
from expecled values (O-E/E), oblained during helicopler harassmenl 
overAighls al < 400 m above ground level, Prince ofWales Island, NWT, 
1976--77 
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WélS observed for the MAIRS which representecl only 
13.4;70 (266) of 1992 IRS at <200 m agi or :n.o1rJ of the 
expected value ancl 59.2% of the 1947 IRS at > 200 m élgl 
or 64.0% more than the expected value. 

The occurrence of observable responses hy Peélry car
Ibou to helicopter harélssment overflights varied from 90.4% 
for f-lights at < 50 m agi to 40.4% for flights between 201 and 
300 m agi ancl47.4% for Aights between 301 and 400 m agI. 
Peary caribou responded more at the extreme level, 74.1 %, 
when the overl1ights were at < 50 III agi, followed by 55.6% 
at 51-100 III agi, 44.1 % at 101-200 m agI, 15.2;70 at 
201-300 III agI and 29.3% at 30 1-400 m agI. The greater 
percentage of observable responses ancl the hig'her propor
tion of extrellle level of responses from the 201-300 m agI 
clzIss relative to the 301-400 m agi class is signifIcant 
(X 2 = 20.24,2 de p < 0.005). When IRS from the two higher 
altitude classes are comparecl, the OIE index for extrerne 
level responses to l1ights at 301 -400 m agi exceeds the 
expected rate by 86.0;70. The OIE index for extreme level 
responses to 201-300 m agi flights only realized 94.0% of the 
expected rate. OIE indices for MURS and MAIRS were 

Table 3 
Distribulion of Peary caribou individual response samples, by level of 
response and variable classes, during helicoprer harassment overAighls, 
Prince of Wales [sland, NWT, 1 97f>-77 (n = 3939) 

Level of rcsponse 

Main!. Moderate Exlreme 

Variable class Bed For Alen Walk Trot Gal. 

Sex/age 
171 62 Bull 197 421 252 91 

Cow 89 251 283 172 478 137 

Juv 82 115 74 39 148 26 

Yr 28 30 [0 7 22 14 

Calf 64 141 [ 19 92 248 76 

Group size 
13 26 9 Solilary caribou 1 9 36 

Cow--<:alf pair 0 4 9 8 9 6 

2-5 caribou 77 179 237 112 304 88 

6--9 caribou 83 313 252 124 396 74 

10-19 caribou 294 286 176 91 244 55 

20-27 caribou 5 167 28 53 88 83 

Group type 
146 60 89 43 Bull 73 16[ 

Bull--<:ow-jtiv-yr--<:alf 89 231 69 44 39 17 

Bull-juv-yr 148 267 139 52 160 36 

Juv-yr 6 6 15 5 22 8 

Cow-juv-yr--<:all 108 70 106 60 222 32 

Cow--<:alf 24 186 199 138 418 146 

Cow-:juv-yr 12 37 64 42 117 33 

Table 4 
Dislribulion of Peary caribou individual response samples, by In'el of 
response, allitude cfass (metres above ground level),and ltpe ofhclicopter 
harassmelll overllight, Prince of Wales Island, NWl , 1976--77 

Leve! of response 

Ailitude class Main!. Moderale Exlreme 
m agi, ----
by Aighltype Bed For. Alcn Walk Trot Gal. 

Single passes and first passes of multi-passes (n = 1(48) 
153 22 1-50 7 18 15 7 

51-100 29 37 132 66 263 102 

101-200 38 68 165 134 290 62 

201-300 52 102 55 41 58 2 

301-400 0 23 3 4 0 0 

Subsequent passes of multi-passes (n = 19(1) 
6 46 II 1-50 1 4 23 

51-100 17 II 51 23 61 33 

101-200 II 25 18 18 20 5 

201-300 303 625 262 99 164 51 

301-400 2 45 14 3 12 27 

both lower than expectecl for the 301-400 m agI class and 
greater than expected for lhe 201-300 m agI clélss. 

A test of independence between clistributions of the 
IRS obtained during single passes and first passes of multi
pass overflights (Table 5) and passes subsequent (Table 6) to 
the fU'st passes of multi-pass over/lights indicates that the lev
cls of the IRS \Vere panl)' clepenclent on the sequence ofpas
ses. That IS, Peary canbou responcled more at the extreme 
and moderate levels and were engaged in maintenance activ
nies less frequently than expected cluring single and first pas
ses than clunng subsequent passes (X 2 = 522.79,2 df, 
P< 0.005). 

Distribution oflRS within the single ancl hrst passes 
(X 2 = 314.16, 2 df, P < 0.005) and the subsequent passes 
(X 2 = 256.36, 2c1f, P< 0.005) followecl the preclictecl pattern. 
Extreme and moclerale responses occurred more orten than 
expectecl during flights below 200 m agI and [ess often dur
ing higher flights. Maintenance activities were observed less 
frequently than expected during low levcl flights and more 
orten than expected during Hights at > 200 m agI. These 
conclitions may be partially attributable to the contagious 
nature of the IRS data. 

Examination of the IRS distribution by altitude ('or 
single and first passes and for subsequent passes (Tables 5 
and 6) indicates that the apparent habituation may actually 
be a reflection orthe indirect relationship between response 
level and altitude. OverAights at < 200 m agI accouru for 
82.5% (1608) of the IRS obtained during single passes and 
first passes. Overflights during subsequent passes account 
foronly 19.3;70 (384) oftheIRS obtainedat <200magl 
(4.27 times fewer than in single and first passes). 

The percentage ofPear)' caribou responding to flights 
< 200 m agI at the extrerne lcvel (55.5% versus 45.8%) and 
moderate level (32.3% versus 36.2%) for single and hrst pas
ses ancl subsequent passes, respectively, appeared similar. 
However, those percentages are misleading as the response 
frequencies were less than expected for EURS and greater 
than expected ('or MAIRS ('or subsequent passes at 
< 200 m agi when compared with ELIRS ancl MAIRS for single 
and first passes at <200 m agI (X 2 = 14.29,2 df, P<0.005). 
Only MURS occurred at signiFicantly greater frequencies 
than expected when IRS distributions for samples obtained 
cluring passes at > 200 rn agi were compared between 
single and first passes and subsequent passes (X 2 = 9.73,2 de 
P<O.OI). 

The percentage contribution by altitude to any one 
level ofresponse can be mislcading and must be related to 
the relative sarnpling intensities. For example, during subse
quent passes only 40.9;70 (176) of the EU RS were obtained 
during overHights at < 200 ll1 agI while 59.1;70 (254) EURS 
were obtained at > 200 m agI. Those absolute values suggest 
that Peary caribou were more responsive cluring subsequent 
passes above 200 m agI. Ifwe examine the OIE indices 
(Table 5), ho\Vever, the 40.9% J'epresents 212.0% of the 
expectecl rate ancl 59.1 % equals only 73.2;70 of the expected 
rate. This condition suggests that Peary caribou \Vere really 
more responsive in the EURS category at < 200 m agI. Sirni
larly at the moderate level, only 26.9% (139) ancl 73.1 ;70 
(378) MURS \Vere obtained during subsequent passes at 
< and> 200 III agi, respectively. The relative contributions of 
MURS were, however, 139.0;70 of the expectecl for subse
quent passes at < 200 m agI and only 90.670 of the expectecl 
for subsequent passes at > 200 m agI. 

Distributions of IRS of Peary caribou obtained during 
ail pass-type overflights «400 m agi) were significantly clif
ferent (X 2 = 1109.68,8 clf, P< 0.005). The greatest significant 
chfference was between distributions ofIRS obtained during 

Table 5 
Distribution of Peary caribou individual response samples (lRS), by level of 
response and altllude class (melres above ground level) during single and 
hrst passes of hchcoPler harassmelll overllights, Prince of Wales Island, 
NWT,197C>-77 

Altitude dass, Levelofresponse 

m agi Main!. Mod. Ex!. Totals 

Observed IRS 
1-50 25 22 175 222 
51-100 66 198 365 629 
101-200 106 299 352 757 
201-300 154 96 60 310 
301-400 23 7 0 30 

Tolal 374 622 952 1948 

Observed/expected indices 
1-50 0.59 0.31 1.61 
51-100 0.55 0.99 1.19 
101-200 0.73 1.24 0.95 
201-300 2.59 0.97 0.40 
301-400 3.99 0.73 0.00 

Chi-square contributions 
I-.~O 7.29 33.71 40.77 81.77 
51-100 24.83 0.04 10.79 35.67 
101-200 10.65 13.58 0.87 25.10 
201-300 149.99 0.09 55.26 205.34 
301-400 51.60 0.69 14.66 66.96 

TOlal 244.36 48.12 122.36 414.83 

Table 6 
Distriblltion of Peary caribou individual response samples (lRS), by level of 
responsc and altllude class (mctrcs above ground level) during subsequent 
passes ofhehcopter harassmenl overAights, Prince ofWales Island NWT 
1976-77 ' , 

Altitude dass, Leve! of response 

m agi Main!. Mod. Ex!. Totals 

Observed IRS 
1-50 5 29 57 91 
51-100 28 74 94 196 
101-200 36 36 25 97 
201-300 928 361 215 1504 
301-400 47 17 39 103 

Tolal 1044 517 430 1991 

Observed/expected indices 
1-50 0.10 1.23 2.90 
51-100 0.27 1.45 2.22 
101-200 0.71 1.43 1.19 
201-300 1.18 0.92 0.66 
301-400 0.87 0.64 1.75 

Chi-square contributions 
1-50 38.24 1.22 70.97 110.43 
51-100 54.40 10.49 63.07 127.96 
101-200 4.34 4.64 0.78 9.77 
201-300 24.63 2.23 37.13 63.99 
301-400 0.91 3.55 12.62 17.08 

Total 122.52 22.14 184.57 329.23 

passes at < 200 m agI versus higher passes (X 2 = 991.18, 
2 df, P < 0.005). Contributions were greater than expected 
for EURS and MURS during low altitude ( < 200 m agI) 
passes, and lcss than expected for passes> 200 III agI. 
Maintenance activities were less common than expected dur
ing passes < 200 rn agi and more comlllon than expectecl 
dunng hlgher passes. Ali IRS distributions indicated that 
Peary caribou were signiFicantly more responsive to harass
ment by the helicopter Aying at < 200 m agI. There('ore, we 
will cons id el' Peary caribou responses to helicopter harass
ment by ail IRS during passes at < 200 m agI (1992), aIl IRS 
during passes at > 200 m agi (1947) ancl ail IRS obtainecl 
cluring pélsses at < 400 m agi (3939). 19 
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1.2 . S\"x/age classes 
W e ob tained 30.370 (1194) o f th e IRS from Pea ry car

ibou bulls (Tables 7, 8 a ncl 9; Figs . 3 ,4 ét nd 5). In total 47 .270 
(563) o f t he above ms IVere fro m ovc rAig hts at < 20 0 m agI. 
Th er e IV as a signifi cét nl diffe ren cc in lhe re la tIv e fr equenCies 
of lhe lhree le l'cl s ofresponses e xhihit ed by bulls dllnng pa s
ses a t < and > 200 m agi (X 2 = 287.84,2 df, P <0 .005 ). The 
o bserved ELiRS lOl a ll ed 19 .5 70 (233): 35 .7 70 (2 01 /563) for 
EURS during passes étt < ~OO m agi and on ly 5. 170 (32163 1) 
for EURS during higher passes. OI E indices for IRS a t 
< 200 m agi \Vere lhe greal es l for eX lreme lel'e l. respons es 
(OIE = 1.83) and IOIVes t for ma inte n an ce ac tlvilles (OIE = 

Table 7 
Dislribulion of Pea ry ca ribo u ind ivi dua l response samples (lRS), bl' level of 
response and sex/age dass during ail pass -I ype hehcopler harass menl over-
Ri ghls < 200 rn agi, Princc of Wales Island. NWT, 1975-77 

Level of response 

Sex/age dass Main!. Mod . Ex!. TOla ls 

Observed IRS 
Bull 155 207 20 1 5G:l 
COlY 87 318 483 888 
Ju v 16 49 14 8 2 13 
Yr 3 7 30 40 
Calf 5 77 206 288 

TOlal 266 658 1068 1992 

Observed/expected indices 
Bull 2. 06 1.1 1 0.67 
Co\\' 0.73 1.08 1.01 
Ju v 0 56 0.70 1.30 

0. 53 140 Yr 0.56 
Calf 0.13 0.8 1 1.33 

Chi-square contributions 
Bull 84 .75 2.38 33.69 120.82 
Co\\' 8.4 1 2.08 0.10 10.59 
Juv 5.44 6.48 10.00 2 1.93 

2.92 3.41 7.% Yr 1.03 
Calf 29. 11 346 1724 49 .80 

Tola l 128 .73 17 .3 1 54 .4 5 2 10 .50 

Table 8 
Oislribulion o f Pea ry ca ribo u illdividual response sam pies (lRS) . by level of 
response and sex/age dass during ail pass ·1 ype hchCl.lpler harassmenl over
Ai gh ls > 200 ni agi. Prince o f Wales Island . NWT, 1975-77 

Sex/age 
d ass 

Observed IRS 
Bull 
Cow 
Ju \' 
Yr 
Calf 

T o tal 

Observed/expected indices 
Bull 
Co\\' 
Juv 
Yr 
Calf 

Chi-square contributions 
Bull 
Cow 
Juv 
Yr 
Calf 

T ala i 

Main!. 

463 
253 
18 1 
55 

200 

11 52 

1.24 
0.82 
1.1 3 
1.3 1 
0.75 

2 1.53 
10.10 
2.66 
402 

17.01 

55.3 1 

Leve l ofresponse 

Mod . Ex!. TOlals 

136 32 63 1 
137 132 522 
64 26 27 1 
10 6 7 1 

134 11 8 452 

481 3 14 1947 

0 .fl 7 0.3 1 
1.06 1.57 
0.96 0.59 
0.57 0.52 
1.20 1.62 

2.54 47.83 71.89 
0 .50 27. 16 37.76 
0.13 7.17 9.96 
3.24 2.59 9.85 
4.47 27.9 1 49.38 

10.88 11 2.66 178.85 

0. 53), whi ch was th e reverse order fo r lho~e O I E illdices <lt 
> 200 m ag i. 

We obta in ed 35.8% ( 14 10) of th e IRS fi 'orll Pea ry ca r
ibo u cows Crables 7 , 8 and 9). In to tal 63.0 70 (H88) of the 
ab o ve ms were from overAights a t < ~OO m agI. There \Vas a 
signllicant difference in the re la tive frequencies o rthe three 
levcls o f re~ ponses exhibited by cows during p asses at < ancl 
> 200 m agi (X2 ,= 277.04,2 df, P <0 .005). The obse rved 
EURS tot<l lled 43.6 70 (615): 54.4 7" (483/888) for E URS 
durin g- p<l sses a t < 200 m <lgl and 25 .370 (132/522 ) for 
EU RS during hi g her passes. OIE indices for ms a t < 200 m agi 
we re g reatest for exlr e m e le l'e l responses (OIE = 1.25) 

Table 9 
Dislribulion of Pea ry ca ribou individ ual res ponse samples (lRS). by level o f 
response and sex/agc dass during ail pass·l ype _h elicopler harass rn enl ovcr· 
Ri ghls < 400 III agI. Prince of Wales Island , NW r, 1975-77 

St'x/age Leve1 o f respoJlse 

dass Mainl . Mod. cx!. T Olals 

Observed IRS 
Bull 618 34~ 233 11 94 
Cow 340 455 6 15 1410 
Ju,' 197 11 3 174 484 
YI' 58 17 36 III 
Calf 205 2 11 324 740 

T Olal 1418 11 39 1382 3939 

Observed/expected indices 
Bull 1.44 0.99 0 .56 
Co,," 0.67 1.1 2 1.24 
Ju" 1.13 0.8 1 1.02 
Yr 1.4 5 0.53 0.92 
Calr 0.77 0 .99 1.25 

Chi-square contributions 
Bull 82.38 0.0 1 82.5 1 164.90 
COli" 55.33 54 8 29.25 90.07 
JUv 2.97 5. 19 0. 10 8. 27 
Yr 8. 15 7. 10 0.22 15.,17 
C llf 14.1 5 0.04 15.96 30.1 C, 

T Ola l 162.98 17.83 128.05 308.86 

Figure 3 . . .. 
Disiriblllion o f Peary ca ribo u mdlvldual respon se samples, by level of 
response and sex/age dass, expressed as percenlage d eVlauons o f obse rved 
from expecled values (ü-E/ E). o blained dunng hehcopte r harassme~ 1 
overlliglHs al < 200 m above ground level, Prince ofWales Island . N\-\ T. 
1975-77 
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and 10IVes l ror mainlen<lnce étCl ivili cs (OIE = 0.1 1), whi ch 
was th e reverse order for those OI E indices <l t > 200 m <lg l. 

We obla ined 12.370 (484) of th e IRS lromjuve nil e 
Pea ry c<l ribou (Tables 7 , 8 and 9). In lOl<l 144 .0 7o (2 1 ~) or th e 
abol'e IRS \Vcre from ol'erAi g-hts a t < 200 m agI. The re \Vas a 
s ig nifi ea nt difference intlle relative rreq ue ll c ies o rthe tluee 
Ievcls o rresponses ex hibiled b" j uvc nil es dllrin g- passes 
< ancl > 200 III <lgl (X 2 = 221.97 , 2 dl. P < O.OO:i). T he 
obsen'cd ELiRS lOla llecl3fi .O% ( 17-1 ) G9.5% (1 ·IH/2 I:I) 1<> 1' 
FU RS durin g èlass es a l < 200 rll ag i allcl on ly 9.G'1rJ (2fJ/27 1) 
lo r EJJRS clurillg hi gher passes. OIE indices ro r ms durillg 
p<lss(,~ a t < 200 III agI lI"erc grea tes l r(Jr ex tn' n lt" Icl'cI respon
.~cs (OIE = 1.93) and lo\\'esl ror mainlenan cc anil il ies 
(OIE = n.1 H) . " 'hi ch \Vas lhe rl'Vers e o rci er ror lhuse OI E 
indi ces a l > 200 III <l gl. 

vV e ob lall1ed onl\' 2.H70 (I II ) o r the 1 RS nilln )'(" ,I/"
ling Pean' ca ribou (' fable s 7 . H and ~)). In tota l ~() . O '1-' (..j.O) o f 
the above IRS " 'éTe from ol'erH ighl s a t < 200 zn agI. I"hcre 
was ;1 signifieanl c1ilrere nce in lhe r t'bt ive frl'qlt e l1cies o f Ille 
lhrce Icveb o f rcsp mlses exhihited by yea rli n g. durillg pas
ses at < ancl 200 m ag-I (X 2 = 59. IO ,:! clf , / ) O.OO:l). l'he 
olJscrl'cd EI. IRS tOlallt ·d 32 4 % (3G) : 7:-,c)'1r, (~ ()/IO) ['or 
El ,IR'; d ltr in g- p;l\ses al < 200 rn ag i <lml on h H.:ï '1r, ({lI 7 1 ) 
[or ELI RS d ll r ing h ighe r passes. OIE lIldiccs lùr IRS tlur in g 
P;( ~·'( ' ~ al < :! () () rn ;Ig-I I\"f.' l"e grealesl l'or ('xt re llle !cl'd respon 
S(' .~ ( >/F = :! .3 1) and lo wes l IOr mailltell ance ;Ktll itic~ 
(OIE = 0 . 1-1) . Id1i ch I\'as lhe rCl"e rw o rd ('J" lelr tllO.'i e OI E 
Illdic('s ,Il > 200 III agI. 

W c ol>ldilleo 1 HH% (7·1 0) o r the IRS 11'0111 l'('ar~ cari
bou ("«li n CLdd(' ,\ 7. H and 9) . Inlo w I 38 .91rJ (:!HH ) orl he 
;Ibo \'e IRS \\" l'r< ' ['rOIll o'TrH ighls at <' :! OO 111 ag i. Theil ' \\" a, il 
s ig ni(j c<l nt differencl' illl he r t'Ia til'e f'/"equt' lI C"ies orl he thl L'e 
Inc l ' 01 rCS p llll\CS cxhihitcd !JI ca li' s c1uri ll g passes al 
< and :!OOlllagl(x2 = 198. 17. 2 c1f, J> < () ()() !i) Th e 
obs ened EI.JRS [ota ll ecl ·n. c % (3:! -I ): 71. ;) ~I" (2()ün H) loI' 
EURS dlllin g p<lSSC~ a l < :!OO III agi ami 2n. 1 '1" ( 11 1{f-l :-j:!) 

f'igure 4 
!li' iri bution ofPl'a r \" ca ribou IIlrlividual rt's ponsl' ,amp les. hv Icvd or 
rl'spanse and scx/"gl' c1 ass . cxpn'\Scrl as r erc .. nla~c r!cvial lon ' o r observed 
from ('xp 'cIl'd "Jli ll's ( - E/c) . ul.Jla Încd d llring hcl icopter h" rassmenl 
ov('rfli!{hI S al > 200 III ,Ibove g rou nd level. Prin , l of"Wales Island . :-IWT. 
1 97 h-77 
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fo r EURS during hi g her passes. O I E indi ces for ms durin g 
pa sses a t < 200 m ag i \Vere lh e grea tes t for ex treme It've l 
responses (OIE = 1.63) an d IOIVes l roI' ll1étintenan cc <lctivi
ti es (OI E = 0.06), whi ch IVa s the re ve rse orde r for those 
OIE indi ces at > 200 III agI. 

In to ta l, ha ra ss m en l o verflighls e li ciled o bservab le 
responses from 7!i .97o or lhe co \\' sa mpl es, 72. 3% o f th e calf 
sam ples , 59.3 % oflh e juve nil e sa mpl es , 4H.2% or lh e bull 
samp les and 47.7 70 of the yea rlin g samples . On d percentage 
basis . ca ll'es (4 3. 870) and CO IV S (43.670) co ntributed more lO 
th e EURS than a il o lhe r sex/ag-e classes. Juvenil es (36. 070) 
a nd yearlings (32 .4 % ) cont rib llleciless an d bull s ( 19.570) Ihe 
!cas t lO EURS. Cows also cOll tribllted tl1(' greates t percent
age (32.370) to l'v[URS . rollowed by bu lb (28.770), c<l lves 
(28.5%l. jllvenil t's ( ~ 3.3%) and ye<lr lings (15.370) Cows 
\\"cre th e m os t responsil':' ~ex/age class élnd m;Jinlcllance 
activi ti cs were o bserved durin g' o ld y 24. 170 or the pét ss es . 
C;Jlves we re a lmosl as respo ll si l'c as co ws as on ly 27.7 "/0 of 
lh e ir aClivi lies during har;ls.smen t ol'erlli ght s inl'olve d bed
din g or forag·ing.JlIvenil es. bllil s a nd yea rlings wen: \css 
responsive and conlnbu led 40.7 7o .!i I .H'1-) and .~ 2.370 or 
lhei r scx/age c la sses, re~pec li,"Cly , to [,vIAIRS . 

Ali sex!<lge classes res po ncl ccl more dUI"ing ove r-
r1lgh l ' al 200 m agllhan <lt > 200 m <lgl. Yearlings, c<llves 
,I/ldjuven il es I\'erc m ore res p olls ive and bulls less rl'sp(ln~ ivc 
lh étn lh e o ther sex!<lgT classes r1u rin g ove rflight s at < ~OO m agI 
(Table 7). Yearl ings cUll tr ibul ed lh e g re<llcst proport ion 
to ELI RS . followecl bv grea tel lhal! ex p l"lled coniribU lio ns 
bl' ca l l'e~ ,.iu\'enilcs and COIVS, and lower Ih,1I1 e xpected con
tr ibUliom bl' bulls . Bulls contrib lll cd thc greates l prop ort ion 
10 MU RS. rl) lI owed b y a grealer lhan ex pcc ted conlribution 
1)\ rows <l n cl less lhan expeclcrl co ntri bU li ons by c dvL' ... . .iul'e 
n ifes and ycarling-s. Ca lves conlrilJu tecll h c !casl to t\r IRS . 
roJlol\"cd bl' 100\'cr th <l n expec tC'd conl ributions by ~ · t'<lrl ings , 

.iul'é'nil es and cows and a grcaler lhan expccte cl co nl r ib lliion 
by bulls. 

Figure 5 

Ois lribUl;on of Peary caribou i"dividual respo nse samplcs. bl' level of 
r('s ponse and sex/age class. expr ' ~sed as percenlage dcviations of observed 
l'rom expeCled va lues (ü - E/c). ob la ined during he li copler harass menl 
ovcrAighlS al < 400 III above ground leve l. Prin ce of Wales Island. NWT. 
1975-77 
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Ail sex/age classes rcsponded less during overflights 
at > 200 m agi than at < 200 m agi, but ca Ives and cows were 
more responsive than bulls, yearlings andjuveniles during 
overflights at > 200 m agi (Table 8). Calves contributed most 
to EURS, followed by a grcater than expected contribution 
by cows and less than expccted contributions by juveniles, 
yearlings and bulls. Calves and cows also macle the largest 
contributions to MURS, followecl by less than expected con
tributions by juvenilcs, bulls and yearlings. Calves and cows 
contributed the least to MAIRS, followed by greater than 
expected contributions by ycarlings, bulls andjuveniles. 

Cows and ca Ives were more responsive and bulls and 
yearlings less responsive than the other sex/age classes dur
ing ail ( < 400 m agi) overflights (Table 9). Calves contrib
utecl the most to EURS, followed by greater than expected 
contributions by cows andjuveniles, and less than expected 
contributions by yearlings and bulls. Only cows responded at 
moderate levels more often than expected. Calves, bulls, 
juveniles and yearlings contributed less than expected to 
MURS. Cows and calves contributed the least to MAIRS, 
followed by greater than expected contributions by year
lings, bulls andjuveniles. 

The data indicated that cows and calves remain more 
responsive than other sex/age classes as altitudes of the heli
copter increase. Therefore, we must consider cows and 
calves more susceptible to helicopter harassment than the 
other sex/age classes. The relatively high contributions to 
EURS by yearlings andjuveniles during overAights at 
< 200 m agI probably reAects a form of investigative behav
iour often exhibited by those sex/age classes when foreig'n 
stimuli were introduced to them. When alerted, yearlings and 
juveniles often moved at a trot or gallop in the direction of 
thc harassing agent (especially during helicopter landings). 
Such responses are, we believc, often just expressions of the 
inquisitive naturc ofjuveniles and yearlings and not a true 
measure of stress as identified by a form of llight 
behavioul". 

Special constraints should be placed on aircraft activi
ties during calving (May-Junc) and post-calving Ouly
August) periods if Peary caribou are to be afforded the 
proper degree of protection during construction and mainte
nance ofa pipeline. The mother-young bond most likely 
contributes to the relatively high level o[ excitability by lac
tating cows. In turn, calves are dependent upon their mater
nai cows for sustenance and protection for at least the first 
3 months of Iife. Any harassl11cnt that disrupts the mother
young bond has a potential for causing mortality to calves. 
Such mortality over the long-tenn could seriously reduce the 
capacity of the population to reproducc and main tain its 
numbers. 

1.3. Group size classes 
We obtained only 2.4% (94) of the IRS from solitary 

Peary caribou (Tables 10 and 12; Figs. 6 and 8). AlI of the 
above IRS were from ovcrOights at < 200 m agI. EURS 
comprised 37.2% (35) oLtil responses by solitary animais. 

We obtained only 0.970 (36) orthe IRS from lone 
cow-calf pairs of Peal)' caribou (Tables 10, II and 12; Figs. 
6,7 and 8). In total, 94.470 (34) of the above IRS were l'rom 
overflights at < 200 m agI. There was a significant difference 
in the three levels of responses exhibitecl by cow-calf pairs at 
< and> 200 m agi (X 2 = 16.94,2 df, P<0005). The 
observed EURS totalled 41.770 (15): 10070 for EURS dur
ing passes at < 200 m agi. OIE indices for IRS during passes 
at < 200 m agi were greatcst for extreme level responses 
(OIE = 1.06) and lowcst for maintenance activities (OIE = 
0.53), which was the reversc order for those OIE indices at 

Table 10 
Distribution of Peary caribou individual response samples (lRS), by level of 
response and group sile class during ail pass-type helicopter harassment 
overAights < 200 m agI, Prince ofWales Island, NWT, 1976-77 

Group size Level of response 

class Maint. Mod. Ext. 

Observed IRS 
Solitary caribou 10 49 35 
Co\,;-<:alfpair 2 17 15 
2-5 caribou 195 291 384 
6-9 caribou 45 165 346 
10-19 caribou 14 116 159 
20--27 caribou 0 20 129 

Tolal 266 658 1068 

Observed/expected indices 
Solitary caribou 0.80 1.58 0.69 
Cow-<:alfpair 0.4~ 1.51 0.82 
2-5 caribou 1.68 1.01 0.82 
6-9 caribou 0.61 0.90 1.16 
10--19 caribou 0.36 1.22 1.03 
20--27 caribou 0.00 0.41 1.61 

Chi-square contributions 
Solitary caribou 0.52 10.38 4.70 
Cow-<:alf pair 1.~2 2.96 0.57 
2-5 caribou 53.~8 0.05 14.57 
6--9 caribou Il.52 1.90 7.70 
10--19 caribou 15.67 4.42 0.11 
20--27 caribou 19.90 17.34 30.20 

Total 102.51 37.04 57.85 

Figure 6 
Distribution of Peary caribou individual response samples, by level of 
response and group sile class, expressed as percenlage deviations of 
observcd from expected values (O-E/E), obtained during helicopter 
harassment overAights at < 200 m above ground level, Prince of Wales 
Island, NWT, 1976--77 
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> 200 111 agI. No IRS occurrcd at the moderate level nor at 
the extreme level during passes at > 200 m agI. 

Wc obtained 25.370 (997) orthe IRS from Peary cari
bou in groups of 2-5 Crables 10, 1 1 and 12). In total 87.:170 
(870) orthe above IRS were from overllights at < 200 m agI. 
There was a signiftcant difference in the three levels of 
responses exh;bited by Peary caribou in groups of 2-5 at 
< and >200magl(x 2 = 73.41,2df,P<0.005).The 

observed ELIRS totalled 39.3% (392): 44.1 70 (384/870) lc)! 
EURS during passes at < 200 m agi and onl)' 6.3% (8/127) 
for EU RS during passes at > 200 m agI. OIE indices for IRS 
durin.g passes at < 200 m agI were greatest [or extreme Incl 

Table Il 
Distribution of Peary caribou individual response samples ORS). by level of 
response and group size rlass during ail pass-type helicopter harassment 
overflights > 200 m agi, Prince ofWalcs Island, NWT, 1976-77 

Group size Level of response 

class Main!. Mod. Ex!. Totals 

Observed 1 RS 
Cow-.:alf pair 2 0 0 2 
2-5 caribou 61 58 8 127 
6-9 caribou 351 211 J 2~ 
10-19 caribou 566 151 I~O 
20-27 caribou 172 61 42 

Total Il :,2 ~81 314 

Observed/expected indices 
Cow-<:alf pair 1.69 0.00 0.00 
2-5 caribou 0.81 1.85 0.39 
6-9 caribou 0.86 1.25 1.12 
10-19 caribou 1.12 0.71 1.01 
20-27 caribou 1.06 0.90 0.95 

Chi-square contributions 
Cow-calf pair 0.56 OA9 032 
2-5 caribou 2.66 22.59 7.61 
(}"'9 carihou 7A2 10.17 1.61 
10-19 caribou 6.85 17.4 1 0.02 
20-27 caribou 0.53 0.71 0.12 

TOlal 18.03 51.39 9.69 

Figure 7 
Dislribulion of Peary caribou individual response samples, by level of 
response and group size c1ass. expressed as percenlage deviatiolls of 
observed frorn expected values (O-E/E), obtained during helicopter 
harassmenl overfhghls al > 200 m above ground level, Prince ofWales 
Island, NWT, 197[>-77 
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responses (OIE = 1.13) and lowcst for mainlenance aClivl
ties (O/F = 0.87), which \l'as the reversc ordcr for thosc 
OIE indices al > 200 III agI. 

We obtailled 31.5'10 (1242) of the IRS From Pearv car
ibou in groups ofG-9 IIHlividuals ("rables 10, II and 12)'. In 
total 44.870 (55G) of the above IRS \Vere from overOights at 
< 200 III agI. There was a significant c1ifference in the threc 
levels of responses exhibltcd bv Peary caribou in groups of 
6-9 during passcs al < ancl > 200 11l agi (X 2 = 337.03, 2 dl. 
P<0.005). The observecl ELIRS totalled 37.8% (470) 
62.2% (34G/55G) l'or EURS al < 200 m agi and onl)' 18.170 
(124/686) for EURS during passes at > 200 m agI. OIE trld-

Table 12 
Distribution of Peary caribou individual response samples (lRS). by level of 
response and group sile class during ail pass-type. helicopter harassment 
ovcrfl'ghts < ~OO m agI, Prince of Wales Island, NWT, 1976-77 

Group size Level of response 

class Maint. Mod. Ext. 

Observed IRS 
Solitarv caribou 10 49 35 
Cow-<:;llf pair 4 17 15 
2-5 caribou 256 349 392 
6-9 caribou 396 376 470 
10--19 caribou 580 267 299 
20-27 caribou 172 81 171 

Total 1418 1139 1382 

Observed/expected indices 
Solitary caribou 0.30 1.80 1.06 
Cow-<:alf pair 0.31 1.63 1.19 
2-5 caribou 0.71 1.21 1.12 
6-9 caribou 0.89 1.05 1.08 
10-19 caribou 1.41 0.81 0.74 
20--27 caribou 1.13 0.66 1.15 

Chi-square contributions 
Solilarv cariholl 16.79 17.51 0.12 
Cow-c~lf pair 6.19 4.17 0.44 
2-5 caribou 29.51 12.78 5.09 
6-9 caribou 5.84 0.79 2.69 
10-19 caribou 67.97 12.51 26.42 
20-27 caribou 2.46 14.12 3.32 

TOlal 128.76 61.89 38.10 

Figure 8 
Dislribution of Peary caribou individual response samples, by level of 
response and group size class, expressed as percentage deviations of 
observed from expected values (O-E/E), obtained during helicopler 
harassmenl overnlghts at < 400 m above groulld level, Prince of Wales 
Island, NWT, 1976--77 
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iccs for IRS during passes at < 200 m agi wcre greatest for 
extreme level responses (OIE = 1.64) ancllowest for 
maintenance activities (OIE = 0.25), which was thc reverse 
order for those OIE indices at > 200 m agI. 

vVe obtained 29.1 % (1146) of the IRS from l'earv car
ibou in groups of 10-19 indivicluals (Tables 10, 1 J ancl 12). 
ln lotaI25.270 (289) ofthc above IRS were from ovcrflights 
al < 200 rn agI. There was a significant differencc in the threc 
Icvcls of rcsponses exhibited by Peary caribou in groups of 
10-19 dttring passcs at < and> 200 m agi (X 2 = 330.92, 
2 dE, P < 0.005) The observed ELiRS totalkd 2G.17o (299): 
55.070 (159/289) for EURS during passes at < 200 III agi 23 



and only 16.3% (I40IiE>7) fo r EURS durin g passes at 
> 200 m agI. O IE indi ces fo r IRS durin g passes at < 200 m agi 
were g reates t for ex tre me leve l respo nses (O IE = 2 .11 ) and 
lowes t fo r maint enance ac tiv ities (OI E = 0 . 10), which \V as 
the reverse o rder fo r those OIE indices a t > 200 m agI. 

We o btain ed 10.8% (4 24) o f th e 1RS l'ro m Peary cari
bou in g ro ups o f 20-n indi vidua ls Cr a bles 10 . Il and 12). 
ln to tal 35 .1 % (14 9) of the a bove IRS we re l'rom overAights 
at < 200 rn agI. T here was a signinca nt dilfere nce in the three 
le vcl s o f respo nses ex hi bited b l' Pea r l' ca ribou in groups of 
20-27 during passes a t < and > 200 rn ag i (X2 = 218 .90, 
2 dC P < 0.005). The obse rved EURS lOlalled 40. 3% (171 ): 
86.6 % (129/ 149) for ELI RS durin g passes at < 200 m agi 
and only 153% (4 2/275) fo r EURS during passes al 
> 200 m agI. OIE indices fo r 1RS at < 200 m agi were 
gTea tes l fo r eXlreme leve l respo nses (OIE = 2.15) and 
lowest fo r mainl e nance ac tivili es (OIE = 0.00), which was 
the reve rse o rd e r fo r those OIE indices al > 200 m agI. 

Th e pe rcen lage o f obse rv able responses to harass
rn ent ovc rfii ghl s at < 200 rn agi varied from 77 .60;0 for 
groups o f 2- 5 animais to 100 0;0 fo r Peary caribou in groups 
o f 20-27 animais c r able 10). Individuals in groups of20-27 
also con tri buted lhe grea les l pe rcenlage (86.60;0) to extrellle 
leve l respo nscs, fo ll owed by individuals in groups of 
6-9 (62 .20;0), 10-1 9 (55.0%) , cow-ca lfpairs (44.1 %), 
2- 5 (441 0;0) and so lita ry animai s (3 7.20;0). 

Exa mina lio n o f OIE indices in Table 10 indicales thal 
Peary ca ri bou in gro ups o f 20-27 indi viduals resp onded 
more a t lhe cxtre me leve l during passes at < 200 m agi than 
did ind ividua ls in o lhe r g- roup s izes. Solita ry Peary ca ribou 
responded morc a l the modera le leve l during ha rass ment than 
did indi viduals in g roups. No Pea ry ca ribou in g roups of 20-27 
remain ed cngaged in maintenancc acti vilics when harassed . 

During passes at > 200 m agi, Peary caribou in groups 
o f 6-9 rcsponded more al the extreme levcl than did individ
ua ls in o th e r group sizes ('f abl e II ). Peary caribou in groups 
of 2- 5 responded m ore al the moderale level and less at the 
main te nance leve l th an did individual s in olher group sizes. 

Exam inalio n of OIE indices in Table 12 Indi ca les lha l 
for a il o verAi ght s ( < 400 m agi) cow-calf pairs of Peary ca ri 
bou resp ond ed mo re at the extreme Icvel and less (excepl fo r 
so lit a ri es ) at the ma inl enance level th an did individuals in o lhe r 
group sizes . So lilar)' Peary caribou responded more a t lhe 
11l0dera le level ancll ess at lhe maintenance level during pe ri ods 
ofh a rass ment than did individuals in ail other group sizes . 

1.4 . G roup type classes 
We obtained 14.5% (572) of the IRS from bull -onl)' 

groups o f Pea ry canbou Crables 13, 14 and 15; Figs 9 , 10 
and II ) ln lo tal 70 .60;0 (404) oflhe above IRS \l' ere [ro m 
ove rAi ght s a l < 200 m agI. There \Vas a signin ca nt di ffc re ncc 
in lh e contribulions lO lhe lhree levels orresponses exhibit ed 
by indi vidua ls in g roups wilh onl y bulls prese nl during pas 
sesa l < and >200m agl(x2 = 102 .62, 2 dCP < 0 .005).The 
o bservcd ELI RS tOla lled 23. 10;0 ( 132): 32.70;0 (132/404) fo r 
ELIRS during passes a l < 200 m ag i a nd 0.0 0;0 (0 / 168) fo r 
EURS clurin g p asses at > 200 m agI. OI E indices fo r IRS 
during passes a l < 200 m agi were gTea test fo r ex treme leve l 
responses (OIE = 1.4 2) and lo west for ma inte nan ce acti vi
lÎ es (OIE ~- 0 .71) , which \Vas the reverse o rde r fo r lhose 
OIE indi ces at > 200 m agI. 

Wc o btained 12.4 0;0 (4 89) of th e 1 RS l'rom Peary ca ri
bou bllll-row-juvenil e- yearlin g- cair g roups (Tab les 13, 14 
and 15). ln tOla l 12. 10;0 (59) of the abo ve 1 RS \Ve re l'ro m 
o ve rAighls a l < 200 rn agI. There was a signifi canl clilference 
in lh e con tributions to the lhree levels of responses ex hibil ed 
bl' individuals in groups wilh ail sex/ age classes prese nt d ur-

ing passes at < and > 200 111 agi (X 2 = 139.79,2 de 
P < 0 .005 ). Th e o bscrved ELIRS to ta ll ed ll .50;0 (56): 45.80;0 
(27 / 59 ) for EURS during passes a t < 200 m agi and only 
6.7 0;0 (29/430 ) fo r EUR S d uring passes at > 200 111 agI. OIE 
indi ces ro I' IRS durin g passes a l < 200 m agi \V e re greatesl 
fo r extreme leve l respo nses (O/ l~ = 4 .(0) and lowest for 
maintenance acti viti es (OIE = 0 .03), which was th e reverse 
o rd e r fo r lhose OIE indices at > 200 m agI. 

We o bta ined 20 .4% (802) o rthe lR S l'rom PearY cari
bo u bull-juvenile-yea rling g ro ups Cr a bles 13, 14 and 15). In 
to ta l 34.8% (279) o rthe above IRS we re l'ro m o \' e rAi ghts al 
< 200 m agI. The re \Vas a signifi ca nt d itlere nce in the rates o f 
co nlnbulio ns to the th ree levd s of respo nses ex hibited bv 
individua ls in groups wilh bulls, juvenil es and yea rlings pres
e n t durin g passes at < and > 200 !li agi (X2 = 284 .84 ,2 de 
P < 0.00 5). Theo bserved EURS lo ta ll ed 24.4 0;0 ( 196): 57 0 % 
(159/ 279) for ELiR S d urin g passes a l < 200 m ag i and 
o nl y 7.10;0 (3 7/523) fOl EURS during fJ as ses at > 200 m agI. 
OIE indi ces fo r 1 RS d urin g' passes at < 200 m agill'ere 
grea les t fo r eX lreme Icve l res ponses (OI E = 2.3 3) and 
lowes t fo r main te nance ac tivili es (OIE = 0 .33) , which was 
th e reverse orde r l'o r those OIE indices at > 200 III agI. 

We obtain ed o nly 1.60;0 (52) o f the IRS from Pcary 
ca ribou j uveni lc- yea rling g roups (Tables 13, 14 and 15). In 
to tal 67 .7 % (4 2) or the abo ve IRS were fr01l1 overHights al 
< 200 m agI. T here was a s igndicant diITerence in lhe con
tributions lo the I.h ree levels o f responses exhibited hl' indl
vidua ls in groups wilhjuve nil es and yearlings present during 
passes al < and > 200 111 ag i (X2 = 11.97, 2 de P < 0005). 
T he obse rvcd ELIRS to tall ed 48.4 % (30): 61.90;0 (26/42) for 
EURS dll ring passes at < 200 m agi and 20.00;0 (4/20) for 
ELiRS during' pass<?s a l > 200 rn agI. OI E indices for IRS 
during passes al < 200 rn ag i \V ere g rea lest [or exlreme level 
res po nses (O IE = 1.28) and 10weSl fo r maintenance aClivl
ti cs (OIE = 0 .49) , \l'hi ch ll' as lhe reverse o rder for thos e 
OIE lIldices al > 200 III agI. 

