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ABSTRACT

The exploration for minerals on the tundra ranges of
mgratory barren-ground caribou (Rangifer tarandusS groenlandicus)
rai sed concerns about the potential effects of these activities on
the well-being of caribou, especially on cows and calves. As a
result, the Departnent of Indian Affairs and Northern Devel opment
i npl enented the Caribou Protection Measures which limt |and-use
activities just before and during the calving and post-cal ving
periods of the Beverly and Kam nuriak herds (15 May - 31 July).
As an initial step to evaluating the Caribou Protection Measures
and to devel op appropriate nethodol ogy for nmeasuring sone
behavi oral responses to man's activities, we field-tested a
sanmpling design for recording undisturbed behaviour of cowcalf
pairs on the Beverly <calving ground in 1981 and 1982.
Additionally, we recorded the responses of cowcalf pairs to 16
helicopter landings. W landed 950 + 650 m SD from the caribou
and shut down the helicopter for about 20 mn before flying away.
(bservations of the sane caribou after the helicopter |andings
i ndi cated greater proportions of cows and calves were wal ki ng,
trotting or galloping during post-disturbance than pre-
di sturbance.  The frequency and duration of nursing was slightly
l ess during the landing than before and after, but sanple sizes
were small as seven groups were totally and six groups were
partially out of sight during the landing. W cannot evaluate the
consequences of displacing all or some of the caribou during 13 of
the 16 |andings. Any neasurenment of the short-term consequences
to the popul ation exposed to human activities is beyond the
obj ectives and scope of this study.
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[ ntroducti on

Traditional calving grounds of mgratory barren-ground caribou

(—Rangifer tarandus groenlandicus) are of paranount inportance to
each herd as every year, the parturient cows return to their
traditional calving grounds to give birth. There, during the
first days of the newborn calf's life, the cow and calf forma
strong attachment to each other that is critical to the surviva
of the calf (Gunn 1983). Cal ving and post-calving are also the
times when lactating cows face their highest energy output and
nutrient intake demands, and when critical early growth of calves
occurs, which will subsequently influence their chances of
survival . Responses to human activities that could reduce
foraging and disrupt the continuing formation and strengthening of
the nother-young bond during the sensitive calving and
Post-calving periods are potentially detrinental to calf surviva
and to the long-term well-being of the caribou popul ation. The
definition of "disturbance" is a contentious and conpl ex issue.
In this report we are defining disturbance as the introduction’ of
man-induced, novel stinuli in the animal’s environnment. Furt her
discussion and justification of use of the term “disturbance” are
described el sewhere (Gunn 1983).

Concerns have been raised about the consequences of human
activities on cows and calves on their traditional calving
grounds. In 1978, the Federal Departnent of Indian Affairs and
Nort hern Devel opnent (DIAND), with the advice fromthe N.W.T.

Wldlife Service, developed and inplenented the "Caribou



protection Measures" that were designed to restrict |and-use
operations in the areas used during calving and post-calving by
the cows of the Beverly and Kam nuriak herds (Cenent 1983).
DI AND al so recogni zed the need for research into the potenti al
effects of human activities on caribou and, in 1980, funded the
N.W.T. Widlife Service to "conduct diSturbance studies”.

In 1980, during the first phase of the research, Fleck and
@Qunn (1982) described the environnental characteristics of the
calving grounds used by mgratory barren-ground caribou of the
Beverly, Bathurst and Kam nuriak herds. Their results suggested
that there were no unique characteristics that clearly identified
each calving ground, except the traditional use by the caribou
COWs.

The second phase of the research was to docunent how the
caribou use the calving grounds and to begin to describe how
caribou mght respond to human activities on the cal ving ground.
I n 1981, we devel oped a sanpling technique for quantitatively
descri bing behaviors and range use patterns of cowcalf pairs
under “natural” or undisturbed conditions (Jingfors et al. 1982).
By developing a sampling technique based on relatively unbiased
descriptions of undisturbed behaviour and that is repeatable under
experimental conditions, we would be able to recognize changes in

behavi our and some of the short-term effects of human activities.

This recognition and description of behavioral responses to human

activities has applications el sewhere in studies of the effects of

man's activities on caribou, as well as a beginning for an

eval uation of the Caribou Protection Measures.



In the third year of our study of caribou on the Beverly
cal ving grounds, we continued the baseline approach initiated in
1982 (Jingfors et al. 1982). W expanded our objectives to
i nclude an experinental approach to describing the behaviora
changes after exposure to a controlled disturbance.