Wc o lH aincd 15.2% (598) of the IRS l'rom Peary ca ri 
bou cow-juvcn ile- vca rling-ca lf groups (Ta bles 13 , 14 and 
15). In LO la14 5.30;0 (277) o rth e above IRS \Vere l'ro m over-

Table 13 
Dis lri bulion of Pea ry ca ribo u individual rt:sponse samples (l RS), by leve l of 
r~sponse and group ty pe cl ass during a il pass-t ype he li copler harassntent 
overnighls < 200 nt agI. Plince ofW ales Island, NWT, 1976-77 

Group type 
Leve! of re sponse 

class Maint. Mod . Ext. TOlals 

Observed IRS 
Bull 118 154 132 404 
Bull-cow-jl1v- yr-cal r 1 3 1 27 59 
Bull-juv-yr 48 72 159 279 

j uv-yr 4 12 26 42 
Cow-juv-yr-calf 21 90 166 277 
Cow-calf 25 194 409 628 
Cow-juv- yr 49 105 14 9 303 

Total 266 658 1068 1992 

Observed/ expected indices 
Bull 2.19 1.15 0.61 
Bu II-cow-ju v-yr-ca 1 f 0.13 1.59 0 85 
Hull-juv-yr 1.2() 0 .78 l.06 

.I uv- yr 0.71 0 .86 l.1 5 
Cow-juv-yr-calf 0.57 0 .98 l.1 2 
Cow-calf 0 .30 0 .94 l.2 1 
Cow-juv-y r 1.21 1.05 0 .92 

Chi-square conlributions 
Bull 76.05 3 .16 33 04 11 2.26 
Bu lI-cow-j uv-)'r-ca If 6 .01 6.80 0 .68 13.48 
llull-j uv-yr 3. 10 4.41 0 59 8. 10 
jlly- yr 0 .46 0 .25 054 1. 25 
Cow-juv-yr-calf 6.9 1 0 .02 2 .06 9. 00 
Cow-calf 41. 3 1 0 .87 15.53 57 .7 1 
Cow-juv- yr 1.80 0.24 l.11 3. 16 

TOlal 135.64 1.'>.76 53.55 204 .96 

~ - - -------~--- - - -

Figure 9 
Distribution of Peary caribou indivld ual res ponse samples, by level of 
response and gro up lype class, expressed as pe rcentage deviations of 
observed from expec ted va lues (O - E/E), o btained during helicopter 
harassmenl overAlghts at < 200 m above ground level , Prince ofWales 
Island, NWT, 1976-77 
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Table 14 
Dislribulion o f Peary ca ribo u indi vidl1al res ponse sa mples (lRS). by level of 
res ponse and group l)' pe class dunng ail pass- type he li copt er harassment 
overAlght s > 200 III agi, Pnnce ofW ales Island , NWT . 1976-77 

Group l\pe Levcl o f res ponse 

class Maint. Mod. Ext. Totals 

Observed IRS 
Bull 11 6 52 0 168 
Bull-cow-juv- yr-calf 3 19 82 29 430 
Bull-juv-yr 367 11 9 37 523 
juv- yr 8 8 4 20 
Cow-juv- yr-calf 157 76 88 32 1 
Cow-calf 185 14 3 155 48 3 
Cow-juv-yr 0 1 1 2 

TOlal 11 52 48 1 314 194 7 

Observed/expected indices 
Bull 1 17 1.25 0 .00 
Bull-cow-juv-yr-calf 1. 25 0 .77 0.4 2 
Bull-juv-yr 1.19 0 .92 0.4 4 
Juv-yr 0.68 1.62 1.24 
Cow-juv-yr-calf 0. 83 0 .96 1.70 
Cow-calf 0. 65 1. 20 1.99 
Cow-juv-yr 0 .00 2.02 3. 10 

Chi-square contributions 
Bull 2.77 2. 65 27 .09 32.52 
Bull-cow-juv-yr-calf 16.39 5. 53 23.47 45.39 
Bull-juv-yr 10.70 0 .81 26.58 38.09 
juv-vr 1.24 1.89 0.19 3.32 
Cow-juv-yr-calf 5. 71 0. 14 25.36 31.20 
Cow-calf 35.54 4 .70 76.32 116.56 
Cow-juv-yr 1.1 8 0 .52 1.42 3.12 

Total 73.54 16. 23 180.43 270.21 

< 200 m agi 

Cow, calf Cow, juv, 
yoorl 

Table 15 
Distribution of Peary caribo u individual res ponse sampi es (lRS) , by level of 
response and group type class during ail pass- Iype he li copter harassment 
overAights <400 m agi, Prince ofW ales Island, NW~, 1976-77 

Group type Leve! o i'response 

class Maint. Mod . Ext. TOlals 

Observed IRS 
Bull 234 206 132 572 
Bull-cow-juv-yr-calf 320 11 3 56 489 
Bull-juv-yr 41 5 19 1 196 802 
juv-yr 12 20 30 62 
Cow-juv-yr-calf 178 166 254 598 
Cow-calf 2 10 337 564 1111 
Cow-juv-yr 49 106 150 305 

T Olal 14 18 11 39 1382 3939 

Observed/ expected indices 
Bull 1.14 1.25 0.66 
Bull-cow-juv- yr-calf l. 82 0 .80 0 .33 
Bull-juv- yr 1.44 0.82 0 .70 
Juv- yr 0 .54 1.1 2 1.38 
Cow-juv- yr-calf 0.83 0.96 1.21 
Cow-ca lf 0 .53 1.05 1.4 5 
Cow-juv-yr 0 .45 1.20 1.40 

Chi-square conlributions 
Bull 3.83 9 .97 23.51 37 .31 
Bull-cow-j u v-yr -calf 117 .74 5.70 77 .84 201.29 
llull-juv-yr 55.24 7.22 25.91 88 .36 
Juv-yr 4 .77 0 .24 3. 13 8 .14 
Cow-juv-yr-calf 6.45 0 .28 9 .3 1 16.04 
Cow-calf 90 .2 1 0 .77 77.85 168.84 
Cow-juv-yr 33 .66 3.60 17.27 54.53 

Total 3 11.9 1 27.77 234 .82 574.50 25 
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Figure 10 
Distribulion of Peary caribou individual response samples, by Ievel of 
response and group lype c1ass, expressed as percenlage devialiolls of 
observed from expecled values (Q - E/E), oblained during helicoPler 
harassmenl overflighls al > 200 m above ground level, Prince ofWales 
Island, NWT, 1976--77 
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Figure Il 
Dislribulion of Peary caribou individual response samples. b)' level of 
response and group lype c1ass. expressed as percentage deviations of 
observed from expecled va lues (Q-E/E). oblained during helicopler 
harassmenl overflighls al < 400 m above gro und level, Prince ofWales 
Island. NWT. 1976--77 
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Aighls a l < 200 m agI. T here was a s ig nifi ca nl differe nce in 
lhe conlributions to the lh rec leve ls of res ponses ex hibiled 
by indivicluals in g roups wilh co ws,j uve niles, yearlings 
and ca lves present during passes at < a nd > 200 m agi 
(X 2 = 126.49 , 2 df, P < 0 .005). Th e observecl EURS tOl<.dl ed 
42.5ro (254): 59.9ro ( 166/277) for EURS during passes al 
< 200 m agi ancl 27 A % (88/32 1) for ELI RS c1uring passes at 
> 200 m ag I. OIE indices for IRS during passes at < 200 m ag i 
were gTealcs l fo r exlre me leve l responses (OIE = lA 1) 
and 10weS l for ma int e nance aClivili es (OIE = 0 .25), which 
was the re verse orde r for those OIE indices a l > 200 m agI. 

We ob la ined 28.2;10 (II 1 1) of lhe 1 RS from Peary ca r
ibou cow- ca lf grou ps (Ta bl es 13, 14 a nd 15). In tOl al 56.5% 
(628) of the above IRS were Fro m over fli g hls a t < 200 III ag I. 
There was a sig nifi can t difference in the con lribuli ons to 
lhe lhree levels of responses ex hibitecl by individual CO\VS 
ancl ca lves in pairs du ring passes al < and > 200 m agi 
(X 2 = 228.99,2 df, P < 0 .005). The o bstTved EURS lOlall ed 
50.8% (564) : 65. 1 % (400/628) fo r EURS during passes at 
< 200 m agI and 32 .1 ro (15 5/483) fo r ELIRS during passes at 
> 200 m agI. O/f: indices for lRS during passes al < 200 m agI 
\Vere greatesl for extreme level responses (OIE = 1.28) 
and IoweS I fo r mainlenance ac ti vili es (OIE = 0 .21), which 
was lhe re verse o rder fo r th ose O I E indices a l > 200 m agI. 

We oblained 7.7% CW5) of lhe IR S from Peary cari
bou cow-ju venil e-yearling gro ups Crables 13, 14 ancl 15). (n 
lOlaI 99.3% (303) of the above IR S were From o verfli g hls a l 
< 200 m agI. T here was no signifl can t difference in lh e con
lribUlions lO lhe three levels o rrespo nses exhibiled by indi
vidua ls in g roups \Vith cows , juveniles ancl yea rlin gs present 
cluring passes al < allcl > 200 III ag i (X2 = OA6 , 2 df, 
P> 0 .5). The observed EURS totallecl49.2 % ( 150) : 49.2% 
(149/3 03) for EU RS during passes al < 200 111 agI and 
50.0% (In) fo r EURS during passes a l > 200 m agI. The 
slllall sampl e size from > 200 m ag i dist o rlecllhe calcu latio ns 
o f OIE indices for IRS: < 200 III agI. exlreme leve l responses 
(OI E = 1.00) a nd maintenance aClivili es (OI E = 1.0 1) ; 
> 200 m agi, ex lre me level (OIE = 1.02) and mainlenance 
aClivities (OIE = 0.0). 

The percentag-e of obse rvab le respOll ses varied fro m 
34 .6 % for Peary caribo u mdividual s in th e bu ll-cow-juvenile 
-yea rlillg-ca.l f group type lO 83.9ro for individua ls in the cow 
-juvenile-yearling g roup type Crables 13 , 14 and 15). COIV-
calrpa irs of Peary caribou co nlribut ed lh e most (50.8ro) lO 
ex tre me Ieve l respo nses fo llowed by individual s in lhe cow
juveni le-yea rlin g group lype (49 .2% ),juve nil e- yea rlin g 
group lype (48.4ro), cow-juve nile-yearling gro up type 
(42.5%), bu ll-juvenile-yea rlin g group type (24.4 %), bull 
gro up lype (23.1 %) and lhe bull-cow--:.iuveni le- yca rlin g- ca lf 
group lype (1 1.5 %). 

Exami nalio n of OI E indices in Table 13 indi ca les 
lhat cow- ca lf pairs of Pea ry ca rib o u respo nd ed more al lhe 
extre me leve l cluring passes al < 200 m agi lh an did 
individuals in other group types. Peary ca ribo u in lhe bull
cow-juvenile-yea rlin g- calf g ro up lype responded Ill ore al 
lhe modera le leve l and less al th e mainle nance leve l 
during periods of harassment lhan did indivicluals in o the r 
gro up lypes. 

Durin g passes a l > 200 m ag i, Peary caribo u in lhe 
cow-ju veni le-yearling group lype responded more at the 
eX lreme and moderale levels than did ind iv idua ls in o lher 
group lypes. Also, fewer Pea ry ca ribou in the cow-juveni le
yea rlin g group lype remained engaged in maint enance aC livi 
lies during periods o fh arass menllh an did individuals in 
o the r g roup lypes. 

Exa minalio n of OIE indices in T ab le 15 inelicates 
lha l for a il o verAig hls ( < 400 m agi) cow-ca lf pairs of Peary 

ca ribou res ponded more a llhe eXlreme levellh an did indi
vieluals in olhe r group lypes. Peary caribou in lhe bu ll -on ly 
group lype responded more at lhe moclerale leve l cluring 
periocls o fharass menllhan clic! individua ls in o lhe r g rou p 
lypes . f ewer Peary ca ribo u in lhe cow-juveni le- yea rling 
group remained e ngaged in maintenance aC li vi tics when har
assecl than did individuals in olher group types. 

1. 5. Calf classes 
We obtained 44 .5ro ( 1752) of lhe IR S From Peary car

ibou in gro ups wilho Ul ca lves (Tables 16, 17 , 18 and 19; figs. 
12, 13 an d 14) . In lOlal 59.3% (1039) of lhe above IR S were 
fro m overAighlS a l < 200 m ag I. T here \Vas a sign ifi can l dif
ference in the con tributio ns lo lhe three leve ls o fresponses 
exhibit ed by individuals in groups wilhoUl calves during pas
ses a l < a nd > 200 m agI (X 2 = 473. 1 l , 2 df. P < 0 .005). T he 
observed EURS lOlall ecl 29.3% (5 14 ): 45.4 % (472/ 1039) for 
EURS at < 200 m agi a nd o nly 5.9ro (42/713) for EURS al 
> 200 m agI. OIE indices for 1 RS during passes a t < 200 m 
agi were g rea les t for exlreme Ieve l responses (OIE = 1.55) 
and lowest for maint e nance ac ti vi ties (OI E = 0.52) , which 
was lhe reverse o rcie r for th ose OI E indices a l > 200 m agI. 

We o bla ined 8. 1 % (3 18) of the IRS From Pea ry ca ri
bou in gro ups wilh o neca lf(Tables 16, I7, I8and 19). ln 
lOla l 77.4 % (24 6) of the above IRS \Vere from o verflighlS at 
< 200 m agI. Th e re was a s ig nifica nl differen ce in the con
tribulions lO lhe lhree leve ls ofresponses exhibiled by indi 
vidua ls in groups \Vith one calfpresenl durin g passes a l 
< and> 200 m agi (X2 = 148.26,2 dr, P < 0.005) T he 
obse rved EURS lOlall ed 46.2% (147): 58. 1 % ( 14 3/246) fo r 
F.URS during passes al < 200 m agI and o nl y 5.6r!) (4/72) 
fo r EURS during passes a t > 200 m agI. OI E indices for IRS 
during passes a l < 200 m agi were g rea les l for ex lreme level 
responses (OIE = 1. 26) and 10 IVes l for maintena nce aC livi 
li es (OI E = 0.29) , \Vhich was lhe re verse order for lhose 
OIE in dices al > 200 m agI. 

Table 16 
DiSlribll lion of Peary caribou individual response samples (lRS). by level of 
res ponse and calf c1 ass during ail pass-lype helicoPler harassmenl overAighls 
< 200 m ag i. Prince orWales Island . NWT, 1976-77 

Level of response 
No. ca Ives Maint . Mod . Ex!. T Olals 
Observed IRS 
0 219 348 472 t039 
t 15 88 143 246 
2 18 50 204 272 
3 1 104 83 188 
4 0 3 1 46 77 
5 13 17 15 45 
6 0 20 6 26 
8 0 0 99 99 
TOlal 266 658 1068 1992 
Observed/ expected indices 
0 1.58 1.01 0.85 
1 0.46 1.08 1.08 
2 0.50 0.56 1.40 
3 0.04 1.67 0.82 
4 0.00 1.22 1. Il 
5 2. 16 1.14 0.62 
6 0.00 2.33 0.43 
8 0.00 0.00 1.87 
Chi-square contributions 
0 46.43 0.07 12 .99 59.48 
1 9.70 0 .56 094 11.19 
2 9.24 17.67 23.20 50. 12 
3 23.14 28.2 7 3. 14 54.56 
4 10 ,28 1.22 0.54 12.04 
5 8.13 0.3 1 3.45 Il .89 
6 3.47 /5 .16 4.52 23. 16 
8 13 .22 32 .70 39.73 85.65 
TOlal 123.62 95.96 88 .51 308.09 27 

• 
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We obtained 7.3'70 (289) of the IRS l'rom Peary cari
bou with two calves in each group (Tables 16, 17, 18 and 19) . 
In total 94.1 '70 (272) of the above 1 RS were from overAights 
at < 200 m agI. There \l'as a significant difference in the con
tributions to the three levels of responses exhibited by incli
viduals with two calves present in each group during passes 
at < and> 200 m agI (X 2 = 20.88,2 clf, P< 0.005). The 
observed EURS LOtalled 72.3'70 (209): 75.0'70 (204/272) lor 
EURS during passes at < 200 m agI and 29.4'70 (5/17) for 
EURS during passes at > 200 m agI. OIE indices for IRS 
during passes at < 200 m agI were greatest for extreme lev el 
responses (O I E = 1.04) and lowest for moderate level 
responses (OIE = 0.87), which \Vas the reverse order for 
those OIE indices at > 200 rn agI. 

We obtained JO.I '70 (397) o rthe IRS l'rom Peary cari-
bou \Vith three calves in each group (Tables 16, 17, 18 and 
J 9). In total 47.4 '70 (188) of the above 1 RS \Vere l'rom over
Aights at < 200 m agI. There was a significant difference in 
lhe contributions to the three levels of responses exhlbited 
by individuals \Vith three calves present in each group cluring 
passesat < and >200magl (X 2 = 216.05,2clf,P<0.005). 
The observed EURS totalled 29.7'70 (118): 44.J '70 (83/J88) 
for EU RS during passes at < 200 rn agI and 16.7'70 (35/209) 
for EURS during passes at > 200 rn agI. OIE indices for IRS 
during passes at < 200 m agi were greatest for moderate 
level responses (OI E = 1.72) and lowest for maintenance 
activities (OIE = 0.01), which was the reverse order for 
those OIE indices at > 200 m agI. 

We obtained 10.5'70 (413) of the IRS l'rom Peary cari
bou with four ca Ives in each group (Tables 16, 17, 18 and 
19). In LOta] 18.6'70 (77) of the above IRS were l'rom over
Aights at < 200 m agI. There was a significant difference in 

Table 17 
Dislribution orPeary caribou individual response samples (lRS). by levcl or 
response and calf dass during ail pass·lype helicoPler harassmenl overAighls 
> 200 m agi. Prince ofWales Island. NWr. 1976-77 

No. ca Ives Mainl. 

Observed IRS 
0 491 
1 51 
2 1 
3 150 
4 127 
5 117 
6 39 
7 4 
';} 108 
12 64 

TOlal 1152 

Observed/expected indices 
0 1.16 
1 1.20 
2 0.10 
3 1.2 1 
4 0.64 
5 1.03 
6 092 
7 0.11 
9 1.22 
12 0.87 

Chi.square contributions 
0 11.33 
1 1.66 
2 8.16 
3 5.61 
4 25.93 
5 0.10 
6 0.30 
7 28.54 
9 4.17 
12 1.34 

TOlal 87.14 

Level of response 

Mod. 

180 
17 
Il 
24 

107 
45 
25 
Il 
39 
22 

481 

1.02 
0.96 
2.62 
OA6 
1.29 
0.95 
lAI 
0.73 
1.05 
0.7 1 

0.08 
0.03 

11.01 
14.79 
6.93 
0.12 
2.92 
1.10 
0.10 
2.55 

39.66 

Exl. 

42 
4 
5 

35 
102 
30 

8 
46 

3 
39 

314 

0.37 
0.34 
1.82 
1.04 
1.88 
0.97 
'0.69 
4.68 
0.12 
1.93 

46.33 
4.99 
1.86 
0.05 

42.19 
0.03 
1.12 

132.93 
18.56 
17.61 

265.67 

TOlals 

713 
72 
17 

209 
336 
192 
72 
61 

150 
125 

1947 

57.74 
6.68 

21.03 
2045 
75.06 
026 
4.35 

162.56 
22.84 
21.50 

392.47 

the contributions to the three levels of responses exhibited 
by inclivicluals wllh four (alves present in each group cluring 
passes at < and > 200111 agi (X 2 = 45.52,2 dl', f' < 0.005). 
The observed EURS tota lled 35.8% (148): 59.7'70 (4G/77) 
for ELIRS during passes at < 200 m agI and 30.4 '70 
(102/336) for ELI RS during passes at > 200 111 agI OIE ind· 
ices for IRS during passes at < 200 m agi were gre3tesl for 
extreme lcvel responses (OIE = 1.67) and lowest ('or 
maintenance activities (OIE = 0.0), which was the reverse 
order for those OIE indices at > 200111 agI. 

vVe obtained 6.0'70 (237) of the IRS ['rom Peary cano 
bou with (ive calves in each group Crables 1 G. 17, 1 H ancl 11) . 
1 n tOlal 19.0'70 (45) of the above 1 RS were (rom overHighls al 

Table 18 
Dislribution of Peary caribou individllal response samples (lRS). bl' levcl of 
response and calf class during ail pass·lype helicopler harassmenl overl ilghls 
< 400 m agi. Prince ofWalcs Island . NWT. 1976-77 

Level of response 

No. calves Mainl. Mod. Exl. TOlals 

Observed IRS 
0 710 528 514 1752 

1 66 105 147 318 

2 19 61 :l09 289 

3 151 128 118 397 

4 127 138 148 413 

5 130 62 45 237 

6 39 45 14 98 

7 4 Il 46 61 

8 0 0 99 99 

9 108 39 3 150 

12 64 22 39 12" 

TOlal 1418 1139 1382 3939 

Observed/expected indices 
0 1.13 1.04 0.!l4 

1 0.58 1.14 1.32 

2 0.18 0.73 2.06 

3 1.06 1.12 0.85 

4 085 1.16 1.02 

5 1.52 0.90 0.54 

6 1.11 1.59 0.41 

7 0.18 0.62 2.1" 

8 0.00 0.00 2.85 

9 2.00 0.90 0 .06 

12 IA2 0.61 0.89 

Chi.square contributions 
0 9.97 0.90 1649 2ï.37 

1 20.53 1.85 1 1.25 33.63 

2 6951 6.09 114.19 189.79 

3 046 1.52 3.25 5.23 

4 3.16 2.89 0.07 6.12 

5 23AO 0.62 17.50 41.53 

6 0.39 9.80 12 .08 22.27 

7 14 .69 2.50 28.27 4,,46 

8 35.64 28.63 118.91 183.17 

9 54.00 0.44 46.80 101.24 

12 8.02 5.54 054 14 . 10 

Tolal 239.77 60.78 369.36 669.91 

Table 19 
Dislribution of Peary caribou individual responSe samples. bl' number of 
calves. dllring· helicoPler harassmenl overAighls, Prince ofWales Island. NWT, 
1976-77 (n = 3939) 

Level of response 

Mainl. Moderale Exlreme 

No. ca Ives Bed For. Alcrl Walk 'l'rOI Gal. 

0 239 471 369 159 394 120 

1 12 54 75 30 112 35 

2 9 10 41 20 183 26 

3 75 76 88 40 110 8 

4 12 115 69 69 121 27 

5 96 34 39 23 45 0 

6 12 27 18 27 14 0 

7 0 4 Il 0 30 16 

8 0 0 0 0 45 54 

9 3 105 13 26 1 2 

12 2 62 15 7 12 27 

Figure 12 
DislribUlion of Peary caribou individual response samples. by level or 
response and calf dass. expressed as percenlage devialions of observed from 
expecled values (0- E/E), oblallled during helicoPler harassmenl 
overfhghls al < 200 m above ground level. Prince ofWales Island NWT 
1976-77 . , 

.0
122 

100 r- ~ ~ --------------------~ 

w 
'o 

c 
o 

o 

80 

~ 60 

VI 
o 
0.. 40 

20 

;;; Expected 
u 

ë 
<li 

~ 
<li 

0.. 

20 

<li 
> 40 
o 
0> 
<li 

< 200 m agi 

Response level 

lB Maintenance 
c::J Moderate 
_ Extreme 

Z 60 

~ I ' 
l...----..J L.--J L.--J ~ 1... J-------l t---..J L- ~~-80 

100 o 1 2 3 4 5 

Number of calves 

Figure 13 
Dislribuli?1'l of Peary caribou individual response samples. by level of 
response and ca lf dass, expressed as percenlage devialions of observed from 
expecled values (O - UE), oblained during helicopler harassment 
overAlghls al > 200 m above ground leve !. Prince ofWales Island NW'I' 
1976-77 . , 
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Figure 14 
Distribution of Peary caribou individual response samples, by level of 
response and calf dass, expressed as percentage deviations of observed from 
expected values (0 - E/E) , obtained du ring helicopter harassment 
overflights at < 400 m above ground level, Prince of Wales Island, NWT, 
1976--77 
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< 200 tn agI. There was a significant difference in the con
tributions to the three levels ofresponses exhibited by incli
viduals with five cal l'es present in each group during passes 
at < and >200tnagl(x 2 = 15.71,2df,P<0.005).The 
observed [URS totalled 19.0ro (45): 33.3ro (J 5/45) for 
EURS during passes at < 200 tl1 agi and 15.6% (30/192) for 
EURS during passes at > 200 t11 agI. OIE indices for IRS 
during passes at < 200 t11 agi were greatest for extreme levcl 
responses (OIE = 1.76) and lowest for maintenance activi
ties (OIE = 0.53), which was the reverse order ('or those 
OIE indices at > 200 trI agI. 

We obtatned 2.5ro (98) of the 1 RS from Peary caribou 
with six cal l'es in each group (Tables 16, 17, 18 and 19). In 
total 26.5% (26) orthe above IRS were from overAights at 
< 200 m agI. There was a signilicant difference in the con
tributions to the three lcvels of responses exhibited by incli
viduals with six cal l'es present in each group during passes 
at < and> 200 m agi (X 2 = 23.41,2 df, P< 0.(05). The 
observed EURS totalled 14.3ro (14): 23.1 ro (6/26) for 
EURS dunng passes at < 200 m agi and 11.1 ro (8/72) for 
EURS during passes at > 200 m agI. OIE indices for IRS 
during passes at < 200 m agI were greatest for moderate 
level responses (OIE = 1.(8) and lowest for maintenance 
activities (OIE = 0.0), which was the reverse order for those 
OIE indices at > 200 rn agI. 

The distributtons oflRS (rom Peary caribou assoCt
ated with 7, S, 9 and 12 cal l'es in each group (Tables 1 G, 17, 
IS and 19) were too !ragmentary to allow tests of independ
en ce by altitude or calculation ofmeaningful OIE indices. 
Contributions Lü extreme level responses of individuals tt1 

groups with 7,8,9 and 12 cal l'es were as follows: 7 c<llves in 
each group, 75.4ro (46); 8 calves, 100% (99); 9 cah-cs, 2.070 
(3); anti 12 calves, 31.2% (39). 

Cal l'CS represented IS.Sro (740) of the Peary caribou 
samples (Table 3). In total, 44.57r! (1752) orthe Peary cari
bou sampled were not in the company olcalves and36.7% 
(1447) of the Peary caribou sampled were in groups \Vith 1 to 
12 cal l'es each (Table 19). The IRS contributions did not fol
Iowa continuous pattern of increasing responsiveness by 
individuals in groups with increasing numbcr of calves. 
Although there was an indication of increasing responsive
ness with the number of cal l'es [Jresent, not ail groups with 
calves responded at the expected rates lor [URS: 
1 calfïn each group, 51-100 t1I agi; 5 calves in each group, 
51-100 m agi, < 400 tt1 agi; Ci calves in each group, < 200 In agi, 
< 40() m agI; and 9 calves in each group, 201-300 III agi, 
> 200 m agi and < 400 m agI. 

IRS distributions relative to the number of calves 
present varied within and by altitude c1ass. A comparison of 
the IRS distributions for individuals in groups with no cal l'es 
present Lü the IRS distributions for caribou in groups \Vith 
ealves present, ho\Vever, indieated that ttldividuals were 
relatively more responsive when cal l'es were present (X 2 = 
48.61,2 de P< 0.(05). Those IRS distributions also indica
ted that there \Vere diITerences between responses by inclivid
uals when cal l'es were present or absent ('or both ELIRS and 
MAIRS (Table 20). 

IRS distributions for indivicluals in groups without 
calves during overDights at < 200 m agI (l'able 21) accounted 
(or 44.2 ro of the [URS, but only 13.2% of the EURS during 
overflights at > 200 m agi Crable 22). 'l'lm condition suggests 
that cv en though individllals associatecl \Vith cal l'es responcled 
more than individuals in groups without calves cluring passes 
at < 200 t1l agi, the difFerence was less at 10\Ver altitudes clue to 
the effects of harasst1lent on ail indn·icluals. It seems cal l'CS 
influcnced the level of ITs[Jonses more at higher altitudes. 

Table 20 
Distribution of Peary caribou individual response samples (lRS), by level of 
response and the absence or presence of calves in the groups sampled 
dunng ail pass-lype hehcopter harassmem overAights at < 400 m agI, 
Prince ofWales Island, NWT, 1976--77 

Calves in !;roup Maint. 

Observed IRS 
0 710 
1-12 708 

Total 1418 

Observed/expeeted indices 
0 1.13 
1-12 0.90 

Chi-square contributions 
0 10.66 
l-t2 7.87 

TOlal 18.53 

Table 21 

l.evel of response 

Mod. 

528 
611 

1139 

1.04 
0.97 

0.81 
0.57 

1.38 

Ex!. 

514 
868 

1382 

0.84 
1.13 

15.72 
12.98 

28.70 

Totals 

1752 
2187 

3939 

27.19 
21.42 

48.61 

Distributiun ofPe"rv caribou individual response samples (lRS), by level of 
response and the absence or presence of calves in the groups sampled 
dunng ail pass-type hehcopter harassInent overAights at < 200 m agI, 
Prince of Wales Island, NWT, 1976--77 

Ca Ives in group Maint. 

Observed IRS 
0 219 
1-8 47 

Total 266 

Observed/expected indices 
0 1.58 
t-8 0.37 

Chi-square contributions 
0 46.76 
1-8 50.41 

TOlal 97.17 

Table 22 

Level of response 

Mod. 

348 
310 

658 

1.01 
0.99 

0.03 
0.03 

0.06 

Ex,t. 

472 
596 

1068 

0.85 
1.17 

12.53 
14.77 

27.30 

TOlals 

1039 
953 

1992 

59.32 
65.21 

124.53 

Distribulion or Peary caribou individual r('sponse samples (IRS), by level of 
response and lhe absence or presence or (a Ives in the groups sampled 
dunng ail pass-tYpe hehcopter harassmenl overnighls at > 200 m agI, 
PrInce ofWates Island, NWT, 1976-77 . 

Calves in group Maint. 

Observed IRS 
0 491 
1-12 661 

Total 1152 

Observed/expected indices 
0 1 16 
1-12 0.91 

Chi-square contributions 
0 10.80 
1-12 5.91 

Total 16.71 

1.6. Season classes 

I.evel of response 

Mod. 

180 
301 

481 

1.02 
0.99 

0.07 
0.03 

0.10 

Ext. 

42 
272 

314 

0.37 
1.37 

45.64 
27.24 

72.88 

TOlals 

713 
1234 

1947 

56.51 
33.18 

89.69 

The distribution of IRS oC Pearl' caribou l'ollo\Ved the 
pattern established for IRS by altitude'classes: gre,tter than 
expectecl rates dllring passes at < 200 m agI (or ELIRS and 
MURS anclless for MAIRS ancl the reverse (or IRS obtainecl 
during passes at > 200 m agI (l'able 2). 'l'Ile distributions for 
IRS in ail altitude classes inclicate that caribou \Vere more 
r('~ponsive between 15 JuIl' and 7 August [han at other times 
(X 2 = 359.00,4 df, P< 0.(05). This relationslIÎp held Cor 
th~' rlistribution obtained during o\crflights at < 200 t1l agI 
(X· = 70.2S, 4 ciL P < 0.005) but switchecl to 24J une - 15 JuIl' 
(or Atghts at > 200 tT1 agi (X 2 = 17.93,4 de P< 0.(05). 

1.7. \Vind classes 
Peary caribou were most responsive when the hcli

copter was rlying into the wind and least responsive when the 
helicopter \Vas Aying in calm weather cluring ail overDights at 
< 400 m agI. Peary caribou \Vere also most responsive when 
the helicoptcr was flying into the wind during overflights at 
< 200 tT1 agI. No IRS \Vere obtained in calm weather cluring 
overflights at < 200 lT1 agI. Contributions of IRS when the 
helieopter was flying with the wind or at > 60' to the wind at 
< 200 m agi appeared similar and were at lower response 
levels. A consiclerable shift in the responsiveness of l'l'My 
caribou by \Vllld classes \Vas indicated by IRS distributions 
during overrlights at > 200 m agI. Peary caribou were most 
responsive to overflights during calm \Veather andleast 
responsive wllen the helicopter was Al'ing with the wind. 
Peary caribou clic! not show a high level ofresponsiveness 
\l'hen the hclicopter was fh'ing into the wind cluring over
Aights at > 200 m agI. IRS contributions obtained duritlg 
helicopter overlligllts at > 200 m agI and into the wintl \Vere 
greater than eX[Jectecl l'or MURS but less than expected for 
EURS. 

I.S. Sun classes 
More Peary caribou responded during ail overflights 

at the extreme lel'el when the animaIs \Vere "betweetl" the 
sun and the helicopter than did individuals harassed during 
diITerent sun class conditions. Peary caribou responded more 
at the moderate levcl when the sun was obscured than clid 
individuals overflo\Vn under diITerent sun class conditions. 
Fewer Peary caribou remained at the maintenance level when 
the harassecl animaIs were "between" the sun and the heli-
co pt el' than clid indtviduals overAown under different sun 
class conclitions, 

1.9. Terratll classes 
During ail overAights Peary caribou respondeclmore 

at the extreme level wh en on sites that constituted physical 
barriers than did inclivicluals in ail other terrain classes. Peary 
caribou on pl,!le<lus responded. more at the rnoderate levcl 
ancl less at the maintenance level than dicl individuals in ail 
other terrain classes. 

2. Muskoxen, IRS 

2.1. Altitude classes 
Only 43.6ro (1748) of the tlluskox IRS obtainecl were 

observable responses to the helicopter overflights (l'ables 
23,24 and 25; Fig. 15): 31.0ro (1243) responded bl' walking, 
cantering or galloping ancl 12.5ro (505) alerted to the har
assing stimuli. ln total2S.Ciro orthe IRS were muskoxen 
exhibiting extremc levcl responses, 15.0% were individuals 
responcling at the moderate level and 56.4ro were individu
aIs that rematllecl engaged in maintenance activities during 
periocls orharassment Crables 23, 24 and 25). Observable 
responses approximated the predicted trend of decreasing 
contributions 0(' IRS to moderate and extreme ITsponses 
with increasing altitude of the helieopter cluring overllights 
but they did not vary monotonieally with changTs in alti
tudes: 92.4ro during passes at < 50 m agI, 96.1 ro during pas
ses at 51-100 m agI, 61. 9ro dunng passes at 101-200 111 agi, 
36.Sro cluring passes at 201-300 tll agi ancl49.Sro during 
passes at 301-400 tll agI. Extreme level responses varied 
from 68.4ro during passes at < 50 m agI to 24.0% during 
passes at 201-300 m agi, then an unpredicted rise to 32.0% 
c\unng passes at 301-400111 agI. 

Although the percentages of MURS were exceeded 
by [URS in each altitude class, the percentage oJMLIRS 31 
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Table 23 
Dislribulion or muskox individual response samples, by allilude c1ass 
(melres above ground level) du ring helicopler harassTllenl overAighls, 
Prince or Wales Island, NWT, 1976--77 

Leve! or response 

Aililude c1ass, 
m agi 

1-50 
51-100 
101-200 
201-300 
301-400 
<200 
> 200 
<400 

Table 24 

Bed 

2 
4 

41 
835 
121 
47 

956 
1003 

Main!. 

For. 

4 
o 

53 
919 
284 

57 
1203 
1260 

Moderale 

Alerl Walk 

13 6 
34 8 
37 5 

296 61 
125 18 
84 21 

421 77 
505 98 

Cano 

o 
o 
o 
5 
8 
o 

13 
13 

Dislribulion ormuskox individual response samples, by level orresponse 
and variable classes during helicoPler harassmem overAighls, 
Prince orWales Island, NWT, 1976--77 (n = 40 Il) 

Variable c1ass 

Sex/age 
Bull 
Cow 
Juv 
Yr 
Calr 

Group sue 
Solilarv bull 
Bull p~ir 
Single sex, 3 + 
Mixed sex, 2-5 
Mixed sex, 6--9 
Mixed sex, 10-19 
Mixed sex, 20-29 
Mixed sex, 40 + 
Group type 
Solilarv bull 
Single ~ex 
Mixed sex 

Table 25 

Bed 

270 
273 

65 
119 
276 

o 
2 
o 
o 

40 
271 
623 

67 

o 
2 

1001 

Main!. 

For. 

310 
395 
107 
154 
294 

4 
1 
2 
o 

66 
310 
705 
172 

4 
3 

1253 

Moderale 

Alerl Walk 

144 
152 
37 
34 

138 

2 
31 
13 
II 
62 

156 
199 
31 

2 
44 

459 

44 
21 

2 
6 

25 

10 
9 
2 
1 
9 

19 
45 

3 

10 
Il 
77 

Levcl 01 responsc 

Cano 

7 
o 
o 
1 
5 

o 
o 
2 
o 
o 
7 
4 
o 

o 
2 

II 

Dislribulion ormuskox individual response samples, by response, 
sex/age c1ass and Iype orhelicopler harassmenl overAighl, 
Prince orWales Island, NWT, 1976-77 

Level of response 

Main!. Moderale 

Sex/age Bed For. Alerl Walk Cano 

Single passes and first passes of multi-passes (n = 864) 
Bull 29 55 38 19 3 
Cow 17 69 26 2 0 
Juv 3 23 7 1 0 
Yr 9 33 3 1 0 
Calr Il 60 14 4 2 

Subsequent passes of multi-passes (n = 3147) 
Bull 241 255 106 25 4 
Cow 256 326 126 19 0 
Juv 62 84 30 1 0 
Yr 110 121 31 5 1 
Calr 265 234 124 21 3 

Extrcme 

Gal. Walk lOg. 

8 25 
23 16 
21 5~ 
52 335 
o 90 

52 93 
52 425 

104 518 

EXlreme 

Gal. Walk log. 

27 97 
31 178 
14 31 
Il 57 
21 155 

7 2 
8 18 
o 2 
o 0 
3 49 

72 308 
12 lOI 
2 38 

7 2 
8 20 

89 496 

EXlreme 

Gal. Walk log. 

12 34 
14 55 
6 10 
4 9 
8 46 

15 63 
17 123 
8 21 
7 48 

13 109 

Cano lOg. 

2 
o 

17 
188 
101 

19 
289 
308 

Carl. log. 

44 
107 
21 
39 
97 

2 
o 
2 
o 
2 

74 
222 

6 

2 
2 

304 

Can.log. 

15 
45 
]] 

15 
41 

29 
62 
10 
24 
56 

Gal. lOg 

19 
18 
21 
85 
59 
58 

144 
202 

Gal. lOg. 

59 
63 
21 
15 
44 

Il 
9 
9 
3 

20 
95 
26 
29 

II 
18 

173 

Gal. log. 

35 
35 
Il 
7 

22 

24 
28 
10 
8 

22 

Figure 15 . .. 
Dislribul10n or muskox mdlvldual response samples, by level or response and 
al!ilUde c1ass, expressed as percenlage devialions or observed rrom expecled 
values (0- EIE), oblained during helicoPler harassmenl ovcrAighls al 
<400 m above ground level, Prince orWales Island, NWT, 1976--77 
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also decreased with increasing altitude of the helicopter o\'er 
the muskoxen. MURS accounted for 33.5';70 of the responses 
during overA.ights at < 100 m agi and 24.0';70 for passes at 
< 200 m agI. MURS occurred as frequently cluring passes at 
> 100 m agi (14.2%) as during passes at > 200 m agi 
(13.9%). MAIRS \Vere infrequent (5 .. 5%) during overflig'hts 
at < 100 m agLand relatively infrequent (24.2';70) during passes 
at < 200111 agI. MAIRS were more common during passes at 
> ]00 m agi (58.8%) and during passes at > 200 rn agi (60.3';70). 

We have also used the < ancl > 200 rn agi altitude 
classes as a division for the analyses of responses by rnusk
oxen to harassrnent, mainly because of the relatively 
larger number of IRS during passes at < 200 rn aglthan at 
< 100 m agi (429 versus 182) anclthe contributions of IRS at 
< and> 200 m agI. Most (69.2';70) of the IRS (2776) were 
obtained during overA.ights between 201-300 m agI. There
for e, the number oflRS during overllights at > 200 rn agi 
is disproportionatelv high (3582) and division between 
altitudinal categories < and> 200 m agi serves best for a 
comparison ofIRS (X 2 = 204.49,2 d!', P<0.0(5). 

A test of independence between the nurnber of 1 RS 
that we obtained during single passes and fil st passes of 
multi-pass overflights and passes subsequent to the fIrst pas
ses ofmulti-pass overllights indicates thatthe level of 
response was partly dependent on the sequences of passes 
within each set of overA.ights (Table 26). Muskoxen 
responded more at the extreme level anclless than expected 
atthe moderate and maintenance levels during single and 
first passes than during subsequent passes (X 2 = 276.00, 
2 dl', P<0.005). 

We broke the IRS down by altitude categones LO con
trol the effect ofaltitude on the rclationshlp between first 
and single and subsequent passes. The distribution oflcvcls 
ofrcsponse during both single and first passes (X 2 = 50.30, 
2 df, P<0.005) ancl subsequent passes (X 2 = 91.00,2 df, 
1'<0.(05) followed the predictcd pattern ofmore ELIRS and 
MURS than expected during Aights at < 200 m agi and 
Icwer observable responses during higher passcs ('l'ablcs 27 
and 28). MAIRS were observed !css frequently than 

Table 26 
Comparison or muskox individual response samples (1 RS), by single and firsl 
passes versus subsequenl passes during ail pass-lype helicopler harassmem 
overAighls < 400 m agi, Prince orWales Island, NWT, 1976-77 

Pass 
sequence 

Observed IRS 
Single and firsl 
Subsequenl 

'rolal 

Observed/expected indices 

Main!. 

299 
1954 

2253 

Single and fnsl 0.62 
Subsequenl 1.1 1 

Chi-square contributions 
Single and firsl 
Subsequenl 

TOlal 

Table 27 

70.03 
21.39 

91.42 

Level or responsc 

Mod. Ex!. 

125 440 
488 705 

613 1145 

0.95 
1.01 

0.33 
0.05 

0.38 

1.78 
0.79 

150.27 
39.60 

189.87 

TOlals 

864 
3147 

4011 

220.63 
61.04 

281.67 

Dislribulion or muskox individual response sampi es (1 RS). by Icvel or 
rcsponse and altilude classes (melres above ground level) during single and 
firsl passes orhelicopler harassmem overAigllls, Prince orWales Island, 
NWT,1976--77 

Aililude c1ass, 
magl 

Observed IRS 
1-50 
51-100 
101-200 
201-300 
301-400 

TOlal 

Observed/expecled indices 

Leve! or response 

Main!. Mod. Ex!. 

6 7 28 
o 13 55 

24 17 52 
231 48 223 

48 30 82 

309 115 440 

1-50 0.41 1.28 
1.44 
1.37 
0.72 
1.41 

1.34 
1.59 
1.10 
0.87 
1.01 

51-100 0.00 
101-200 0.72 
201-300 1.29 
301-400 0.84 

Chi-square contributions 
1-50 
51-100 
101-200 
201-300 
301-400 

TOlal 

Table 28 

5.12 
24.32 

2.58 
14.75 

1.49 

48.26 

0.44 
1.72 
1.73 
5.30 
3.56 

12.74 

2.43 
11.98 
0.45 
4.17 
0.00 

19.04 

TOlals 

41 
68 
93 

502 
160 

864 

7.98 
38.C: 

4.76 
24.22 

5.05 

80.03 

Dislribulion ormuskox individual response samples (lRS), by level or 
rcsponse and altilude c1ass (metres above ground leve!) during subsequenl 
passes or helicopler harassmenl overAighls, Prince or Wales Island, NWT, 
1976--77 

Altilude class, 
TIl agi 

Observed IRS 
1-50 
51-100 
101-200 
201-300 
301-400 

TOlal 

Observed/expected indices 

Level or response 

Main!. Mod. Ex!. 

o 12 26 
4 29 2 

70 25 59 
1523 309 442 
357 113 176 

1954 488 705 

1-50 0.00 2.04 
5.34 
1.05 
0.88 
1.13 

3.05 
026 
1.71 
0.87 
1.22 

51-100 0.18 
101-200 0.73 
201-300 1.08 
301-400 0.89 

Chi-square contributions 
1-50 
51-100 
101-200 
~01-300 
301-400 

TOlal 

23.59 
14.47 
6.86 
8.73 
4.85 

58.51 

6,33 
102.38 

0.05 
5.40 
1.64 

115.80 

35.92 
4.35 

17.40 
8.92 
6.76 

73.36 

TOlals 

38 
35 

154 
2274 

646 

3147 

65.85 
1'21.20 
24.32 
23.06 
13.25 

247.67 33 



expected during overflights at < 200 m agi and more oflen 
lhan expeclecl cluring higher Aights, as prcdiclecl 
(Tables 27 ancl28). 

There were cliITerences in the distributions of IRS 
cluring first ancl single passes and subsequent passes at < 
and> 200 m agI. Unlike Peary caribou, IRS l'rom harassment 
over muskoxen at < 200 m ag'l accoullled for onl)' a small 
perccnlage (10.7;70,429/40 II) of the total IRS. In total, 
however, 23.4;70 (202/864) oflhe IRS l'rom sJl1glc and flrsl 
passes and only 7.2;70 (277/3147) oflhe IRS l'rom subse
quent passes were obtained during passes at < 200 m agi, 
a ratio ol3.25 to 1. The OIE indices for IRS allhe extreme 
level do, however, indicate lhat the muskoxen that 
responded during single and first passes (OIE = 1.78) did so 
al a much greater rate than those individuals thal responded 
during subsequent passes (OIE = 0.79). 

We lhen examined the response levels ofmuskoxen 
during first and single passes relalive to subsequent passes 
wilhin lhe altitude categories of < and> 200 m agI. The 
lests ofindependence for sing'le and first passes versus sub
sequent passes at < 200 m agi and at > 200 m agi both give a 
significanl ditference « 200 m agi, X2 = 34.08, 1 df, 
P<O.005and >200magi,x2 = 171.99,1 df,P<0.005). 
OIE indices for IRS obtainecl l'rom first and single passes at 
< 200 m agi and> 200 m agi bOlh indicate that muskoxen 
responded al the extreme level more oflen lhan expected 
(OIE = 1.29 and 1.78 respectively) and at other levels less 
oflen than expected (OIE = 0.69 and 0.73, respeclively). 
The converse was lrue for responses al extreme and other 
levels during subsequenl passes at < 200 m agi and 
> 200 m agi (extreme, OIE = 0.74 and 0.82; other OIE = 
1.27 and 1.06). 

The IRS dislributions oflevels ofresponse for over
Aighls belween 51-100 m agi coulcl nol he lested because 
there were only lwo IRS at the extreme level observed during 
subsequent passes. A lesl olindependence between IRS 
oblained during passes al < 100 m agi during single and first 
passes versus subsequent passes did, however, give a signih
canL difference (X 2 = 28.26, 1 dl', P< 0.005) and indicales 
lhal some degree ol habituation had occurred during some 
sels: EURS single and first passes, OIE = 1.26, ELIRS sub
sequent passes, OIE = 0.62. A finallesl ofindependence 
between IRS oblained during passes al < 50 m agi during 
single and first passes versus subsequent passes was not sig
nificanl (X 2 = 0.00,1 df, P> 0.995) which indicales lhal dur
ing such 1011' Aights the altitudinal effect was probably Loo 
slrong lo allow any clegree of habiluation during sels of pas
ses. Therefore, the above conditions suggest lhe following: 
(a) muskoxen didnot habituale during selS of helicopter har
assment overflights al < 50 m agi; (b) muskoxen appearedlo 
habituale to some degree during sels of helicopter harass
menl overAights at > 50 m agi; (c) muskoxen conlinued Lü 

habiluale lo a greater degree during sets of passes as the 
altiludes oflhe harassmenl overflighls by lhe helicopter 
increasecl > 100 m agi. 