Practical and |ogistical considerations |led us to use a
hel i copter |anding as our experinental disturbance. W required a
mobi | e source of disturbance so we could move to caribou that were
al ready under observation. The unpredictability of the day to day
movenents of caribou and our requirement to conpare behaviour
before and after a controlled disturbance prevented us from
describing the responses of caribou to a dianond drill or other
such stationary structure. A helicopter is alnost invariably
associated with exploration and devel opment activities and thus

descriptions of caribou responses to a helicopter are both

rel evant and applicabl e el sewhere.



STUDY AREA

Qur study area was a segnent of the northern portion of the
Beverly Caribou Protection Area (Fig. 1). Based on 11 years of
data between 1957 and 1980, Fleck and Gunn (1982) showed
consi derabl e overlap between successive years in the use of this
area for calving by Beverly cows. In conparison, use of the
southern portion (south of the Thelon River) has been less regular
and occurred primarily in years when the spring mgration of
pregnant cows was del ayed by deep snow (Fleck and Gunn 1982). We
used Fleck and Gunn's (1982:2) definition, where a “calving
ground” is an area where parturient cows concentrate during
calving in any one year, and “calving grounds” are all areas where
parturient cows of a herd have been known to concentrate. Thus

the 1981 calving ground was |ocated on the northern portion of the
Beverly cal ving grounds.

The northern portion of the Beverly calving grounds lies on
sedi mentary deposits within the Canadian Shield. The flat-lying
sandstones forma snooth surface that is overlain by various
gl aci al landforms, such as eskers and drunlins. Drainage patterns
are poorly developed in the rolling topography resulting in
numer ous | akes. Snow nelt on the northern calving grounds is
characteristically late and often over 70% of the area is still
covered with snow at the initiation of calving in early June
(Fleck and Gunn 1982).

On the northern portion of the calving grounds shrubs taller
than 30 cm are absent. Lichen conmunities domnate the xeric and

nmesic ridge areas where prostrate shrubs, such as Yaccinium
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Viti s-idaea and _Ledum decumbens, are also found. Mosses and

various gramnoids (primarily Carex spp.) domnate the nore hydric
| owl ands.

The parturient cows usually arrive on the Beverly cal ving
grounds at the end of My (Darby 1978, 1980, Cooper 198’ 1).  Mst
cows give birth during a 5-7 day period; calving ofter extends
fromabout 31 May to 15 June, with a peak between 4-10 June (Fleck
and Gunn 1982). |n 1980; Gunn and Decker (1982) estimated that
about 47,000 caribou (1-yr and ol der) were within an area of 5,300
knd. The post-calving aggregations wusually |eave the calving
grounds during July (Darby 1978, 1980, Cooper 1981, Clement 1982).

Cari bou cows had reached the cal ving ground by 19 May
(A ement 1983) and by 3 June when we started flying and ground
observations, calving had already started. The stabilization of
our counts of calf:cow ratios suggested that calving peaked in the
centre of the calving ground (high density stratum Stephenson et
al. 1983) between 9-10 June, and on the eastern calving ground
(nmedium density stratum) between 11-12 June. W terned the period
3-13 June as calving, and the period after the peak of calving as
post-calving (14-29 June). Sone calves were born during the early
part of what we defined as post-calving but as the calf:cow ratio
was 85:100 on 13 June, the nunber of calves born after 13 June

woul d have been relatively few. The | ast date we observed a
newborn calf was 23 June.

The cows remmined isolated or scattered in small groups unti

15 June when groups of hundreds were starting to formand by 18

June, several aggregations of at least a thousand cows and calves



were observed in the central calving ground. Large aggregations

of caribou were noving west and southwest stream ng along the
north end of Sand Lake (Fig. 1) by 23 June. Caribou cows and
calves were still on the islands of eastern Deep Rose Lzke on 29
June but nost all other cows and calves had left the cal ving
ground and were west of Sand Lake. On 12 July, the caribou
moni tor observed no caribou in the Sand Lake and Upper Garry Lake

areas (C enent 1983).