2.2. Sex/age classes 
We obtained25.0;70 (1002) oflhe IRS l'rom muskox 

bulls (Tables 29, 30 and31; Figs. 16, 17 and 18). In total 
19.4;70 (194) of the above IRS were l'rom overAighls al 
< 200 m agI. There was a significanl diITerence in the frequen
cies of lhe lhree levels of responses exhibited by bulls during 
passes al < and> 200 III agi (X 2 = 106.94,2 df, P<0.005). 
Oflhe IRS observed for bulls, 23.4;70 (234) were allhe ex
treme level. ELIRS made up 44.3% (86/194) of the 1 RS 
observed during passes al < 200 m agi and 18.3;70 (148/808) 
ofLhe IRS during passes at > 200 lTl agI. OIE indices for 

Table 29 
Dislribulion ofmuskox individual response samples (lRS), by level of 
response and sex/age class during ail pass-lype helicoPler harassmenl ove]"-
Aighls < 200 m agI, Prince ofWales Island, NWT, 1976--77 

Sex/age Level of response 

class Maint. Mod. Ex!. TOlals 

Observed IRS 
Bull 49 59 86 194 
Cow 23 21 GI 105 
luv 9 1.1 26 46 
Yr 6 4 Il 21 
Calf 17 8 38 63 

Tolal 104 103 222 429 

Observed/expected indices 
Bull 1.04 1.27 0.86 
Cow 0.90 0.83 1.12 
.luv 0.81 1.00 1.09 
Yr 1.18 0.79 1.0J 
Calf 1. 1 1 0.53 1.17 

Chi-square contributions 
Bull 0.08 3.31 2.06 5.46 
Co\\' 0.24 0.70 0.82 1.76 
Juv 0.42 0.00 0.20 0.62 
Yr 0.16 0.22 0.00 0.38 
Calf 0.20 3.36 0.89 4.45 

TOlal 1.09 7.59 3.98 12.66 

Figure 16 
Dislribulion ofmuskox individual response samples, by lever ofresponse and 
sex/age class, expressed as percenlage devialions of observed from expecled 
values (O-E/E), oblained during helicoPler harassmenl overAighls al 
< 200 m above ground level, Prince of Wales Island, NWT, 1976--77 
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IRS during passes at < 200 m agi were greatest for extrell1e 
level responses (OIE = 1.90) and lowest for maintenance 
activities (OIE = 0.44), which was the reverse order for 
those OIE indices at > 200 m agI. 

We oblained 30.4;70 (1220) of the IRS 1'1'0111 llluskox 
cows (Tables 29, 30 and 31). In total 8.6;70 (105) of the aboyé' 
1 RS were l'rom overJlights at < 200 m agI. There lVas a sigllif~ 
icant difference in the frequencies of the three levels of 
responses exhibited by COIVS during passes at < and 
> 200 III agi (X 2 = 52.4 1 , 2 df, P < 0.005). Of the IRS observed 
for cows, 31.1;70 (379) were at the extreme level. ELIRS made 
up 58.1 ;70 (61/105) of the IRS observed during passes at 
<200 III agi and 28.5;70 (318/1115) orthe IRS during passes 
at > 200 m agI. OIE indices for IRS during passes al < 200 III 
agi were greatest for extreme level respollses (OIE = 1.87) 
and lowest for maintenance activities (OIE = 0.40), which 
\Vas the reverse order f'or tllOse OIE indices at > 200 m agI. 

We obtained 7.4% (298) of the IRS from llluskox 
juveniles (Tables 29, 30 and 31). In total 15.4 % (46) of the 

Table 30 
Dislribulion of muskox individual response samples (1 RS), by level of 
response and sex/age class during ail pass-Iype helicopler harassmenl over-
lIighls > 200 m agI, Prince ofWales Island, NWT, 1976--77 

Sex/age 
Level of response 

c1ass Main!. Mod. Ex!. TOlals 

Observed IRS 
Bull 531 129 148 808 
Cow 645 152 318 1115 

.luv 163 28 61 252 
Yr 267 36 112 415 
Calf 553 155 284 .992 

TOlal 2159 500 923 3582 

Observed/expected indices 
Bull 1.09 1.14 0.71 
Cow 0.96 0.98 UI 

luv 1.07 0.80 0.94 
Yr 1.07 0.62 1.05 
Calf 0.92 1.12 1. 1 1 

Chi-square contributions 
null 3.97 2.33 17.41 23.71 
COIV 1.09 0.09 3.28 4.45 
.luv 0.81 1.46 0.24 2.52 
Yr 1.14 8.30 0.24 9.68 
Calf 3.37 1.97 3.15 8.50 

Tolal 10.39 14.15 24.32 48.86 

Figure 17 
Dislribulion of muskox individual response samples, by level of response and 
sex/age class, expressed as percenlage deviations of observed from expecled 
values (O-E/E), oblained during helicoPler harassmenl overAighls al 
> 200 m above ground level, Prince of Wales Island, NWT, 1976--77 
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ahove IRS were l'rom overflights at < 200 m agI. There was a 
significant difference in the frequcncies of the thrce levcls of 
rcsponses exhibited by juveniles during passes at < and 
> 200 m agi (X 2 = 32.50,2 de, P < 0.005). Of the IRS 
observed for juveniles, 25.9;70 (87) were at the extreme level. 
ELIRS made up 56.5;70 (26/46) of the IRS observcd during 
passes at < 200 m agi and 24.2% (611252) of the IRS during 
passes at > 200 m agI. 0/1:<: inclIces for IRS during passes at 
< 200 m agi were greatest for eXtrcme level responses (OIE 
= 1.94) andlowest for maintenance activities (OIE = 0.34), 
\l'hi ch was the reverse order ['or those OIE indices at 
> 200 m agi. 

We obtainedI0.9% (436) of the IRS frol11 muskox 
vcarlings C [ables 29, 30 and 31). In total 4.8;70 (21) of the 
abov e IRS were frol11 overAights at < 200 m agI. There was a 
slgnilicant differencc 111 the frequencies of the three levels of 
rc~ponses exhibited by yearlings during passes at < and 
> 200 m agi (X 2 = 1 1.00,2 df, P < 0.(05) Of the 1 RS 
ohservcd for yearlings, 28.2% (123) were at the extreme 

Table 31 
Dislribution ofmuskox individual response samples (IRS), by level of 
response and sex/age class during ail pass-Iype helicopler harassmenl over-
Aighls < 400 m agI, Prince ofWales Island, NWT, 1976--77 

Sex/age Level of response 

class Main!. Mod. Ex!. Tolals 

Observed IRS 
Bull 580 188 234 1002 
Cow 668 173 379 1220 
luv 172 39 87 298 
Yr 273 40 123 436 
Calf 570 163 322 1055 

TOlal 2263 603 1145 4011 

Observed/expected indices 
Bull 1.03 1.25 0.82 
COIV 0.97 0.94 1.09 
Juv 1.02 0.87 1.02 
Yr 1.11 0.61 0.99 
Calf 0.96 1.03 1.07 

Chi-square contributions 
Bull 0.38 9.27 9.47 19.11 
COIV 0.60 0.59 2.71 3.90 
luv 0.09 0.75 0.04 0.88 
Yr 2.97 9.96 0.02 12.94 
Calf 1.07 0.12 1.44 2.63 

TOlal 5.10 20.69 J3.68 39.47 

Figure 18 
Dislribulion of muskox individua] response samples, by level of response and 
sex/age class, expressed as percenlage devialions of observed from expecled 
values (0-E/E), oblained during helicopler harassmenl overAighls al 
< 400 m above ground level, Prince of Wales Island, NWT, 1976--77 
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levcl. EURS made up 52.4;70 (1 1121) of the 1 RS observed 
during passes at < 200 m agi, and 27.0;70 (112/415) of the 
IRS during passes at > 200 m agI. OIE indices for IRS dur
ing passes at < 200 m agi were gTeatest for extreme level 
respomes (OIE = 1.86) andlowest for maintenance activi
Lies (OIE = 0.46). The highest and lowest rates ofresponse 
levcls during passes at > 200 m agi were for the maintenance 
activities (OIE = 1.03) and moderate levcl responses 
(OIE = 0.95). 

We obtained 26.3 % (1055) of the 1 RS l'rom muskox 
calves (Tables 29, 30 and 31). In total 6.0;70 (63) of the above 
IRS were l'rom overAights at < 200111 agI. There was a signif
icant diAerence in the frequencies of the three levels of 
responses exhibited by calves during passes al < and 
> 200 m agi (X 2 = 28.89,2 df, P< 0.005) Of the IRS observed 
for c<llves, 30.5;70 (322) were at the extreme level. E:LIRS 
made up 60.3% (38/63) of the IRS observed during passes at 
< 200 agi and 28.6% (284/992) of the IRS during passes at 
> 200 m agI. OIE indIces f'or IRS during passes at < 200 m agi 35 



36 

were greatest for extreme level responses (OIE = 1.98) 
and lowest for maintenance activities (OIE = 0.50). which 
was the reverse order for those OIE indices at > 200 m agI. 

The frequency of observable responses to helicopter 
harassment overAights ranged from 37.4% for yearlings to 
46.0% for calves (Tables 29, 30 and 31). Muskox cows 
responded most frequently at the extreme level (31.1 %). 
followed closely by calves (30.5%), then by juveniles 
(29.2%), yearlings (28.2%) and bulls (23.4%). 

The distributions of IRS of muskoxen by sex/age 
classes during overAights at < 200 m agi were not signifi
cantly different (X 2 = 12.66,8 df, P> 0.1; Table 29). OIE 
indices for EURS (Table 29) during passes at < 200 m agi 
suggest that muskox calves responded most frequently at the 
extreme level, followed by cows and juveniles. Yearlings 
responded at about the expected rate at the extreme level 
and bulls responded less frequently than expected at the 
extreme level (Table 29). 

The distributions of IRS of muskoxen by sex/age 
classes during overAights at > 200 m agI were significantly 
different (X2 = 48.86, 8 df, P < 0.005; Table 30). OIE indices 
for EURS (Table 30) during passes at > 200 m agi indicate 
that muskox cows and calves again responded at the extreme 
level more often than expected, followed by yearlings.Juve
niles and bulls responded less frequently than expected at 
the extreme level (Table 30). 

The distributions ofIRS ofmuskoxen by sex/age 
classes during ail overAights at < 400 m agi were significantly 
different (X 2 = 39.4 7, 8 df, P < 0.005; Table 31). OIE indices 
for EURS (Table 31) observed during passes at < 400 m agI 
indicate that muskox cows and calves responded more at the 
extreme levelthan expected . .Juveniles and yearlings 
responded about as frequently as expected at that level and 
observations of extreme responses by bulls were less fre
quent than expected (Table 31). 

2.3. Group size classes 
We obtained only 0.9% (38) of the IRS from solitary 

muskox bulls (Tables 32, 33 and 34; Figs. 19,20 and 21). In 
total 84.2% (32) of the ab ove IRS were from overflights at 
< 200 m agI. There was a significant difference in the fre
quencies of the three levels of responses exhibited by solitary 
bulls during passes at < and> 200 m agI (X 2 = 24.33,2 df, 
P < 0.005). Of the IRS observed for solitary bulls, 57.9% (22) 
were at the extreme level. EURS made up 62.5% (20/32) of 
the IRS observed during passes at < 200 m agi and 33.3% 
(2/6) of the IRS during passes at > 200 m agI. OIE indices 
for IRS during passes at < 200 m agi were greatest for 
extreme level responses (OIE = 1.08) and lowest for 
maintenance activities (OIE = 0.0). The highest and lmvest 
rates ofresponse levels during passes at > 200 m agI were for 
the maintenance activities (OIE = 6.33) and the moderate 
level responses (OIE = 0.0). 

We obtained only 1.9% (78) of the IRS from pairs of 
muskox bulls (Tables 32, 33 and 34). In total 59.0% (46) of 
the abovc IRS were from overAights at < 200 m agI. There 
was no significant dilference in the frequencies of the three 
levels of responses exhibited by pairs of bulls during passes 
at < and >200magl(x2 = 5.01,2df,P<0.05).OftheIRS 
observed for bull paiïs, 44.9% (35) were atthe extreme level. 
EURS made up 50.0% (23/46) of the IRS observed during 
passes at < 200 m agi and 37.5% (12/32) of the IRS during 
passes at > 200 m agI. OIE indices for IRS during passes at 
< 200 m agi were greatest for extreme level responses 
(OIE = 1.11) and lowest for maintenance activities 
(OIE = 0.0), which was the reverse order for those OIE 
indices at > 200 m agI. 

Table 32 
Distribution of muskox individuJI response samples (lRS), by levcl of 
response and group size dass during ail pass-type helicopter harassment 
overAights < 200 m agi, Prince ofWales Island, NWT, 1976-77 

Group size Level of response 

dass Maint. Mod. Ext. Totals 

Observed IRS 
Solitary bull 0 12 20 32 
Bull pair 0 23 23 46 
Bulls,3+ 0 5 Il 16 
Mixed sex, 2-5 0 12 3 15 
Mixed sex, 6-9 31 32 35 98 
Mixed sex, 10-19 73 19 130 222 

Total 104 103 222 429 

Observed/expected indices 
Solitarl' bull 000 1.56 1.21 
Bull pair 0.00 2.08 0.97 
Bulls,3+ 0.00 1.30 1.33 
Mixed sex, 2-5 0.00 3.33 0.39 
Mixed sex, 6-9 1.30 1.36 0.69 
Mixed sex, 10-19 1.36 0.36 1.13 

Chi-square contributions 
Solitary bull 7.76 2.43 0.71 10.90 
Bull pair 1l.l5 12.94 0.03 24.12 
Bulls,3+ 3.88 0.35 0.89 5.12 
Mixed sex, 2-5 3.64 19.59 2.92 26.14 
Mixed sex, 6-9 2.21 3.05 4.87 10.13 
Mixed sex, 10-19 6.84 22.07 1.99 30.90 

Total 35.47 60.43 11.42 107.31 

Figure 19 
Distribution ofmuskox individual response samples, by level ofresponse and 
group size dass, expressed as percemage deviatÎons of observed from 
expeCled values (0- E/E), obtained during helicopter harassmem 
overAights at < 200 m above ground level, Prince ofWales Island, NWT, 
1976-77 
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Table 33 Table 34 
Distribution of muskox individual response samples (lRS), bl' level of Distribution of muskox individual response samples (lRS), by level of 
response and group size dass during ail pass-type helicopter harassment response and group slze dass durmg ail pass-type helicopter harassment 
overllights > 200 m agi, Prmce ofWales Island, NWT, 1976-77 overAights < 400 m agI, Prince ofWales Island, NWT, 1976-77 

Group size 
Leve! of response 

dass Maint. Mod. Ext. Totals 

Observed IRS 
Sol i Lary bull 4 0 2 6 
Bull pair 3 17 12 32 
Bulls.3+ 2 10 4 16 
Mixed sex, 6-9 75 39 39 153 
Mixcdsex, 10-19 508 156 426 1090 
Mixcd sex, 20-29 1328 244 365 1937 
Mixed sex, 40+ 239 34 75 348 

Total 2159 500 923 3582 

Observed/expected indices 
Solitar)' bull 1.11 0.00 1.29 
Bull pair 0.16 3.81 1.46 
Bulls,3+ 0.21 4.48 0.97 
Mixed sex, 6-9 0.81 1.83 0.99 
Mixed sex, 10-19 0.77 1.03 1.52 
Mixed sex, 20-29 1.14 0.90 0.73 
Mixed sex, 40+ l.l4 0.70 0.84 

Chi-square contributions 
Solitary bull 0.04 0.84 0.13 1.01 
Bull pair 13.75 35.17 1. 71 50.63 
Bulls,3+ 6.06 27.01 0.00 33.07 
Mixed scx, 6-9 3.21 14.58 0.00 17.79 
Mixedscx, 10-19 33.78 0.10 74.99 108.87 
Mixed sex, 20-29 22.06 2.57 36.04 60.68 
Mixed sex, 40 + 4.08 4.37 2.40 10.85 

Total 83.00 84.63 115.28 282.91 

Figure 20 
Distribution of muskox individual response samples, by level of response and 
group slze dass, expressed as percemage deviations of observed from 
cxpected values (0-E/E), obtained during helicoptcr harassment 
ovcrAlghts at > 200 m above ground level, Prince ofWales Island NWT 
1976-77 ' , 
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Mixed sex, 2-5 
Mixed sex, 6-9 
Mixed sex, 10-19 
Mixed sex, 20-29 
Mixed sex, 40+ 

Total 

Observed/expected indices 
Solitary bull 
Bull pair 
Bulls,3+ 
Mixed sex, 2-5 
Mixed sex, 6-9 
Mixed sex, 10-19 
Mixed sex, 20-29 
Mixed sex, 40+ 

Chi-square contributions 
Solitary bull 
Bull pair 
Bulls,3+ 
Mixed sex, 2-5 
Mixed sex, 6-9 
Mixed sex, 10-19 
Mixed sex, 20-29 
Mixed sex, 40+ 
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Leve! of response 

Maint. Mod. Ext. TOlals 

4 12 22 38 
3 40 35 78 
2 15 15 32 
0 12 3 15 

106 71 74 251 
581 175 556 1312 

1328 244 365 1937 
239 34 75 348 

2263 603 1145 4011 

0.19 2.10 2.03 
0.07 3.41 1.57 
0.11 3.12 1.64 
0.00 5.32 0.70 
0.75 1.88 1.03 
0.78 0.89 1.48 
1.22 0.84 0.66 
1.22 0.65 0.75 

14.19 6.92 Il.47 32.57 
38.21 68.17 7.28 113.67 
14.28 21.58 3.77 39.62 
8.46 42.11 0.38 50.96 
8.96 29.33 0.08 38.36 

34.25 2.51 87.93 124.69 
50.60 7.65 63.88 122.13 

9.27 6.41 5.96 21.65 

178.21 184.68 180.75 543.64 
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We oblained only 0.8% (32) of the IRS fr o m individu
aIs in groups oflhree or more muskox bull s Cr ables 32 , 33 
and 34). In lOla150.07o (16) oflhe abo ve IRS we re fro m 
overAighls al < 200 m agI. There \Vas a signifl Glnl diffe re nce 
in lhe frequencies oflhe lhree levels ofres po nses cx hibiled 
by individuals during passes al < and > 200 m agi (X2 = 
6.93,2 dr, P < 0.(5). Of lhe IRS observed fo r bull g ro ups 
with more lhan IwO animais, 46.970 (15) \V ere a llhe exlre me 
level. EURS made up 68.870 (11/16) oflhc IR S o bserv ed 
during passes al <200 m agi and 25.070 (4 / 16) o flh e IRS 
during passes al > 200 m agI. OIE indices fo r lhe IRS d uring 
passes al < 200 m agI \Vere grealcsl for eXlre m e le ve l res pon
ses (O/E = 1.4 7) and lowesl for mainle nance aC livili es 
(O/E = 0.0), which \Vas lhc reverse orde r fo r lhose OIE 
indices al > 200 m agI. 

We oblained only 0.4 70 (15) o f lhe IRS Fro m ind ivid
ualmuskoxen in mixed sex groups o f2-5 anim ais 
(Tables 32 and 34). AIl of the abo ve IRS \V ere from 
overAighls al < 200 m agI. The o bs erv ed EURS 10 lall ed 
20.0 70 (3). 

We oblained 6 .370 (251) oflh e IRS Fro m individual 
muskoxen in groups of6-9 a nimai s Cr ables 32 . 33 and 34) . 
ln lOlal 39 .0% (98) o f lhe above IRS \V e re Fro m o ve rl1i ghl s a l 
< 200 m agI. There wa s a sig nifi cant di ffe re nce in lh e fre
quencies of lhe lhree leve ls of rcspo nses exhi b il eu by indi
viduals in g roups o f 6-9 individua ls during passes a l < and 
> 200 m agi (X2 = 7.48. 2 dr, P < 0 .025). Of lhe IRS o bse rv ed 
fo r gro ups o f6-9 musko xe n, 29.570 (74) \V e re a l th e ex tre me 
level. EURS made up 35.7% (35/ 98) of lhe IRS obse rved 
during passes al < 200 m agi a nd 25 .5% (39/ 153 ) o f lhe IRS 
during passes a l > 200 m agI. OIE indices fo r IRS during 
passes al < 200 m agi we re grea tes l fo r e xlreme le ve l res po n
ses (O / E = 1.21 ) and lo wes l fo r mainle nance aCl ivili es 

Figure 21 
Distribution of muskox individual response samples , by leve l o f response and 
group size class , expressed as percentage deviati ons o f obse rved from 
expected values (O-E l E), o btained during helicopter ha rass ment 
overnighls at < 400 m above ground leve l, Prince ofWales Island . NWT , 
1976--77 
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(O/E = 0 .75), which \Vas lhe reverse o rder fo r lhose O I E 
indices a t > 200 m agI. 

We o bla ined 32.770 (1 3 12) o f th e IRS From incliviclual 
mu skox en in groups o f 10- 19 animais Cr a bles 32,33 and 
34) . In lo taI1 6.9% (222) o rth c above IRS were from o ver
Ai ghls al < 200 m agI. T here W (lS a s ignif icanl difference in 
lhc frequ encies o f lhe lhree leve\ s o f respo nses exhibiled by 
individu als in glO ups of 10-1 9 individuals during passes <lI 
< a nd > 200 m agi (X ~ = 28 .93.2 df, fJ < 0 .(05 ). Oflhe IRS 

o bse rved fo r g ro ups o f 10-19 mu sko xe n , 42.4 70 (556) \Ve re 
allhe exlreme levcl. EURS made up 58 .670 (1 30/222 ) oflh e 
IRS o bserved during passes al < 200 m ag i and 39.1 70 
(426/ 1090) o flh e IRS during passes (Il > 200 m ag I. O I E 
indices fo r IRS durin g passes al < 200 m agi IVere grealcsl 
fo r extre me leve l responses (O/E = 1.38 ) and 10IVesl fo r 
ma inlenancc aClivities (O/E = 0.74). The highesl anu 10 IV es t 
ra les o f respo nse levels during passes al > 200 m agi were 
fo r lhe moderale leve l (O/E = 1.07) and lhe exlreme level 
(O/E = 0.92). 

W e oblained 48.370 (1937) of lhe 1 RS from individual 
musko xe n in groups of20-29 animais Cl"ables 33 and 34) . 
No ne o fLh e above 1 RS were from overllighls al < 200 m ag I. 
T he o bserved EURS 10lalled 18.870 (365). 

We oblained 8.770 (348) oflhe IRS l'rom individual 
muskoxe n in a group of 58 animais (Tables 33 and 34). 
No ne o f lhe above IRS were from overHighls al < 200 m agI. 
T he o bserv ed EURS 10lalled 21.670 (75). 

The frequent)' of observable responses 10 he licoPlCl 
harassm e nl o verflig'hlS ranged From 31.370 for a rnixed se x 
g ro up o f 58, lO 10070 for mixed sex groups of2-5 animais 
(T able 34 ). Solilary bullmuskoxen responded mosl fr e
que nLl y allhe exlreme level during' helicopler harassm e nt 
ove rAi ghls, fo ll o wed by single sex bull groups of 3-5 

<400 m agi 

10 -19 

Response level 

~ Maintenance 
o Moderote 
_ Extreme 

20 - 29 40 + 
bull pair Single sex ------ Mixed sex ----- - --

Group size classes 

-

(4G.9%J): bull pairs (44 .970): rnix ed sex groups o f 10- 19 
animais (42.4 % ); 6-9 a nima is (29.5%); 58 a nima is (2 1.670 ): 
2-5 animais (20.0 70); a nd 20-29 a nimais (1 8.870). 

The diSlribulio ns oflR S ofmu skoxcn by gro up size 
classes during overAi g hls al < 200 m ag i were s ig ni fica nlly 
di!re rent (X 2 = 107 .3 1. 10 df, P < 0 .005: Tabl e 32). O IE ind 
ices làr EURS Cr ab le 32) during passes a l > 200 m agi indi 
rat.e lhat bulls in s ing le sex g ro ups o f 3- 5 a nima is were m os l 
respo nsive fo ll o wed by so lit ary bull s, lhen indi viduals in 
mixed sex g ro ups of 10-1 9 animais. Pairs of muskox bull s 
responded a t abo ul the ex pec led ra te al lh e exlreme level 
(l'able 32). Muskoxen in mi xed sex g ro ups o f6- 9 and 2- 5 
individua ls responded less rreque ntl y lha n ex pe cted al lhe 
ex lreme level (Table 32). 

Th e di stribul ions o f IRS o f muskoxen by group size 
classes d urin g o verfli g hl s a l > 200 m agi we re a lso s ig nifl cant
Iy diffe rent (X2 = 282 .90 , 10 d f, P < 0 .005; T a ble 33). OI E 
indices for EURS durin g passes a l > 200 III ag i (T a bl e 33) 
indi 'a te lhal muskoxen in mi xed sex g roups o f JO-1 9 indi
viduals responded mo re freque nll y lh an expec led a llhe 
l'xlre me leve l. Pairs o fm us ko x blills a nd so lilary bulls "Iso 
res po nded mo re freq ue nll y lha n e xpcc ted a l lhe e xlreme 
Icvel ol'res po nse (Tab lc 33). Indi vidllals in mixed sex g roups 
ofG-9 animais and bul ls in s in gle sex g ro ups 0 1' 3-5 
respond ed mo re o r less frequ enll y as expeu ed al lhe 
exlrc me le vel wh ereas individua ls in lhe mixed sex group of 
58 animais and mixed sex grou ps 01'20-29 animais less fre
que nll)' lhan expeCled a llhe exlre me level Crable 33). 

T he di stri bulio ns o f IRS o f muskoxe n by group size 
classes durin g a il o ve rHi g hls < 400 m agi were significantly 
c1ifrerenl (X 2 = 54 3.64,10 df. P< 0.005; Table 34). OIE ind
ices fo r EURS obse rved during passes at < 400 m agi (Table 
:34) indica le lha l so lila ry musko x bulls responded more allhe 
cxlreme leve l, fo ll o wed by bull s in single sex groups of3-5 
and pairs o f bull s. Mixed sex g ro ups of 10-19 muskoxen 
\Vere the m os t responsive ofalilhe mixed sex groups (Table 
34). Mixed sex g ro ups of6-9 individuals responded more or 
less as expec led and lhe mixed sex group of 58 and groups of 
2-5 and 20-29 res po nd ed less frequenlly lhan expeCleci 
Cl'able 34 ). 

2.4 . Gro u p lype classes 
We oblained only 0.9 % (38) o flh e IRS fr o m the so li

la l'y rnuskox bull g roup type c1ass Crabl es 35, 36 and 37; 
Figs. 22, 23 a nd 24) In 101a184 .2 7o (32 ) o rlhe abo vc IRS 
\Vert' l'rom o verflig hls al < 200 m agI. The re \Vas a sig ni fican l 
d.Herence in the frequen cies o f lh e lhree levels of responses 

Table 35 
Dislribution ofmuskox indi vidua l response samples (lRS), by levcl o f 
r"'pons .. and group type class during ail pass-type he lico pter harass ment 
ovcrn'ghls < 200 m agi , Prince ofWales Island , NWT, 1976--77 

Group t)'r e 
da" Mainl. 
Observed IRS 
Solitary bull 0 
Single ~(,x 0 
Mixcd S('X 104 
Total 104 
~bservedl expecled indices 
. o!ttary bull 0.00 
Single sex 0.00 
~cds.,x 1. ~8 

~htsquare eonlribulions 
· 0 lIan' bull 7.76 Single ~('x 
~scx 

15.03 
6.39 

Tolal 
29.18 -

Level o f response 

Mod . 

12 
28 
63 

103 

1 56 
1.88 
0 .78 

2.4 3 
11. 55 
3. 78 

17 .76 

Ex!. 

20 
34 

168 

222 

1. 2 1 
1.06 
0.97 

0.71 
0. 11 
0. 17 

0.99 

T ota ls 

32 
62 

335 

429 

10.90 
26. 70 
10.34 

47 .93 

Table 36 
Distribulion ofmuskox II1dividual response samples (lRS), by lel'e l o f 
response and group type class during ail pass-type heli copter harassment 
overAights > 200 m agi, Prince ofWales Island, NWT. 1976--77 

Group Iype Level of response 

class Maint. Mod . Ex t. Totals 
Observed IRS 
Solitary bull 4 0 2 6 
Single sex 5 27 16 48 
Mixed sex 2150 473 905 3528 
Total 2159 500 923 3582 
Observediexpeeled indices 
Solitary bull 1.11 0 .0 1. 29 
Single sex 0. 17 4.03 1.29 
Mixed sex 1.01 0.96 1.00 
Chi-square conlribulions 
Solitary bull 0.04 0.84 0.13 1.01 
Single sex 19 .80 6 1.50 1.07 82. 37 
Mixed sex 0.26 0.77 0.02 1.05 
Total 20.10 63. 11 1. ~2 84.42 

Table 37 
Distribution ofmuskox individual response sampl es (lRS) , by leve l o f 
resronse and group type class during a il pass-type he li coPl er harassment 
overnights < 400 m agi , Prince o f Wales Island , NWr, 1976--77 

Group type Level o f response 

class Maint. Mod. Ex!. T o tals 
Observed IRS 
Solitary bull 4 12 22 38 
Single sex 5 55 50 110 
Mixed sex 2254 536 1073 3863 
Tota l 2263 603 1145 4011 
Observed/expecled indices 
Solitary bull 0.19 2. 10 2.03 
Single sex 0.08 3.33 1.59 
Mixed sex 1.03 0.92 0 .97 
Chi-square contribulions 
Solitary bull 14 .19 6.92 11.47 32.57 
Single sex 5~ .4 6 89 .46 Il .02 152.94 
Mixed sex 2.55 3.4 5 0.80 6.80 
TOlal 6920 99.83 23.28 192.3 1 

exhibiled by so lit a ry bull s during passes a l < and > 200 m agi 
(X 2 = 24 .33 ,2 df, P< 0.005). Oflhe IRS observed fo r so l
il ary bulb, 57.970 (22) \Vere allhe extreme leve!. EURS 
mad c up 62.570 (20/32) orthe IRS observed cluring passes a l 
< 200 m agI and 33.370 (2/6) of the IRS durillg p asses a l 
> 200 m ag·!. OIE indices for IRS during passes a l < 200 m 
agi were g reatesl for exlreme level responses (O/E = 1.08) 
and lo wes l fo r mainlenance aclivilie.'" (O/E = 0.0) , which \Vas 
lhe reve rse o rder for lhose OIE indices at > 200 m agI. 

Wc o btained 2.870 (110) oflhe IRS fi'om mll skox b llll s 
in sin g le sex groups (Table 35, 36 and 37). In tOlal 564 % (62) 
oflh e above IRS \Vere from overflights al < 200 m agI. 
T hc re was a sigllÎficanl difference in lhe fr equ e ncies of 
the three levels ofresponses exhibited by bulJ s in single sex 
g ro ups du ring passes at < and > 200 n1 agi (X 2 = 9 .99, 2 df, 
P< 0.01) . Oflhe IRS observecl for bull s in sing le sex g ro ups, 
455% (50) \Vere allhe eXlreme leve!. EURS made up 54.870 
(34/62) 0 1' lhe IRS o bserved durin g passes at < 200 m agi 
<"Ind 33.370 (J 6/ 48) o f the IRS c1uring passes al > 200 m agI. 
OI E indices fo r IRS during passes al < 200 rn agi werc g rea l
es t fo r ex lre me le vel respo nses (O/ E = 1.21) a ncll o west fo r 
mainlenance aCli vilies (O / E = 0 .0 ), which was lhe rc ve rse 
o rder fo r lh ose O I E indices a l > 200 111 ag I. 

We o blained 96. 3% (3863) o flh e IR S fro m individua l 
rnuskoxen inlllixed se x g roups (Tabl es 35 . 36 and 37) . In 
IOlaI 8. 7 % (335) orthe " bove IRS \Ve re l'rom ove rfll ghl S al 39 



Figure 22 . .' nse samples, by level of response and 
DiSlribulion of muskox mdlVldual res~o e devialions of observed from 
group lype class , expressed as ~f~~~nd~~in helicopler harassmenl . 
expecled values (0- E/E), obl dl el gPrince ofWales Island, NWT, 
overfiighlS al < 200 m above groun ev , 

1976-77 
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Figure 23 . .' al res onse samples, by level of response and 
Dislribution of muskox mddVldu ~age deviations of obse rved rrom 
group lype class , expresse a~ perc~nduring helicoPler harassmenl 
expecled values (O-E/E). 0 lame dl el Prince orWales Island, NWT, 
overflighls al > 200 m above groun ev , 
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. . ~ cl" If rence in the frequen-
< 200 JI1 agI. There was a slgm Kant 1 h e

b
· ted by individu ais 

cies of lhe lhree levels of responses ex 1 1 1 > 200 m agi 
. . d . roups dunng passes al < anc 
ln lnlxe se,x g . < 0005). Of the IRS observed for 
(X2 = 119.39 ,2 df, P . 1073) were at lhe ex tremc leve l. 
mixed sex groups, 27~8'10 ~8/335) of lhe IRS observecl dur
EURS made up 50.1 % (l d 2 ro 7'10 (905/3528) of lhe IRS 
ing passes al < 200,m agi an

l 
diE indices for IRS during 

dunng passes al > 200 m ag. l for ex lreme Ievel respo n-
ass es at < 200 m ag'l were greates .. ' . 

P f . nce aC llvllies 
(OIE' - 1 81) and lowest o r mall1tena OIE 

ses -. d for lhose . 
(OIE = 0.5 3) , which was the reverse or er 

indices at > 200 IT1 agI. b bl' ponses lO helicopter 
Th frequ e ncy of o serva e les . 

e . . f 41 7 '10 for Il1lxed sex 
ha rassme nl overA lghts ranged rom . (T bl e 37) The 

lO 95 5'10 for single sex bull groupS a '1 
groups. d d OSl frequently <lll le 
solitar y bull group lype rl~~~~d ~)y ~he single sex bull gro up 
exlrcme level (57.9'10), 0 (27 801.) 

d h 'xed sex group lvpe . /0 . 
type (45.5'10

d
) an 'bt te mnls of mS ~rmuskoxen by group type 

The Istn u 10 .' . . 're 
. . 1 within ail altitude ca tegOl leS IH, 

classes dunngoverll,g l~S = 47.9 3,4 df, P < 0.005 c1uring pas-
Slgmficantly d,fTeren; ~ 84 42 4 df, P < 0.005 during passes 
ses al < 200 m ~g l, X 2 : 192.3'1, 4 df, P < 0.00 5 during pas
al > 200 1I1 agi and X bl 35 36 and 37). OIE indICes for 
ses at < 400 ll1 agI, ra es, ories (Tables 35, 36 and 
EURS wilhm ail three allilude categ. nded the most, 
37) indica te that so litary muskox bulls 1 es~o and lhen b y 
followed by bull s in lhe sll1gle sex glOuP l) pe 
indivicluals in the mixed sex group type . 

Figure 24 . . nse samples by lev el or response and 
Dislribution or muskox indlVldual res~~ e devia tio~~ or observed rrom 
group lype class, expressed a~ perc~ndu~ing h elicopler harassmenl 
expeCled values (O-E/E), 0 lame dl el Prince ofWales Island, NWT, 
overflighls al < 400 m above groun ev , 

1976-77 
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2.5. Calf classes 
Wc obtained 3.7'10 (148) oflhe IRS from muskoxen in 

'wilhoul calves presen t; 63 .5'10 (94) of lhe above IRS 
groups . 1 bl 38 39 , .' l'rom overfhghls al < 200 m ag (Ta es, , _ ,40 and 
IHle h· ·r. d'a: . .. 1; Figs . 25, 26 and 27). T ere \l'as a slgn lIlcanl Ill e rence ln 

lhe frequencies of Ihe lhree leve ls of responses exhlbll ec\ by 
individuals in groups wIlholll ca lves dUlïng passes al < and 
> 200 III agI (X 2 = 20,19,2 df, P < 0,005), Of lhe IRS 
observed for muskoxen unaccompan ,ed by ca lves , 49.1 % 
(7'2) \l'cre allhe ex lre me leve l. EURS mad e up 57.4 % 
(54/94) oflhe IRS o bserved dunng passes al < 200 m agI 
and 33 .3ro (18/ 54 ) oflhe IRS dunng passes al > 200 III agI. 
OIE indices for lhe IRS during passes al < 200 III agI were 
greateSl for exlreme level respo nses (OIE = l. J 8) ancl low
esl fi>r maintenance ac llvilles (OIE = 0.0). whllh was lhe 
reverse order ror those OIE indices at > 200 m agI. 

We oblained 7.1 % (284) of lhe IRS from mu skoxen in 
groupS wilh one ca lr ([ables 38, 39. 40 and 41). In lOlaI46, 8'10 
(13:3) of lhe above IRS were From ove rfhgh ls al < 200 III agI. 
Thcrc was a significanl clilference in lhe freq llencies of lhe 
1 hrce le vels of response ex hibil ecl by incli vidual s in groups wilh 
011(' calfduring passes a l < and> 200 m agI (X2 = 33 .27, 
2 df. P< (J .005), Of lhe IRS obserl'ed for muskoxen in 
groups with one ca lI', 28.5% (81) were allhe ex treme level. 
ELiRS made up 38.3 % (51/133) of lhe IRS observccl cluring 
passes al < 200 m agI and 19.9 % (30/151) of the ms c1uring 
passes al > 200 m agI OIE inclices for IRS durin g passes 
al < 2(JO III agI were grealcsl for ex lreme levcl responses 
(OIE = 1.34) a nd lowes l for mainlenance aClivir ies 
(OIE = 0.57), which \Vas lhe reverse o rcier fo r lho~e OIE 
indices al > 200 ln agI. 

'vVe o blain ed 17 ,7 % (70H) of tllL' IRS frOIll muskoxe n 
in groups wi th two calves (Tlbles 38 . 39 , 40 and 4 1) . 

Table 38 
Dislribution of muskox individual respons e samples (IRS), by le\'el of 
response and calf class d uring ail pass-Iype heli coPler harass melll overAighls 
<200 nt agI, Prince orWales Island. NWT. 197fr.77 

Level of respùnse 

No. calves Maint. Mod. Exl. TOlals 

Observed IRS 
0 0 40 54 94 
1 31 51 51 133 
2 55 !'> 0 60 
:\ 0 7 13 20 
4 18 0 A9 107 
5 0 0 15 15 

TOlal 104 103 222 429 

Observedl expected indices 
0 0.00 1.77 1.11 
1 0.96 1.60 0.74 
2 3.78 0.35 0.00 
:\ 0.00 1.46 1.26 
·1 0.69 0.00 1.6 1 
.1 0.00 000 1.93 

Chi-square contributions 
[) 22.79 13.46 0.59 36.84 
1 0.05 11.39 4.62 16.05 
2 11 2.~ 1 6 14 31.05 149 .70 
3 4 .85 1.01 0.68 6.53 ., 

2.43 25.69 20.42 48 .!'>4 
!l 3.64 3.60 6.75 '1 3.99 
TOIaI 146.26 61.29 64.11 271.66 -

ln lotal 8.5'10 (60) of the above IR S were from overAighls al 
< 200 m agI. There was a significanl dilfe rence in lhe frequen

ci es of the l.hree leveJs ofresponses exhibiled by individuals 
in groups wilh lwo ca lves du ring passes al < and > 200 m agi 
(X 2 = 17.06,2 df, P<0.005) Of the IRS observed for musk
oxen in gro ups Wilh lwo calves, 17.4% (123) were 3llhe 
eXlreme Jevel. EURS made up 0.0'10 (0/60) orlhe IRS 
observed during passes a l < 200 m agi and 19.0 % (123/648) 
of lhe IRS during passes al > 200 !TI agI. OIE indices for TRS 
during passes at < 200 m agi were greatesl for maintenance 
activilies (OIE = 1.32) and 10weS l for exl reme levcl respon
ses (OIE = 0.0), which was lhe reve rse order for lhose OIE 
indices a l > 200 m agI. 

We obtained 1.5 % (62) of the IRS from muskoxen in 
groups with three calves Crables 38, 39,40 a nd 41). 
ln IOlaI 32.3% (20) oflh e above IRS \Vere from overAighls a t 
< 200 m agI. There was a signiflca nt dilfe rence in lhe frequen
cies of lhe th ree leve ls of responses exhibiled by individuals in 
groups with lhree calves during pass es al < and> 200 m agI 
(X 2 = 16.29,2 df, P<0.005) Orlhe IRS observed for musk
oxen in gro ups wilh lhree (a lves , 59,7% (37) were al the 
ex lreme level. EURS made up 65.0% (13/20) of lhe IRS 
observed during passes a l < 200 m agi and 57.1 '10 (24/42) of 
lhe IRS durin g passes a l > 200 m agI. OIE indices for IRS 
durin g passes al < 200 m agI were greales t for moclerate 
leve l responses (OIE = 2.41) and lowest ror mainlenance 
aC livilies (OIE -= 0.0), which was lhe rel'erse o rcier for lhose 
OIE indices al > 200 m agI. 

We oblained 4. 5% (179) of lhe 1 RS from muskoxen 
in groups wilh four calves ('[ables 38,39,40 and 41). In 
tOla l 09. 8% (107) o f lhe above IRS were from overflighl s at 
< 200111 agI. There was a significanl difference in the raIes or 
conlribulions lo lhe lhree levels ofresponses ex hibitecl 

Tab le 39 
Dislribution of muskox individual respollse samples (lRS). bl' leve l or 
respons e and calf class oblained during ail pass· lype helicopler harassmenl 
overflighls > 200 m agi. Prince orWales 1.,land. NWT, 1976-77 

1 <,vel of response 

No. calves Mainl. Mod. Exl. TOlals 

Observed I RS 
0 9 27 18 54 
1 86 3!'> 30 15 1 
2 4 38 87 123 648 
3 16 2 24 42 
-1 0 0 72 72 
5 20 24 184 228 
6 23 47 32 102 
8 1328 244 365 1937 
18 239 34 75 348 

T Olal 2159 500 923 3582 

O bserved/expected indices 
0 0 .28 3.58 1.29 
1 0 .94 1.66 0.77 
2 1.1 2 0.96 0 .74 
3 0.63 0.34 2.22 
4 0.00 0.00 3.88 
5 0. 15 0.75 3. 13 
6 0.37 3.30 1.22 
8 1.14 0 .90 0 .73 
18 1.14 0 .70 0.84 

Chi-square contributions 
0 17.04 50.25 1.20 68.49 
1 0 .28 9.20 2.04 1 1.51 
2 576 0 . 13 11.58 17.47 
3 3.4 3 2.54 16.05 22.02 
4 43.40 10.05 t53 .97 207.42 
5 100.33 1.92 267 .02 36928 
6 24.08 75.39 1.24 100.71 
8 22.06 2 .57 36.04 60.68 
18 4 .08 4.37 2.4 0 10 .85 

Total 220.46 156.43 49 I.!;4 868.43 
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Table 40 
Dislribulion ofmuskox individual rcsponse samples (lRS), by level of 
response and calf dass during ail pass-l)'pe helicopler harassment overflighls 
< 400 m agI, Prince ofWales Island, NWT, 197&-77 

No. calves 

Observed IRS 
o 
1 
2 
3 
4 
5 
6 
8 
18 

TOlal 

Observed/e"'pected indices 
o 
1 
2 
3 
4 
5 
6 
8 
18 

Chi-square contributions 
o 
1 
2 
3 
4 
5 
6 
8 
18 

TOlal 

Table 41 

Level of response 

Maint. Mod. Ext. 

9 
117 
493 

16 
18 
20 
23 

1328 
239 

2263 

0.11 
0.73 
1.23 
0.46 
0. 18 
0. 15 
0.40 
1.22 
1.22 

66.47 
11.66 
21.91 
10.30 
68.20 

100.02 
20.74 
50.60 

9.27 

359. 16 

67 
86 
92 

9 
o 

24 
47 

244 
34 

603 

3.01 
2.01 
0.86 
0.97 
0.00 
0.66 
3.07 
0.84 
0.65 

90.00 
43.92 

1.96 
0.01 

26.91 
4.30 

65.39 
7.65 
6.41 

246.56 

12 
81 

123 
37 

161 
199 
32 

365 
75 

1145 

1.70 
1.00 
0.61 
2.09 
3.15 
2.87 
1.10 
0.66 
0.75 

20.95 
000 

30.96 
21.05 

236.38 
242.25 

0.29 
63.88 

5.96 

621.72 

TOlals 

148 
284 
708 

62 
179 
243 
102 

1937 
348 

4011 

177.43 
55.59 
54.83 
31.36 

331.49 
346.57 

86.42 
122.13 
21.65 

1227.45 

Distribution of muskox individual response samples, by nllmber of 
calves, du ring helicopter harassmenl overfligllls, Prince of\'\'ales Island, NWT, 
197&-1977 (n = 4011) 

Level of response 

Maint. Moderat .. 

No. calves l3ed For. Alert Walk Cano 

0 2 7 46 21 2 
1 40 77 76 10 0 
2 254 239 77 15 7 
3 0 16 9 0 0 
4 4 14 0 0 0 
5 6 14 24 0 0 
6 7 16 43 4 0 
8 623 705 199 45 4 
18 67 ln 31 3 0 

Figure 25 
Dislribulion of muskox individual response samples, by level ofresponse and 
calf dass, expressed as percent age devialions of observed from expecled 
values (O-E/E), oblained during helicopler harassmenl overflighls at 
< 200 m above ground level, Prince ofWaJes Island, NWT, 197&-77 
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Figure 26 
DistribUlion ofmuskox indiv 'd 1 

If 1 1 ua response sampi b 1 ca c ass, expressed as percentage d . . es, y evel of respOnse and 
values (0-E/E), obtained during h ~vlallons of observed from expecled 
> 200 m above ground level Prince ~~~~tler hl alrassment overRighls at 

, a es sand, NWT, 1976-77 
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Figure 27 

DistribUlion of muskox individual res onse 
calf c1ass , expressed as percenta d p. . samples, by level of response and 
values (0-E/E), obtained durirfe h etatlons of observed [rom expeCled 
< 400 m above ground level Pr' g e [lcWoptler harassment.overllighls al 

, IOce 0 a es Island, NWT, 1976-77 
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< and> 200 m agI (X2 = 13.47,2 df, P<0.005). Of the IRS OIE indices for ELIRS observed during passes al> 200 m agI ) AIso, sorne herd bulls appeared to b!!:,esslve beha~lO~r. 2.9. Terrain classes 
observed for muskoxen in groups with four calves, 89.9% (Table 39) indicate that muskoxen in groups with four others, perhapg partIy tor th b ore antagomstlC than No p tt C , 'e a ove reason. a ern IOr the distributi fI. 
(161) were at the extreme leveI. ELIRS made up 83.2% calves were the mosl responsive Lo helicopter harassment. classes could be discerned Mo t (9~~ 0 RS by terram 
(89/107) of the IRS observed during passes at < 200 m agi Individuals in groups that contained 5 calves, 3 calves, no 2.7. Wind classes obtained from muskoxen ~n 1 s 1 cl fI%) of the IRS were 
and 100.0% (72) of the IRS during passes at > 200 m agI. calves and 6 calves also responded al the extreme level more No pattern for IRS distrib' b . mediate sI opes (1424) 0 1 6

0
;01..an(2 ats (2347) and imer-

OIE indices for IRS during passes at < 200 m agi were great- often lhan expected. Individuals in groups that contained 18 be discerned for muskoxen N utltns. y wmd classes could sam pied were on ridg-~s a~J i /0 40) of the muskoxen ._ 
est for maintenance activities (OIE = 1.67) and lowest for calves (one group), 1 calf, 2 calves and 8 calves were less for the greatest resp . . 0 ex~ anatlon can be offered plateaus and ridges respondePdamteaus. Perhaps, muskoxen on 

b' h . onSlveness durmg passes at > 200 1 ore at th 
moderate level responses (OIE = 0.0). The highest and low- responsive than expected at the extreme level (Table 39). emg w en overfllghts were at > 60' h' m ag moderate levels because the h r e extreme and 
est rates ofresponse levels during passes at > 200 m agI were The distributions of the IRS ofmuskoxen by number specula te that there was oft to t e wmd. ~ut we do pounded psychologically by the Icopterkharassmem was com-
for the extreme level (OIE = 1.10) and for the moderate of calves present during ail overflights at <400 m agI were ated with overflights at <2;;;n e~e.ment.?f sur~nse associ~ not often occupied by them T~.se mus oK.en ~eing on sites 
level (OIE = 0.0) and maintenance level (OIE = 0.0). significantly different (X2 = 1227.45, 16 df, P<0.005; ex cess of 16 km per hour That . ag h

mto 
wmds wlth speeds m seemingly in contradiction ~ith It~ as;umptlOn IS, however, 

We obtained 6.0% (243) oftheIRS from muskoxen Table 40). OIE indices for ELIRS observed during passes at is muffled to the animais b th IS~ td e sound of the helicopter flee to high ground when disturb ~ aq that muskoxen often 
in groups with five ca Ives (Tables 38, 39,40 and 41). < 400 m agi (Table 40) indicate that muskoxen in groups with ing helicopter untiJ it is rel:tiv erl~ flow against the oncom- sample (1 J) of muskoxen on 'd e 'dAt .any rate, ~he small 
ln total 6.2% (15) of the above IRS were from overflights at four calves were the moSl responsive to helicopter harassment. then the sound s dd 1 bey c ose to the muskoxen < 200m agi probably l' n ges urmg overfllghls at 
< 200 m agI. There was no significant difference in the frequen- Individuals in groups that each contained 5 calves, 3 calves, ground observer~) ;;i: c ec~.~es loud (at least, to the ' Miller and Cunn (197:~rr. am~ mu~~ of the results as given in 
ci es of the three levels of responses exhibited by individuals no calves and 6 calves also responded at the extreme level the muskoxen into 'briefb °t

n 
ItlOn often seemed to startle or t at a tltudecategory. 

h r u strong responses to the 
in groups with five calves during passes at < and > 200 m agI more often than expected. Individuals in groups that con- e 1C0pter. 3. 

Peary caribou, multiple regression analyses (IRS) (X2 = 3.53,2 df, P> 0.1). Of the IRS observed for muskoxen tained 18 calves (one group), 8 calves and 2 calves were Jess 
. in groups with five calves, 81.9% (199) were at the extreme responsive than expected at the extreme level (Table 40). 

level. ELIRS made up 100.0% (15) of the IRS during passes r There is no clear pattern ofincreasing responsiveness 
at < 200 m agi and 80.7% (184/228) of the IRS observed by muskoxen in groups with more ca Ives than in groups with 
during passes at > 200 m agI. OIE indices for IRS during fewer calves (Table 41). There is, however, a significant dif-
passes at < 200 m agi were greatest for extreme level respon- ference between the distribution ofIRS for muskoxen in 
ses (OIE = 1.22) and lowest for maintenance activities groups with no calves and individuals in groups with 1-18 
(OIE = 0.0), which was the reverse order for those OIE ca Ives (X2 = 186.91,2 df, P<0.005). OIE indices for musk-
indices at > 200 m agI. oxen in groups without calves indicate that those individuals 

We obtained 2.5% (102) of the IRS from muskoxen in (aIl buIls) were more responsive at the extreme (OIE 1.7l) 
groups with six calves (Tables 39,40 and 41). None of the and moderate (OIE = 3.05) levels and remained less fre-
above IRS were from overflights at < 200 m agI. The observed quently at the maintenance (OIE = 0.11) level than individ-
ELIRS totalled 31.4% '(32). uals in mixed sex groups with calves present. This condition 

We obtained 48.3 % (1937) of the IRS from muskoxen probably reflects sex/age (bull versus ail other sex/age 
in groups with eight calves (Tables 39,40 and 41). None of classes) and group type (solitary bulls and single sex 
the above IRS were from overflights at < 200 m agI. bull group types versus the mixed sex group type) differ-
The observed EURS totalled 18.8% (365). ences as much as the presence or absence of calves in groups. 

We obtained 8.7% (348) of the IRS [rom muskoxen in At any rate, the pattern ofresponses in relation to absence or 
a gr~up with 18 calves (Tables 39, 40 and 41). None of the presence of muskox ca Ives is the reverse of that for caribou 
above IRS were from overflights al < 200 m agI. The observed calves. 
ELIRS totalled 21.6% (75). 

The frequency of observab~e responses to helicopter 
harassment overHights ranged from 30.4% for mixed sex 
groups with two calves present in each group to 93.9% for 
solitary bulls and single sex groups of2-5 bulls unaccompa
nied by éalves (Tables 40 and 41). Muskoxen in mixed sex· 
groups that contained five ca Ives were the most responsive 
(91.8%). Muskoxen in groups with four calves contributed 
the greatest percentage to ELIRS (89.4%), followed closely 
by individuals in groups with five calves (81.9%). There was 
no continuous pattern in the percentage contributions by 
individuals to the extreme level ofresponses and the number 
of calves present in each group: Ist and 2nd as ab ove; 3rd, 3 
calves (59.7%); 4th, no calves (48.6%); 5th, 6 calves (31.4%); 
7th, 18 calvcs (one group-21.6%); 8th, 8 calves (18.4%); 
and 9th, 2 calves (17.4%). 

The distributions of IRS of muskoxen by number of 
calves present (calf classes) during overflights at < 200 m agi 
were significantly different (X2 = 271.66, 10 df, P < 0.005; 
Table 38). OIE indices for ELIRS during passes at 
< 200 m agi (Table 38) indicatethat muskoxen in groups with 
five calves were the most responsive to he\icopter harassment. 
Individuals in groups that contained four calves, three calves 
and no calves also responded at the extreme level more often 
than expected. Individuals in groups that contained two 
calves responded less frequently than expected at the 
extreme leve\ (Table 38). _ 

The distributions ofIRS of muskoxen by number of 
calves present during overflights at :> 200 m agi were signifi-

'. 
2.6. Season classes 

The distribution ofIRS of muskoxen by sampling 
period (season classes) during overflights within aIl altitude 
categories were significantly different (X2 = 186.48,4 df, 
P<0.005, during passes at <200 m agi; X2 = 507.68,4 df, 
P<0,005, during passes at > 200 m agi and X2 = 510.42,4 
df, P <0.005, duringpasses at <400 m agi). OIE indices for 
ELIRS within ail three altitude categories indicate that musk
oxen sampled between 16 July - 7 August were al ways the 
most responsive at the extreme level. Muskoxen sampled 
during overflights at > 200 m agI were second most respon
sive at the extreme level of response between 4-24 J une: no 
individuals were sampled in that period during overflights at 
< 200 m agI. Muskoxen sampled during 24 June - 15 July 
and 8-24 August were less responsive than expected during 
overflights within al! altitude categories. It is probable that 
the greater than expected respOilsiveness ofmuskoxen dur
ing overflights at > 200 m agi between 16 July - 7 August 
reflects the influence of male behaviour during the early 
stages of the rut. The presence of"intruder" bulls and 
responses to them by herd bulls tended to cause more activ
ity within the groups during harassments. This supposition 
is, however, contradicted by the reduced responses ofmusk
oxen during 8-24 August when rut was more fully advanced. 
One possible explanation for this apparent contradiction is 
that the bulls sam pIed between 8-24 August had sorted 
themselves out to a degree that allowed more close-contact 
during- periods of harassment without the higher levels of 

'2.8. Sun classes 

No pattern for the distribution ofIRS b 1 
could be discerned. We can offer . y sun casses. 
greater responsiveness of muskox

no ~xpl.anatlon f':>r the 
< 200 m agI when the en unng overfllghts at -

following su os'f sun was obscured. But we can offer the 
dur' pp 1 Ion for the greater contribution to EURS 
"be~:~~;~,St~ at > 200 m agi when the heJicopter passed 

e sun and the animaIs It' 'bl 
the helicopter is back light d d h ~s pOSS.I e that when 
is in shadow that the h r e an t e SI de facmg the animaIs 

d . .' e ICOpter stands out more in th k 
an Hs vlsual discreteness aJo . es y 
to the strength of the ha . ng ~lth t~e sound stimuli adds 
impression that we recei::~~g ~tlmuh. At least this is the 
under such conditions Perh urmg g:ound observations 
animaIs to the h r . aps, the Ime-of-sight from the 

e lCopter to the sun has t h 
straight Jine to maximize impact ofthis c~n'%~~~~c a 

Table 42 
Slepwise .multiple regression anal sis for 199 . " 
Peary canbou, du ring helic0pler ~arassm t 2 m~vl~ual response samples of 
r~o~nd leyd, Prince ofWales Island, NW~~ 1~76:..7~ ts al < 200 m above 

- pOSlllVe Influence, - - negalive influence) 
Inde~endent variable 
affectlng maximum 
Jevel of responses 

Bulls 
- 24June-15July 
- Group sizes 2 19 ( 1 d' - Alt'I d- 5 - exc u mg cow-calfpairs) lU e> Omagl 
- Plaleaus 
+ Calves 
- Ridges 

% variation 
eSlimated bv 
each variablè 

+ SUn-helicopte 'b -
+ Sites that r-cart ou (hehcopter backlighted) 

. conslltuted hysical barriers 

6.4 
4.7 
2.4 
1.3 
0.7 
0.7 
0.6 
0.6 
0.5 

affecllng maximum 
level of responses 

- Lowland /lats 
- Bulls 
- JUveniles 
+ Croup sizes 2-9 ( 1 d' . 
+ Altitude> 300 exc) u mg cow-calf pairs) 
+ H . mag 
+ G:~~opter fltng at > 60' to the wind 
- Bull ;~~;~y;: (excluding cow-calfpairs) 
:"yearlings 

% variation 
estimaled by 
each variable 

4.7 
4_0 
2.5 
2.3 
0.9 
0.7 
0.8 
1.5 
0.6 

Regression 
coefficient 

- 1.118 
-0.474 
-1.614 

0.678 
-1.373 
+0.500 
- 0.441 
+0.365 
+ 1.102 

Regression 
coefficient 

-1.274 
-1.056 
- 1.100 
+0.414 
+0.814 
+0.591 
+1.832 
-1.321 
-0.860 

We ran a multiple re' . 
three altitude categories' < ~~~ssion ~nalysis for each of the 
< 400 m agI. Nine variab'les ex ~ ag , > ~O~ m agI and 
tion of the variation in respons~~a~:e? a s~gnhlficant propor-
<200magl(l7.9%)andat> nng ot passesat 

and 43). Only six variables w 20~ m.~gl (18.0%). (Tables 42 
to the regression r.or ail ere slgm cant contnbutors 

passes at < 400 m 1 d 
they explained 27 901.. of th '. . ag an together . 

• /0 e vanation m response (T bl 44) 

1 
Only the negative contributions by the bull al e . 

c ass were Comm t Il h sex age 
classes were com~:nOta t ree ~egressions. Four variable 
agI and < 400 l' 0 reg~esslOns for passes at < 200 m 

m ag . group Sizes of2 to 19 ani 1 . 
calves present, pOsitive; altitude> 50 ma ~, negatlve; 
season dass 2 (24June _ 15J 1 ) m. agI, negatIve; and 

A . u y , negatlve. 

make som~:;~~~~?o~: ~:o~tr~~ regr~ssions alJows us to 
bou during helicopter ha e respo.nses of Peary cari-

rassment overfllghts at < 400 1 mag. 

Standardized 
regression 
coefficient 

-0.241 
-0.110 
-0.203 
-0.118 
-0.110 
+0.084 
-0.082 
+0.083 
+0.074 

Slandardized 
regression 
coefficient 

-0.228 
-0.243 
-0.187 

. +0.100 
+0.101 
+0.138 
+0.222 
-0.182 
-0.079 

F value 

124.00 
22.47 
84.39 
30.36 
26.12 
15.86 
14.02 
15.98 
13.04 

Fvalue 

102.65 
97.21 
71.56 
19.03 
20.81 
36.39 
51.41 
34.65 
13.77 
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Table 44 Stepwise multiple regression analysis for 3939 individual response samples of 
Peary caribou, du ring helicopter harassment overflights at < 400 m above 
ground leve\' Prince ofWales Island, NWT, 1976-77 
(+ positive influence, - = negatîv .... e_in .... fI_u_e_nc_e..:;) _____ --~ ------~ ---------
Independent variable % variation Standardized 
affecling maximum estimated by . Regression regression f' value 

19.8 
4.4 
1.5 
1.0 
0.6 
0.6 

-1.822 
_ 1.016 

-0.395 
level of responses each variable coefficient coefficient 

Altitude> 200 m agI 
- Bulls 

-0.203 
-0.1 18 

703.04 
183.84 
62.30 
46.29 
35.77 
33.24 

-0.546 
-0.095 _ 24June-15July 

_ Group sizes 2-19 (excluding cow-<alfpairs) 
-0.703 

+0.087 
-0.083 + Calves 

+0.511 
-0.7\0 

_ Altitude > 50 m agI 

On the basis of al! overflights, responses by Peary caribou to 
harassing stimuli waned du ring passes at > 200 m agi. Bulls 
came in as lhe least responsive sex/age class in ail regres
sions. The elfect of season class 2 on levels of IRS during 
passes at < 200 m agi was not apparent during passes at 
> 200 m agi but was regained during passes at < 400 m agi. 
The lack of responsiveness by Peary caribou in groups of 
2-19 animais during passes at < 200 m agi shifted to more 
responsiveness by individuals in small groùps of 2-9 at 
> 200 m agi then shifted back at < 400 m agI. The influence 

4. Muskoxen, multiple regression analyses (IRS) 

We ran a multiple regression analysis for each of the 
three altitude categories: < 200 m agi, > 200 m agi and 
< 400 m agI. Eleven variable classes explained a signiflCant 
proportion of the variation in responses during passes at 
< 200 m agi (58.7'10; Table 45) and nine variable classes 
were significant contributors to the regression for passes at 
> 200 m agi (25.6'10; Table 46). Thirteen variable classes 
accounted for 27.4'10 ofthe variation in IRS obtained during 
passes flown at < 400 m agi ('fable 47). 

of the < 50 m agI altitude class in the regression for passes at 
< 200 m agi was replaced by the impact of the > 300 m agi 
altitude class in the regression for> 200 m agi but then reap
peared during passes at < 400 m agI. Lack of responsiveness by 
Peary caribou sam pied on plateaus and ridges during passes 
at < 200 m agi was not apparent during passes at > 200 m agi 
and individuals sampled on lowland flats were the least 
responsive. No Peary caribou were sampled during passes at 

Only two variable classes were common to aU three 
regressions (Tables 45, 46 and 47): (a) single and first passes 
versus single and first circles, 3rd at < 200 m agI. 2nd at 
> 200 m agi and Ist at < 400 m agi; and (b) terrain class 3, 
ridges, 10th at < 200 m agi, 4th at > 200 m agi and 5th at 
< 400 m agI. Only one variable class was corn mon lo the 
regressions for passes at < and > 200 m agi ('l'ables 45 and 
46): season class 4,8-24 August, 5th at < 200 m agI and 9th 
at > 200 m agI. Five variable classes were common to the 
regressions for passes at > 200 m agI and < 400 m agi 
(Tables 46 and 47): season class 2, 24June - 15 July, lst and 
2nd; sun class 3, sun obscured, 3rd and 6th; wind class 1, 
flying into wind, 5th and 7th; mixed sex group sizes 2-19, 6th 
and 4th; and bull sex/age class, 8th and 9th, respectively. 
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> 200 m agi on sites that constituted physical barriers, so 
that the influence of su ch conditions could not be consid
ered. The elfect onresponse when the helicopter passed 
"between" the sun and the animais during overflights at 
< 200 m agi was not apparent during higher passes. Finally, 
the responsiveness of calves during passes at < 200 m agi 
was lost during passes at > 200 m agi but regained during 

passes at < 400 m agI. 
We must conclude that the relationship between the 

altitude of the harassing agent and the levels of responses 
exhibited by the Peary caribou sampled is the most manage
able finding ofthese regression analyses. Secondly, that the 
greater responsiveness of calves followed by cows, yearlings, 
juveniles and bulls, warrants special consideration in any 
implementation of constraints on aircraft activities during 
calving and post-calving periods. 

We conclude that the relationship between the 
altitude of the harassing agent and response is not as 
definite f.or muskoxen as it was for Peary caribou. Such a 
continuing relationship was demonstrated, however, and 
we believe that the minimum altitudes of aircraft flights 
above muskoxen is a primary consideration in the 
development of potential constraints. Any added stress to 
cows and calves, as was demonstrated for Peary caribou, 
was probably masked in muskoxen by their common 
participation in group defense formation during the most 
extreme level responses. The mortality of muskoxen is 

Table 45 StepwÎse multIple regression analysis for 429 individual response samples of 
muskoxen, during helicopter harassment overflights at < 200 m above 
ground level, Prince ofWales Island, NWT, 1976-77 
(+ = positive influence, = negative influence) 

% variation 
Independent variable 
affeeling maximum 

estîmated by 

level of responses 
each variable 

+ Intermediate slopes 
16.7 

_ Altitude > 100 m agi 
IJ.9 

_ Single and !st passes vs. single and !st circles 2.7 
2.2 

+ Bull group type 3.8 
+ 8 - 24 August 
_ Group sizes 2-9 

4.3 
6.7 

+ Plateaus 
+ 16 July - 7 August 

6.1 

- Group sizes 2-5 
2.9 

+ Ridges 
0.8 

+ Solitary bulls 
0.6 

Regression 
coefficient 

+2.013 
-1.480 
-0.596 
+7.764 
+4.451 
-3.552 
+9.468 
+2.966 
-4.331 
+ 1.756 
+1.048 

Standardized 
regression 
coefficient F value 

+0.273 62.29 
-0.263 38.10 
-0.107 6.61 
+ \.155 82.70 
+0.762 163.00 
-0.638 142.92 
+0.782 150.44 
+0.531 72.01 
-0.678 30.77 
+0.\00 9.10 
+0.099 6.24 
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Table 46 
Stepwise multiple regression analysis ~ 3582 . .. 
muskoxen, during helicopter harassme~ ~~tvldual response samples of 
gro~nd kvel, Prince ofWales Island, NW~~~~71}t > 200 m above 
(+ - positive mfluence, - negative influence) 

Independènt variable 
affecting maximum 
level of responses 

% vàriation 
estÎmated by . 
each variable 

Regression 
coefficient 

Standardized 
regression 
coefficient ·Fvalue 

24June \5July . 
+ Smgle and 1 st pas.ses vs. single and 1 st circles 
- Sun obscured dunng overflights 
+ Rldges 
- Helicopter flying into wind 
+ Group sizes 2-19 
+ He~icopter flying at > 60° to the wind 
- Sohtarv bulls . 
+ 8 - 24 Âugust 

Table 47 

7.8 
6.9 
2.5 
3.7 
1.4 
1.3 
0.9 
0.6 
0.5 

1.591 
+ 1.596 
- 1.417 
+ 1.476 
-0.448 
+0.935 
+0.659 
-0.417 
+0.561 

-0.308 
+0.278 
-0.260 
+0.154 
-0.092 
+0.202 
+0.142 

0.078 
+0.107 

.. 374.62 
364.17 
160.86 
98.72 
30.55 

132.15 
57.69 
27.66 
24.88 

Stepwise multiple regression anal sis ~ 4011' d' . 
muskoxen, during helicopter hara~sme~ ~n ~vldual response samples of 
g~o~nd lev~\, ~rince of'Wales Island, NW~~~~7lL~7 at <400 m above 
( - positive mfluence. - - negative influence) 

Independent variable Standardized 
affecting maximum 
level of responses 

% variation 
estimated by 
each variable 

Regression 
coefficient 

regression 
coefficient F value 

+ ~inlle and 1 st passes vs. single and !st circles 
- une -15 July 

9.1 
6.5 
2.7 
1.6 
1.5 
1.7 
0.9 
0.7 
0.5 
0.6 
0.5 
0.5 
0.6 

+ 1.547 
- 1.423 

+0.270 369.45 
':'0.253 230.42 

- Altitude.> 100 m agI 
+ Group SlZes 2-19 
+ Ridges 

Sun.obscured during overflights 
Hehcopter flying illto the wind 

- Lowland Hats 

1.272 
+0.900 
+ 1.198 
-1.191 

-0.112 41.64 
+0.189 132.58 
+0.115 60.34 
-0.209 139.88 

-0.523 -0.103 53.29 
-0.210 -0.044 6.81 

Solitarv bu Ils -0.579 -0.106 52.80 
+ Bull group type 
+ Altitude> 300 m agi 
- Group sizes 2-9 
+ Plateaus 

+2.376 
+0.533 
-0.966 
+2.754 

+0.190 102.03 
+0.091 38.55 
-0.125 41.72 
+0.090 34.64 

highest during the first year of life and any additional 
stress may Jessen their chances of survival. 

5. Pea 'b . ry can ou, strength and intensities of IRS 

. c Each helicopter harassment overflight was di"ided 
lOto lOur stages ABC a d D (. "R • d fi . . .." .' > n see esponse patterns" in 

e mtlOns sectIOn) 10 an attemptto bett 'f h se f erquantl y te. 
q.uences 0 responses and to measure the inlensities of th 

~~I~US respons::s to harassing stimuli (Tables 48 and 49) e 
e l~tenslty of an activity or response is defined as th . 

retentlon and/or change in the strength of activit or e 
response throughout the four stages of the helicoYpter h 
ment overflight A f' arass-. . group 0 ammals that galloped through 
out an over~lght exhibited extreme level res onse while a -
~roup of ammals that walked throughoul an ~verfli ht h'b 
~:~i~i:~~~rate lev:1 resp.onse. but individuals in bo~h g~~~p~ 

e same 10tenslty of response in ail t ~bach overflight. Only 10.5% (411) of the IRS fr~~pstages of 
1 ou were s . 1 1 eary car-
h r .eem1Og ya ready responding to the approachin 

1 
e ~copter 10 stage A of the overHights' 3 901. (16) 1 g Opl 38 701. (1 . .;0 were ga -

ng, .;0 59) were trotting 109% (45) w lk' 
and 46 501. (191) , . l' erewa mg 

.. ;0, were alerted, but remaining in place. 
W,e ~~sumed that the greatest intensity of a res on 

:fter the Imtlal approach of the helicopter during stag~ A :~ 
onr resp~ns.e level would be when B=C=D and lower levels 
Bf mtenslty 10 descending order would be when B = C > D 

>C=D,B<C=D,B>C>DandB<C>D 'fh f' 'h most e t d . . ere ore, t e 
was x re~e ~n mtense response wou Id be when a caribou 
th gal~opmg m.stage A and continued to gallop throughout 

e entlre overfllght m stages B C and D 'fh' d' . occ d fi ,. IS con Itlon 
obt~;~e d dor ~::mly O.~% (l0) ofthe 3939 IRS of Peary caribou 

e unng hehcopter harassment overflights. 

There ~~s a direct relationship between the level of 
responses exhlbl.ted b,Y Peary caribou during the initial 
approaches of the hehcopter, stage A of the overfli ht. d . 
the rates of contributions to subsequent IRS at h' hg 'lan 1 
(Table 48) 0 1 0 4~ Ig er eve s d' . n y . /0 (16) ofthe Peary caribou galloped . 
un~g s~age A and 4.0% (159) trotted. Ofthose ca 'b 

trott1Og 10 stage A, 26.4% (42) subse uentl n ou . . 
later stages of the overflight. Of the lq 101. (Il) ~Ioped d~nng 
that walked in sta A . ;0 eary canbou 
15.6% (7) allo gJ ,44.4% (20) subsequently lroued and 

1 
g. pe . Of the 4.9% (l91) Peary caribou that 

were a erted 10 stage A 42 901. (82) 21 0% (40) Il' d ' .;0 subsequently trotted and 
" 0 ga .op~ . Of the 65.8% (2593) Pea caribou 

lhal were foragmg 10 stage A, 29.7% (770) sub;;; uen 
troued and only 7.5% (195) galloped. Ofthe 23. iro (~15) 

Table 48 
A summary of Peary caribou Îndividual res l' .. 
quent activity du ring helicopter harassm ~o~s.e sam

p
f es by Imtlal and subse-

1976-77. . en. nnce 0 Wales Island, NWT, 

Subsequent activity Initial activity (stage A) Totals 
(stages B, C and DH Bed For. Alert Walk Trot (stages 
Bed 460 Gal. B, C and Dl 

Forage 50 908 460 
Alert 229 461 48 958 
Walk 103 259 21 18 738 
Trot 78 7 401 
Gallop 15 70 82 20 Il 7 1067 

195 40 7 42 T 1 16 315 
ota s (stage A) 935 2593 191 _ ... 45 159 16 3939 

• Read down the uùual activity column then h 
subsequent actÎvity, e.g. in the alert c~lumnt~~ e extreme left to find out the 
that were alerted in stage A and r .' d l' samples were from caribou b h emallle a erted' 21 sampI ~ 

ou t at were alerted in stage A and s b l ' es were .rom cari-
stage B, C or D. u sequent y walked at some time in 

t See "response patterns" in definition section for explanation of stages. 
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Tabie 49 "b . d"d 1 ponse sam-Distribution by levels of intenslty of Peary cart ou ln IVI ua res 
pIes, Prince ofWales Island. NWT. 1976-77 

Max. act. Levels of intensity 

in all Act. in \st 2nd 
stages • . stage A (B C DIt (B C>D) (B<C 

Bed Bed 460 

Forage Bed \0 9 
887 12 

Alert Bed 48 51 
Forage 98 132 
Alert 42 4 

Walk Bed 1 \0 
Forage 16 42 
Alert 1 7 
Walk 17 

Trot Bed Il 5 
159 163 Forage 

10 37 Alert 
Walk 8 7 
Trot 

GaUop Bed 
29 Forage 

2 Alert 
Walk 
Trot 30 
Gallop 10 

• Sec "response patterns" in definitio.ns section for explanation of stages. 
t B,C.D refer to level of response dunng stages B.C,D. 

Peary caribou that were bedded in stage A, 8.3% (78) subse
quently trotted and only 1.6% (15) galloped.. . 

. Peary caribou that were alerted or walkmg m stage A 
of the ovedIights contributed ELIRS about as o~ten. as . 
ex ected (OIE = 1.01 vs. 0.96). There wasno sIgmfic.ant dIf-
e p (X2 0 12 1 di P> 0 9) between the proportIOn of lerence =., , . 
ELIRS from caribou that were alerted and t~ose that were 
walking in stage A. There was a significant dI.fference (X 2 = 
243.74, 1 df, P<0.005) between the proportIOn ofELIRS 
from caribou that were foraging and those that were bedd:d 
in stage A of the overflights. Peary caribou that were foragmg 
in stage A later responded at an extreme level more often 
than expected (OIE = 1.24), unlike indivi~uals that were 
bedded (OIE = 0.33) in stage A. Peary canbou responded 
more at the extreme level during later phases ofharassment 
overflights ifthey had already responded at the moderate 
1 ·1 (OIE = 1 96) than if they had only responded at the 
eve. . 2 _ 110 1 3 maintenance level (OIE = 0.94) m stage A (X - " 
1 df,P<0.005). . 

There were significant differences (X2 = 65.00, 3 d~, 
P< 0.005) between the distributions ofIRS from Pe~ry can
bou that remained bedded, foraging, alerted or walkmg 
throughout periods ofharassment (stages A, B, C and D of. 
overflights) during passes at < and> 200 m agI. A com~an
son of OIE indices for the above IRS .indicate the folloWl~g. 
(a) More caribou than expected remamed b~dded (O/~ -
1.05) and fewer caribou than expected r~mamed foragmg 
(OIE 0.84) during aIl phases of overflights at. < 200 m agI. 
These conditions suggest that fewer bedd:d can~ou and 
more foraging caribou would respond dunng hehcopter 
overflights al < 200 m agI. (b) About the expec~ed number of 
caribou remained bedded (OIE = 0.99) and shghtly more . 
caribou than expecled remained foraging (OIE 1.04~ :tur
ing aIl phases of overflights at- > 200 m agI. These condIt~~)fis 
suggest that bedded caribou would not be overl~ respons~ve 
and foraging caribou only slightly more reSpO?SIVe to heh
copter overftig?ts at > 200 m agI. (c) More canbou.than E 
expected remamed alerted (OIE ~ 3.00) and walkmg (01 
= 2.25) during ail phases of overflights at < 20? m agI and 
fewer remained alerted (OIE 0.4 7) and walkmg (O/~ = 
0.64) at > 200 m agI. These conditions suggest that canbou 

3rd 
D) 

5 

31 
31 

3 
10 

7 
62 

2 
1 

2 

4th 6th 
(B>C. D) 

5th 
(B>C>D) (B<C>D) Totals 

6 
9 

17 
68 

2 

16 
29 

9 

10 
76 
6 
1 
3 

47 

2 
1 

39 
2 
1 

5 
76 
6 

9 

12 
3 
5 
1 
5 

460 

20 50 
908 

79 229 
132 461 

48 

123 259 
2 21 

18 

40 78 
234 770 

21 82 
3 20 

\17 

104 195 
35 40 

1 7 
9 42 

16 

that are already responding at a moderate level (aler.t or 
walk) to the initial approach of a he~icopter a~e less hkely 
to respond at the extreme Icvel durmg <:>verflights at 
< 200 m agI than they are during overfhghts at > ~OO m agI. 

The intensity of the responses by Peary canbou . 
obtained by division ofIRS into four stages A, B, C and DIS 

. . T ble 49 Only 03% (10) of the total IRS reached given ma. " l' . . A 
the most extreme and intense level possIble (galloped m , 
B, C and D). At the extreme level ofresponse, ?nly 2:6% 
(102) of the total IRS reached the first level of mtenslty 
(B=C=D) (lOgalIoped and 92 trotted); 1.5% (59) at the 
moderate level ofresponse (42 alerted and 17 wal.ked); and 
34.2% (1347) at the maintenance level (460 re~all:ed bed~ 
ded and 887 remained foraging). There was a sIgmfican.t dlf-
e (2 170 78 1 di P < 0.005) between the relatIve lerence X ." . . 
frequencies of the first level ofint~nsity and.the remal~mg 
five intensity levels combined, durmg overflights at < and 
> 200 m agI. IRS at the first level of intensity occurred more 
often than expected during passes at < 200 m agI (OIE = 
1.35) and less often than expected al > 20~ m agI. (OIE 
0.24). IRS at one of the five lower levels ofmtensIty occurred 
at a less than expected rate during passes at < 200 ~ agI 
(OIE 0.91) and a greater than expected rate dunng passes 
at > 200 m agI (OIE = 1.19). Th~se conditions. suggest that 
responses by Pear~ caribou to hehcopter overflIgh.ts at the_ 
first level ofintenslty would be more common durm!? over 
flights at < 200 m agi than at > 200 m a!?1. Also, less ll?tense 
responses would occur more during hehcopter overflights at 

> 200 m agI. . Il d 
First level intensity sampI es of Peary canbou equa e 

47.5% (1872) of the total IRS obtained (Table 49).: (a) 7~.6% 
(1416) were from individuals that had reache:t th~I~ ~axI
mum responses to helicopter harassmenl durm?, Im.tIal 
approaches in stage A of the overflights and mamtamed 
those responses throughout stages B, C and .D; and (b) . 
24.4% (456) were from individu aIs that had mc~eased their 
responses from stage A to maximum responses m stage B 
which were maintained throughout stages ~ and D. Second 
level intensity samples were from Peary can~ou ~hat reached 
their maximumresponses in stage Band mamtamed th:m 
through stage C, th en returned to lesser responses durmg 

V 
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thelast part of the departure phase ofthe'overflights, stage D, . 
and accounted for 14.0% (553) of the total IRS. Third 
level intensity samples were from Peary caribou that had not 
reached their maximum responses until after the point of . 
closest approach with the animais (stage C) and maintained 
those responses throughout the departures and accounted 
for only 3.9% (154) of the total IRS. Fourth leveI intensity 
samples were from Peary caribou that had reached their max
imum responses in stage B of the approaches, but retained 
them for only stage B, then returned to lesser responses after 
point of closest contact with the animaIs and maintained 
them throughout the departure (stages C and D) and 
aceounted for 7.7% (302) of the total IRS. Fifth level Înten
sity samples were from Peary caribou that had reached their 
maximum responses in stage B of the approaches and 
retained them for only stage B, then returned to lesser 
responses in stage C at the beginning of the departures and 
then became even less responsive in stage D of the last part 

Ofthose samples, 77.1 % (135) remained at the extreme level 
throughout theoverflights, 12.0% (21) decreased their 
responses to the moderate level and 10.9% (I9) to the 
maintenance level during stage D of the overflights. 

of the departures and accounted for 4.2% (167) of the total 
IRS. The sixth and final leveI intensity samples were from 
Peary caribou that had not reachedtheir maximum respon
ses until the beginning of the departure after point of closest 
contact with the animaIs (stage C) and then return~d to 
lesser responses in the last part of the departures and 
accounted for 22.6% (891) of the total IRS. 

Only 6.0% (210/3528) of the Peary caribou samples 
ofindividuals engaged in maintenance activities during ini
tiaI approaches(stage A) of the helicopter subsequently gal
loped, and 24.0% (848/3528) trotted. In total, 19.9% 
(47/236) of the Peary caribou samples of individuals already 
responding at the moderate level du ring stage A of the over
flights subsequently gaIIoped and 43.2% (102/236) trotted. 
The analysis of the six intensîty levels indicates, however, 
that of the 65.8% (2592) IRS ofpeary éaribou that 
responded to helicopter harassment overflights, only 20.3% 
(525) did so at the first level ofintensity. Therefore, we must 
assume that 86.7% (3414/3939) of the time Peary caribou 
did not respond at the most intense level possible for the 
responses that they exhibited and 92.0% (3624) of the IRS 
did not respond as extremely as possible. 

In total 89.6% (3528) of the IRS of Peary caribou 
were from individuals that were engaged in maintenance 
activities during stage A of the helicopter harassment over
flights. Ofthose caribou samples, 40.2% (1418) remained 
engaged in maintenance activities and were never observed 
to respond to the harassment overflights; 29.8% (1052) sub
sequently respondedin stages B and/or C at the moderate 
level and 63.4% (667) of those caribou returned to mainte
nance activities during stage D; 30.0% (1058) subsequently 
responded in stages B and/or C at the extreme leve1, 25.1 % 
(266) of those caribou returned to maintenance activilies 
whereas 45. 1% (477) returned to the moderate leveI in 
stage D. 

In total only 6.0% (236) of the IRS of Peary caribou 
were from individuals that responded at the moderate level 
during stage A of the helicopter harassment overflights. Of 
those caribou samplès, 63.1 % (149) subsequently responded 
in stage B and/or C at the extreme level of which 63.8% (95) 
returned to the moderate level and 18.1 % (27) lessened their 
responses to the maintenance level in stage D of the over
flights; 31.8% (75) remained at the moderate level through
out the overflights; and 5.1 % (12) lessened their responses 
from the moderate Ievel to the maintenance level in stage D 
ofthe overflights. 

In total only 4.4% (175) of the IRS of Peary caribou 
were from individuals that were responding at the extreme 
level during stage A of the helicopter harassment overflights. 

When the helicopter harassment overflights were 
completed at the end of stage D, 61.2% (2409) of the Peary 
caribou sampled were engaged in maintenance activities, 
26.7% (1053) were still responding at the moderate level and 
12.1 % (477) were responding at the extreme level. 

We suggest that the caribou that continued to 
respond at the extreme level throughout stage D would 
probably be most seriously affected by helicopter harass
ment. In total 92.0% (439) ofthose samples of caribou still 
responding at the extreme level during stage D of the over
flights were obtained during passes at < 200 m agi. Thus, we 
further suggest that ifheIicopters (at least, Bell 206B heli
copters) fly over Peary caribou at < 200 m agi about 11.0% 
of the Peary caribou would be seriously harassed. If the 
overflights were at > 200 m agI only about 1.0 % of the cari
bou wou Id be seriously harassed. 

6. Muskoxen, strength and intensities oURS 

It became evident during our first season in 1976 that 
solitary muskox bulls were more overtly responsive to heli
copter harassment than other muskoxen, including bulls in 
single sex groups and especially bulls in mixed sex groups. A 

. solitary bull is aware ofhis lack of companion animaIs and his 
response to a given kind ofharassment may be more intense 
th an the responses elicited from a group of muskoxen under 
similar conditions. The muskox group has evolved to find 
security in mutual defense and the lone bull must take advan
tage of natural features such as gully banks, hummocks and 
streams for added protection against predator attack. The' 
use of natural features for added protection is, however, 
apparently in the repertoires ofbehaviour for aIl or almost alI 
muskoxen ofboth sexes and aIl ages. 

As. for Peary caribou, the helicopter harassment over
flight was divided intofour stages, A, B, C and D, in an 
attempt to better quantify the sequences of responses and to 
measure the intensities of the various responsesto harassing 
stimuli (Tables 50 and 51). Again, the intensity of an activity. 
or response is defined as the retention of and/or change in 
the strength of the activity or response throughoUl the four. 
stages of the helicopter harassment overflight. The stages of 
the overflight (A, B, C and D) are described in the definition 
section, under "response patterns." Only 8.9% (357) of the 
IRS from muskoxen were, seemingly, already responding to 
the approaching helicopter in stage A of the overflights: 
85.4% (305) ofthose IRS were at the moderate level and 
14.6% (52) at the extreme level. 

As before, we assumed that the greatest intensity of a 
response after the initial approach of the helicopter during 
stage A at any response level would be when B=C=D and 
lower levels ofintensity in descending order would be when 
B=C>D, B>C=D, B<C=D, B>C>Ùand B<C>D. 
Therefore, the most extreme and intense responses would 
be when (a) muskoxen were galloping in stage A and contin-
ued to gallop throughout the entire overflight in stages B, C 
and D; (b) muskoxen were in a tight group defense formation 
in stage A and remained in that formation throughout stages 
B, C and D; or (c) muskoxen exhibited any combination of 
the above. These conditions never occurred in 4011 IRS of 
muskoxen during heIicopter harassment overflights. AIso, no 
muskoxen were galloping in stage A of the overflights (Table 50). 

In total 55.7% (170/305) of the muskoxen that were 
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TableSO 
A summary of muskox individual response samples. by initÎal and subsequent 
activity. helicopter harassment overflights, Prince ofWales Island, NWT. 
1976-77* 

Subsequent activÎty Initial 

(stages n, C and [)t Bed For. Alert Walk Can. 

Bed 100S 
Forage 99 1161 
Alen 210 215 80 
Walk Il 32 20 35 
Canter 4 6 1 
Gallop 20 34 30 19 
Walk tog. 128 317 52 2 
Cantertog. 16 278 1 1 Il 
Gallop tog. 6 114 64 

Totals (stage Al 1497 2157 248 57 Il 

* Read down the initial activity column, then to the extreme left to find out the 
subsequent aclivity, e.g. in the alert column. 80 sarnples were from muskoxen 
that were alerted in stage A and remained alened through stages B. C and [): 
20 samples were from muskoxen that were alerted in stage A and subse-
quently walked al sorne time in stages B, C and [). . 

t See "response patterns" in definition section for explanauon of stages. 

TableSl 
[)istribution by levels of intensity of muskox individual response samples, 
Prince of Wales 1976-77 

Gal. Walk tog. Can. tog. 

2 
1 

19 

0 22 

Max. act. Levels ofintensity 

in ail Act. in \st 2nd 3rd 4th 
stages • Slage A (B C [))t (B C>[)) (B<C-D) (B>C-D) 

Bed Bed 1003 

Forage Bed 29 12 26 1 
Forage 1111 29 21 

Alert Bed 18 53 15 34 
Forage 25 64 32 45 
Alert 73 5 2 

Walk Bed 1 2 
Forage 1 12 
Alert 2 2 4' 8 
Walk 22 Il 1 

3 
Forage 3 
Alert 
Canter 
Walk 

Bed 2 
3 

20 2 
18 

Walktog. 18 43 
7 20 154 

16 22 
2 

2 15 

Il 
Forage 23 146 
Alert 
Walk 1 

Il 

5 
Forage 32 
Alert Il 
Gal. log. 6 

• See "response patterns" in definitions section for explanation of stages. 
t B. C, D refer to level ofresponse during stages B. C, D. . 

Gal. tog. 

18 

18 

5th 6th 
(B>C> [)) (B<C>D) 

31 

4 86 
2 47 

4 4 
5 14 

4 

2 
2 
1 

1 

18 
2 29 
2 5 

1 

13 54 
96 40 
Il 3 

2 

1 
38 71 

1 

41 40 
47 5 
12 

i r 

Totals 

1003 

99 
1161 

210 
215 

80 

Il 
32 
20 

6 
6 
1 

2 

20 
34 
30 
19 
1 

128 
317 
52 

2 

16 
278 

1 
1 

II 
1 

6 
114 
64 
18 

the helicopter overflights subsequently responded at the 
extreme lev el during later stages of the passes. Only 25.3% 
(923/3654) orthe individuals that were bedded or foraging 
during the initial approaches of the helicopter subsequently 
responded at the extreme levei. There was a signilicant dif
ference (X 2 = 8.65, 1 df, P< 0.005) between the proportion 
oflRS of muskoxen that were alerted and those that were 
walking during stage A of the overflights. More muskoxen 
than expected (OIE 1.07) that were alerted during stage A 
subsequently responded at the extreme level and fewer than 
expected (OIE = 0.97) responded at the moderate and 
maintenance levels. Fewer muskoxen than expected (OIE = 
0.69) that were walking during stage A subsequently 
responded at the extreme level and more than expected 
(OIE = 1.40) responded at the moderate and maintenance 
levels. There was a signilicant difference between the pro
portion of IRS of muskoxen that were bedded and those that 
were foraging during stage A of the overflights (X2 248.33, 
1 df, P<0.005). More muskoxen than expected (OIE = 
1.37) that were foraging during stage A subsequently 
responded at the extreme level and fewer than expected 
(OIE 0.87) responded at the moderate and maintenance 
levels. Fewer muskoxen than expected (OIE = 0.46) that 
were bedded during stage A subsequently responded at the 
extreme level and more than expected (OIE = 1.18) 
responded at the moderate and maintenance levels. As with 
Peary caribou, bedded muskoxen were less responsive to hel
icopter harassment overflights lhan individuals that were for
aging when subjecled to harassing stimuli. 

There was a significant difference (X2 = 296.95, 1 df, 
P < 0.005) between the relative frequencies of IRS of musk
oxen that remained engaged in maintenance activities or at 
the moderate lev el ofresponses throughout periods ofhar
assment (stages A, B, C and D of overflights) during passes at 
< and> 200 m agI. A comparison of OIE indices for the 
above IRSindicates the following. (a) More muskoxen than 
expected (OIE = 7.67) remained at the moderate level of 
responses during overflights al < 200 m agi and fewer than 
expecled (OIE = 0.55) at > 200 m agI. (b) Fewer muskoxen 
than expected (OIE = 0.72) remained engaged in mainte
nance activities throughout the harassments when the heli
copter overflights Were al < 200 m agI. (c) About the 
expected number (OIE = 1.02) of muskoxen remained 
engaged in maintenance activities during overflights 
al> 200 m agI. Only 3.8% (2) of the 52 EURS during stagé A 
orthe overflights continued to respond at that level through
out ail stages of the overflights (A=B C=D). 

There was no signilicant difference (X2 = 1.13, 1 df, 
P> 0.1) between the distributions ofEURS from muskoxen 
thal were already respomting at the extreme level during 
stage A of the overflights and individuals that were respond
ing at maintenance or moderate levels during stage A and 
subsequently responded at the extreme level. A comparison 

. of OIE indices for the above EURS indicates that muskoxen 
responding at the extreme levd did so less often th an 
expected (OIE = 0.70) dllring stage A of the overflights at 
< 200 m agi and more often than expected (OIE 1.07) 
during passes at > 200 m agI. Also, muskoxen that 
responded at the maintenance and moderate levels during 
stage A subsequently responded at the extreme level at the 
expected rates (OIE = 1.01 and 1.00). These conditions 
suggest that altitude did not have an inverse effect on the 
rate ofEURS in stage A (responses become stronger as alti
tudes become lower). 

The intensity of the responses by muskoxen obtained 
by division of IRS into four stages A, B, C and D is given in 
Table 51. None of the IRS reached the most extreme and 

intense levels possible (galloping or in fight defense forma
tion in A, B, C and D). At the extreme lev el ofresponses only 
0.05% (2) of the total reached the lirst level ofintensity by 
walking together throughout the harassment period to 
apparently form a gro1JP defense formation; 2.4% (95) at the 
moderate level of responses (73 alerted and 22 walked); and 
52.7% (2114) at the maintenance levèl (1003 remained bed
ded and 1111 remained foraging). 

There was a significant difference (X2 = 100.36, 1 df, 
P < 0.005) between the relative frequencies of the lirst level 
ofintensity and the remaining live levels combined, during 
overflights at < and > 200 m agI. OIE indices for the above 
IRS indicate that (a) muskoxen were more responsive than 
expected (OIE = 2.75) at the extreme level ofintensity dur
ing overflights at < 200 m agi and less responsive than 
expected (OIE 0.84) during passes at > 200 m agI and (b) 
fewer muskoxen than expected (OIE = 0.60) responded at 
the extreme level ofintensity during overflights at >'200 m agi 
and slightly more than expected (OIE = 1.04) at lesser 
levds of intensity. 

A comparison of response~ at the first level of inten
sity with responses at the live lower levels of intensity by 
EURS and MURS gave a signilicant difference (X2 = 

248.71, 1 df, P<0.005). OIE indices for the above IRS indi
cate that (a) muskoxen responded at the first lev el ofinten-' 
sity more frequently than expected (OIE = 2.69) and less 
frequently at the live lower levels ofintensity at the moderate 
levels ofresponse; (b) muskoxen were less respqnsive than 
expected (OIE = 0.10) at the lirst level of intensity and more 
responsive than expected (OIE = 1.08) at the live lower lev
ds of intensity at the extreme level of responses. 

First level intensity samples of muskoxen equalled 
57.2% (2293) of the total IRS obtained (Table 51): (a) 87.6% 
(2009) were from individuals that had reached their maxi
mum responses to helicopter harassment during initial 
approaches of the helicopter and maintained those responses 
throughout stages B, C and D; and (b) 12.4% (284) were 
from individuals that had increased their responses from 
stage A to maximum responses in stage B which were main
tained throughout stages C and D. Second level intensity 
samples were from muskoxen that reached their maximum 
responses in stage Band maintained them through stage C, 
then returned to lesser responses during stage D, and 
accounted for only 7.4% (297) ofthe total IRS. Third level 
intensity samples were from muskoxen that had not reached 
their maximum responses until stage C, after the point of 
closest approach with the animaIs, and maintained those 
responses throughout the departures, stages C and D, and 
accounted for only 1.9% (78) of the total IRS. Fourth level 
intensity samples were from muskoxen that had reached 
their maximum responses in stage B of the approaches, but 
retained them for only stage B, then returned to lesser 
responses for stages C and D, and accounted for 14.9% 
(596) of the total IRS. Fifth level intensity samples were from 
muskoxen that had reached their maximum responses in 
stage B of the approaches and retained them for only stage B, 
then returned to lesser responses in stage C at the beginning 
of the departures and then became even less responsive in 
stage D of the last part of the departures and accounted for 
only 7.2% (288) ofthe total IRS. Sixth, and finallevel inten
sity samples were from muskoxen that had not reached their 
maximum responses until the beginning of the departure 
after the point of closest contact with the animais (stage C) and 
then returned to lesser responses in the last part of the 
departures and accounted for 11.4% (459) of the total IRS. 

Only 25.3% (923/3654) of the muskox samples of 
individuals engaged in maintenance activities during initial 51 



52 

approaches (stage A) of the helicôpter overftights subse
quently responded at the extreme level: .1.5% (54) gàlloped 
away from the helicopter; 3.3% (120) galloped together to 
form group defense formations; 0.3% (10) cantered away 
from the helicopter; 8.0% (294) cantered together to form 
group defense formations; and 12.2%(445) walked together 
to form group defense formations. Subsequent responses at 
the extreme level for the 305 muskox samples ofindividuals 
already responding at the moderate level during stage A of 
the overftights were 16.1 % (49) galloped away from helicop
ter; 21.0% (64) galloped together to form group defense 
formations; 0.3% (1) cantered away from the helicopter; 
0.6% (2) cantered together to take up a group defense form
ation and 17.7% (54) walked together to form group defense 
formations. The analysis of the six levels of intçnsity indi
cates, however, that of the 43.6% (1748) IRS ofmuskoxen 
that responded to helicopter harassment overftights, only 
8.6% (150) did so at the first level ofintensity. Therefore, we 
must assume that 96.3 % (3861) of the time muskoxen did 
not respond at the most intense level possible for the respon
ses that they exhibited and 97.4% (3907) of the IRS did not 
respond as extremely as possible (gallop at sorne time in 
stages A, B, C and D). . 

In total 91.1 % (3654) of the IRS of muskoxen were 
from individuals that were engaged in maintenance activities 
during stage A of the helicopter harassment overftights. Of 
those muskox samples, 61.9% (2263) remained engaged in 
maintenance activities and were never observed to respond 
to the harassment overftights; 12.8% (468) subsequently 
responded in stages Band/or C at the moderate level and 
78.6% (368) ofthose muskoxen returned to the maintenance 
level during stage D; 25.3% (923) subsequently responded 
in stage B and/or C at the extreme level and 31.1 % (287) of 
them returned to the maintenance level whereas only 1.8% 
(17) of them returned to the moderate level- alerted but 
out of group defense formation. 

In total 7.6% (305) of the IRS ofmuskoxen were from 
individuals that responded at the moderate level in stage ~ of 
the helicopter harassment overftights. Ofthose muskox sam
pies; 55. 7% (170) subsequently responded in stages B 
and/or C at the extreme level, only 0.7% (1) of those ones 
returned to the moderate level and 2.4% (4) lessened their 
responses to the maintenance level in stage D ofthe over
ftights; 38.4% (117) remained at the moderate ~evel through
out the overftights; and 5.9% (18) lessened thelr responses 
from the moderate level to the maintenance level in stage D 
of the overftights. 

ln total only 1.3% (52) of the IRS ofmuskoxen were 
from individuals that responded at the extreme level during 
stage A of the helicopter harassment overftights. Of those 
samples, 73.1 % (38) remained at the extreme level through
out theoverftights, only 1.9% (1) reduced their responsesto 
the moderate level and 25.0% (13) were engaged in mainte
nance activities during stage D of the overftights. 

When the helicopter harassment overfiights were 
completed at the end of stage D, 73.6% (2954) of the musk
oxen sam pied were engaged in maintenance activities, only 
5.1% (216) were still responding at the moderate level and 
21.0% (841) were responding at the extreme level. In total, 
902 muskox samples from groups oftwo or more individuals 
had ta ken up group defense formations at sorne time during 
the harassment overftights. Subsequently, 13.0% (117) of 
them had left the group defense formations before the har
assment overftights were completed. 

Only 21.0% (841) of the muskoxen sampled were 
still responding at the extreme level at the end of stage D. 
We suggest, therefore, that those muskoxen would be 

most seriously affected by helicopt~r harassment. U~like 
Peary caribou, there was no strong re1ationship between 
the percentage of muskoxen still responding at thç 
extreme level at the end of stage D of the overftights and 
lower altitudes - only 39.7% (334) during passes at 
<200 m agI. . 

7. Peary caribou, helicopter landings 

In 1976, we obtained 91 IRS during 14 landings 
(Miller and Gunn 1977b). The responses to the touchdowns 
were 26.4% at the extreme level, 46.1 % at the moderate 
level and 27.5% at the maintenance level. As our activities 
after the touchdown varied with each group, and the sam pie 
size was small, we have not analysed the results further. Our 
impressions were that after landings the caribou responded 
more to our activities on the ground than to the presence of 
the helicopter. 

In 1977, we made 1161andings n~ar Peary caribou 
and classified those landings into three types depending on 
our activity subsequent to the actuallanding (touchdown) 
and prior to the take-off. As the approaches, touchdowns and 
take-offs were similar for the three types oflandings, we have 
not separated the results for those phases. In 1976, we did 
not classify the landings into these three types, and as we 
recorded the responses without division by phase, we have 
not included them in the analyses. 

The 1161andings involved a varying number ofIRS 
for each phase (first seen, inaximum approach, touchdown 
and shutdown) as Peary caribou were sometimes moving in 
or out of our sight depending on the terrain where we had . 
touched down. We chose the IRS recorded during approach 
as our sam pIe size for the distributions by variables and 
responses as that phase was the first phase during which cari
bou responded. We recorded 736 IRS at the touchdown 
compared to 764 IRS for first seen on approach and 456 IRS 

. for last seen after the helicopter took off (Table 52) .. 
There was a significant difference in the distribution 

of response levels between the phases preceding and includ
ing shutdown (Xl? = 988.49,6 df, P < 0.005). As, however, 
the high percentage of Peary caribou not responding to t~e 
approaching helicopter (initial phase) may have masked dlf
ferences among the other three phases, we excluded il. The 
difference among response level distributions by maximum 
approach, landing, and shutdown remained significant 
(X2 14.36,4df,P<0.0l). 

During the initial phase 96.3% of the IRS were from 
Peary caribou that were not app.arently responding to t~e 
harassing stimuli, 1.5%.of the IRS were from Peary caribou 
responding at the moderate level and 2.2% at the extreme 
level. The maximum responses at the extreme level were as 
expected during the approach (O/E = 1.00), more frequent 
than expected during the touchdown (O/E = 1.13) and less 
frequent than expected during shutdown (OIE = 0.82). The 
distributions ofMAIRS followed a reverse trend and empha
sized the touchdown phase as the phase that elicited the most 
overt responses. MAIRS occurred more often than expected 

, during maximum approach (O/E = 1.06) and shutdown 
(O/E 1.08) and less often than expected during the touch-
down (OIE = 0.87). MURS were observed less often than 
expected during maximum approach (OIE = 0.96) and 
slightly more often than expected during both touchdown 
and shutdown (O/E = 1.01 and 1.05, respectively). 

The observed pattern ofresponses supported our 
empirical impressions, if the éaribou did not leave the imme
diate vicinity as the helicopter landed, they would usually 
remain alerted as the helicopter wound down. Our activities 

Table 52 
- Distribution of individual response samples by landing phases during he!i

copter landings a~d take-offs near Peary caribou during the helicopter har
assment study, Prmce ofWales Island, NWT, 1977 

Landing Leve! of response 
phase Maint. Mod. Ex\. 
Firs! seen 736 Il 17 
Approach 246 325 194 
Touchdown 195 330 
Shutdown 175 249 
Power-on 145 165 
Take-off 125 204 
Lastseen 203 171 

around the helicopter after touchdown determined the 
responses of the caribou. 

211 
112 
40 

123 
82 

The attention of the caribou was again focused on the 
helicopter when we returned to it and the power was 
increased or switched on. After 1-2 min, the helicopter took 
off and we tried to avoid ftying toward the caribou unless 
forced to do so by the wind conditions. The distributions of 
response levels differed significant1y during the three take-off 
phases (X2 == 49.77,4 df, P<0.005). EURS were observed 
less often than expected during both power-on (O/E 0.59) 
and when the caribou were last visible (O/E = 0.92), but 
more often than expected (O/E 1.10) during take-off. 
MAIRS followed a reverse pattern to EURS as MAIRS were 
observed less frequently than expected d.uring take-off (O/E 
= 0.74) and more frequently than expected during power-on 
(O/E 1.10) and during the last sighting (O/E 1.18). 
MURS occurred at a slightly greater rate than expected dur-
ing power-on and take-off (O/E 1.10 and 1.05, respec-
tively) and less often than expected during the last sighting 
(O/E 0.87). 

As with the landing phases, the observed pattern of 
response levels during take-off phases also supports our 
impressions from the field. Caribou in the Immediate vicinity 
of the helicopter tended to respond at the moderate level to 
the changes in sound of the helicopter (power-on or shut
down), but at more extreme levels wh en the helicopter was 
moving. 

There was a strong significant relationship between 
response levels and the distance of the helicopter from the 
Peary caribou (X2 = 235.26,6 df, P < 0.005) at touchdown. 
During landings that were < 200 m :md 201-500 m from the 
caribou EURS occurred more often than expected (O/E = 
1.25 and 1.02, respectively) as did MURS (O/E 1.15 and 
1.29, respectively). MAIRS occurred less frequently than 
expected (OIE = 0.47 and 0.19) during landings at < 200 m 
and within 201-500 m from the caribou. Both EURS and 
MURS occurred less frequently than expected during land
ings > 501 m away from the caribou (O/E = 1.02 and 1.29, 
respectively) and MAIRS were more frequent than expected 
during landings that occurred at those greater distances 
(> 500 m) from the caribou (O/E = 2.64). 

We also found a significant difference between 
response levels and the distance of the helicopter from the 
Peary caribou at the time oftake-off (X 2 = 42.72, 6 df, 
P<0.005). The relationship, however, was not as clear as at 
touchdown, but this may be partly a reftection of the cari
bou's responses to our activities prior to take-off. The 
O/E ratios for take-offs at < 200 m and between 501-1000 m 
were as follows: O/E = 1.59 and 1.52 for EURS, O/E 
0.88 and 0.84 for MURS and O/E = 0.62 and 0.76 for 
MAIRS. The O/E indices suggested that caribou were less 
responsive during take-offs between 201-500 m distant as 
MURS and MAIRS occurred with greater than expected fre
quency (O/E = 1.12 and 1.24) and EURS occurred less fre-

quently than expected (O/E =.0.56). We speculate that 
the Peary caribou at > 501 m were more responsive during 
take-offs than caribou that were between 201-500 m 
because mostly the former had already responded to the 
helicopter, and the observers during earlier phases of the 
landing, by moving away, and were thus perhaps at a lower 
threshold of responsiveness. 

We encountered problems in attempting to standard
Ize the procedures for our landings. Weather conditions, 
especially cloud ceiling, and terrain caused us to vary the alti
tudes (m agI) of the helicopter approaches. In addition, wind 
conditions and topography frequently determined the loca
tion of a landing relative to the caribou. Rolling terrain such 
as beach ridges often caused us to lose sight of the caribou 
dùring or after the landing. FinaIly, wind and terrain fre
quently determined our Immediate ftight path after take-off 
and on occasion we were forced to ft Y towards the caribou, 
but we were always able to avoid ftying within about 100 m of 
them. We attempted to record the resultant variations during 
phases of the landings, but it is probable thatsmall sample 
sizes will preclude analyses of the effects of such variations. 

Another problem with Interpretation of the IRS is the 
bias introduced by the few observations of animais that 
moved out of sight and so their responses during later 
phases of the landings could not be observed. The observa
tions of the later phases oflandings may have been of Peary 
caribou that had apparently, in a limited sense, "accepted" . 
the presence of the helicopter. 

7.1. Peary caribou, simulated amateur photography 
parties 
We designated 391andings near Peary caribou as sim

ulations of amateur photographywhen the Peary caribou 
remained in the Immediate vicinity of the helicopter after it 
had touched down. We walked slowly toward the caribou and 
attempted to remain about 50-200 m away from them. Of . 
the 975 IRS recorded between 2 and 24 min after touch
down, 59.1 % were recorded when the observers were within 
200 m of the caribou, compared to 24.9% ofthe IRS within 
200 m of the observers during the simulated work parties. 

We generally returned to the helicopter after 8 min 
but we also continued to record caribou behaviour for up to 
24 min after shutdown. At 2 min after shutdown, we . 
recorded 198 IRS, but at 8 min after shutdown only 156 IRS 
were observed because sorne ofthe Peary caribou moved out 
of sight. We recorded 76.2% (743/975) ofthe IRS from 2 to 
8 min after shutdown and the remaining 23.8% (232) from 
lOto 24 min. Based on the total IRS observed from 2 to 24 min 
after shutdown, 18.8% (183/975) were EURS, 35.2% 
(343) were MURS and 46.0% (449) were MAIRS. The rela
tive distributions of response levels at 2 min and 8 min after 
shutdown were significantly different (X2 = 21.12, 1 df, 
P< 0.005). At 2 min after shutdown, which was the first 2 min 
of our activity on the ground, EURS occurred at a lower fre
quency than expected (O/E = 0.53) compared to the slightly 
greater than expected frequencies of MURS and MAIRS 
(O/E = 1.04 and 1.07, respectively). Response levels 
increased during thé subsequent 6 min of ground activity 
and EURS were observed more often than expected 
(O/E = 1.62) 8 min after shUldown, whereas, both MURS 
and MAIRS were observed less frequently than expected 
(O/E = 0.83 and 0.91, respective1y). 

There was a direct relationship between time elapsed 
(between 2 and 18 min after shutdown) and the distance 
between the observers and the Peary caribou. The percent
age ofIRS in the distance c1ass < 200 m increased with 2-min 
intervals from 48.0% (9~/198) al 2 min after shutdown to 53 
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100% (24) at 14min after shutdown. Al20 min after shut
down 57.0% (8/14) ofthe·IRS wereat <200m and at 22 and 
24 min after shutdown 50.0% (6/12) and 100%(6/6) respec
tively of the IRS were at > 200 m. 

We found a significant difference between response 
levels when the observers were < and > 200 m from the 
Peary caribou between 2 and 18 min after shuldown (X 2 = 
25.98, 2 df, P < 0.005). EURS for < and > 200 m distance 
classes occurred at slightly greater and lesser frequencies 
than expected (O/E = 1.04 and 0.97, respectively). MURS 
occurred more frequendy than expected when the observers 
were within 200 m of the caribou (O/E = 1.18) whereas 
MAIRS (O/E = 0.87) were observed less often than 
~xpected at this distance. At > 200 m MURS were observed 
less frequently than expected (O/E 0.75) and MAIRS were 
observed more often than expected (O/E = 1.18). 

It seems probable, therefore, that the increase in 
response levels during the simulations of amateur photogra
phy were, at least in part, related to the distances between 
observers and animais. During 22 of the 39 landings, we 
walked directly toward the Peary caribou,though ifthey trot
ted or galloped away, we did not follow. Our activity was 
probably the cause of the direct relationship between time, 
distance and response levels. ' 

7.2. Peary caribou, simulated work parties 
The simulation of work parties was distinguished 

From other types oflandings by our remaining within 50 m of 
the helicopter and not directly approaching the Peary cari
bou. We made 55 such simulations and have included the 
landing and take-offphases in section 7. We generally 
returned to the helicopter 8 min after the helicopter had 
shutdown but we continued to observe the Peary caribou for 
up to 18.min. 

We recorded 284 IRS at 2 min after shutdown and 
and 174 IRS at 8 min as sorne Peary caribou moved out of 
sight. At 2,min intervals between 10 and 18 min after shut- . 
down, we recorded a total of996 IRS. Of the total IRS for ail 
2-min intervals From 2 to 18 min after shutdown 22.2% 
(221/996) were EURS, 35.9% (358) were·MURS and 41.9% 
(417) were MAIRS. 

The distributions of response levels at 2 min and 8 
min after shutdown were significantly different (X2 143.01, 
1 df, P<0.005). After 2 min of our activity, (two or three 
observers walking and talking) around the helicopter, both 
EURS and MURS occurred at greater than expected rates 
(O/E 1.49 and 1.25 respectively) and MAIRS were 
observed at less than expected rates (O/E =·0.45). Response 
levels of the Peary <:aribou that remained in the vicinity 
of the helicopter had decreased at 8 min after landing. 
Fewer EURS and MURS than expected were observed 
(O/E 0.19 and 0.59) and more MAIRS th an expected 
(O/E = 1.89). 

During the period of simulated work party activity, 
35 IRS involved the Peary caribou approaching the ground 
observers and helicopter. We differentiated between Peary 
caribou that moved around the helicopter to take our wind 
From the 35 Peary caribou that approached within 50-100 m 
of us. Those 35 IRS were dominated by sub-a'dults (5 bulls 
and 9 cows, compared to 3 juveniles, 9 yearlings and' 
9 calves) and the approach appeared to be investigative 
behaviour. 

7.3. Peary caribou, observer pick-ups 
The difficulties our observers experienced in main-' 

taining contact with~eary caribou are reftected in the rela
tive/y small number (22) of observations during pick-up 

landings. The 78 IRS were divided between the 2.01-500 m 
distance class (47.4%) and >.501 m class(52.6%). 

A total of78 IRS were observed between 2and 6 min 
after touchdown of the helièopter. As the landings involved 
only the return of grotind observers to the helicopter, mosl 
of the IRS (62) occurred at 2 min and only 8 IRS were 
recorded at both 4 and 6 min after touchdown. 

The response levels were dominated by 76.9% 
MAIRS. There were no EURS and 23.1 % of the IRS were 
MURS. The sample sizes were too small to compare 
response levels bydistance or time. 

8. M uskoxen, helicopter landings 

In 1976, we made two landings near solitary muskox 
bulls, two landings near single sex groups of bulls and 10 
landings near mixed sex groups (Miller and Gunn 1977a). 
Our impressions were that the responses of muskoxen to 
overflights increased during a subsequent landing, especially 
if the landing was visible to the muskoxen. Landing without a 
preceding ftight and out of sight of the animaIs elicited the 
least response. The only landing without a preceding ftight 
and within sight of the animais caused an extreme response. 
Our activities on the ground increased the levels ofresponse 
and usually caused animais that had taken group defence 
formations to gallop or walk away. We also had the impres
sion that there was consistency in the levels of response by 
the same group exposed to more than one landing un der 
similar conditions. 

We made 69 landings near muskoxen in 1977 that we 
classified into three types depending on our activity between 
the actuallanding (touchdown) and the take-off. As the 
approaches, landings and take-offs were similar for the three 
types of landings we have not separated the analyses of those 
phases. 

The 691andings near muskoxen involved a varying 
number ofIRS for each phase (initially seen, maximum 
approach, touchdown, shutdown) as muskoxen were some
times moving in and out of our sight depending on the ter
rain (Table 53). The sam pie size was largest (1238) when the' 
muskoxen initially came into view and decreasèd to 1228 
during the maximum approach phase, 1192 at touchdown 
and 725 at shutdown. During the three departure phases the 
sam pie size had decreased as muskoxen had moved out of 
our sight. During the power-on phase, we recorded 569 that 
increased to 625 during the take-off phase and 590 when we 
last saw the animais. 

There was a significant difference in the frequency of 
response levels relative to the phase of the landingpreceding 
and induding shutdown (X2 = 1514.55,6 df, P<0.005). 
As there was a high percentage of muskoxen that were not 
responding when initially observed (91.8 %), the differences 

. among the other three phases may have been masked. Wh en 
we exclude the IRS of the initial phase, the test o(independ
ence remainedsignificant (X2 = 346.95,4 df, P< 0.005). 

During the initial phase only 5.2% of the muskoxen 
were already responding at the extreme level and 3.1 % at the 
moderate level. Extreme responses were observed more 
often than expected during the approach phase (O/E = 
1.71) but less often than expected during touchdown and 
shutdown phases (O/E 0.64 and 0.38, respectively). Mod
erate level responses were observed less frequently than 
expectedduring the approach phase (O/E = 0.63) but there 
were more MURS than expected during touchdown and 
shutdown (OIE = 1.13 and 1.41, respectively). The frequen
cies of MAIRS did not vary as much From the expected fre
quencies during the three phases; more MAIRS than 

1 
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Table 53 
Distribution ofindividual response samples by landing phases during heli
copter landings and take-offs near muskoxen during the helicopter harass
ment slUdy, Prince ofWales Island, NWT, 1977 

Level of response 

Landing phases MaiUl. Mod. Ex!. 

First seen 1136 38 64 
Approach 486 339 403 
Touchdown 460 585 147 
Shutdown 225 447 53 
Power-on 242 164 163 
Take-off 201 319 105 
Lastseen 224 341 25 

expected were observed during maximum approach (O/E = 
1.06) and touchdown (O/E L03) and fewer MAIRS than 
expected were observed during shutdown (O/E = 0.83). 
The OIE indices indicate that more extreme responses by 
muskoxen occurred during the approach of the helicopter 
than during the other phases. Once the helicopter had 
touched down, more muskoxen responded at the moderate 
level and fewer muskoxen foraged or bedded. 

After our ground activity, we returned to the helicop
ter and the engine was restarted, or the power was increased 
if it had been idling. After 1 to 2 min, we took off and flew 
away From the muskoxen, if wind conditions permitted. The 
differences between response levefs relative to these three 
phases (power-on, take-off and last seen) were significant 
(X2 = 173.02,4 df, P < 0.005). The greatest contribution by 
EURS was du ring the power-on phase (O/E = 1.74). EURS' 
were observed slightly more often than expected during 
take-off (O/E = 1.02) and less often than expected when the 
animaIs were last within sight (O/E = 0.25). The contrib
utions of MURS increased during the three departure 
phases From fewer th an expected during power-on (O/E 
0.62) to more than expected during take-off (O/E = 1.1 1) 
and when the animais were last observed (O/E = 1.25). 
Observations of maintenance activities were more common 
than expected during power-on (O/E = 1.14) and when the ./ 
animaIs were last observed (O/E = 1.02) but less common 
than expected during.take-off (O/E 0.86). These indices 
sl!ggest that the muskoxen responded most frequently at the 
extreme level when the helicopter power was increased or 
switched on, but muskoxen also responded more extremely 
than expected during take-off. 

Sam pie distributions limit comparison of responses at 
touchdown to only two distance classes, < and> 500 m. We 
found a significant difference between response levels and 
the distance that the helicopter Ianded from the muskoxen 
(X2 = 116.52,2 df, P<0.005). Both EURS and MURS were 
observed more often than expected during touchdowns 
within 500 m of the muskoxen (O/E = 1.27 and 1.16, respec
tively) and less often than expected during more distant 
touchdowns (O/E 0.29 and 0.59, respectively). Mainte
nance activities were observed less frequentiy than expected 
(O/E = 0.71) during touchdowns within 500 m of the musk
oxen and more often than expected (O/E = 1.75) during 
more distant landings. 

Although we found a direct relation between 
response and the distance of the helicopter From the musk
oxen during touchdowns, there was no significant relation
~hip during take-offs (X2 = 5.75,2 df, P> 0.05) and the trend 
suggested by OIE indices was the reverse of that found dur
ing touchdowns. The distributions by EURS suggest that 
muskoxen responded more to take-offs > 500 m l'rom them 
(O/E 1.27) than to take-offs < 500 m away (O/E = 0.88). 
Moderate level responses were observed as often as expected 
(at < 500 m, OIE = 1.00; at > 500 m, OIE = 1.01). Musk-

oxen were observed foraging or bedded more often during 
take-offs within 500 m (O/E = 1.07) than during take-offs 
further away (O/E = 0.84). We speculate that muskoxen 
responded more at the extreme level during take-offs rela
tively far away ( > 500 m) From them, because thev had 
already responded to activities preceding the tak~-offby 
moving away. Muskox<,;n that were closer to the helicopter 
( < 500 m) had not responded by moving away during 
preceding activities and were possibly at a lower Ievel of 
responsiveness before the take-off. We have already 
described in section 7 of the Results the bias introduced by 
the differences between animaIs that did or did not move.away 
during the early phases of the helicopter landing and its effect 
on the interpretation ofresponses to later phases of take-offs. 

8.1. Muskoxen, simulated amateur photography parties 
We designated 14 landings as simulations of amateur 

photography. We only made these simulations when the 
muskoxen remained in the immediate vicinity of the helicop
ter after it had touched down. Of the 1982 IRS recorded 
between 2 and 30 min after touchdown of the simulations of 
amateur photography, 72.5% were recorded when the musk
oxen were 201-500 m From the observers. 

Although we usually returned to the helicopter al' ter 
8 min, we continued to record muskox behaviour for up to 
30 min after shutdown. At 2 min after shutdown, we recorded 
249 IRS compared to 246 IRS after 8 min and 42 IRS after 
30 min. Of the total IRS observed From 2-30 min after shut
down, 17.2% (340/1982) were extreme responses, 32.7% 
(649) were moderate responses and 50.1 % (993) were 
maintenance activities. 

The distributions of response Ievels at 2 min and 
8 min after shutdown were significantly different (X2 = 50.06, 
2 df, P < 0.005). The OIE indices indicate a decrease in 
responses during our activity on the ground, since extreme 
responses were observed more often than expected (O/E = 
1.12) at 2 min after shutdown and less often than expected 
(O/E = 0.88) at 8 min al' ter shutdown. Moderate level 
responses followed the same trend with OIE = 1.27 and 
0.72 for 2 and 8 min after shutdown, respectively. Mainte
nance activities were less Frequent than expected (O/E 
0.58) at 2 min after shutdown and more Frequent than 
expected (O/E = 1.43) at 8 min after shutdown. 

Although there was a trend toward a decrease in 
response with time, there was no direct relationship between 
time and distance. Of the IRS obtained at 2 min after shut
down, 16.1 % (40/249) were in the 51-200 m class, 83.1 % ' 
(207) were in the 201-500 m dass and 0.8% (2) were in the 
501-1000 m dass of distance between muskoxen and observ
ers. At 8 min after shutdown 19.1 % (47/246) of the IRS were 
in the 51-200 m dass, 75.2:10 (185) were in the 201-500 m 
c1ass, and 5.7% (14) were in the 501-1000 m dass. Thus it 
does not seem that the decrease in responsiveness during 
our ground activities was related to changes in the distance 
between observers and animaIs. 

8.2. Muskoxen, simulated work parties 
We designated 121andings as simulations ofwork 

parties. We only made these simulations when the muskoxen 
remained in the immediate vicinity of the helicopter after it 
had landed. Of the total 646 IRS recorded between 2 and 
30 min after touchdown of simulations of work parties, 
26.3% were recorded when the muskoxen were 201-500 m 
From the observers and 51.1 % were recorded when the 
animais were between 501-1000 m l'rom the observers. 

We recorded a similar number ofIRS at 2 min (121) 
and at 8 min (120) after shutdown. At 16 min al' ter shutdown, 55 



we observed 25 IRS and after 30 min, only seven IRS were . defense formations but the two bulls in one rerd that had 
9. Maximum group response samples observed. Of the 646 IRS observed between 2 and 30 min walked together were already separating when they were last Table 54 

after shutdown, 3.4% (22/646) were EURS, 43.8% (283) sighted. . 
In the light of our limited knowledge ofthe impact of Sample distribution of Peary caribou gmup response samples, by altitude 

c1ass (metres above ground level) , obtamed for variable classes during heli-were MURS and 52.8% (341) were MAIRS .. Of the 10 group defense formations taken up during 
aerial harassments of Peary caribou and muskoxen, the most copter harassment overHights, Prince ofWales Island, NWT, 1976-77 1 The distributions of response levels at 2 min and landings for simulation of amateur photographers only one extreme response of any individual within a group could be Flight types and Altitude classes, m agi 

1. 
8 min after shutdown were not significantly different (X2 = herd remai.ned grouped in place. Five herds began to forage used as a standard measure ofthe effect ofharassment. We variable classes 1-50 51-100 101-200 201-300 301-400 Il' 3.19, 1 df, P> 0.05). Extreme responses were observed too and move apart between 2 and 8 min after shutdown when 

term such a measure the maximum group response sample Single passes and lirst passes of multi·passes (n = 4 ]3)' Il infrequently to allow a separate analysis and they have been the observers were 200-400 m away. Our approach toward (GRS). When the maximum responses ofall members ofa Groupsiu combined with moderate responses. The OIE indices sug- two herds resulted in them returning to group defense form- group are uniform, the GRS are equivalent to the IRS, but Solitary 2 21 42 0 0 gest that résponse levels decreased with time following shut- ations and agonistic behaviour of the herd bull caused a third when the maximum responses of individuals within a group Cow-alf 2 6 9 1 0 
herd to take up a defense formation. Although foraging, the 2-5 24 72 112 7 1 down. EURS and MURS were together observed more are mixed the maximum GRS would be ap extreme measure 6-9 13 22 26 13 0 often than expected (O/E = 1.14) 2 min after shutdown and muskoxen were also walking away from the obs.ervers and in of the group's maximum response to a given level ofharass- 10-19 1 12 B 12 0 addition, four herds cantered and walked away from us. 20-27 1 2 2 1 1 1 

less often than expected (O/E 0.86) 8 min after shutdown. 
When the helicopter started up, three of the herds that had 

ment. The precision of the maximum GRS would depend on 
Group type 1 As we were not walking toward the muskoxen and the proportion of the group that responded at,the maximum Bull 15 44 39 5 1 separated re-assumed defense formations. There were three 1 only one of23 muskoxen walked away from us, there was no level. BulH:ow-juv-yr-<alf' 1 4 2 5 0 relationship between time and the distance between musk- muskox herds that did not form defense formations during Over the long term, aIl individuals within a group Bull-juv-yr 7 12 19 9 0' the landing or take-offphases but did so for 2-4 min wh en Juv-yr 3 B 2 1 0 ! 

oxen and observers. Thus the trend toward decreasing have the potential for realizing the maximum response expe- Cow-juv-yr-<alf 4 14 15 4 0 response levels was not a reftection of increasing distance approached within 100 m by observers. rienced by any other individual in the group. Therefore, the Cow-alf Il 26 53 9 1 
. , 

We have only three observations of the subsequent Cow-juv-yr 2 27 69 1 0 
with time. GRS is probably a valid, although somewhat inftated meas-

behaviour of muskoxen in group defense formations wh en ure, which could be applied in astringent evaluation of the No .. calvts 
the observers did not approach the animaIs during observer 0 27 92 130 16 1 8.3. Muskoxen, observer pick-ups maximal impact of aircraft harassment. 1 9 15 30 2 0 Most of the observer pick-ups were brief and the activity on the ground (simulated work parties). A herd of22 Sample distributions of GRS by altitude and variable 2 6 15 23 2 0 muskoxen were only observed until the helicopter touched muskoxen that had been in a group defense formation dur- classes obtained during helicopter harassment overftights 3 0 B Il 3 0 4 0 2 4 6 0 

:11 

down. During 43 landings to change observers, it was possi- ing the approach and touchdown walked away from the are given for Peary caribou in Table 54 and muskoxen in 5 0 1 0 2 0 ble to observe the muskoxen after the shutdown from 2 to observers but resumed a group defense formation when the Table 55. Maximum GRS by altitude and variable classes are 6 0 0 1 1 0 i' 16 min. At 2 min after shutdown, we obtained 151 IRS which helicopter increased power and took off. A second herd of 14 given for Peary caribou, single and first passes (Table 56) . 
7 0 0 0 1 0 r'i B 1 2 0 0 0 p had decreased to 56 IRS after 8 min and 12 IRS after 16 min. moskoxen remained grouped during the helicopter landing and subsequent passes (Table 57); and for muskoxen, single 9 0 0 0 1 0 There was a significant difference in the response lev- 600 m away until the helicopter took off, then they broke into and first passes (Table 58) and subsequent passes (Table 59). 12 0 0 0 0 1 dl 

a gallop. The third muskox herd started to forage and ~ri~t Season 'ii els at 2 and 8 min after shutdown (X2 = 32.79,2 df, 
24June-15July 0 4B 141 20 1 i' P< 0.005). The OIE indices indicate an increase in respon- apart 4 min after the helicopter shutdown though agomsuc 9.1. Peary caribou, GRS 16 July - 7 August 41 B3 56 4 0 

dl 
behaviour by the herd bull caused the herd to regroup :10 siveness with time as EURS and MURS were observed at A comparison ofGRS and IRS from Peary caribou B-24 August 2 4 2 JO 1 ! greater th an expected frequencies at 8 min after shutdown briefty. implies the following: Wind 

(O/E 1.85 and 1.57, respectively). Il is probable, however, The observations recorded during observer pick-up 
a) Atleast on,e individual in each group responded at HIW (into) 19 52 74 Il 1 

and placement mainly ended when the observers returned to HWW(with) 7 36 29 10 0 that the clumped distribution ofIRS (by herds) dis torts the the extreme level (GRS) during 49.5% of the overftights HGS (>60') 17 47 96 13 0 analysis as three of the cells inclùde IRS from only one the helicopter. We recorded the responses to six take-offs whereas only 35.1 % of the IRS were at this level; HNW(calm) 0 0 0 0 1 group. after group formation during the landing phases. One h) At least one individual in each group responded at Sun 
defense formation remained in place, individuals in a second the moderate level during 40.1 % of the overftights whereas SHA (back) 12 41 B5 15 1 SAH (front) 9 59 BI 14 0 8.4. Muskox defense formations, helicopter landings formation broke into a gallop and individuals in two addi- only 28.9% of the IRS actually responded. at this level; and SNV (obscured) 22 35 33 5 Muskoxen moved together to take up group defense tional formations began foraging. One muskox herd that had c) AlI individuals in each group did not respond dur- Terrain formations and one solitary bull moved to a defense not taken up a defense formation during the landing phases ing 10.4% of the overflights whereas 36.0% of the IRS FiaIS 25 53 65 6 0 l ' position during 33 landings. Only twice did muskoxen did so during the take-off. remained engaged in maintenance activities. SI opes 16 60 63 20 1 

In summary, there was considerable variation among Ridges 0 14 61 B 1 ' ; coming together not result in a group defense formation Ifthe GRS was used as a measure of the impact ofhel- Plateaus 0 2 7 0 0 i and on both of those occasions only a few of the herd herds that took up group defense formations during land- icopter harassment the extreme level GRS (ELGRS) would Barriers 2 6 3 0 0 
, 

members had moved together. Muskoxen usually took up ings. We believe that some ofthat variation was a unique exceed the corresponding EURS by 41.0% (1 to 1.410). If Passes subsequent to tirst passes of multi-passes (n = 258) i 
: l ' group defense formations during the approach and attribute ofindividual herds and not related to the factors of the detrimental effects ofhelicopter harassment are greater Groupsiu 1 touchdown of the helicopter (29 landings) compared to the landing such as the distance between the muskoxen and than we could ascertain by the observed overt mixed respon- Solitary 9 14 ·6 0 0 1 

helicopter. We also noted that relatively few herds remained 2-5 12 22 lB 24 1 1 only three occasions during observer activities on the ses of ail individuals (IRS), perhaps the measure given by 6-9 5 4 3 71 0 i ground and once during a take-off. in place in a group defense formation. The animais either GRS is a good indicator of the true potential or actual impact 10-19 0 3 0 55 0 1. 
drifted apart and foraged or moved away, usually at a canter 20-27 0 1 0 5 5 : ! Only one herd was already responding by moving to the group as a whole. 

Group type together wh en first observed during the helicopter approach punctuated by briefwalks. The tendency not to hold a A comparison of the three levels of GRS of Peary cari- Bull 18 31 19 25 1 : 1 and they subsequently took up a group defense formation. defense formation, unless the observers were within 50 m, bou obtained during 671 helicopter harassment overftights Bull-<ow-juv-yr-alf 0 1 0 27 0 Of the 22 herds that moved together during the maximum may reAect a threshold situation in which the harassing stim- relative to the five altitude classes (Table 60) gave a signifi- Bull-juv-yr B B 4 45 0 uli that initially caused the individuals to form a defense Juv-yr 0 0 0 5 0 approach phase, 17 took up group defense formations dur- cant difference (X2 = 74.03,8 df, P < 0.005). OIE indices for Cow-juv-yr-alf 0 2 1 20 0 ! ' ing the maximum approach phase, and four herds reached formation have waned to a point that allows them to return the above test indicate that at the extreme level of GRS, Cow-<alf 0 1 2 33 5 group defense formations during touchdown. One herd that to an alerted maintenance routine. Alternatively, the harass- groups were more responsive than expected during over- Cow-juv-yr 0 1 1 0 0 
moved together during the maximum approach phase was ing stimuli may cause vascillations between response levels ftights at < 100 m agI, about as responsive as expected No. calves 

0 26 40 24 75 1 1 1 out of sight during the landing and shutdown phases, but that result in a series of displacements and regroupings when during passes at.1 0 1-200 m agi and less responsive th an 1 0 0 0 7 0 was in a group defense formation when the observers sighted there is sufficient distance (apparently < 50 m) between the expected during passes at > 200 m agi (Table 60). 2 0 0 1 0 0 them 2 min after shutdown. harassing agent and the muskoxen. Social tensions inherent The reverse pattern was obtained for moderate level GRS 3 0 1 1 16 0, 4 0 0 1 34 (} During the touchdown phase we observed 22 group in close groupings may at times play a part in stimulating (Table 60). 5 0 2 0 10 0 defense formations and one herd moving together that did individuals that are still alerted to the harassing stimuli to A test of independence between maximum uniform 6 0 0 0 5 0 not reach a defense formation. Ofthese 22 defense forma- disperse From the group defense formations and/or dis place ?roup responses, maximum mixed group responses involv- 7 0 0 0 3 0 8 0 1 0 0 0 tions, 14 had been formed during the approach phase, four themselves and regroup. Ing > 50.0% of the group members and maximum mixed 9 0 0 0 5 0 were forrriing during the approach phase and finally came group responses involving ::; 50.0% of the group members 12 0 0 0 0 5 together during touchdown and four were groups that gave a significant difference (X 2 = 32.39,2 df, P < 0.005). Semon 
24 June - 15 July 15 22 13 91 5 moved toward each other and formed up during touchdown. OIE indices for the above test indicate that (a) uniform group 16July-7 August 1 6 2 14 0 56 As the helicopter touched down, we lost sight oftwo group responses were more frequent th an expected (O/E = 1.21) B-24August 10 16 12 50 1 57 
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Table 54 

f1ight types and 
variable classes 1-50 51-100 301-400 

Wind 
HIW (into) 
HWW(with) 
HGS (>60, 
HNW(calm) 

SI/n 
SHA 
SAH 
SNV ""'<CUlr .. " 

Terrain 
Flats 
Slopes 
Ridges 
Plateaus 

Table 55 
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Sample distribution of muskox group response samples, by altitude class 
(metres above ground level) and variable classes, during heJicopter harass
ment overflights, Prince ofWales Island, NWT, 1976-77 

Flight types and Ailitude classes, m 

o 
1 
o 
5 

o 
1 
5 

o 
5 
1 
o 

variable classes 1-50 5!-100 101-200 201-300 301-400 

Single passes and Grst passes of multi-passes (n 97) 

Groupsiu 
Solitary bull 
Bull pair 
Bulls.3+ 
Mixed ,ex, 2-5 
Mixed sex, 6-9 
Mixed sex, 10-19 
Mixed sex, 20-29 
Mixed sex, 40+ 

Group type 
Solitary bull 
Singlesex 
Mixed sex 

No, ca/ves 
o 
1 
2 
3 
4 
5 
6 
8 
18 
Season 
1-23June 
24June-15July 
16July-7 August 
8-24 August 

ll'ind 
HIW(into) 
HWW(with) 
HGS (>60·) 
HN'A> (calm) 

Sun 
SHA (bad:) 
SAH (front) 
SNV (obscured) 

Terrain 
Flats 
Slopes 
Ridges 
Plateaus 

15 
1 
3 
o 
2 
o 
o 
o 

15 
4 
2 

19 
2 
o 
o 
o 
o 
o 
o 
o 

o 
o 

19 
2 

12 
3 
6 
o 

2 
8 
Il 

14 
6 
1 
o 

10 
4 
1 
1 
1 
2 
o 
o 

10 
5 
4 

15 
2 
o 
o 
1 
1 
o 
o 
o 

o 
2 

Il 
6 

6 
7 
6 
o 

3 
6 

10 

16 
1 
o 
2 

Passes subsequent to Grilt passes of multi-passes (n 

Groupsiu 
Solitary bull 
Bull pair 
Bulls,3+ 
Mixed sex, 2-5 
Mixed sex, 6-9 
Mixed sex, 10-19 
Mixed sex, 20-29 
Mixed sex, 40+ 

o 
7 
o 
o 
3 
o 
o 
o 

1 
4 
o 
2 
2 
o 
o 
o 

5 
1 
1 
o 
1 
6 
o 
o 

5 
2 
7 

7 
3 
o 
2 
2 
o 
o 
o 
o 

o 
o 

Il 
3 

6 
3 
5 
o 

4 
5 
5 

12 
2 
o 
o 
218) 

o 
6 
o 
o 
4 
8 
o 
o 

o 
1 
o 
o 
2 

15 
9 
1 

o 
1 

27 

1 
2 
8 
2 
1 
3 
1 
9 
1 

9 
7 
6 
6 

12 
8 
6 
2 

Il 
10 
7 

17 
10 

1 
o 

o 
12 
5 
o 
7 

52 
50 

5 

1 
2 
1 
o 
3 
5 
3 
o 

1 
3 

Il 

4 
2 
5 
1 
o 
o 
o 
3 
o 

4 
1 

10 
o 

4 
5 
6 
o 

7 
4 
4 

10 
4 
1 
o 

5 
1 
o 
o 
9 

22 
13 
o 

Flight types and 
variable classes 

Group type 
Solitary bull 
Singlesex 
Mixedsex 

No. ca/ves 
o 
1 
2 
4 
5 
6 
8 
18 

Season 
1-23June 
24June-15July 
16July.-7 August 
8-24 August 

lI'ind 
HIW(into) 
HWW(with) 
HGS(>60') 
HNW(calm) 

Sun 
SHA 
SAH 
SNV loh"C\lre,d\ 

Terrain 
Flats 
Siopes 
Ridges 
Plateaus 

Table 56 

Altitude classes, m agi 

1-50 51-100 101-200 201-300 301-400 

o 
7 
3 

7 
3 
o 
o 
o 
o 
o 
o 

o 
o 
7 
3 

2 
2 
6 
o 

3 
1 
6 

9 
1 
o 
o 

1 
4 
4 

5 
4 
o 
o 
o 
o 
o 
o 

o 
2 
4 
3 

2 
3 
4 
o 

2 
3 
4 

7' 
o 
o 
2 

o 
6 

12 

'6 
4 
5 
3 
o 
o 
o 
o 

5 
o 
9 
4 

3 
4 
Il 
o 

6 
6 
6 

14 
2 
2 
o 

o 
17 

114 

17 
7 

33 
3 

Il 
5 

50 
5 

44 
35 
20 
32 

41 
44 
36 
10 

47 
50 
34 

71 
51 
9 
o 

5 
1 

44 

6 
8 

19 
o 
4 
o 

13 
o 

17 
5 

28 
o 

20 
12 
18 
o 

24 
21 

5 

38 
8 
4 
o 

Distribution of maximum group response samples of Peary caribou, byalti
tude dass (metres above ground JeveJ) and variable classes, during single and 
first passes of muhi-pass helicopter harassment overflights, Prince ofWales 
Island, NWT, 1976-77 (n 413) 

Variable classes 
byaltitude, 
m 

sue 

Solilary caribou 
1-50 . 
51-100 
101-200 

Cow-calf pair 
1-50 
51-100 
101-200 
201-300 

2-5 caribou 
1-50 
51-100 
101-200 
20'1-300 
301-400 

6-9 caribou 
1-50 
51-100 
101-200 
201-300 

/0-/9 caribou 
1-50. 
51-100 
101-200 
201-300 

LeveJ 

Maint. Moderate Extreme 

Berl For. Alert Walk Trot Gal. 

o 
o 
4 
o 
o 

o 
o 
1 

o 
o 
o 
o 

o 
o 
3 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

1 
4 

Il 
6 
o 

o 
2 
5 

o 
o 
o 
1 

o 
2 
6 
1 
o 

1 
o 
o 
1 

o 
o 
o 
3 

6 
20 
40 
10 

1 

1 
6 

16 

o 
1 
2 
o 

5 
10 
21 

1 
1 

o 
2 
o 
6 

o 
1 
1 
3 

o 
22 
41 

6 
1 

o 
3 
7 

o 
2 
2 
o 

o 
14 
27 

3 
o 

o 
2 
3 
2 

o 
1 
2 
o 

60 
78 
10 
o 

o 
7 
9 

o 
2 
4 
o 

15 
28 
42 

1 
o 

10 
15 
18 
3 

1 
7 
3 
6 

9 
29 
25 

2 
o 

1 
3 
4 

2 
1 
1 
o 

4 
18 
13 

1 
o 

2 
o 
5 
1 

o 
3 
2 
o 

r· 

Variable classes 
byaltitude, 
magl 

20-27 caribou 
1-50 
51-100 
101-200 
201-300 
301-400 

Group type 

Bull 
1-50 
51-100 
101-200 
201-300 
301-400 

Bull-cow-juv-yr-calf 
1-50, 
51-100 
101-200 
201-300 

Bull-juv-yr 
1-50 
51-100 
101-200 
201-300 

51-100 
101-200 
201-300 

Cow-juv-yr-calf 
1-50 
51-100 
101-200 
201-300 

Cow-calf 
1-50 
51-100 
101-200 
201-300 
301-400 

Cow-juv-yr 
1-50 
51-100 
101-200 
201-300 

No.calves 

1-50 
51-100 
101-200 
201-300 
301-400 

One calf 
1-50 
51-100 
101-200 
201-300 

Twocalves 

Bed 

o 
o 
o 
o 
o 

o 
o 
2 
o 
o 

o 
o 
o 
o 

o 
o 
2 

.0 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
4 
o 
o 

o 
o 
o 
o 

Maint. 

For. 

o 
o 
o 
o 
o 

o 
3 
8 
1 
o 

o 
o 
o 
2 

1 
1 
o 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
1 
o 

o 
o 
3 
o 

1 
4 

Il 
3 
o 

o 
o 
o 
1 

Level of responce 

Moderate 

Walk 

o 0 
o 0 
o 0 
o 1 
o 1 

5 0 
10 13 
13 7 

1 3 
1 0 

o 0 
o 0 
o 0 
1 1 

1 0 
2 1 
4 2 

o 0 
1 0 
o 0 
1 0 

o 0 
1 0 
1 0 
o 0 

o 0 
1 4 
6 Il 
2 1 
o 1 

o 0 
5 4 

16 21 
o 0 

6 0 
18 18 
33 30 
7 4 
1 0 

o 0 
1 2 
5 6 
1 0 

Trot 

1 
1 
2 
o 
o 

6 
9 
7 
o 
o 

1 
2 
1 
1 

3 
6 
9 

3 
4 
o 
o 

4 
10 
9 
4 

8 
15 
32 

4 
o 

2 
14 
20 
o 

14 
34 
37 

1 
o 

6 
5 

16 
o 

Extreme 

Gal. 

o 
1 
o 
o 
o 

4 
9 
2 
o 
o 

o 
2 
1 
o 

2 
2 
2 

o 
3 
2 
o 

o 
3 
5 
o 

3 
6 
4 
1 
o 

o 
4 
9 
1 

6 
18 
15 
1 
o 

3 
7 
3 
o 

I~O 0 0 0 0 6 0 
51-100 0 0 0 0 
101-200 0 0 1 3 :: ; 
201-300 0 0 0 0 2 0 
Three calv:-::'e=-s ----------.::..----=-----=----=---'---...::: 
51-100 
101-200 
201-300 

FO/,tTcalves 
51-100 
101-200 
201-300 

Fivecalves 
51-100 
201-300 

Sixcalves 
101-200 
~300 
Seven ca Ives 
201-300 

o 
o 
o 

o 
o 
o 

o 
o 

o 
o 

o 

o 
o 
1 

o 
o 
1 

o 
o 

o 
o 

o 

o 1 
1 2 
o 0 

o 1 
o 0 
2 1 

1 0 
o 0 

o 0 
o 0 

o 0 

6 
6 
2 

o 
4 
J 

o 
2 

1 
2 
o 

1 
o 
1 

o 
o 

o 
o 

o 

Variable classes 
byaltitude, 
magl Bed 
Eight ca/ves 
1-50 
51-100 

Nineca/ves 
201-300 

o 
o 

o 
Twelve calves 
301-400 o 
Season 

24Juue-J5July 
51-100 
101-200 
201-300 
301-400 

16Ju/y 7 August 
1-50 
51-100 
101-200 
201-300 

o 
3 
o 
o 

o 
o 
1 
o 

8-UAugusl 
1-50 
51-100 
101-200 
201-300 
301-400 

o 
o 
o 
o 
o 

Wind 

Hl W (he/icopter jlyi'lg into wind) 
I~O 0 
51-100 0 
101-200 2 
201-300 0 
.301-400 0 

HWW (helicopler jlying wilh wind) 
1-50 0 
51-100 0 
101-200 1 
201-300 0 

HGS (he/icoPler jlying al > 6(J' 10 wind) 
1-50 0 
51-100 0 
101-200 1 
201-300 0 

HNW (wind calm) 
301-400 0 

Sun 

SHA (sun helicopter--<Jnimals) 
1-50 0 
51-100 0 
101-200 3 
201-300 0 
301-400 0 

SAli (sun--<Jnimals-helicopler) 
1-50 0 

'51-100 0 
101-200 1 
201-300 0 

SNV (sun obscured) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

Terrain 

Lowland flals 
1-50 
51-100 
101-200 
201-300 

lnlermediate slopes 
1-50 
51-100 
101-200 
201-300 
301-400 

o 
o 
1 
o 

o 
o 
2 
o 
o 

Maint. 

For. 

o 
o 

o 

o 

2 
8 
3 
o 

1 
2 
3 
2 

o 
o 
o 
1 
o 

1 
1 
4 
1 
o 

o 
2 
o 
2 

o 
1 
7 
3 

o 

o 
1 
6 
2 
o 

o 
3 
4 
3 

1 
o 
1 
1 
o 

o 
2 
4 
1 

1 
2 
2 
4 
o 

Leve! ofresponce 

Moderate 

Alert Walk 

o 0 
o 0 

o 

o 

6 Il 
26 30 
6 2 
o 1 

5 0 
14 Il 
14 10 
1 0 

1 0 
o 0 
o 1 
3 4, 
1 0 

2 0 
5 8 

15 13 
2 5 
1 0 

o 0 
7 6 
4 5 
3 1 

4 0 
8 8. 

21 23 
5 0 

o 

1 0 
7 3 

16 16 
5 3 
1 0 

2 0 
10 10 
15 15 
4 1 

3 0 
3 9 
9 10 
1 . 2 
o 1 

4 0 
10 7 
19 9 
1 3 

2 0 
10 10 
7 16 
5 3 
o 1 

Trot 

o 

o 

19 
57 

8 
o 

26 
39 
20 
o 

1 
2 
1 
2 
o 

14 
24 
28 

2 
o 

6 
14 
19 
4 

7 
22 
31 

4 

o 

8 
21 
32 

3 
o 

4 
25 
34 
6 

15 
14 
12 
1 
o 

16 
21 
25 

1 

10 
25 
21 
6 
o 

Extreme 

Gal. 

o 
1 

o 

o 

10 
17 
1 
o 

9 
17 
8 
1 

o 
2 
o 
o 
o 

2 
14 
12 
1 
o 

1 
7 
o 
o 

6 
8 

13 
1 

o 

3 
9 

12 
2 
o 

3 
Il 
12 
o 

3 
9 
1 
o 
o 

5 
13 
7 
o 

3 
13 
15 
2 
o 

59 



il, 

60 

Table 56 (cont'd) 

Variable classes 
byaltitude, 
magl 

Ridges 
51-100 
101-200 
201-300 
301-400 
Pla/eaus 
51-100 
101-200 

Maint. 

Bed For. 

o 0 
14 
o 1 
o 0 

o 0 
o 1 

Physica/ barriers (wa/er on one or more silles) 
I~O 0 0 
51-100 0 0 
101-200 0 0 

Table 57 

Leve! of responce 

Moderale Extreme 

Alert Walk Trot Gal. 

o 3 10 1 
14 14 25 3 
4 0 3 0 
1 0 o 0 

o 1 1 0 
o 2 4 0 

o 0 1 1 
o 1 3 2 
o 0 3 0 

Distribution of maximum group response samples of Peary caribou. by alti
tude dass (metres above ground level) and variable classes, during passes 
subsequent to firsl passes of multi-pass helicopter harassment overflights, 
Prmce ofWales Island, NWT, 1976-77 (n =258) 

Variable classes 
byahitude, 
magl 

Total sample" 
1-50 
51-100 
101-200 
201-300 
301-400 
Groupsize 

Soli/ary caribou 
1-50 
51-100 
101-200 
2-5 
1-50 
51-100 
101-200 
201-300 
301-400 
6-9 caribou 
1-50 
51-100 
101-200 
201-300 

caribou 
51-100 
201-300 
20-27 caribou 
51-100 
201-300 
301-400 
Group type 

Bull 
1-50 
51-100 
101-200 
201-300 
301-400 
Bul/-cow-juv-yr-calf 
51-100 
201-300 
Bu/l-juv-.vr 
1-50 
51-100 
101-200 
201-300 
juv--yr 
201-300 
Cow-juv-yr-calf 
51-100 
101-200 
201-300 

Bed 

o 
2 
2 
2 
o 

o 
o 
o 

o 
2 
2 
o 
o 

o 
o 
o 
1 

o 
1 

o 
o 
o 

o 
1 
o 
o 
o 

o 
o 

o 
. 1 
2 
1 

o 

o 
o 
1 

Maint. 

For: 

o 
2 
5 

31 
o 

o 
1 
1 

o 
1 
4 
5 
o 

o 
o 
o 
7 

o 
18 

o 
1 
o 

o 
2 
5 
8 
o 

o 
8 

o 
o 
o 

.10 

o 
o 
1 

Level of response 

Moderate 

Alerl Walk 

7 0 
17 6 
6 6 

60 17 
12 

2 0 
8 2 
3 1 

5 0 
9 2 
3 4 

14 2 
1 0 

o 0 
o 0 
o 1 

26 Il 

o 2 
19 3 

o 0 
1 1 
o 2 

5 0 
13 4 
5 5 

16 1 
1 0 

o 1 
9 3 

2 0 
4 0 
1 1 

23 5 

o 

o 1 
o 0 
5 2 

Trot 

14 
14 
6 

33 
1 

6 
3 
1 

4 
6 
4 
2 
o 

4 
4 
1 

20 

1 
10 

o 
1 
1 

9 
9 
4 
o 
o 

o 
4 

5 
3 
o 
4 

2 

1 
1 
9 

Extreme 

Gal. 

5 
3 
2 

12 
2 

1 
o 
o 

3 
2 
1 
1 
o 

1 
o 
1 
6 

o 
4 

4 
2 
o 
o 
o 

o 
3 

1 
o 
o 
2 

o 
o 
2 

. Leve! of responce 

Maint. Moderate Variable classes 
byaltitude, 
magl Bed For. Alèrt Walk 

Cow-calf 
51-100 
101-200 
201-300 
301-400 

o 0 0 0 
o 0 0 0 
o 3 7 5 
o 0 0 2 

Cow-juv-yr 
51-100 
101-200 

o 0 0 0 
o 0 0 0 

No.calves 

Zero ca/VtS 
1-50 
51-100 
101-200 
201-300 
301-400 

o 0 7 0 
2 2 17 4 
2 5 6 6 
1 19 39 7 
o 0 1 0 

One calf 
201-300 
Two'ca/ves 
101-200 
T'foree ca/ves 
51-100 
101-200 
201-300 
Fourca/vn 
101-200 
201-300 
Fiue ca/ves 
51-100 
201-300 
Sixcalvl's 
201-300 
Seven ca/ves 
201-300 
Eigh/ ca/ves 
51-100 
Nine calves 
201-300 
TU/e/ve ca/ves 
301-400 
Season 

23 june - l5 ju/y 
1-50 
51-100 
101-200 
201-300 
301-400 
16 jll~v - 7 Augus/ 
1-50 
51-100 
101-200 
201-300 
8-UAugUJ/ 
1-50 
51-100 
101-200 
201-300 
301-400 
Wind 

H JII' (he/ifop/er fi.ving in/o wind) 

o 

o 

o 
o 
o 

o 
o 

o 
1 

o 

o 

o 

o 

o 

o 
1 
2 
2 
o 

o 
1 
o 
o 

o 
o 
o 
o 
o 

1-50 0 
51-100 1 
101-200 0 
201-300 0 
HWII'(htlicopler flying wilh wind) 
1-50 0 
51-100 1 
101-200 2 
201-300 . 1 
301-400 0 
HGS (he/icop/er flying a/ > 6(f /0 wind) 
1-50 0 
51-100 0 . 
101-200 0 
201-300 1 
HNW(windca/m) 
201-300 
301-400 

o 
o 

o 

o 
o 
7 

o 
2 

o 
o 

o 

o 

o 

o 
1 
2 

17 
o 

o 
1 
o 
o 

o 
o 
1 
7 

o 
o 
2 

13 
o 

o 
2 
2 

Il 

o 
o 

4 

o 

o 
o 
5 

o 
5 

o 
3 

2 

o 

o 

5 
12 
4 

31 
o 

1 
o 
o 
5 

1 
5 
2 

24 
1 

2 
5 
1 

19 

4 
3 
3 

19 
1 

1 
9 
2 

22 

o 
o 

o 

o 

1 
o 
o 

o 
7 

1 
2 

o 

o 

o 

2 

o 
3 
2 

Il 
2 

o 
1 
o 
5 

o 
2 
4 
1 
o 

o 
1 
4 
7 

o 
2 
1 
6 
o 

o 
3 
1 
4. 

o 
2 

Extreme 

Trot Gal. 

o 1 
o 2 

14, 4 
1 2 

o 
o 

14 5 
13 2 
5 0 
6 3 
o 0 

2 0 

o 

o 
1 
4 

o 
14 

1 
4 

2 

o 

o 

8 
5 
2 

22 
1 

o 
2 
1 
2 

6 
7 
3 
9 
o 

5 
4 
1 

10 

4 
4 
3 

Il 
o 

5 
6 
2 

12 

o 
1 

o 
o 
o 

1 
6 

o 
o 

o 

2 

2 

2 
o 
1 
8 
2 

o 
1 
1 
2 

3 
2 
o 
2 
o 

2 
1 
o 
2 

1 
2 
1 
2 
o 

2 
o 
1 
7 

1 
2 

2 

Variable classes 
by altitude, 

Sun 
SlfA (sun-he/icop/er-<lnimals) 
1-50 
51-100 
101-200 
201-300 
SAH (sun-animals-heticop/er) 
1-50 
51-100 
101-200 
201-300 
301-400 
SNV( sun obscured) 
1-50 
51-100 
101-200 
201-300 
301-400 
Terrain 

Lowland jla/s 
1-50 
51-100 
101·200 
201-300 
Inlermedia/e stopes 
1-50 
51-100 
101-200 
201-300 
301-400 
Ridges 
1-50 
51-100 
101-200 
201-300 
301-400 
Platealts 
1-50 

Table 58 

Bed 

o 
1 
o 
1 

o 
1 
2 
1 
o 

o 
o 
o 
o 
o 

o 
2 
2 
1 

o 
o 
o 
1 
o 

o 
o 
o 
o 
o 

o 

Maint. 

For. 

o 
1 
1 

II 

o 
o 
2 

13 
o 

o 
1 
2 
7 
o 

o 
o 
2 
3 

o 
1 
o 

22 
o 

o 
1 
3 
6 
o 

o 

Level of responce 

Moderate 

Alert Walk. 

2 0 
7 3 
1 3 

25 8 

4 0 
5 2 
4 1 

18 6 
1 0 

1 0 
5 1 
1 2 

17 3 
o 2 

5 
1\ 
4 

17 

o 
o 
o 

21 
o 

1 
6 
2 

22 
1 

o 
3 
3 
3 

o 
3 
1 

10 
2 

o 
o 
2 
4 
o 

o 

Extreme 

Trot . Gal. 

8 0 
6 2 
1 0 

II 4 

4 . 3 
4 1 
4 1 

12 7 
o 0 

2 2 
4 0 
1 1 

10 1 
1 2 

5 
4 
3 
4 

4 
6 
o 

21 
1 

4 
4 
3 
8 
o 

3 
2 
1 
o 

1 
o 
o 

10 
2 

o 
1 
1 
2 
o 

Distribution of maximum group response samples of muskoxen, byaltitude 
class (metres above ground level) and variable classes, during single and first 
passes of mulu-pass he!icopter harassment overflights, Prince of Wales 
Island, NWT, 1976-77 (n 97) 

Variable classes 
byaltitude, 
magl 

Total sample 
1-50 
51-100 
101-200 
201-300 
301-400 
Groupsize 

Soli/ary bull 
1-50 
51-100 
101-200 
301-400 
Bul/pair 
1-50 
51-100 
101-200 
201-300 
~1-400 

Single sex, 3 + 
1-50 
51-100 
101-200 
~-400 
Mixed sex, 2-5 
~100 

Bed 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 

Maint. 

For. 

o 
o 
2 
3 
1 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 

Alert 

o 
3 
o 
8 
2 

o 
1 
o 
o 

o 
2 
o 
1 
o 

o 
o 
o 
o 

o 

Level of response 

Moderate 

Walk Cano 

4 0 
4 0 
2 0 
3 1 
2 1 

4 
3 
2 
o 

o 
o 
o 
o 
1 

o 
1 
o 
o 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
1 

o 

Extreme 

Gal. Walk tog. Cano tog. 

2 
3 
3 
1 
o 

2 
2 
3 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 

3 
2 
5 
6 
4 

1 
1 
o 
o 

o 
o 
1 
o 
1 

1 
o 
o 
o 

o 

1 
o 
1 
3 
3 

1 
o 
o 
1 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 

Gal. lOg. 

II 
7 
1 
3 
2 

7 
3 
o 
o 

1 
2 
o 
o 
o 

2 
o 
1 
o 
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Table 58 

Variable classes 
byaltitude, 
magl 

Mixed sex, 6-9 
1-50 
51-100 
101-200 
201-300 
301-400 

Mixed =. 10-19 
51-100 
101-200 
201-300 
301-400 

,"fixed sex, 20-29 
201-300 
301-400 

Mixedsex. -10+ 
201-300 

Soli/ary bull 
1-50 
51-100 
101-200 
301-400 

Single sex 
1-50 
51-100 
101-200 
201-300 
301-400/ 

Mixedsex 
1-50 
51-100 
101-200 
201-300 
301-400 

No.calves 

Zero.ca/ves 
1-50 
51-100 
101-200 
201-300 
301-400 

OlU'ca/f 
1-50 
51-100 
101-200 
201-300 
301-400 

Twocalves 
201-300 
301-400 

Three cawes 
101-200 
201-300 
301-400 

Fourca/ves 
51-100 
101-200 
201-300 

Five calves 
51-100 
201-300 

Six ca/ves 
201-300 

301-400 

Eighteen ca/ves 
201-300 

Bed 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 

o 
o 

o 

o 
o 

Maint. 

For. 

o 
o 
1 
1 
o 

o 
1 
2 
1 

o 
o 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
2 
3 
1 

o 
o 
o 
o 
o 

o 
o 
1 
1 
o 

o 
1 
o 

o 
1 
o 

o 
o 

o 

o 
o 

Alert 

o 
o 
o 
o 
1 

o 
o 
4 
o 

3 
1 

o 

o 
t 
o 
o 

o 
2 
o 
1 
o 

o 
o 
o 
7 
2 

o 
3 
o 
1 
o 

o 
o 
o 
o 
o 

4 
1 

o 
o 
o 

o 
o 
o 

o 
o 

o 

3 
1 

Moderate 

Walk 

o 
o 
o 
o 
1 

o 
o 
1 
o 

2 
o 

o 

4 
3 
2 
o 

o 
1 
o 
o 
1 

o 
,0 

o 
3 
1 

4 
4 
2 
o 
1 

o 
o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 

2 
o 

Level 

Cano 

o 
o 
o 
o 
o 

o 
o 
o 
o 

1 
o 

o 

o 
o 
o 
o 

o 
o 
o 
o 
1 

o 
o 
o 
1 
o 

o 
o 
o 
o 
1 

o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 

o 
o 

1 
o 

Extreme 

Gal. Walk tog. Cano tog. 

o 
o 
o 
o 
o 

1 
o 
1 
o 

o 
o 

o 

2 
2 
3 
o 

o 
o 
o 
o 
o 

o 
1 
o 
1 
o 

2 
2 
3 
o 
o 

o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

1 
o 
1 

o 
o 

o 
o 

1 
o 
o 
1 
o 

1 
4 
4 
3 

1 
o 

o 

1 
1 
o 
o 

1 
o 
1 
o 
1 

1 
1 
4 
6 
3 

2 
1 
1 
o 
1 

1 
o 
2 
1 
1 

2 
1 

2 
o 
1 

o 
o 
o 

1 
2 

o 

1 
o 

o 
o 
o 
o 
o 

o 
1 
1 
1 

2 
1 

o 

1 
o 
o 
1 

o 
o 
o 
o 
o 

o 
o 
1 
3 
2 

1 
o 
o 
o 
1 

o 
o 
o 
o 
o 

o 
1 

o 
o 
o 

o 
1 
o 

o 
1 

o 

2 
1 

Gal. tog. 

1 
1 
o 
o 
1 

o 
o 
2 
o 

o 
1 

7 
3 
o 
o 

3 
2 
1 
o 
o 

1 
2 
o 
3 
2 

10 
5 
1 
o 
o 

1 
2 
o 
o 
1 

o 
o 

o 
1 
o 

o 
o 
o 

o 
o 

o 
1 

Variable classes 
bvaltitude, 
magl 

Season 

Bed 

1-23June 
201-300 0 
301-400 0 

2.J fulU' - 15 fuly 
51-100 0 
201-300 0 
301-400 0 

6 fuly - 7 August 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

51-100 
101-200 
201-300 
301-400 

o 
o 
o 
o 

11 WW (helicop/er flying with wind) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

Maint. 

For. 

o 

o 
1 
o 

o 
o 
2 
1 
o 

o 
o 
o 
1 

o 
o 
2 
2 
1 

o 
o 
o 
1 
o 

lIGS (helicopter jlying al > 6(/10 wind) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

lINW (wind calm) 
201-300 a 
Sun 

SlIA (sun-helicoPler-ammals) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

SAli (sun-animals-helicopler) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

SNV (s/ln obsc/lred) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 

Terrain 

Lowland flals 
1-50 
51-100 
101-200 
201-300 
301-400 

1nlermediale slopes 
1-50 
51-100 
101-200 
201-300 
~01-400 
Ridges 
1-50 
201-300 
~1-400 
Plaleaus 
2,!-100 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 

o 

o 
o 
o 
o 
o 

o 

o 
o 
1 
2 
1 

o 
o 
1 
1 
o 

o 
o 
o 
o 
o 

o 
o 
2 
2 
1 

o 
o 
o 
1 
o 

o 
o 
o 

o 

4 
o 

o 
3 
o 

o 
2 
o 
o 
2 

o 
1 
o 
1 

o 
o 
o 
4 
o 

o 
2 
o 
2 
1 

o 
1 
o 
2 
1 

o 

o 
o 
o 
4 
o 

o 
1 
o 
3 
1 

o 
2 
o 
1 
1 

o 
2 
o 
5 
1 

o 
1 
o 
3 
1 

o 
o 
o 

o 

Level of response 

Moderate 

Walk' Cano 

o 
o 

o 
1 
o 

4 
3 
1 
o 
2 

3 
o 
o 
2 
o 

o 
3 
1 
1 
1 

1 
1 
1 
o 
1. 

o 

1 
1 
o 
1 
o 

o 
2 
1 
o 
1 

3 
1 
1 
2 
1 

3 
4 
2 
o 
1 

1 
o 
o 
3 
o 

o 
o 
1 

o 

o 
1 

o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
1 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
1 

o 
o 
o 
o 
o 

o 
o 
o 
1 
o 

o 
o 
o 
1 
o 

o 
o 
o 
o 
1 

o 
o 
o 

o 

Extreme 

Gal. Walk tog. Cano log. 

o 
o 

o 
o 
o 

2 
1 
3 
o 

2 
2 
o 
1 
o 

o 
o 
o 
o 
o 

o 
1 
3 
o 
o 

o 

o 
1 
2 
o 
o 

o 
1 
1 
1 
o 

2 
1 
o 
o 
o 

2 
3 
2 
o 
o 

o 
o 
1 
1 
o 

.0 
o 
o 

o 

o 
1 
o 

2 
2 
3 
4 

2 
1 
2 
2 
2 

1 
o 
2 
2 
1 

o 
1 
1 
2 
1 

o 

o 
o 
1 
1 
1 

2 
o 
2 
3 
1 

1 
2 
2 
2 
2 

2 
2 
5 
5 
3 

1 
o 
o 
1 
1 

o 
,0 

o 

o 

2 
o 

o 
1 
1 

1 
o 
1 
o 

o 
o 
1 
1 
o 

o 
o 
o 
o 
2 

1 
o 
o 
2 
1 

o 

o 
o 
o 
1 
2 

1 
o 
o 
2 
1 

o 
o 
1 
o 
o 

1 
o 
o 
1 
3 

o 
o 
1 
1 
o 

o 
1 
o 

o 

Gal.tog. 

2 
1 

2 
o 
o 

10 
3 
1 
1 

5 
3 
1 
o 
o 

2 
2 
o 
2 
o 

4 
2 
o 
o 
2 

1 
1 
o 
2 
2 

5 
2 
o 
o 
o 

5 
4 
1 
1 
o 

6 
5 
1 
3 
1 

4 
o 
o 

'0 
1 

1 
o 
o 

2 
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TableS9 
Distribution of maximum group response sampI es of muskoxen, by alLiLU,de 
class (metres above ground level) and variable classes, during passes 
subsequent Lü lirst passes of multi-pass helicopter harassment overflights, 
PrinceofWales Island, NWT, 1976-77 (n - 218) 

Variable classes 
byaltitude, 
magl 

Total sample 

1-50 
51-100 
101-200 
201-300 
301-400 

Bullpair 
1-50 
51-100 
101-200 
201-300 
301-400 
Single sex, 3 + 
201 300 
Mixed sex, 2-5 
51-100 
Mixedsex, 6-9 
1-50 
51-100 
101-200 
201-300 
301-400 
Mixed sex, 10-19 
101-200 
201-300 

Mixed sex, 20-29 
201-300 
301-400 
Mixed $ex, 40+ 
201":300 

Group type 

Solilary bull 
51-100 
301-400 
Singlesex 
1-50 
51-100 
101-200 
201-300 

Mixed sex 
1-50 
51-100 
101-200 
201-300 

lerocalves 
1-50 
51-100 
101-200 
201-300 
301-400 
One calf 
1-50 
51-100 
101-200 
201-300 

101-200 
201-300 

Fourca/ves 
101-200 
201-300 

Bed 

o 
o 
o 
8 
4 

o 
o 

o 
o 
o 
o 
o 

o 

o 

o 
o 
o 
o 
o 

o 
3 

5 
o 

o 

o 
o 

o 
o 
o 
o 

o 
o 
o 
8 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
3 

o 
o 

Maint. 

For. 

o 
0' 
3 

26 
10 

o 
4 

o 
o 
o 
o 
o 

o 

o 

o 
o 
1 
1 
o 

2 
12 

12 
3 

o 
4 

o 
o 
o 
o 

o 
o 
3 

26 

o 
o 
o 
o 
4 

o 
o 
1 
1 

2 
12 

o 
o 

Moderale 

Alert Walk 

o 1 
6 2 
6 1 

44 9 
6 3 

1 
o 

o 
3 
1 
6 
o 

4 

o 
1 
3 
1 
o 

2 
14 

18 
3 

1 
o 

o 
3' 
1 

10 

o 
2 
5 

34 

o 
4 
1 

10 
o 

o 
2 
3 
1 

2 
11 

o 
o 

o 
o 

1 
1 
o 
1 
o 

o 

o 
o 
o 
1 
o 

1 
4 

3 
1 

o 

o 
o 

1 
1 
o 
1 

o 
1 
1 
8 

1 
1 
o 
1 
o 

o 
1 
o 
1 

o 
o 

Level of response 

Can. 

o 
o 
o 
1 
1 

o 
o 

o 
o 
o 
o 
o 

o 

o 

o 
o 
o 
o 
o 

o 
1 

o 
1 

o 

o 
o 

o 
o 
o 
o 

o 
o 
o 
1 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
1 

o 
o 

Extreme 

Gal. Walk tog. Cano lOg. 

3 
1 
1 
6 
o 

o 
o 

3 
o 
o 
o 
o 

o 

o 

o 
1 
o 
1 
o 

2 
o 

2 

o 
o 

3 
o 
o 
o 
o 

o 
1 
1 
6 

o 
o 
o 
1 
o 

o 
1 
o 
1 

o 
o 

3 
o 
6 

24 
11 

o 
o 

1 
o 
5 
4 
1 

o 

o 

2 
o 
o 
2 
4 

1 
13 
3 

4 
3 

o 
o 

1 
o 
5 
4 
1 

2 
o 
1 

20 
10 

1 
o 
5 
4 
1 

2 
o 
o 
2 

1 
o 

1 
o 
o 
9 
4 

o 
o 

o 
o 
o 
o 
o 

o 

1 
o 
o 
o 
1 

o 
2 
1 

6 
2 

o 

o 
o 

o 
o 
o 
1 
o 

1 
o 
o 
8 
4 

3 
o 
o 
o 
o 

1 
o 
o 
o 
1 

o 
1 
o 

o 
o 

Gal. log. 

2 
o 
1 
4 

11 

o 
1 

2 
o 
o 
1 
o 

o 

o 

o 
o 
o 
1 
4 

1 
2 
6 

o 
o 

o 

o 
1 

2 
o 
o 
1 
o 

o 
o 
1 
3 

10 

2 
o 
o 
1 
1 

o 
o 
o 
1 
2 

o 
o 
6 

1 
2 

Variable classes 
by altitude, 

201-300 
301-400 
Six calves 
201-300 
Eighl calves 
201-300 
301-400 
Eighleen calves 
201-300 
Season 

1-23 June 
101-200 
201-300 
301-400 
UJune-15Ju/y 
51-100 
201-300 

8-UAugusl 
1-50 
51-100 
101-200 
201-300 
Wind 

Bed 

o 
o 

o 

5 
o 

o 

o 
o 
4 

o 
6 
o 

o 
o 
o 
o 
o 

o 
o 
o 
2 

/illY (he/icopler flying inlo wind) 
1-50 0 
51-100 0 
101-200 0 
201-300 4 
,301-400 3 
HlVIY (helicopler flying wilh wind) 
1-50 0 
51-100 0 
101-200 0 
201-300 4 
301-400 1 

Maint. 

For. 

o 
o 

o 

12 
3 

2 
6 
1 

O. 
14 
3 

o 
o 
1 
1 
6 

o 
o 
o 
5 

o 
o 
1 
9 
4 

o 
o 
o 
9 
3 

HGS (helicopler flying al > 6(f 10 wind) 
1-50 0 
51-100 0 
101-200 0 
201-300 0 
301-400 0 
HNW(windcalm) 
201-300 0 
Sun 

SHA (sun-helicoPler-animals) 
1-50 0 
51-100 0 
101-200 0 
201-300 3 
301-400 2 
SAH (sun-animals-helicopter) 
1-50 0 
51-100 0 
101-200 0 
201-300 3 
301-400 2 
SNV (sun obs(ured) 
1-50 
51-100 
101-200 
201-300 

o 
o 
o 
2 

o 
o 
2 
8 
3 

o 

o 
o 
1 

11 
6 

o 
o 
2 

10 
4 

o 
o 
o 
5 

Alert 

2 
o 

18 
3 

2 
18 
3 

1 
11 
1 

o 
3 
2 
4 
2 

o 
2 
2 

Il 

o 
o 
1 

13 
2 

o 
3 
2 

14 
1 

o 
3 
3 

12 
3 

5 

o 
2 
3 

14 
2 

o 
1 
2 

19 
4 

o 
3 
1 

11 

Moderate 

Walk 

o 
o 

3 

3 
1 

o 

1 
4 
3 

1 
o 
o 

1 
1 
o 
1 
o 

o 
o 
o 
4 

o 
1 
o 
2 
2 

o 
o 
o 
3 
o 

3 

o 
o 
l, ' 
4 
1 

o 
1 
o 
1 
2 

1 
1 
o 
4 
o 

Cano 

o 
o 

o 

o 
1 

o 

o 
o 
o 

o 
1 
1 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
1 
o 

o 
o 
o 
o 
1 

o 

o 
o 
o 
o 
1 

o 
o 
o 
1 
o 

o 
o 
o 
o 
o 

Gal Walk 

o 8 
o 1 

o 

2 4 
o 3 

2 

o 0 
2 9 
o 1 

o 
o 
o 

3 
o 
o 
1 
o 

o 
1 
1 
3 

o 
1 
1 
2 
o 

o 
o 
o 
3 
o 

3 
o 
o 
o 
o 

o 
o 
o 
2 
o 

o 
1 
1 
2 
o 

3 
o 
o 
2 
o 

o 
1 
o 

1 
o 
6 

12 
10 

2 
o 
o 
2 

2 
o 
o 

10 
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Leve! 
Variable classes Maint. Moderale 
byaltitude, 
magl Bed Alerl. Walk Cano 

Terrain 

Lowland jlalS 
1-50 0 0 0 1 0 
51-100 0 0 5 1 0 
101-200 0 3 6 1 0 
201-300 3 8 24 5 0 
301-400 4 10 4 2 1 

lntennediate slopes 
1-50 0 0 0 0 0 
101-200 0 0 0 0 0 
201-300 5 18 18 3 1 
301-400 0 0 2 1 0 

Ridges 
101-200 0 0 0 0 0 
201-300 0 0 2 1 0 
301-400 0 0 0 0 0 

Plaltaus 
51-100 0 0 0 

Table 60 
Distribution of maximum group response samples of Peary caribou, by levels 
of response and altitude dass, during ail pass-type he!icopter harassment 
overflights <400 m above ground level (m agi), Prince ofWales Island, 
NWT,1976-77 

Altitude dass, Leve! 

m Maint. Mod. Exl. Totals 

Observed GRS 
1-50 1 13 55 69 
51-100 8 65 106 179 
101-200 22 93 III 226 
201-300 39 93 57 189 
301-400 0 5 3 8 

Total 70 269 332 671 

Observed/expected indices 
1-50 0.14 0.46 1.62 
51-100 0.42 0.92 1.19 
101-200 0.96 1.02 0.99 
201-300 1.9); 1.22 0.61 
301-400 0.00 1.67 0.75 

Chi-square contributions 
1-50 5.18 8.16 13.07 26.41 
51-100 6.39 0.45 3.21 10.05 
101-200 0.04 0.04 0.01 ·0.09 
201-300 18.05 3.68 14.15 35.88 
301-400 0.00 1.35 0.25 1.60 

Total 29.66 13.68 36.69 74.03 

during overflights al < 200 m agi and occurred less often 
than expected (OIE = 0.60) du ring passes at > 200 m agI; 
(b) maximum mixed group responses that invoived > 50.0% 
of the group members were slightly less frequent than 
expected (OIE = 0.97) during overflights al < 200 m agi 
and slightly more frequent than expected (OIE = 1.05) 
during passes at > 200 m agi; and (c) maximum mixed group 
responses that involved S 50.0% of the group members 
occurred less frequently than expecled (OIE = 0.85) during 
overflights al < 200 m agi and more frequently than 
expected (OIE = 1.30) during passes at > 200 m agI. 

It appears l'rom the OIE indices for this analysis that 
uniform group responses occurred most often and maximum 
mixed group responses involving S 50.0% of the group 
members occurred least often when the animais should have 
received the most intense harassing stimuli. Thus, there 
seems to be little support from this analysis for the assump
tion that GRS may reflect the actual unobserved impact to 

EXlreme 

Gal. Walk tog. Cano tog. Gal. tog. 

3 2 1 2 
1 0 0 0 
0 4 0 0 
5 20 4 2 
0 7 1 9 

0 1 0 0 
1 0 0 1 
1 1 2 2 
0 3 2 0 

0 2 0 0 
0 3 3 0 
0 1 1 2 

0 0 0 0 

group members, unless the impact is not manifested in overt 
responses. 

CRS could also be tabulated by group size, group 
type, sex/age, number of calves present, season, wind, sun 
and terrain. More detailed analyses would allow us to better 
evaluate the use of CRS as a measure of the true potentiai or 
actuai effects ofhelicopter harassment overflights on Peary 
caribou. 

9.2 Muskoxen, CRS 
A comparison of CRS and IRS from muskoxen 

implies that (a) at Ieast one individu al in each group 
responded at the extreme level (CRS) during48.3% ofthe 
overflights whereas only 28.6% of the IRS actually 
responded at this level; (b) at least one individual in each 
group responded at the moderate level during 33.6% of the 
overflights whereas only 15.0% of the IRS actually 
responded at this level; and (c) ail individuals in each group 
did not respond during 18.1 % of the overflights whereas 
56.4% of the IRS remained engaged in maintenance 
activi ties. 

If the CRS was used as a measure of the impact ofhel
icopter harassment the ELCRS would exceed the corre
sponding ELIRS by 68.9% (l to 1.689). If the detrimental 
effects ofhelicopter harassment are greater than we could 
ascertain by the observed overt mixed responses of ail indi
viduals (IRS), perhaps the measure given by CRS is a good 
indicator of the true potential or actual impact to the group 
as a whole. 

A comparison of the three levels of CRS ofmuskoxen 
obtained during 315 helicopter harassment overflights rela
tive to the five altitude classes (Table 61) gave a significant 
difference (X2 = 30.93,8 df, P< 0.005). OIE indices for the 
above test indicate that at the extreme level of CRS, groups 
were more responsive than expected during overflights at 
< 50 m agI, ID 1-200 m agi, 301-400 m agi and less respon
sive than expected during passes at 51-100 m agi and 
201-300 m agi (Table 61). The reverse pattern was obtained 
for moderate level CRS (Table 61). 

A test of independence between maximum uniform 
group responses, maximum mixed group responses involv
ing > 50.0% of the group members and maximum mixed 
group responses involving S 50.0% of the group members 
did not give a significant difference (X2 5.94,2 df, 

P> 0.05). The OIE indices for the ab ove test indicate, 
however, that 

a) uniform group responses were more frequent lhan 
expected (OIE = 1.35) during overflights at < 200 m agi and 
occurred less often than expected (OIE 0.90) during pas
ses at > 200 m agI; 

b) maximum mixed group responses involving 
> 50.0% of the group members also occurred more fre
quently lhan expected (OIE = 1.10) during overflights at 
< 200 m agI and slightly less often than expected (OIE 
0.97) during passes at > 200 m agi; and 

c) maximum mixed group responses involving 
S 50.0% of the group members occurred less frequently 
than expected (OIE = 0.74) during overflights at 
< 200 m agI and more often than expected (OIE = 1.07) 
du ring passes at > 200 m agI. 

As for Peary caribou, the frequency distribution for 
maximum uniform and maximum mixed group responses 
suggest that maximum uniform group responses occurred 
most often and maximum mixed group responses occurred 
least often when the animais should have received the most 
intense harassing stimuli. Again, as for Peary caribou, there 
seems to be little support from this analysis for the assump
tion that CRS may reflect the actual unobserved impact to 
group members, unless the impact is not manifested in overt 
responses. 

CRS for muskox groups that formed group defense 
formations were observed on 76 occasions (Tables 62 and 
63). There was no significant difference between the CRS for 
gaits used by muskoxen as the group came together to form 
group defense formations and whether or not the formations 
took place during approach or departure phases of the heli
copter harassment overflights (X2 = 0.54,2 df, P> 0.9; Table 
62). OIE indices for this comparison indicate, however, that 
(a) groups that walked together did so about as frequently as 
expected du ring both approaches and departures (Table 62); 
(b) groups that canlered together did so less frequently than 
expected during the approaches and more frequently than 
expected during the departures (Table 62); and (c) groups 
that galloped together did so more frequently than expected 
during the approaches and less frequently than expected 
during the departures (Table 62). The analysis indicates that 
muskoxen were observed galloping together most often dur
ing the first phases of exposure to harassing stimuli. 

CRS for muskox groups that formed 36 tight and40 
loose group defense formations are given in Table 63. 
A comparison oftight or loose group defense formations by 
whether the groups formed during the approach or depar
ture phases ofthe helicopter harassment overflights was sig
nificant (X 2 = 3.93, 1 df, P<0.05; Table 63). OIE indices for 
this comparison indicate that tight group defense formations 
occurred more often than expected during approach phases 
and less often than expected during the departure phases 
,(Table 63). The reverse was true for loose group defense 
formations (Table 63). The analysis indicates that tight 
group defense formations occurred most often during the 
first phases of exposure to harassing stimuli. 

CRS could also be tabulated by group size, group 
type, sex/age, number of ca Ives present, season, wind, sun 
and terrain. More detailed analysis would allow us 10 better 
evaluate the use of CRS as a measure of the true potential or 
actuaJ effects ofhelicopter harassment overflights on musk
oxen. 

Table 61 
Distribution of ~aximum group response samples of muskoxen, by leve! of 
H;sponse and altitude dass durmg ail pass-type he!icopter harassment over-
Rights < 400 m above ground level (m agi), Prince ofWales Island NWT 
1976-77 . , , 

Altitude c1ass, Level of response 
magl Maint. Mod. Ext. Totals 
Observed GRS 
1-50 0 5 26 31 51-100 0 15 13 28 101-200 5 9 18 32 
201-300 37 64 58 159 
301-400 15 13 37 65 
Total 57 106 152 315 
Observed/expected indices 
1-50 0.00 0.50 1.73 
51-100 0.00 1.67 0.93 
101-200 0.83 0.82 1.20 
201-300 1.32 1.19 0.75 
301-400 1.25 0.59 1.19 
Chi-square contributions 
1-50 0.00 2.50 7.99 10.49 
51-100 0.00 4.04 0.07 4.11 
101-200 0.17 0.36 0.60 1.13 
201-300 2.87 1.95 4.81 9.63 
301-400 0.75 3.70 1.12 5.57 
Total 3.79 12.55 14.59 30.93 

Table 62 
Comparison of type of gai! used by muskox group response samples (GRS) 
thal came together to form group defense formations, during helicopler 
approaches and departures. Prince ofWales Island, NWr, 1976-77 

Gait Approach 

Observed GRS 
Walk 
Canter 
Gallop 

28 
9 

16 
Total 53 

Observed/expected indices 
Walk 1.00 
Canter 0.90 
Gallop 1.07 

Chi-square contributions 
Walk 0.00 
Canter 0.10 
Gallop 0.07 

Total 0.17 

Table 63 

Flight stage 

Depanure 

12 
6 
5 

23 

1.00 
1.20 
0.83 

0.00 
0.20 
0.17 

0.37 

Tolals 

40 
15 
21 

76 

0.00 
0.30 
0.24 

0.54 

Comparison of the type of group defense formation taken up by muskox 
group response samples (GRS) during helicopter approaches and departures, 
Pnnce ofWales Island, NWT, 1976-77 

Defense 
formation type Approach 
Observed GRS 
Tight 29 
Loose 24 
Total 53 
Observed/expected indiees 
Tight 1.16 
Loose 0.86 
Chi-square contributions 
Tighl 0.64 
Loose 0.55 
Total 1.19 

Flight stage 

Departure 

7 
16 

23 

0.64 
1.33 

1.43 
1.31 

2.74 

Totals 

36 
40 

76 

2.07 
1.86 

3.93 67 
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10. Analysis of groÙj) activities 

10.1. The approach 
Our inability to consistently distinguish between indi

vidual muskoxen ~r caribou within a partlcular sex/age cate
gory for extended periods of time required that we consider 
the group as a unit, rather than as individuals in a group. The 
behaviour of a group at a specific instant is, therefore, the 
aggregate of the activities of the merriber individuals. Both 
muskoxen and caribou spent more time bedded and foraging 
than any of the other basic activities that we recognized 
(stand, alert, walk, trot/canter and gallop). Locomotor activi
ties that did not involve foraging were observed infrequently 
and have been grouped with stand and alert in an "other 
activity" class to distinguish them from bedding and forag
ing. For the purposes of this discussion each individual in the 
group could, therefore, be involved in one of three different 
actÎvities, but because the behaviour of the individuals com
prising the group need not be synchronous, the group could 

, be engaged in any of seven activities: (a) synchronous bed
ded; (h) synchronous foraging; (c) synchronous other; 
(d) mixed bedded and foraging; (e) mixed bedded and other; 
Cf) mixed foraging and other; and (g) mixed bedded, foraging 
and other. 

Statistical analysis of sequential behavioural events is 
often compromised because the occurrence of a particular 
event is partially dependent upon the preceding activity. The 
effect of this dependence is, however, reduced if individual 
observations are brief and separated by regular time inter
vals. Although the activity of caribou and muskox groups was 
recorded continuously, the Înstantaneous behaviour of every 
visible animal in the group was only recorded allO-min 
intervals (daily rounds). The data presented in Tables 64-84 
are a summary of the temporal distribution of group activi
ties and their relation to helicopter harassment, based on 
those instantaneous observations (daily rounds). 

Group activity was analyzed by two-dimensional 
contingency tables. Post hoc interpretation of the outcome 
of chi-sqùare tests on those tables employed the OIE 
index. Whenever more than 20% of the expected 
frequencies in a contingency table had values less than 
five, activity classes were combined until only two classes 
remained. The first of these two classes contained ail four 
of the original classes with information that concerned one 
of the three basic activit!es (i.e., class one: synchronous 
bedded; bedded and foraging; bedded and other; and 
bedded, foraging and other) and the remaining original 
classes were grouped into the second class (i.e., class two: 
synchronous foraging, synchronous other and mixed 
foraging and other). A thorough examination oLthe three 
basic activities required recombination of the original table 
into three separa te tables. 

Proportional differences in group activity in relation 
to helicopter harassment may be an indication of medium 
term effects of disturbance. Because most harassment obser
vations were conducted during late morning and early after
noon, observations of caribou from 22:00 untill0:00 and of 
muskoxen from 22:00 until 09:00 were not considered in the 
analysis of group activity and harassment. Our evaluations of 
the normal relation of group activity to season and time of 
day are based upon observation periods that were not inter
rupted by helicopter harassment and the pre-disturbance 
portions ofharassment observations. 

The interactions of group activity, harassment phase 
and season or time of day were examined by the 
multivariate methods first introduced in the biological 
literature bY'Fienberg (1970). The technique requires the 

calculation of expected frequencies for a multidimensional' 
contingency table based upon a series of hierarchical 
models. The most complex model that is germane to the 
present context assumes that activity by caribou or muskox 
groups varied between harassment phases and- that this 
relation differed between season or time of day. Less 
complicated models assume subsets of the interactions 
expressed in more involved models. Once the expected 
frequencies have been calculated under a particular model 
a chi-square test is performed as a measure of the 
goodness of fit to the observed frequencies. The least 
complex model that fits the data with 95% probability or 
less (i.e., P> 0.05) is considered a reasonable explanation 
of the interactions of the variables of interesL Fienberg 
(1970) contended that small expected frequencies do not 
affect the accuracy of this technique and three-dimensional 
tables that included season were not collapsed. Tables that 
included time of day were so sparse that the chance 
occurrence of a single activity with one season cou Id 
greatly affect a goodness of fit test. The seven activities 
were, therefore, recombined as described above. 

We observed the activity of caribou groups on 45 
occasions: 16 groups (109 individuals) were not disturbed by 
helicopter activity; 23 groups (160 individuals) were 
observed both before and after harassment overflights, land
ing, or both; and 6 groups (48 individuals) were only 
observed following a helicopter disturbance. We observed 
the activity of muskox groups on 56 occasions: 20 groups 
(152 individuals) were not disturbed by helicopter activity; 
29 groups (121 individuals) were observed both before and 
after harassment overflights, landings or both; and 7 groups 
(23 individuals) were only observed following a helicopter 
disturbance. The duration of discrete periods of continuous 
activity based on sightings at IO-min intervals (daily rounds) 
was quite variable but generally less than 30 min (Tables 64 
and 65). Synchronous bedded, synchronous foraging and 

Table 64 
Duration of continuous activity periods based on sightings at 10-min intervals 
of Peary caribou. Prince ofWales Island, NWT. 1977. Each cell contains the 
mean duration (min), standard deviation and number of observations 

Un-
disturbed Preharassment Postharassment AIl observations 

Synchronous bedded 
28.8 25.8 21.3 25.9 

16.24 15.02 14.08 15.34 
24 19 15 58 

Synchronous foraging 
44.5 33.5 33.8 37.0 

36.77 24.39 23.71 30.47 
31 29 40 100 

Synchronous other 
12.00 10.0 10.0 11.1 
4.47 0.00 0.00 3.33 

5 2 2 9 
Mixed bedded-foraging 

23.3 26.5 31.1 27.2 
18.30 17.23 29.43 23.16 

42 31 47 120 

Mixed Bedded-other 
10.0 10.0 10.0 10.0 
0.00 0.00 0.00 0.00 

8 2 2 12 
Mixed foraging-other 

14.3 10.0 13.0 12.5 
5.35 0.00 6.75 5.32 

7 7 10 24 
Mixed bedded-foraging-other 

15.3 12.0 12.7 13.9 
7.17 4.47 4.67 6.09 

17 5 Il 33 

Table 65 .'. . . .. 
Duration of contmuous acllvlty penods based on sightings at 1 O-min intervals 
of muskoxen. Prince of Wales Islan.d; NWT, 1977. Each cell con tains the 
mean duration (mm), standard devJatlOn and number of observations 

Un-
disturbed Preharassment 

Synchronous bedded 
48.6 

39.23 
28 

Synchronous foraging 
32.0 

29.51 
49 

Synchronous 
44.3 

73.45 
7 

Mixed bedded-foraging 
28.3 

24.14 
64 

Mixed bedded-other 
10.0 
0.00 

7 

Mixed foraging-other 
12.6 
5.26 

27 

33.1 
23.36 

35 

21.8 
11.90 

50 

12.0 
4.47 

5 

32.2 
24.85 

69 

13.9 
6.08 

18 

16.3 
14.50 

30 

Mixed bedded-foraging-other 
16.9 14.4 

11.92 8.78 
26 32 

Postharassment 

37.9 
28.52 

57 

22.5 
17.72 

60 

16.1 
12.43 

18 

29.8 
34.22 

lM 

11.5 
4.89 

20 

16.7 
12.42 

33 

12.4 
6.63 

33 

Ali observations 

39.0 
30.33 

120 

25.2 
21.13 

159 

22.0 
36.99 

30 

30.1 
29.10 

237 

12.2 
5.17 

45 

15.3 
Il.63 

90 

14.4 
9.22 

91 

mixed bedded-foraging were the most frequently observed 
group activities and continuous periods ofthose activities 
were usually more protracted than periods in which at least 
one member of the group was engaged in an "other" activity. 

Caribou groups were observed from the ground for 
10531 min (175 h 31 min) and muskox herds were observed 
from the ground for 21 463 min (357 h 43 min). These 
observation durations do not include periods when the 
entire herd being observed was out of sight. The observa
tions du ring passes and landings are included, however. 

10.2. Limitations of the analysis of group activities 
This analysis of group activity suffered from several 

Inherent limitations that were in part necessitated by its pre
liminary nature. By grouping aIl individual activities other 
~han bedded and foraging into the "other" category, we have 
Ignored any subtle changes in the behaviour of Peary caribou 
and muskoxen that could be related to season, time of day or 
harassment phase. In particular, the freqmincies of social 
activities such as rutting behaviour, nursing, care soliciting 
and play may be responsive to harassment. 

Variation in several variables has been 'left uncont
rolled in the analysis and their effect on group activity 
remains unknown. Group size, group type and the number of 
calves present are probably important in determining the 
activity of the group as a unit at any time. The intensity of the 
harassing stimuli may also influence. the medium-term 
responses of the affected group. Responses to landings have 
not been examined separately from the responses to over
flights, nor have we attempted to control for the effect of the 
altitude ofharassment overflights. Finally, the length of the 
observation period after the harassment event was variable 
and the effect ofharassment may have been greater than this 
analysis indicates because ofthe inclusion ofvery long post
hàrassment observations du ring which the activity of the 
group returned to pre-harassment levels. 

10.3. Peary caribou, undisturbed group activities 
. ~he season~l di~tribution of group activity by Peary 

canbou IS summanzed ID Table 66. We observed caribou 
only once between 1 and 23 June and these instantaneous 
observations have been omitted. Ail members of the caribou 
groups observed were either bedded or foraging for 89.4% 
(521/583) of the instantaneous observations. At least one 
member ofthe herd was bedded for 55.8% (325/583) of the 
observations and foraging for 76.7% (447/583) of the obser
vations. Non-bedded activities that did not involve feeding 
were recorded for only 10.6% (62/583) ofthe interval 
sightings. 

Caribou were observed bedded more often than 
expected from 24 June to 15 July (Xl! = 13.35,2 df, 
P < 0.005) mostly because of the high frequency of mixed 
bedded-foraging activity (Table 67). Although the relative 
proportion of synchronous foraging increased through the 
2 mon of the observation period, a simultaneous decrease in 
mixed bedded-foraging (Table 66) resulted in only slight 
seasonal differences in the combined occurrence of foraging 
(Xl! = 8.25,2 df, P< 0.025; Table 66). Other activities were 
observed more frequently than expected between 16 J uly 

Table 66 
S.eas?nal frequèn~y .and percentage occurrence of group activity based on 
slghtmgs at 10-mm mtervals ofundisturbed Peary caribou, Prince ofWales 
Island, NWT, 1977 

Bed.-
Bed. For. Other Bed.- Bed.- For.- for.-
only only only for. other other other 

24June-15July 
22 42 2 71 1 4 6 

14.86 28.38 1.35 47.97 0.68 .2.70 4.05 
16July-7 August 

82 147 5 74 9 Il 22 
23.43 42.00 1.43 21.14 2.57 3.14 6.29 

8-24 August 
14 46 1 23 0 0 1 

16.47 54.12 1.18 27.06 0.00 .0.00 1.18 

Table 67 
The relationship betwe:n season and group activity based on sightings at 
1 O-mm mtervals of undlsturbed Peary caribou, Prince of Wales Island, NWT. 
1977. Each cell contains the observed and expected frequencies and the 
observed/expected index 

24 Jun. -15Jul. ,16Jul. -7 Aug. 8-24 Aug: 
Bedded 

100 187 38 
82.50 195.11 47.38 

1.21 0.96 0.80 
Notbedded 

48 163 47 
65.50 154.89 37.62 

0.73 1.05 1.25 
Foraging 

123 254 70 
113.48 268.35 65.17 

1.08 0.95 1.07 
Not foraging 

25 96 15 
34.52 81.65 19.83 

0.72 1.18 0.76 
Other 

13 47 2 
15.74 37.22 9.04 
0.83 1.26 0.22 

Non-other 
135 303 83 

132.26 312.78 75.96 
1.02 0.97 1.09 69 
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Table 68 
Distribution of group activity throughout the day based on sightings at 
10·min intervals ofundisturbed Pea, y caribou, Prince ofWales Islând, NWT, 
1977. Each cell contains the observed frequency and percentage occurrence. 

Bed.-
Bed. For. Other Bed.- Bed.- For.- for.-
nnlv only only for. other other other 

24:00-03:00 
7 3 

53.85 23.08 

06:00-09:00 
7 7 

29.17 29.17 

09:00-10:00 
10 26 

16.95 44.07 

10:00-11:00 
7 25 

13.21. 47.17 

11:00-12:00 
o 22 

0.00 75.86 

12:00-13:00 
Il 6 

39.29 21.43 

13:00-14:00 
8 5 

27.59 17.24 

14:00-15:00 
7 31 

12.07 53.45 

15:00-16:00 
5 20 

8.33 33.33 

]6:00-17:00 
14 33 

17.07 40.24 

17:00-18:00 
Il 20 

19.30 35.09 

18:00-]9:00 
8 12 

21.62 32.43 

Table 69 

o 
0.00 

o 
0.00 

o 
0.00 

1 
1.89 

o 
0.00 

o 
0.00 

o 
0.00 

1 
1.72 

1 
1.67 

2 
2.44 

1 
1.75 

1 
2.70 

1 
7.69 

9 
37.50 

20 
33.90 

17 
32.08 

6 
20.69 

9 
32.14 

14 
48.28 

12 
20.69 

21 
35.00 

26 
31.71 

22 
38.60 

9 
24.32 

1 
7.69 

o 
0.00 

o 
0.00 

1 
1.89 

o 
0.00 

o 
0.00 

1 
3.45 

1 
1.72 

o 
0.00 

2 
2.44 

o 
0.00 

1 
2.70 

o 
0.00 

o 
0.00 

2 
3.39 

1 
1.89 

1 
3.45 

o 
0.00 

o 
0.00 

4 
6.90 

3 
5.00 

1 
1.22 

o 
0.00 

3 
8.11 

1 
7.69 

1 
4.17 

1 
1.69 

1 
1.89 

o 
0.00 

2 
7.14 

1 
3.45 

2 
3.45 

10 
16.67 

4 
4.88 

3 
5.26 

3 
8.11 

Frequency. of group activity throughout the day based on sightings at 10·min 
intervals ofundisturbed Peary canbou, Prince ofWales Island, NWT. 1977. 
Each cell·contains the observed and expected frequencies and observed/ 
expected index 

24:00- 06:00- 09:00- 10:00- Il:00- 12:00- 13:00-
03:00 09:00. 10:00 11:00 12:00 13:00 14:00 

Bedded 
10 

7.37 
1.36 

Notbedded 
. 3 
!,!.63 
0.53 

Foraging 
5 

10.05 
0.50 

Not foraging 
8 

2.95 
2.71 

Other 
2 

1.45 
1.38 

Non-other 
Il 

11.55 
0.95 

17 
13.60 

1.25 

7 
10.40 
0.67 

17 
18.56 
0.92 

7 
5.44 
1.29 

1 
2.68 
'0.37 

23 
21.32 

1.08 

31 
33.43 
0.93 

28 
25.57 

1.10 

49 
45.63 

1.07 

10 
13.37 
0.75 

3 
6.59 
0.46 

56 
52.41 

1.07 

26 
'10.03 
0.87 

27 
22.97 

1.18 

44 
40.99 

1.07 

9 
12.01 
0.75 

4 
5.92 
0.68 

49 
47.08 

1.04 

6 
16.43 
0.37 

23 
12.57 

1.83 

29 
22.43 

1.29 

o 
6.57 
0.00 

1 
3.24 
0.31 

28 
25.76 

1.09 

22 
15.87 

1.39 

6 
12.13 
0.49 

17 
21.65 
0.79 

Il 
6.35 
1.73 

2 
3.13 
0.64 

26 
24.87 

1.05 

24 
16.43 

1.46 

5 
12.57 
0.40 

20 
22.43 
0.89 

9 
6.57 
1:37 

2 
3.24 
0.62 

27 
25.76 

1.05 

Bed. For. Other 
onlv "nly only 

19:00-20:00 
6 15 0 

24.00 60.00 0.00 

20:00-21 :00 
4 2 0 

40.00 20.00 0.00 

21 :00-24:00 
13 8 1 

36.11 22.22 2~78 

Figure 28 

Bed.
for. 

1 
4.00 

4 
40.00 

9 
25.00 

Bed.
other 

1 
4.00 

o 
0.00 

2 
5.56 

For.
other 

1 
4.00 

o 
0.00 

1 
2.78 

Bed.
for.

other 

1 
4.00 

o 
0.00 

2 
5.56 

Distribution of observations of Peary caribou throughout the day, Prince of 
Wales Island. NWT, 1977 

40r---------------------------------------~ 

10 

o~~~~~~~~~ __ ~------~~ 
15 16 17 18 19 20 21 22 23 2'1 

14:00-
15:00 

22 
32.87 
0.67 

36 
25.13 

1.43 

49 
44.85 

1.09 

9 
13.15 
0.68 

8 
6.48 
1.23 

50 
51.52 
0.97 

15:00-
16:00 

36 
34.00 

1.06 

24 
26.00 

0.92 

54 
46.40 

1.16 

6 
13.60 
0.44 

14 
6.70 
2.09 

46 
53.30 
0.86 

16:00-
17:00 

46 
46.47 

0.99 

36 
35.53 

1.01 

64 
63.41 

1.01 

18 
18.59 
0.97 

9 
9.16 
0.98 

73 
72.84 

1.00 

Hour of dey 

17:00-
18:00 

36 
32.30 

1.11 

21 
24.40 
0.86 

45 
44.08 

1.02 

12 
12.92 
0.93 

4 
6.36 
0.63 

53 
50.63 

1.05 

18:00-
19:00 

21 
20.97 

1.00 

16 
18.03 
0.89 

27 
28.61 

0.94 

10 
8.39 
1.19 

8 
4.13 
1.94 

29 
32.87 
0.88 

19;00-
20:00 

9 
14.17 
0.64 

16 
10.83 

1.48 

18 
19.33 
0.93 

7 
5.67 
1.23 

3 
2.79 
1.08 

22 
22.21 

0.99 

20:00-
21:00 

8 
5.67 
lAI 

2 
1.33 
1.50 

6 
7.73 
0.78 

4 
2.27 
1.76 

o 
1.12 
0.00 

10 
8.88 
1.13 

21:00-
24:00 

26 
20.40 

1.27 

10 
15.60 
0.64 

20 
27.84 

0.72 

16 
8.16 
1.96 

6 
4.02 
1.49 

30 
31.98 
0.94 

and 7 August and less frequently than expected between 8 
nd 24 August (X 2 = 9.54,2 df, P< 0.01; Table 67). 

a The observed proportions ofbedding, foraging and 
other ~ctivities remained relatively constant throughout the 
dav (Tables 68 and 69). We did not attempt to observe cari· 
bo~ through the night and the large contributions to the chi
square test offoraging activity (X2 = 47049, 14 df, P<0.05; 
Table 69) from our infrequent nocturnal observations 
(Fig. 28) may be spurio~s, ~he leve~ of activity was altered 
during midday by a declme m beddmg from Il :00 to 12:00 
(X2 = 54,26, 14 df, P<0.005; Table 69) due to an increase 
in synchronous roraging (Table 68) followed by 2 h of 
increased bedding. Between 14:00 and 15:00, bedding was 
again observed less frequently than expected (Table 69) 
because of an increase in synchronous foraging (Table 68). 
An increase in other activities (Table 69) particularly mixed 
bedding-foraging-other (Table 68) from 15:00 to 16:00 
ended the afternoon deviation in activities, Other activities 
were again observed in a greater proportion than expected 
from 18:00 to 19:00 (X2 = 23.85, 14 df, P<0.05; Table 69) 
primarily because of a concurrent increase in mixed foraging 
-other and bedded-foraging-other (Table 68), 

1004. Peary caribou, group activities after harassment 
AIl of the seasonal patterns in bedding and foraging 

behaviour that we have reported for undisturbed caribou 
groups are also evident for groups that had been subjected 
to helicopter harassment overflights (Tables 70 and 71), 
However, we did not observe caribou herds bedded as often 
as expected following harassment from 16 July to 24 August 
(X2 = 35.81,2 df, P< 0,005). Contrary to our observations of 
undisturbed groups, other activities were observed among 
harassed groups more frequently than expected between 
24 June and 15 July, but only as often as expected from 
16July to 7 August (X2 = 9.82,2 df, P<O,Ol). There were no 
significant differences between seasons in the frequency of 
foraging (X2 4.06,2 df, P> 0.1). 

Although the overall medium-term effect ofhelicop· 
ter harassment on Peary caribou appears to have been a 
reduction in synchronous bedding and an increase in mixed 
bedded-foraging (X2 22.60,6 df, P < 0.005; Table 72) 
knowledge of the interaction between harassment phase and 
activity is not required to explain seasonal differences in 
activity relative to harassment (Table 73). We sampled cari
bou groups for different lengths of time both before and 
after harassment and from one season to the next. Once 
those variations had been controlled for, variation in activity 
by caribou groups can be explained by seasonal effects alone. 
Peary caribou groups were not observed often enough after 
harassment to enable a determination ofthe impact ofhar
assment throughout the day (Table 74). 

Table 70 
Seasonal frequencv and percentage occurrence of group aClivity based on 
sightings allO-min intervals of Peary caribou following helicopter harass· 
ment overHighls, Prince ofWales Island, NWT, 1977 

Bed. For. 
only only 

24June-15July 
20 44 

10.26 22.56 

16 July -7 August 
6 30 

13.33 66.67 
8-24 August 

6 61 
5.77 58.65 

Other 
only 

2 
1.03 

o 
0.00 

o 
0.00 

Bed.
for. 

106 
54.36 

5 
11.11 

35 
33.65 

Bed.
other 

1 
0.51 

1 
2.22 

o 
0.00 

For.
other 

12 
6.15 

o 
0.00 

1 
0.96 

Bed.
for.

other 

10 
5.13 

3 
6.67 

1 
0.96 

Table 71 
The relationship between season and group activity based on sightings at 
1 O-min intervals of Peary caribou following helicopler harassment over· 
flights, Prince ofWales Island, NWT, 1977. Each cell con tains the observed 
and expected frequencies and observed/expected index . 

24june - 15july 16july -7 August 8-24 August 

Bedded 
137 

109.97 
1.25 

Not bedded 

Foraging 

58 
85.03 

172 
174.59 

Not foraging 

Other 

23 
20.41 

25 
17.57 

Non-other 
170 

177.43 
0.96 

15 
25.38 
0.59 

30 
19,62 

1.53 

38 
40.29 

0.94 

7 
4.71 
1.49 

4 
4.07 
0.98 

41 
40.94 

1.00 

42 
58.65 

0.72 

62 
45.35 

1.37 

98 
93.12 

1.05 

6 
10.88 
0.55 

2 
9.37 
0.21 

\02 
94.63 

1.08 

Tab~ 72 f P 'b b - d . h . 10" 1 b r ACllVlly 0 eary caf! ou groups ase on sig tmgs at ·mm mterva s eJOre 
and after helicopter harassment overHights, Prince ofWales Island, NWT, 
1977. Each cell contains the observed and expected frequencies and. 
observed/expected index 

Bed. 
only 

For. Other 
only only 

Preharassment 
81 

65.53 
191 

186.16 
1.03 1.24 

Postharassment 
32 130 

134.84 
0.96 

47.47 
0.67 

Table 73 

7 
5.22 
1.34 

2 
3.78 
0.53 

Bed,
for. 

141 
166.44 

0.85 

146 
120.56 

1.21 

Bed.
other 

7 
5.22 
1.34 

2 
3.78 
0.53 

For.
other 

14 
15.66 
0.89 

13 
11.34 

1.15 

Bed.
for.

olher 

27 
23.78 

1.14 

14 
17.22 
0.81 

Goodness of lit tests of models that assume various interactions between har· 
assment phase [1], season [2] and activity of Peary caribou groups [3] based 
on sightings at 1 O·min intervals. Prince ofWales Island, NWT, 1977. The 
occurrence of two variables within square brackets in the mode! description 
indicates an assumption of dependence between those variables 

Model X2 df 

li] [2] [3] 340.32 32 
[12J [3] 135.11 30 
[13] [2J 283.97 26· 
[23J [1] 190.90 20 
[12] [13] 110.45 24 
[12] [23] 17.66 18 
[13] [23] 170.11 14 
[12) [13] [23] 11.07 12 

p 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

>0.01 
<0.005 

>0.5 

71 
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Table 74 
Distribution of group activity throughout the day.based on sÎghtings at. 
1 O-min intervals of Peary caribou harassed by hehcopter overfhghts, Prmce of 
Wales Island, NWT, 1977. Each œil contains the observed frequency and 
percentage occurrence 

Bed. For. Other 
only only only 

10:00-11:00 
o 7 0 

0.00 70.00 0.00 

11:00-12:00 
7 3 0 

30.43 13.04 0.00 

12:00-13:00 
5 13 1 

9.62 25.00 1.92 

13:00-14:00 
1 14 0 

2.27 31.82 0.00 

14:00-15:00 
3 6 1 

12.50 25.00 4.17 

15:00-16:00 
4 16 

11.11 44.44 

16:00-17:00 
2 20 

5.56 55.56 

17:00-18:00 
7 19 

15.56 42.22 

18:00-19:00 
3 19 

7.14 45.24 

19:00-20:00 
o 7 

0.00 38.89 

20:00-21 :00 
o 6 

0.00 66.67 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

Bed.-. 
. for. 

2 
20.00 

II 
47.83 

28 
53.85 

25 
56.82 

10 
41.67 

10 
27.78 

13 
36.11 

19 
42.22 

19 
45.24 

7 
38.89 

2 
22.22 

Bed.
other 

o 
0.00 

o 
0.00 

1 
1.92 

1 
2.27 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

o 
0.00 

For.
other 

1 
10.00 

o 
0.00 

1 
1.92 

o 
0.00 

1 
4.17 

5 
13.89 

1 
2.78 

o 
0.00 

o 
0.00 

3 
16.67 

1 
11.11 

Bed.
for.
other 

o 
0.00 

2 
8.70 

3 
5.77 

3 
6.82 

3 
12.50 

1 
2.78 

o 
0.00 

o 
0.00 

1 
2.38 

1 
5.56 

o 
0.00 

Table 75 
Seasonal distribution of group activity based on sightings at 10-min intervals 
ofundisturbed muskoxen, PrinceofWales Island, NWT, 1977. Each cell con
tains the observed and expected frequencies and observed/expected index 

Bed.-
Bed. For. Other Bed.- Bed.- For.- for.-

1-23 June 
121 

100.11 
1.21 

93 
105.67 

0.88 

24June-15July 
2 19 

21.45 22.64 
0.09 0.84 

16July-7 August 
50 98 

76.06 80.28 
0.66 1.22 

8-24 August 
79 

54.39 
1.45 

Table 76 

56 
57.41 
0.98 

7 
14.70 
0.48 

1 
3.15 
0.32 

27 
11.17 
2.42 

2 
7.99 
0.25 

for. olher olher other 

164 
160.09 

1.02 

65 
34.31 

1.89 

120 
121.63 

0.99 

54 
86.98 

0.62 

19 
12.71 

1.49 

o 
2.72 
0.00 

4 
9.66 
0.41 

9 
6.91 
1.30 

31 
32.97 
0.94 

6 
7.07 
0.85 

23 
25.05 
0.92 

23 
17.91 

1.28 

27 
35.75 
0.76 

6 
7.66 
0.78 

29 
27.16 

1.07 

28 
19.42 
1.44 

Distribution of group activity throughout the day based on sightings at 10-
min imervals ofundisturbed muskoxen, Prince ofWales Island, NWT, 1977. 
Each cell comains the observed and occurrence. 

Bed. For. Other 

03:00-06:00 

o 
0.00 

4 6 
22.22 33.33 

06:00-09:00 
Il 3 

28.21 7.69 

09:00-10:00 
22 23 

22.92 23.96 

10:00-11:00 
20 16 

20.83 16.67 

Il:00-12:00 
25 12 

28.41 13.64 

12:00-13:00 
26 22 

24.30 20.56 

13:00-14:00 
22 26 

18.97 22.41 

14:00-15:00 
19 30 

21.35 33.71 

15:00-16:00 
23 27 

23.23 27.27 

16:00-17:00 
10 27 

10.75 29.03 

17:00-18:00 
17 17 

18.28 18.28 

18:00-19:00 
20 23 

27.78 31.94 

19:00-20:00 
10 1 

21.28 2.13 

20:00-21:00 
12 0 

30.00 0.00 

21:00-24:00 
3 33 

5.08 55.93 

o 
0.00 

o 
0.00 

o 
0.00 

3 
3.13 

o 
0.00 

2 
2.27 

2 
1.87 

o 
0.00 

1 
1.12 

2 
2.02 

4 
4.30 

2 
2.15 

o 
0.00 

5 
10.64 

6 
15.00 

10 
16.95 

Bed.
for. 

3 
27.27 

6 
33.33 

21 
53.85 

27 
28.13 

38 
39.58 

34 
38.64 

35 

44 
37.93 

21 
23.60 

31 
31.31 

32 
34.41 

36 
38.71 

21 
29.17 

29 
61.70 

16 
40.00 

9 
15.25 

Bed.
other 

o 
0.00 

o 
0.00 

1 
2.56 

3 
3.13 

3 
3.13 

4 
4.55 

o 
0.00 

10 
8.62 

2 
2.25 

2 
2.02 

1 
1.08 

2 
2.15 

2 
2.78 

o 
0.00 

1 
2.50 

1 
1.69 

for.
olher 

o 
0.00 

1 
5.56 

o 
0.00 

Il 
11.46 

9 
9.38 

5 
5.68 

10 
9.35 

7 
6.03 

12 
13.48 

8 
8.08 

5 
5.38 

2 
7.53 

3 
4.17 

1 
2.13 

1 
2.50 

3 
5.08 

Bed.
for.

olher 

o 
0.00 

1 
5.56 

3 
7.69 

7 
7.29 

10 
10.42 

6 
6.82 

12 
11.21 

7 
6.03 

4 
4.49 

6 
6.06 

14 
15.05 

12 
12.90 

3 
4.17 

1 
2.13 

4 
10.00 

o 
0.00 

Table 77 .. h h h d b ed . h' 10' Frequency of group actlvlty t roug out t e ay as on sig tmgs at -mm 
intervals ofundisturbed muskoxen, Prince ofWales Island, NWT, 1977. 
Each cell contains the observed and expected frequencies and observedl 
expected index 

24:00- 03:00- 06:00- 09:00- 10:00- 11:00- 12;00- 13:00-
03:00 06:00 09:00 10:00 Il:00 12:00 13:00 14:00 

8edded 
Il 

7.35 
1.50 

Not bedded 
o 

3.65 
0.00 

Foraging 
3 

7.96 
0.38 

Not foraging 
8 

3.04 
2.63 

Other 
o 

2.29 
0.00 

Non-other 
Il 

8.71 
1.26 

Il 
12.03 
0.91 

7 
5.97 
1.17 

14 
13.03 
1.07 

4 
4.97 
0.80 

2 
3.75 
0.53 

16 
14.25 

1.12 

36 
26.06 

1.38 

3 
12.94 
0.23 

27 
28.24 
0.96 

12 
10.76 

1.12 

4 
8.12 
0.49 

35 
30.88 

1.13 

59 
64.14 

0.92 

37 
31.86 

1.16 

68 
69.50 

0.98 

28 
26.50 

1.06 

24 
19.98 
1.20 

72 
76.02 

0.95 

71 
64.14 

1.11 

25 
31.86 

0.78 

73 
69.50 

1.05 

23 
26.50 
0.87 

22 
19.98 
l.1O 

74 
76.02 

0.97 

69 
58.79 

1.17 

19 
29.21 
0.65 

57 
63.71 
0.89 

31 
24.29 

1.28 

17 
18.31 
0.93 

71 
69.69 

1.02 

10.5. Muskoxen, undisturbed group activities 

73 
71.49 

1.02 

34 
35.51 
0.96 

79 
77.47 

1.02 

28 
29.53 
0.95 

24 
22.26 

1.08 

83 
84.74 

0.98 

83 
77.50 

1.07 

33 
38.50 
0.86 

84 
83.98 

1.00 

32 
32.02 

1.00 

24 
24.14 
0.99 

92 
91.86 

1.00 

We observed muskoxen more frequently than cari
bou, particularly from IJune until15July (Table 75). Musk
oxen were observed either bedded or foraging for 79.2% 
(921/1162) of the interval sightings. One or more members 
of the herd were bedded for 66.8% (777/1162) of the obser
vations and foraging for 72.4% (842/1162) of the observa
tions. Muskoxen engaged in activities other th an bedding 
and foraging (20.8%; 242/1162) as did caribou. 

Synchronous bedding and mixed bedded-other 
occurred in greater proportions than expected from 1 to 
23June and synchronous other activities were relatively 
less frequent than expected ()e 138.72,18 df, P<0.005; 
Table 75). A decline in the proportion ofsynchronous 
bedding observations between 24 June and 15 July was 
associated with a concurrent increase in mixed bedded
foraging. We observed synchronous foraging and other 
activities more frequently than expected from 16July to 
7 August, while synchronous bedding and mixed bedded
other were observed less frequently than expected. 
Between 8 and 24 August the proportion of observations of 
synchronous bedding doubled relative Lo the period 
between 16July and 7 August. Observations ofmixed 
bedded-foraging-other were also more common than 
expected from 8 to 24 August, whereas synchronous other 
and mixed bedded-foraging were less common. 

Muskoxen did not appear to have a distinct daily 
activity cycle (Tables 76 and 77). Ahhough we observed mus
koxen from 21 :00 to 09:00 more often than caribou (Fig. 29) 
the observations are probably too infrequent to be cons id
ered a representative sample ofnocturnal activity. Bedding 
by atleast one member of the herd was observed less fre
q.uently than expected from 14:00 to 15:00 (Table 77) prima
nly because of an increase in synchronous foraging and 
mixed foraging-other (Table 76). The proportion of other 
activities declined between 18:00 and 19:00 (Table 77) when 
synchronous bedding and synchronous foraging were 
observed with greater than average frequency (Table 76). 

14:00-
15:00 

# 

46 
59.46 
0.77 

43 
29.54 

1.46 

67 
64.44 

1.04 

22 
24.56 
0.90 

19 
18.52 
1.03 

70 
70,48 

0.99 

15:00-
16:00 

62 
66.14 

0.94 

37 
32.86 

1.13 

72 
71.67 

1.00 

27 
27.33 
0.99 

18 
20.60 
0.87 

81 
78AO 

1.03 

16:00-
17:00 

57 
62.13 

0.92 

36 
30.87 

1.17 

78 
67.33 

1.16 

15 
25.67 
0.58 

24 
19.35 

1.24 

69 
73.65 

0.94 

17:00-
18:00 

67 
62.13 

1.08 

26 
30.87 
0.84 

72 
67.33 

1.07 

21 
25.67 
0.82 

23 
19.35 
1.19 

70 
73.65 

0.95 

18:00-
19:00 

46 
48.10 
0.96 

26 
23.90 

1.09 

50 
52.13 
0.96 

22 
19.87 
1.11 

8 
14.98 
0.53 

64 
57.02 

1.12 

19:00-
20:00 

40 
31.40 

1.27 

7 
15.60 
0.45 

32 
34.03 
0.94 

15 
12.97 
1.16 

7 
9.78 
0.72 

40 
37.22 

1.07 

20:00-
21,00 

33 
26.72 

1.24 

7 
13.28 
0.53 

21 
28.96 
0.73 

19 
11.04 

1.72 

12 
8.32 
1.44 

28 
31.68 

0.88 

21:00-
24:00 

13 
39.42 
0.33 

46 
19.58 
2.35 

45 
42.72 

L05 

14 
16.28 
0.86 

14 
12.28 

1.14 

45 
46.72 

0.96 

During the following hour, observations ofbedding, specifi
cally mixed bedded-foraging were more numerous than 
expected (Table 77). Synchronous foraging was observed 
only once from 19:00 to 21 :00, but 43.2 % of ail observations 
of synchronous other occurred during this 2-h period 
(Table 76). 

Figure 29 
Distribution of observations of muskoxen throughout the day. Prince of 
Wales 1977 
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Table 78 , 
Goodness of ht tests of models that assume various interactions between har
assment phase,[l],'season [2J and activity ofmuskox herds [3) based on sighl
ings al JO-min intervals, Prince ofWales Island, NWT. 1977. The occurrence 
of two variables within square brackets in Ihe mode! description indicates an 
assumption of dependence belween those variables 

M~e1 M P 
[IJ [2] (3) 
(12) [3) 
[13) (2) 
[23) [1] 
[12] [13] 
[12] [23] 
[13] [23] 
[12) [13) [23) 

Table 79 

519.47 
217.09 
497.28 
380.09 
211.64 
80.67 

363.25 
66.44 

45 
42 
39 
27 
36 
24 

, 21 
18 

<0.005 
<0.005 
<0,005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

Seasonal distribution of group activity based on sighlings allO-min intervals 
of muskoxen relative 10 harassment phase. Prince ofWales Island. NWT, 
1977. Each cell contains the observed and expected frequencies and OIE 
index. Expected frequencies and OIE indices were calculated on the assump
tion of dependence between ,eason and activity. season and harassment 
phase and harassment phase and activity 

Bed. 
on1y 

For. Other 
only only 

Preharassment 

1-23julu! 
97 

91.95 
1.05 

24 June - J 5 juty 
2 

11.20 
0.18 

76 
67.24 

1.13 

17 
21.45 

0.79 

J 6 ju~v - 7 August 
50 76 

82.94 
0.92 

54.94 
0.91 

8-24 August 
77 

67.92 
1 13 

55 
52.37 

1.05 
Postharassment 

J-23juTII! 
130 

135.05 
0.96 

24juTll!- J5ju~y 
47 

37.80 
1.24 

52 
60.76 

0.86 

49 
44.55 

1.\0 

16ju~y- 7 August 
19 20 

13.06 
1.53 

14.07 
1.35 

8-24 August 
7 

16.09 
0.44 

Table 80 

5 
7.63 
0.66 

7 
7.99 
0.88 

1 
0.60 
1.67 

17 
16.08 

1.06 

2 
2.34 
0,85 

15 
14.01 

1.07 

2 
2.40 
0.83 

4 
4.92 
0.81 

1 
0.66 
1.52 

Bed.
for. 

135 
154.68 

0.87 

61 
51.05 

1.19 

114 
J04.28 

1.09 

54 
53.99 

1.00 

162 
142.32 

1.14 

98 
107.95 

0.91 

7 
16.73 
0.42 

8 
8.01 
1.00 

Bed.
olher 

18 
15.75 
1.14 

o 
0.82 
0.00 

4 
4.16 
0.96 

8 
9.27 
0.86 

16 
18.25 
0.88 

3 
2.18 
1.38 

1 
0.84' 
1.19 

3 
1.73 
1.73 

For.
other 

30 
27.17 

1.10 

6 
4.71 
1.27 

20 
17.53 

1.14 

23 
29.59 

0.78 

28 
30.83 

0.91 

Il 
12.29 
0.90 

1 
3.47 
0.29 

12 
5.41 
2.22 

Bed.-
for.

other 

25 
23.22 

1.08 

6 
3.17 
1.89 

29 
30.08 

0.96 

26 
29.53 
0.88 

20 
21.78 

0.92 

4 
6.83 
0.59 

6 
4.92 
1.22 

8 
4.47 
1.79 

Gooaness offit tests of models that assume various interactions between 
harassmenl phase [1], aClivity ofmuskox herds [2] and time of day 13] based 
on sightings at IO-min intervals. Prince ofWales.lsland, NWT, 1977. 

10.6. Muskoxen, disturbed group activity 
The activity of muskox herds after harassment 

showed less correspondence with pre-harassment activity 
than did caribou activity. None of the possible combinations 
of two variable interactions between season, harassm~nt 
phase and group activity of muskoxen provided a satisfactory 
fil to the observed frequencies (Table 78) which indicates 
that activity was dependent on harassment phase and that 
this relation varied between seasons. Observations ofmixed 
bedded-foraging were less corn mon than expected prior to 
harassment and more common following harassment From 
1 to 23 June (Table 79). The very infrequent occurrence of 
synchronous bedding before harassment between 24June 
and 15 July did not continue after harassment. Synchronous 
foraging; bedded-other and bedded-foraging-other were 
observed more often than expected after harassment From 
16July to 7 August. Finally, synchronous bedding occurred 
less frequently than expected following harassment between 
8 and 24 August while mixed foraging-other and bedded
foraging-other were observed more frequently than 
expected. 

There were also three-way interactions between har
assment phase, time of day From 09:00 to 21 :00 and bedding : 
and foraging by muskox herds (Table 80). There was only ~I 
one lO-min interval, in ail the observations ofharassed musk
ox herds between 10:00 and 12:00, in which we observed for- . 
aging by at least one animal (Table 81). Synchronous bed
ding was particularly Frequent among harassed herds From 
10:00 to Il :00, while bedded-foraging-other was Telatively 
infrequent. These deviations From the expected pattern of 
activity are responsible for large contributions to the chi
square tests for bedding and foraging (Tables 82 and 83). 

Synchronous bedding was also relatively common 
From 12:00 to 13:00, but uncommon From 14:00 to 15:00. 
There were also major contributions to the bedding chi
square From the 19:00 to 21 :00 period (Table 82). AlI non
bedded activities occurred slightly more often than normal 
among harassed herds From 19:00 to 20:00 (Table 8I). 
Synchronous foraging was not observed among undisturbed 
muskox herds between 20:00 and 21 :00, but this activity was 
observed among harassed herds relatively more frequently 
during this period than during any other I-h period (Table 
81). There was also a proportionately low occurrence of 
mixed bedded-foraging among disturbed herds From 20:00 
to 21 :00 (Table 81). Other activities occurred at an essen
tially constant rate From 09:00 to 21 :00 (Table 84) and that 
rate was not affected by harassment experiments (Table 80). 

The occurrence of two variables within square brackets in the model description 
indicates an between those variables 

Model 

[1] [2] [3] 
[12) [3] 
[13] [2J 
[23] [1] 
[12] [13) 
[12] 123] 
[13] [23] 
[12[ [13] 123] 

df 

34 
33 
23 
23 
22 
22 
12 
Il 

233.79 
230.98 
88.24 

192.20 
85,20 

188.83 
46.35 
42.46 

Bed. 

P 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

208.33 
203.09 
69.97 

185.54 
60.43 

178.22 
42.86 
29.64 

For. 

P 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

Other 

Il 
173.42 
28.26 

169.64 
26.12 

167.84 
20.13 
18.51 

<0.005 
>0.1 

<0.005 
>0.1 

<0.005 
>0.05 
>0.05 

Table 81 
Distribution of group activity throughout the day based on sightings at 
10-min intervals of muskoxen harassed by helicopter overflights, 
Prince àfWales Island. NWT, 1977. Each cell cantains the observed 
frequency and percentage occurrence 

Berl. For. 
only only 

09:00-10:00 
5 3 

31.25 18.75 

10:00-11 :00 
9 0 

52.94 0.00 

Il:00-12:00 
17 1 

43.59 2.56 

12:00-13:00 
31 1 

50.00 1.61 

13:00-14:00 
20 Il 

29.85 16.42 

14:00-15:00 
4 15 

8.33 31.25 

15:00-16:00 
Il 17 

15.28 23.61 

16:00-17:00 
37 17 

28,68 13.18 

17:00-18:00 
23 31 

18.40 24.80 

18:00-19:00 
32 12 

31.37 11.76 

19:00-20:00 
8 8 

18,60 18.60 

20:00-21:00 
6 10 

31.58 52.63 

Table 82 

Other 
only 

1 
6.25 

o 
0.00 

o 
0.00 

3 
4.84 

4 
5.97 

2 
4.17 

3 
4.17 

2 
1.55 

3 
2.40 

o 
0.00 

3 
6.98 

1 
5.26 

Bed.
for. 

5 
31.25 

4 
23.53 

19 
48.72 

21 
33.87 

16 
23.88 

19 
39.58 

33 
45.83 

51 
39.53 

50 
40.00 

36 
35.29 

19 
44.19 

2 
10.53 

Bed.
other 

o 
0.00 

3 
17.65 

o 
0.00 

o 
0,00 

o 
0.00 

1 
2.08 

3 
4.17 

4 
3.10 

5 
4.00 

4 
3.92 

3 
6.98 

o 
0.00 

For.
other 

1 
6.25 

o 
0,00 

o 
0.00 

5 
8.06 

4 
5.97 

5 
10.42 

3 
4.17 

\0 
7.75 

12 
9.60 

10 
9.80 

2 
4.65 

o 
0.00 

Bed.
for.

other 

1 
6.25 

1 
5.88 

2 
5.13 

1 
1.61 

12 
17.91 

2 
4.17 

2 
2.78 

8 
6.20 

1 
0.80 

8 
7.84 

o 
0.00 

o 
0.00 

Distribu.lion ofbeddin~ relative to harassment phase and time of day based 
0:' sighungs at IO-mm mtervals of muskox berds, Prince ofWales Island, 
NW:r. 1 977',Each cell contains the observed and expected frequencies and 
OIE mdex. Expected frequencies and OIE index were calculated on the 
assumption of dependence between lime of day and activity, time of day and 
harassment phase and harassment phase and activity. 

09:00- 10:00- Il:00- 12:00- 13:00- 14:00-
10:00 11:00 12:00 13:00 14:00 15:00 

Preharassment 

Bedded 
59 

59.17 
1.00 

Not bedded 
37 

36.83 
1.00 

!?stharassment 
Bedded 

II 
10.83 
1.02 

Notbedikd 
5 

5.17 
0.97 

71 
74.13 
0.96 

25 
21.87 

1.14 

17 
13.87 

1.23 

o 
3.13 
0.00 

69 
73.22 
0.94 

19 
14.78 
1.29 

38 
33.78 

1.12 

1 
5.22 
0.19 

73 
77.83 
0.94 

34 
29.17 

1.17 

53 
48.17 

1.10 

9 
13.83 
0.65 

83 
80.78 

1.03 

33 
53.22 

0.94 

48 
50.22 
0.96 

19 
16.78 

1.13 

46 
44.71 

1.03 

43 
44.29 

0.97 

26 
27.29 

0.95 

22 
20.71 

1.06 

15:00-
16:00 

62 
61.76 

1.00 

37 
37,24 
0.99 

49 
49.24 

1.00 

23 
22.76 

1.01 

16:00-
17:00 

57 
62.77 
0.91 

36 
30.23 

1.19 

100 
94.23 

1.06 

29 
34.77 
0.83 

17:00-
18:00 

67 
59.13 

1.13 

26 
33.87 
0.77 

79 
86.87 
0.91 

46 
38.13 

1.21 

18:00-
19:00 

46 
49.88 

0.92 

26 
22.12 

1.18 

80 
76.12 

1.05 

22 
25.88 

0.85 

19;00-
20:00 

40 
35.53 

1.13 

7 
11.47 
0.61 

30 
34.47 
0,87 

13 
8.53 
1.52 

20:00-
21:00 

30 
27.09 

1.11 

7 
12.92 
0.54 

8 
13.92 
0.57 

II 
5.09 
2.16 75 
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Table 83 
Distribution offoraging relative to harassment phase and time of day based 
on sightings at 10-min intervals of musltox herds, Prince ofWales Is!and, 
Nwr, 1977. Each cell contains the observed and expecled frequencles and 
OIE index. ExpeCled frequencies and OIE index were ~alcula.ted on the 
assumption of dependence between time of day and actlVlty, lime of day and 
harassment harassment and 

09:0~ 13:0~ 14:~ 
10:00 14:00 15:00 

Preharassment 

Foraging 
68 73 57 79 84 67 

68.03 67.51 57.23 71.30 84.04 72.22 
1.00 1.08 1.00 1.11 1.00 0.93 

Nol Joraging 
28 23 31 28 32 22 

27.97 28.49 30.77 35.70 31.96 16.78 
1.00 0.81 1.01 0.78 1.00 1.31 

Postharassment 

Foraging 
10 5 22 28 43 41 

9.97 10.49 21.77 35.70 42.96 35.77 
1.00 0.48 1.01 0.78 1.00 1.15 

No/Joraging 
6 12 17 34 24 7 

6.03 6.51 17.23 26.30 24.04 12.22 
1.00 1.84 0.99 1.29 1.00 0.57 

Table 84 
Frequency and percentage occurrence of other aClivity base~ onsi~hlings al 
10-mÎn intervals lhroughout the day of muskox herds followmg hehcopter 
harassment overfiights, Prince ofWales Island, NWT, 1977 

09:~ 10:0~ II:O~ 12:~ 13:0~ 14:~ 
10:00 Il:00 12:00 13:00 14:00 15:00 

Other 
3 4 2 9 20 10 

18.75 23.53 5.13 14.52 29.85 20.83 

Non-other 
13 13 37 53 47 38 

81.25 76.47 94.87 85.48 70.15 79.17 

15:0~ 16:0~ . 17:0~ 18:0~ 
16:00 17:00 18:00 19:00 

72 78 72 50 
76.63 72.65 74.48 51.57 

0.94 1.07 0.97 0.97 

27 15 21 22 
22.37 20.37 18.52 20.44 

1.21 0.74 1.13 1.08 

55 86 94 66 
50.37 91.35 91.52 64.44 

1.09 0.94 1.03 1.02 

17 43 31 36 
21.63 37.65 33.48 37.57 
0.79 1.14 0.93 0.96 

15:0~ 16:00- 17:00- 18:00-
16:00 17:00 18:00 19:00 

Il 24 21 22 
15.28 18.60 16.80 21.57 

61 105 104 80 
84.72 81.40. 83.20 78.43 

19:0~ 
20:00 

32 
33.75 
0.95 

15 
13.25 

1.13 

29 
27.25 

1.06 

14 
15.75 
0.89 

19:00-
20:00 

8 
18.60 

35 
81.40 

Summary discussion 

20:00.... 
21:00 : 

21 
23.60 
0.89 

19 
16.40 

l.I6 

,. 
12 ) 9.40 

1.28 

The background to the status of the Peary caribou popula
tion along proposed pipeline routes on the Arctic Islands can 
be briefly summarized: on the western Queen Elizabeth 
Islands, Peary caribou suffered a drastic decline (89%) 
between 1961 and 1974, especially on eastern Melville and 
Bathurst islands; on Prince ofWales and Somerset islands 
the decline was considerably less drastic; muskoxen also 
declined on the western Queen Elizabeth Islands. 

7 
9.60 
0.73 

20:00-
1 21:00 

Our helicopter harassment study is the first project 
known to us to be specifically designed to obtain a measure 
o'fthe responses oflarge, free-ranging ungulates to aircraft 
harassment. The design of our study met as many of the 
points as possible raised by Geist (1975) in his critique of 
reports of aircraft harassment. We considered the likely types 
ofheIicopter activities that could be anticipated during the 
construction and maintenance of a pipeline and we chose 
response categories based on behavioural positions or loco
motory patterns which did not require subjective decisions 

1 
5.26 

18 
94.74 by the observers. Our standardized single and multiple 

flights are repeatable and the response categories are 
verifiable from Super 8 movie films taken during the flights 
by both observers in the helicopter and observers on 
the ground. 

Our study was based on recording only the more 
obvious overt behavioural responses for three reasons. 
(a) Under field conditions, we qrely could be sure that we 
detected subtle behaviour patterns such as movements of the 
ears, widening of the eyes, tightening orthe back muscles 
and other indications ofinduced tensions. In particular for 
muskoxen, the relatively stocky appearance and long, hairy 
coat, would have hindered detection of those responses. 
(b) Other potential effects of haras sment (Geis t 1975 :4-9) 
would only become apparent months or even years after 

, harassment (Table 85). Within the duration of our study, the 
: only pathological conditions resulting from harassment that 
, we cou Id have recognized would have been traumatic injuries 

caused by panic behaviour. We did not observe any such 
injuries or cireumstances likely lO produce them. Although 

! we observed an increase in agonis tic behaviour between 
i muskoxen during overheadlhelicopter harassment flights 
, and landings, we did not see any injuries resulting from the 
• aggression between bulls, although fighting is known to lead 

to severe injuries and even death (Wilkinson and Shank 
1974). (c) Caribou physiology has been partially described, 
~ut almost nothing is known about muskox physiology and 
tIm~ did not permit us to go through the exercise of trans
posmg our behavioural responses into theoretical physiolog
ICal terms based on the physiology of other ruminants. 

An animal'sbéhaviour is often as much a manifesta
tion ofits internai as ofits external enviromnent and its 

behaviour will be reflected in its physiological state. It is, 
thus, inescapable that behavioural responses to harassment 
will be accompanied by physiological responses. Physiologi
cal responses range from changes in heart or respiration 
rates to acute pathological conditions such as overstraining 
disease. We did not expect to observe any su ch acute condi
tions during our study as the published accounts suggest that 
those conditions are associated with extreme harassment 
induding chases by vehicles or aircraft. 

The remote monitoring of physiological responses 
such as changes in heart rate requires the use of telemetry, 
but although telemetric techniques are rapidly being retlned, 
a reliable field tested system is not yet available. Besides the 
perfection of suitable systems, there are other problems with 
monitoring physiological parameters that would have to be 
overcome. It Îs possible that an animal that has been cap
tured, drugged and handled to attach a telemetric package 
may respond at a different level to a harassing agent, espe
cially if the agent can be associated by the animal with the 
original capture and handling. In addition, associative learn
ingby the animal could restrict our ability to successfully 
monitor the telemetric signaIs unless an extremely remote 
receiver can be developed. 

We coneur with those who have called for a physio
logical approach to harassment, but we would stress that 
even once the telemetric techniques are available, the ques
tions on the effects ofharassment will still not be answered 
completely. We do not have the baseline data required to 
interpret changes in physiological parameters, though sorne 
likely diffieulties in interpretation of changes in heart rate 
may be deduced from a l5-year study on the monitored heart 
rate of penned white-tailed deer (Moen pers comm). 

Moen and Chevalier (1977) have noted tachycardia 
and bradycardia, in penned deer, that were not associated 
with overt behavioural responses to disturbing stimuli such 
as rustles in the grass and snowmobiles and they have also 
observed behavioural responses that were not accompanied 
by changes in heart rate. The results oftheir studies rein
force the need for behavioural observations to interpret 
sorne of the changes in heart rate. Firstly, museular activity 
can cause interference with and artifacts in the heartbeat 
trace (though this depends somewhat on electrode location). 
Secondly, behavioural observations will be necessary to 
interpret sorne changes in heart rate. For example, Moen and 
Chevalier (1977) found that other deer approaching the sub
ject deer and environ mental factors such as rain caused 
changes in heart rate. 

Interpretation ofbehavioural observations has to be 
based on sound baseline data if misleading impressions are 
to be avoided. Calef et al. (1976) have used observations of 77 
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Table 85 
Schema of sorne potential effects ofharassment and theÎr interrelationships 
forP~~ry caribo~ and 

.. Alert l1lll"IlilI_""'""" ___ ""' •• Alterations in daily", .. _, =,;:::, ;:,>Reduced use/intake FFailure to breed 
actÎvity pattern forage Hi~,h calf mortality 

~' 
p ___ =_===:$Energy 10sst:1 ===::::» Weight losse:; , 

;::::==>PopulatÎon dedine Immediate===~::zFlight===_=_~_=""",======>Acute pathological c=> Death 
Behavioural conditions '} 
Response n 
fi / Pulmonary emphysema c::; 
(Contagious Shock 
behaviour) Capture Myopathy ::== Increased susceptibility 
n i Prolapsed Rectum 

\} 1 iiCo"'~alf Abortion 

'-- --- to predalionldisease 

l Other individuals l::> Changes in behavioural ' "~ Hyperthermia 
? patterns ln jury separations Stress 

ft n 

~' " " 
',' Aggressive beha,'iour 

I~ Short-Ierm ' 

Il , '" Maternai behaviour 

r> Distribution 

i=> Cow-<alf behaviour patterns 

L!::> Long -term ===:; i ' 
~ ActÎvily pauerns 

[ Habituation 

barren-ground caribou cows standing over their dead 
offspring and not apparently responding. at least by flight, to 
nearby landings ofhelicopters as examples oflittle or no 
response to helicopter harassment. We must take exception 
to their interpretation of those observations, as we do not 
believe that the examples are meaningful, unless sorne 
attempt is made to explain the psychological forces associ
ated with such situations. 

The retention and persistence of a one-way mother
young bond after the death of one of the pair members has 
been reported for chamois (Rupicapra rupicapra) by Krammer 
(1957), black-tailed deer (Odocoileus hemionus columbianus) by 
Miller (1971) and barren-ground caribou by Miller and 
Broughton (1973). Cows will often stand over their dead 
offspring for days and in sorne cases, will keep returning to 
the death sites for several weeks. The bond apparently will 
not be broken until the maternai caribou is displaced (or . 
enticed) a given distance (unknown) from the neonate's car
cass, by a stimulus such as wolf or human harassment or a 
large post-calving aggregation passing dose by. There is also 
probablya temporal consideration associated with the dis
placement and/or a direct relationship to the strength of the 
stimuli from the displacing agent. 

Contrary to the inferred supposition of Calef et al. 
(1976) a maternai cow with a dead offspring is not likely 
responding in a mànner that is comparable with its responses 
in the company of a live calf. Maternalistic responses vary 
considerably and there is no reason, known to us, to suppose 
that ail maternai cows accompanied by live calves will 
respond in a like manner to harassing stimuli. ft is more 
probable that their responses will vary with the individual 
makeup and motivational state ofthe maternai cows and 
their recent past experiences. 

Calef (pers. comm) indicated that their discussion of 
maternai cows with dead calves (Calef et al. 1976) was meant 
to reflect the tenacity of the mother-young bond between 
maternai cows and live calves. We must disagree, however, 
with this belief that the responses between maternaI cows 
with dead calves and maternai cows with live calves are com
parable. We believe that the critical difference is one of alter
natives available to the cows under those conditions. 

(a) When a maternaI cow with her dead offspring is 
disturbed, she basically has only two choices: i) to remain 
standing over her dead calf or withdraw briefly for a short 
distance, or ii) to take flight and abandon the carcass. We 
believe that because of the ordering of the behavioural rep
ertoire of most maternaI cows' she has in reality but one 
choice, that is, to remain at or near her dead neonate. She 
will do so until sufficiently stÎmulated to permanently break 
her bond with the dead calf, as described by Miller and 
Broughton (1973). 

(b) When a maternai cow is in the company of a live 
calf, she can respond to stimuli by flight and the calf will fol
low suit. Often the calfis first to take flight and the cow 
responds in kind, often, seemingly, before actually determin
ing the cause. In whatever manner the cow or calf respond to 
stimuli, the remaining pair member can follow and do like
wise if not simultaneously. Each member can and often does 
take cues from the other and their subsequent responses are 
most often harmoniously predetermined in kind and usually 
in degree. 

Therefore, we conclu de that a maternaI cow is more 
Iikely to respond by flight from harassing stimuli when in the 
company of a live calf, that cando likewise, than when 
'.'guarding" a dead neonate. In addition, the apparent lack of 
or low level of response by a maternai cow with a dead calf 

(or the reverse) to harassing stimuli is more a measure of the 
strength ofretention of the mother-young bond by the sur
viving member of the pair, than a direct measure of response 

1 to harassing stimuli. The responses of maternai cows with 
dead offspring should not, therefore, be used as a valid meas
ure ofthe severity of impact ofhelicopter harassment. 

, The above discussion would also apply to maternaI 
, cows with live calves that could not for one reason or another 
1 travel with their mothers. We think the above wouldbe espe
i cially true for maternaI cows with live calves that were at least 
, several days old that had been ,immobilized through disease 
, or trauma because the mother-young bond is strengthened 
1 by continued care-giving and care-soliciting behaviour by 

both members of the pair. Therefore, a maternaI cow with an 
older calf that could not respond to her cues for ftight would 
be more likely to remain with the calf during periods ofhar
assment than if the calf was only a few hours old. The caribou 
calfis a precocial neonate but it is more or less immobile dur
ing the first few hours of life. If the lapse of time for bond 

1 

formation had been only a few hours, bond formation would 
, probably be weak or incomplete. In general, strong bonding 
1 should occur more quickly between experienced (multi

parous) cows and their offspring than between inexperienced 
(prima-parous) cows and their newborn calves. Cows bearing 
young for the first time are often po or mothers and appar
ently not psychologically weIl adjusted to the birth event. 
Therefore, their behaviour is more apt to vary when harassed 
and they might either stay with or abandon their newborn 
calves more on an individual basis. Cows that have previously 
produced young are usually beuer mothers and most often 
respond more quickly and appropriately to motherhood. 
Therefore, their responses to harassment should be rela
tively more fixed and they should most often remain with 

1 their calves, at least, during low levels ofharassment. 
Our observations of Peary caribou and muskoxen are 

to date the most detailed available on the responses of free-

l
, ranging large ungulates to aircraft harassment. Peary caribou 

and muskoxen have differences in the dynamics of their 
social orders, forage preferences and consequently selection 

i offoraging sites and the presence (muskoxen) or absence 
(Peary caribou) of defense in their repertoires of escape 
behaviour, and those differences contribute to the variations 
in their responses to helicopter harassment. In fact, the gen

'eralizations that apply to both species are few. 
(a) There is an inverse relationship between the' 

- 1 strength and intensity of their responses and the altitude of 
'. the helicopter above the animais. 
, (b) Cows and ca Ives ofboth species are the most sen
! sitive sex/age class to harassment, but the sensitivity of mus
kox cows and calves is partly masked by their participation in 
group defense formations. 

1 . (c) Sorne aspects oftheir annuallife history cycles and 
1 ass~Clated behavioural changes (e.g. calving, postcalving, 
~ ruttmg and migration) affect. the level of responses and cause 
variations to sorne degree at different seasons of the year. 
, (d) The effect of sorne physical properties of wind 
and sun associated with harassing stimuli influence their lev
lels ofresponses. 
\. (e) The psychological security borne of familiarity 
twuh terrain (preferred habitat for foraging, resting and 
;escape) influence to sorne degree their relative responsive-
1 ness: Peary caribou being associated more with uplands and 
,muskoxen with lowlands. 
. !he initial responses of ungulates to harassing stimuli 
,are basl,cally similar to the response to a predator. Energetic 
constramts probably require most animaIs to minimize the 
nsk (of predation) and at the same time minimize the energy 

expended to avoid predation when it is not imminent. For 
example, caribou primarily rely on their speed to avoid pre
dation, but rather th an running needlessly as soon as a pre
dator appears, they wait until it is within a threshold 
(flushing) distance. The behavioural responses to a harassing 
agent such as a predator can probably be modified by experi
ence. If the caribou or muskoxen are chased and/or sur
prised by the sudden appearance of a harassing agent to the 
extent of "panic" behaviour, they may associa te the experi
ence with that agent and will probably respond at an extreme 
level on subsequent occasions. We do not know if such 
extreme responses are self-reinforcing. There should be less 
stress with time; as the animais become experienced with the 
harassing agent they may habituate. 

We do not know if sorne of the variation in response 
levels to similar intensities ofharassment that we observed is 
the result ofprevious experience with helicopter overflights. 
Other factors such as the stability of social order within the 
herd (especially in muskoxen), recent exposure to other 
stressful situations (such as a predator attack) and individual 
variation in behaviour are possible modifiers of the response 
levels. There were distinct differences among the herds of 
muskoxen that we had observed on several occasions to the 
extent that we could label them as (relatively) calm or excita
ble. Although we believe that we observed a waning of 
response levels within sets of passes (simulated slinging) this 
apparent habituation did not hold between different sets of 
passes. Unfortunately, we do not know the situations that will 
develop and maintain habituation. Thomson (1972), Esp
mark (1972) and Calef et al. (1976) have ail suggested the 
possibility of habituation of caribou to aircraft but on even 
less tangible evidence than we have presented. 

Muskoxen respond to a predator by assuming a group 
defense formation, but this behaviour considerably increases 
their vulnerability to human disturbance. In the past, defense 
behaviour led to near extinction over most of their range 
(Hone 1934) because of the ease with which hunters cou Id 
kill animaIs in a group defense formation. The grouping and 
remaining in place tends to attract the attention and curiosity 
ofhumans partly because the muskox is a unique and intrin
sicaHy interesting mammal, but also, because of the mistaken 
impression that if the muskoxen are not running away, they 
are not afraid. 

The attraction for photographers or curious people is 
obvious and is perhaps reflected in the fact that almost every 
published photograph of muskoxen is of a defense forma
tion. This practice is not without potential hazard to the pho
tographer: we were impressed by the speed and agility with 
which individual muskoxen briefly charged out of a defense 
formation at a wolf and the precision with which the closely 
packed herd then charged and routed the wolf after ifs abor
tive attack (Miller and Cunn 1977c). 

Use of ground observers considerably expanded our 
collection of data: as weil as data on individ ual cow-calf pairs 
and group behavioural patterns before and after harassment, 
we were also able to record durations of responses and es ti
mate distances covered by the animais. We often had difficul
ties in keeping the animais in view without inadvertently 
alarming them, especially in rolling terrain. ft was likely that 
the animais were more often aware of our presence than 
their recorded behaviour suggested. 

The estÎmates that we made of the distances that ani
mais travelled during their locomotory responses to harass
ment are a measure of the intensity of their response. Our 
estimates of the distances moved by Peary caribou during 
overhead passes suggest they rarely travelled more than 400 m. 
Bergerud (1963) and Calef and Lortie (1973) suggested 79 
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that caribou usually moved less than 500 m ~hen overflown 
by an aircraft. The distances that muskoxen moved after tak
ing up a group defense formation varied, but were usually 
less than 200 m: only one group (in 1976) galloped between 
200-400 m during passes. Although we do not understand 
the mechanism of group defense formation (e.g. initiation, 
focal point, etc.) we believe that the distances between group 
members (or a solitary bull from a physical feature) partially 
determined the gait used to take up the defense 
formation. 

Our inability to recognize and maintain contact with 
individual groups prevented us from estimating straight
line distances travelled by caribou betw~en harassments. 
We were able to record straight-line distances between 
locations of muskox groups (Miller and Gunn 1977a: 
Table 14). Those data are limited as we know little about 
the daily rates of travel of undisturbed animais. We 
believe, however, that during the three months in 1977 we 
observed the Back Bay and Allen Lake herds, we did not 
cause them to leave their normal ranges in that area of 
northeastern Prince of Wales. Our impression is that 
muskoxen are mainly sedentary in summer with a relatively 
fixed size of range within which they move according to 
phenology of the vegetation, drainage conditions and 
possibly the size of the herd. The consensus from the 
literature is also that muskoxen are relatively sedentary 
(Hone 1934, Tener 1965, Gray 1973, Wilkinson and Shank 
1974). Gauthier (1975) watched apparently undisturbed 
muskox groups on central Bathurst Island and described 
mean rates of travel of 1.29 km/h (0.0-3.1 km/hl during 
periods of 90% snow coyer, and 0.29 km/h (0.0-0.52 
km/hl during snow-free periods. Wilkinson and Shank 
(1974: 122-136) describe detailed movements of sorne 
muskox herds on Banks Island. Their results show that . 
although muskoxen remained feeding in relatively small 
areas for days at a time, they would also move several 
kilometres to new foraging areas. AlI the movements that 
we observed are within the ranges of daily movements 
described by Wilkinson and Shank (1974) and Gauthier 
(1975). We do not know the degree. of influence of terrain, 
snow coyer, phenology of vegetation, weather and 
reproductive cycle phase on moyements. Our observations 
of the durations of responses, distances travelled, apparent 
affinity for normal ranges and absence of unusual or 
unexpected behaviour patterns suggested that our 
helicopter harassment overflights did not have a 
detrimental effect on the animais harassed. We must stress; 
however, that we do not know (a) the energy cost of the 
responses and what that means to the animal and 
population over an extended period of time; and (b) 
whether there were any undetected behavioural or 
physiological changes that would become significant over a 
period of time - for example, change in reproductive 
potential is a likely sensitive indicator of the well-being of 
a population. 

Comparisons of our results with those of Klein 
(1973), McCourt and Horstman (1974), McCourt et al. 
(1974). Surrendi and DeBock (1976) and Calef et al. (1976) 
during aerial counts of the Porcupine caribou herd in Alaska 
and Yukon Territory are restricted for four reasons: (a) it is 
not clear from those other reports exactly how and when 
their flights were flown; (b) we used a helicopter but the 
otherreports refer mainlyto fixed-wing aircraft with sorne 
helicopter use; (c) we used different response categories; and 
(d) our study was in a different area with distinct vegetation 
and terrain and a different subspecies of caribou 
(Rangifer larandus pearyi rather than Rangifer tarandus granli). 

In general, the reported results emphasized altitude 
as an important determinant of response levels, but group 
size, sex and age class, season, terrain, previous activity 
and aircraft type were ail considered as contributing to the 
response levels. There were sorne differences in the 
recommended operational ceilings for aircraft to minimize 
disturbance to caribou. Calef et al. (1976: 210) suggested 
that aircraft operating at above 150 m during spring or fall 
migration would avoid "most potentially injurious 
reactions by caribou", but during calving period, the rut 
and early win ter, a minimum altitude of 305 m would be 
required. McCourt et al. (1974) suggested 305 m as a 
"minimum altitude tolerance level." Although we realize 
that both caribou and muskoxen have adapted to human 
presence (and disturbance) in certain situations, we do not 
understand the processes that lead up to habituation. This 
knowledge is critical to fostering the compatability of the 
well-being of caribou and muskox populations with 
northern development. It is no t, however, only the animaIs 
that will have to adapt: industry and government will also 
have to adapt their operation schedules and policies to 
provide opportunities for the animais to accept the 
changes in their environments. In particular, we stress that 
low-Ievel flights overhead, circling or following the animais 
and landings close-by animais with on-foot approaches are 
extremely detrimental to animaIs not only in the short-term, 
but also in reducing the likelihood of habituation. Based 
on our findings and the belief that there is a need for a 
judicious approach to the conservation of wildlife and 
habitats, especially in the light of our limited knowledge 
of the true consequences of petroleum development on the 
arctic ecosystem, we recommend that aIl possible aircraft 
flights be kept above 300 m agI at ail times and above 
600 m agi during calving and post-calving periods _ , 
(May-August) and rutting periods (August-November). 1 

The setting of minimal height regulations for aircraft 1 

is not an imposition for much of the aircraft traffic that would ! 

be associated with pipeline construction, as flying at those 
altitudes or higher makes navigation by landmarks relatively 
easy and most pilots also pre fer the added safety margin 
afforded by the higher altitudes in the event of mechanical 
problems. Another justification for setting minimal altitudes ' 
on the high side is the abrupt nature of much of the terrain of : 
the Arctic Islands with its vertical rises and drops of several 
hundred metres. Pilots seldom compensate for the ground 
elevationai changes unless the elevation puts them danger
ously low to the ground. 

Sorne flights such as inspection flights will have to be 
flown considerably lower than the recommended 300-600 m 
agI. Thus, if approval for pipeline construction is given, air
craft activities will cause sorne degree ofharassment du ring 
such low altitude flights. Perhaps, under those conditions, 
the best we can plan for is that the pilots are made aware of 
the impact of their,activities on the wildlife. 

We must have the pilot's cooperation (willingly, if 
possible) to minimize any unnecessary flying in the vicinities 
of wildlife for the purposes of photography, or a "better 
look" at. or an impulse to run the animais encountered. The 
likelihood of enforcing such height restrictions for aircraft is 
questionable at best and th en only if development compar:ies 
choose to comply with the rules. Also, weather conditions III 
the Arctic often force single engine aircraft below 200 m agi 
to maintain visual contact with the ground, the need for and 
the wisdom of which cannot be argued against by anyone 
who has flown under such conditions - especially if they have 
ever "Iost an engine"! 

The federal, provincial and territorial agencies 
charged with the responsibility for conservation of wildlife 
and their habitats must vigorously press for the constraints 
necessary to protect their charges in a time of hast y develop
ment ofunrenewable resources. The "corporate citizen" 
may preach moral sensibility with sorne degree of sincerity, 
but such principles are not revered by subcontractors faced 
with deadline penalities, narrow profit margins and a tran
sient labour force that often shows a conqueror's indiffer-

1 ence to the land that they are manipulating and the native 
species of that land. 

Conclusions 

A comparison of our analyses of independence and regre~r 
sions ofindividual response samples from Peary caribou and 
muskoxen indicate the following .. 

(1) The responses of Peary caribou and muskoxen 
exhibit an inverse relationship with the altitude of the 
helicopter harassment overflights: proportionately fewer 
animais respond at the extreme level with each ascending 
altitude class. 

(2) Peary caribou and muskox cows and calves are 
usually more responsive than other sex/age classes. 

(3) The apparent responsiveness of Peary caribou 
yearlings andjuveniles is usually a reflection of their investi-
gative nature. . 

(4) Peary caribou bulls are the least responsive sex/ 
age c1ass. 

(5) Muskox bulls are least responsive in mixed sèx .. 
groups of muskoxen. . 

(6) Peary caribou in larger groups (> 20 animaIs) tend 
to be more responsive than individuals in smaller groups, 
especially if calves are present. 

(7) Solitarymuskox bulls or bulls in single sex 
groups tend to be more respohsive than individuals in mixed 
sex groups. . 

(8) The responses of muskoxeh in mixed sex groups 
appear more as a function of the makeups of individuals 
within the group than size of the group. 

(9) Peary caribou cow-calf pairs are the most respori- . 
sive caribou group type. 

(10) Single sex groups of muskox bulls are the most 
responsive muskox group type . 

(1 1) Peary caribou are more responsive when calves 
are present. 

(12) The levels of responsiveness of muskoxen in 
mixed sex groups show no direct relationship between the 
number of calves present. 

(13) Both Peary caribou and muskoxen may respond 
more (by greater dis placements from activity centres) topeo
pie than to a helicopter only, based on our observations dur
ing ground party activities (simulated amateur photography 
and work parties). 

(14) We need to determine when and where Peary 
caribou and muskoxen calve. Caribou calving is highly syn
chronized within a population and most ca Ives are bom 
within a few days of each other. This synchrony implies that if 
the location and timing of caJving were known, it would not 
be difficult to adapt construction schedules to avoid disturb
ance to such vulnerable areas. Muskox calving is a more pro
longed event and the probable existence of calving areas is 
unknown, but it is likely that a suitable schedule could be 
worked out, if the proper research was do né . 81 
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(15) The presence ofhumans and their installations, 
such as work camps and pump stations along pipelines has 
several implications for the future weIl being of caribou and 
muskoxen. 

a) It interrupts and/or disrupts restocking of islands 
or portions ofislands that have undergone severe losses of 
caribou and muskoxen due to environmental stresses (usu
ally caused by snow and ice conditions that reduce forage 

. availability). 
b) It interrupts and for disrupts intra- and inter-Îsland 

migrations of caribou to traditional seasonal ranges, tradi
tional calving, post-calving and rutting areas. 

c) Il interrupts and/or disrupts daily feeding activities. 
â) Il reduces the genetic plasticity and long-term sur

vivability of the population by restricting free movements 
and thus gene flow. 

Current concepts of the roi es ofleadership and social
ization in disseminating experience within a population 
strongly suggest that the unfavourable contact of even a few 
dominant caribou or muskoxen of a population with a man
made obstruction could affect the subsequent movements of 
many caribou and muskoxen. We have only fragmentary 
observations of Peary caribou and muskox responses to 
human installationswhich are not suffieient to permit us to 
review proposais from the private sector or evaluate Eriviron
mental Impact Statements. The only information to date that 
relates to responses of caribou to human activity and installa
tions is.cursoryand fragmentary and needs to be consider
ably expanded if we are io be in a position to protectand 
wisely use Canada's wildlife resources.· 

(16) Our observations suggest that sorne percentages 
of any helicopter overflights at < 400 m agi and greater per
centages al < 200 m agi will cause harassment to both Peary 
caribou and muskoxen. The short-term costs to individuals 
and the long-term impact on populations are not known. 
Therefore, the matter must be treated with concern if we are 
to mainlain harvestable ungulate populations for the native 
peoples of Arctic Canada. 

Implications andrecommendations 

1. Pipeline construction and operation 

1.1. Aircraft harassment 
The route of the proposed Polar Gas pipeline crosses 

sensitive and critical areas of the ranges of Peary caribou and 
muskoxen induding calving grounds, post-calving areas and 
rutting areas. In view of the greatly increased air traffic that 
will be necessary over those areas during construction and 
maintenance activities, as described by the proponent, we 
make the following recommendations. 

(1) Minimal flying heights of aIl aircraft types be set at 
no lower than 300 m agi from December through April. 

(2) Both Peary caribou and muskoxen be afforded 
extra protection during calving and post-calving periods 
(May-August) by increasing the minimal flying height 
to 600 m agi to reduce the possibility of man-induced 
mortality toyoung of the year. 

(3) The 600 m agi minimal flying height be extended 
From August through November to prevent additional stress 
to adult breeding animais during their rutting periods and 
young animaIs who are building up their body reserves 
essential for their survival through the winter. 

(4) Information be availa ble to pilots and other air 
crew members to explain the need for the recommended 1 

flight altitudes. In particular, the potential consequences to 
the animais of pilots satisfying their own curiosity, or that of 
their passengers to "take a look" at the animais should be 
emphasized. 

(5) Although the need for low level inspection flights 
of the pipeline has been stated by Polar Gas, they should be 
restricted to the pipeline corridor. 

1.2. Ground activity harassment 
The locations of staging areas, construction camps 

and the pipeline corridor itself will be scenes of ground activ
ities by work crews and land vehicles. Those activities have 
potential to harass Peary caribou and muskoxen particularly 
in critical calving, post-calving and rutting areas. Therefore, 
we recommend the following. 

(1) Ground crews and vehieles should not approach 
animais to within 1000 m. The investigative behaviour of 
young caribou should not be regarded as evidel1ce that the 
animais will not be subsequently stressed as the result of the 
encounter with ground crews and vehieles. 

(2) Camp dogs should not be used to chase orherd 
animais or hold muskoxen at bay for any purpose. 

(3) During and after construction, materials of any 
kind should not be left where they could be a hazard to Peary 
caribou or muskoxen. 

2. General 

Peary caribou and muskox behaviour have been the 
subject of relatively few studies, therefore, apart From our 
harassment data we were able to obtain valuable data on 
both species. We obtained data on bedding and foraging 
patterns and specific behaviours including nursing, care 
soliciting, play and agressive behaviour. We also obtained 

1 extensive evidence of Peary caribou crossing on the sea ice 
between Somerset, Prince of Wales and Russell islands. 

3. Persona} views andjudgements 

The successful reproduction and rearing of young is 
sporadic at best for Peary caribou and muskoxen on the Arc
tic Islands (Tener 1965, Gray 1973, Miller et al. 1977a). In 
addition, the physical condition of many Peary caribou and 
muskoxen over 1 year of age is poor and mortality can be 
high during sorne years, especially during periods ofunfav
ourable snow and ice conditions (Parker el al. 1975, Thomas 
etai. 1976, 1977; Miller el al. 1977a). 

Our observations from Prince ofWales during this 
1 study and <?bservations From the western Queen Elizabeth 
1 Islands (MIller et al. 1977 a) suggest that even in years when 
1 reproduction is high, survival of Peary caribou and musk-

oxen during the first year oflife is sometimes low. It is 
unlikely that an nuai Increments to the population of lOto 

1 20% are maintained over the long term: this is indeed true 
for the last decade. Therefore, w~ suggest that helicopter 

\. hara.ssmen.t has the potential for causing additional stress 
lead.l~g to mcreased mortality under certain conditions. Any 
addltlOnal mortality cou Id hinder or prevent Peary caribou 
and muskoxen from maintaining their numbers from year to 
year. T~e probability of su ch mortality requires that sorne 
Constramts be employed to guardagainst mortality From air
craf~ harassment. The possibility of addition al mortality is 
part~c:ularly important because numbers of Peary caribou on 
tradnlOnal huming areas are now so low that the Inuit are 
tuming lo the harvest of muskoxen. 

N eed for further study 

1. Harassment 

The gaps in our knowledge of the effects ofharass
ment o~ Peary caribou and muskoxen fall into two temporal 
categones: short and long term. In this section we are not 
restricting ourselves to helicopter harassment, but ail types 
of man-induced harassment connected with the construction 
and maintenance of a gas pipeline in the High Arctic. 

We do not know the cost of the response to harass
ment in terms ofan individual's energy budget. We do not 
know whether animais that did not overtly respond were in 
fact responding at a physiologicallevel and we do not know 
the cost. Our budget limited our work to June through 
August. the period when Arctic operations were most eco
nomical and most easily carried out. Therefore, we do not 
know how Peary caribou and muskoxen would respond to 
harassment from September to June. The late winter period 
(March to May) is wh en animais lack, or have their lowest, 
energy reserves and the effects ofharassment may be the 
most severe at that time. 

We do not know the long-term effects ofharassment 
on individuals. Although the energy costs of responses to 
harassment may appear low, any extra drain of energy over a 
relatively long period could seriously deplete the reserves 
essential for successful reproduction and survival. At best, 
we have only a limited understanding of the role of adversive 
conditioning or habituation in determining changes in 
response levels over prolonged exposure to harassing 
stimuli. 

Sufficient accumulation of affected individuals will 
lead to impacts at the level of the population over the long 
term. Although we know that high reproductive success over 
the long term for both species is, at best, sporadic, we do not 
have a good measure of an additional slight loss of reproduc
tive effort and/or a slight increase in mortality. But we can 
judge with confidence that such changes would be detrimen
tal and most likely adversely influence sustainment of the 
population. We do not understand the degree of affinity to 
traditional ranges and migratory routes by the animais, nor 
the levels ofharassment that might force the animais to aban
don ranges and/or routes or the total consequences of such 
abandonments. We can, however, predict that it is probable 
that almost any Interference with the distributions of the ani
mais by Foreign activities that drive them from their prefer
red ranges or cut-off migratory routes will have a marked 
effect on the segment of the population concerned. It will be 
oflittle or no benefit to Peary caribou and muskox popula
tions to enact regulations that will partially protect individu
ais from harassment, if development activities interfere with 
their movements and turn them from their preferred ranges. 83 
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Although many of the questions on the effects of har
assment could be answered by monitoring heart rate and 
body temperature bytelemetry, to measure the cost ofhar
assment we would still require baseline studies of the phy
siology ofboth species to be able to fully interpret the data. 
Studies ofmarked animais over several years would be 
required to detect changes in migratory routes and preferred 
areas in association with aerial surveys to monitor the repro
ductive trends in the populations. The collection of animais 
in association with the traditional hunting by Inuit would 
provide information on the well-being of the animal popula
tions but climatological studies, especially snow studies, 
would be necessary to interpret the data: 

2. Crltical areas and Iikely areas of intensive 
interaction 

Although any time human activities contact animais 
there is apotential for harassment, there are areas where the 
potential is enhanced by an increase in the sensitivily of the 
animais. 

2.1. Winter ranges 
Particularly towards lale winter (February-May) the 

declining energy reserves ofbolh Peary caribou and musk
oxen an'd the extreme cold increased their vulnerability to 
harassment. Other AIPP projects have, however, located and 
described win ter ranges for both species. As the coverage of 
the isl,ands was not complete, it is possible some sensitive 
winter ranges have not been mapped. 

2.2. Calving and ruuing areas , 
It is a critical gap in our knowledge that we have 

located no proven calving grounds for Peary caribou. For 
example, the Inuit ofResolute Bay, Cornwallis Island, have 
suggested that Aston Bayon Somerset Island may be an 
important calving area. As Aston Bay is a proposed staging 
area for pipeline construction, the possibility of interference 
of construction at one of the most sensitive phases of caribou 
life-cycle should be further investigated. Eastern Melville 
Island may also be an area of calving but the exact location is 
unknown. We know even less about the potentiallocation of 
ruuing areas, except there is potentlal for interference at 
another critical period in the life-cycle of caribou. Muskoxen 
calve and rut in discrete herds and their use of such tradi
tional areas is unknown. Their use of preferred areas during 
different phases oftheir annuallife-cycle needs more study. 

2.3. Migratory routes 
The activities associated with the pipeline and the 

, pipeline itselfhave potential to interfere with or prevent the 
free movements of animais. Our ability to predict potential 
problem areas is reduced by our lack ofknowledge and we 
are limited to generalizations. We believe the west-to-east, 
early summer movement of Peary caribou on eastern Melville 
(some individuals crossing from Prince Patrick Island, Miller 
et al. 1977b), the south-to-north movement to summer 
ranges on northern Bathurst and east-to-west movements 
across Somerset (some individuals crossing Peel Sound to 
Prince ofWales Island, Miller and Gunn 1978a) are aIl 
movements thatî;hould be further investigated. In addition, 
local movements ofboth species in the area of pipeline activi
ties are vulnerable to interference, the importance of which 
will vary with the phase of the annuallife-cydes and relative 
availability offorage for each species. 

Summary 

Our objectives were t.o determine the response of Peary cari- (7) Muskox bulls as solitaries or in single sex groups 
bou and muskoxen to helicopter-induced harassment. We tended to be more responsive than individuals in mixed sex 
simulated Iikely activities ofhelicoptèrs involved in inspec- groups. Muskox bulls in mixed sex groups tended, however, 
tion ftights, cargo slinging and deployment of work parties to be least responsive. 
and personnel involved in amateur photography. We ftew (8) Peary caribou were more responsive if calves were 
about 289 h in a Bell-206B helicopter inJuly-August, 1976, present and cow-calfpairs were the most responsive group 
and J une-August, 1977, over northeastern Prince of Wales type. Peary caribou were also more responsive in larger 
Island and Russell Island, NWT. In 1976, we used a three- , groups. 
man team for mainly airborne observations during ftights 1 (9) The responsiveness ofmuskoxen in mixed sex 
mostly < 200 m agI. In 1977, we used four, two-man teams as, groups appeared to be more a function of the make-ups of 
ground observers during mainly high level ftights individuals within the group rather than group size or the 
(> 200 m agi). \ number of calves present. 

We took the maximum response of one individual \ (10) In 1977, we made 116 and 69landings within 
during one ftight and categorized it as at the extreme level if 1 201-1000 m of Peary caribou and muskoxen, respectively, 
the animal galloped or trotted (caribou) or galloped, can- j and the inverse relationship between distance from the har-
tered or moved together to take up a group defense forma- assing agent and extreme responses by animais pertained. 
tion (muskoxen). If the animaIs walked or became alerted, 1 (lI) Ground activities by people after the landings 
but stayed in place, we categorized the response as al the 'seemingly influenced the subsequent responses more than 
moderate levei. If the animais did not aparently respond but did the presence of the helicopter. 
remained foraging or bedded, we recorded the response as From our findings we have made the recommenda-
at .the maintenance level. We analyzed the IRS in relation to tion of an altitude ceiling for ail aircraft types of300 m agi 

' measured variables by observed/expected indices from Chi- from November to April and 600 m agi from May to October, 
square tests ofindependence and three stepwise multiple which is the period of calving, post-calving and ruuing-
regressions for each species. Our results were as follows. three critical periods in the annuallife cycle ofboth species. 

(1) Of the 3939 IRS obtained for Peary caribou dur- We also recommend that aircraft land no less than 1000 m 
jng 671 pass-type harassment overflights, 35.1 % were away from animais and much further if possible and that the 
extreme level responses, 28.9% were moderale level low level inspection ftights be restricted to the pipeline corri-
responses and 36.0% were maintenance activities. dor. We have recognized the importance of the cooperation 

(2) Of the 40 II IRS obtained for muskoxen during of the pilots and have recommended the need for regulations 
315 pass-type harassment overflights, 28.6% were extreme and the reasoning behind them to be fully explained to pilots 
level response, 15.0% were moderate level responses and and others concerned with pipeline construction and ' 
56.4% were maintenance level activities. maintenance. 

(3) Both Peary caribou and muskoxen showed a Not only pipeline construction but any major explora-
decline in response levels within a set of passes (simulated tory or development activity in the Arctic greatly relies on 
cargo slinging) which may be a form of habituation but such aircraft support. The effect of the increased aircraft traffic on 
declines did not persist between different sets of passes flownl the Arctic wildlife has been a matter of growing public con-
days apart. , 1 cern. The impact of the increased aircraft traffic has had to be 

(4) The most extreme and intense level ofresponse ,predicted from a variety of fields and disciplines in the 
would have been galloping and/or tight defense formation 1 absence ofbaseline information and appropriate techniques. 
during approach and departure ofhelicopter. We only 1 The predicted impacts include increased energy expenditure 
observed this strength and intensity ofresponse in 0.3% of leading to lowered reproductive success, increased mortality 
the Peary caribou and in none of the muskox responses. and eventual population dec!ine, range desertion and acute , 

(5) Peary caribou and muskox response exhibited an a~d/or chronic pathological conditions su ch as overstraining 
inverse relationship with the altitude orthe helicopter over- dlsease and pulmonary emphysemia. 
flight: the higher the helicopter the smaller the proportion of Our studies do not provide any information on 
animais which responded at the extreme level. ~nergy expenditures or long-term effects, but only on the 

(6) Peary caribou cows and calves were the most and Immediate behavioural resj>onses to helicopter harassment. 
bu Ils the least responsÎ\:e of the sex/age classes. The appar- Il appears that the levels ofharassing stimuli used in this 
ent responsiveness of caribou juveniies and yearlings was study did not iri.duce any acute pathQlogical conditions, 
usually a reflection oftheir investigative'behaviour. calf desertion or group splintering. Our study, the first 

designed specifically to measure behavioural response to 
helicopter harassment, has to be regarded as only the 
beginning of the research necessary to gain an adequate 
understanding of the subject. This condition is especially 
true if the Government of Canada is to honour ils 
obligations to maintain the tradition al rights of native 
peoples and to wisely manage renewable resources for an 
Canadians in a manner that will minimize the impact of 
northern development. In relation to the pipeline project 
and other forthcoming projects we urgently require 
baseline information on the location of traditional areas 
critical for the survival ofboth species (including calving, 
post-calving and ruuing areas) and the patterns of 
movements between those critical areas. We will require 
physiological studies ofharassment and long-term studies to 
examine the adequacy of our recommendations. 
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