METHODS

St udv_Design

We applied the same research design and field observation
techni ques as were devel oped and used in 1981 for collection of
data on activity budgets and frequency of behavioral events
(Jingfors et al. 1982). In both years we used two-person
stationary observer teams. As in 1981, we focused on describing
behavi oral parameters of cowcalf pairs which could be easily and
uniformy recognized with consistency by all observers. W
sel ected distinct behavioral events that nay be influenced by
man-i nduced disturbance and that reflect characteristics of the
cowcalf bond, fear or aggression (eg. nursings, al arm postures
and aggressive acts). W also recorded activity budgets (states)
whi ch reflect energy bal ance and nmay indicate the general
wel | -being of cowcalf pairs. Both activity budgets and

behavi oral events represent potentially neasurable changes in

on-goi ng mai ntenance activities and behavioral responses of
caribou to man-induced disturbance. Those naintenance behaviors
and behavioral responses were described by stationary ground

observers during a controlled experinent that included a

di sturbance situation.
W rigorously defined the different behavioral categories so

that our design was repeatable. Descriptions of behaviour and

range use patterns were quantified during predeterm ned,

systematic sampling periods to avoid subjective interpretations

and to facilitate data analysis. W collected data by a design



that allowed us to use an analysis of variance to describe

between - observer team variations and to provide estimtes of

expected frequencies of behavioral events and activity budgets
during undisturbed and disturbed situations.
W again used area sanpling (having observers at fixed points)

rather than having observers follow ng caribou, to reduce the

possibility of observers causing changes in the behaviour of

cari bou. As we were interested in describing undisturbed

behavi our and potential disturbance behaviour in the absence of

observer team effects, it was inperative that observers remined

I nconspi cuous throughout the sanpling period.

Unfortunately we were not able to use identical observer teans

bet ween years, nor were we able to use exactly the sane

observation areas due to between-year changes in caribou

distribution on the calving grounds. W were, however, able to

ensure that at |east one nmenber of each observer teamin 1982 had

been on an observer teamin our 1981 study, and we used films of

caribou behaviour to illustrate the different behavioral patterns

that we defined. By virtue of this, and the fact that we used a

standardi zed technique, we should have reduced the Potential °or

technical bias in between-year conparisons.

Activity Budgets

W described activity budgets as the proportion of animals
engaged in different naintenance activities or physical states
that are usually behaviors of relatively long duration (states).

V¢ recogni ze and define the follow ng categories:



Bedded

For agi ng

St andi ng

10

a caribou is considered bedded when it is
in aresting or rumnating position either
upright on its brisket or |ying on its
si de. Bedded cari bou could and woul d
exhi bit al ertness (head-high, head-low or
head- t r acki ng alert positions) to

undi scerni bl e or observer-detected stinuli.

.a caribou is considered foraging when it is

feeding while standing in place or wal king
with nmuzzle touching or nearly touching
(head bel ow knees) ground, and show ng no
apparent signs of alertness to changes in
its environment. Foraging includes nursing
(suckling) and feeding-related activities
such as visual or olfactory search for
forage and cratering in snow for forage. A
caribou is not considered foraging if it
assumes the head-high alert position;

however, it is considered foraging if it
assumes a head-1ow or head-tracking alert
position in the absence of observer-
detected stinuli. A caribou is not

considered foraging if it assumes an al arm
stance.

a caribou is considered standing when it

remains stationary with head el evated above

the knees. A standing caribou could also



Wal ki ng -

Trotting -

Gl | opi ng -

11

exhibit alertness (head-high, heat!-low or
head-tracking alert positions) to changes
in its environment. A standing caribou
could and would assume an alarm stance in
the presence of undi scerni ble or
observer-detected disturbing or harassing
stimuli, but it could not performalarm
| oconotor novenents.

a caribou is considered wal king when it is
moving in a relatively slowgait with head
el evated above the knees. The “wal k™ is
t he sl owest and nost usual gait enpl oyed
during feeding activities and unharassed
novements.  The ™walk", usually at a faster

or nore deliberate tenmpo, is also the
sl owest gait during periods of restrained
flight behaviour.

a caribou is considered trotting when it

empl oys a two-tinmed symetrical gait of

medi um speed. Trotting occurs during
peri ods when no discernible alarm stimuli

are present or during periods of apparently
restrained flight behavi our to
observer-detected stinmuli.

a caribou is considered galloping when it

enploys a rapid asymetrical gait during

periods when no discernible alarm stimuli
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are present or during periods of

unr estrai ned flight behaviour t O

observer-detected stinuli.

We used scan sanpling to record activity budgets (Al tmann
1974). At regular intervals., the observers scanned a group of
cari bou and recorded the activity and age/sex cl ass (cow, calf,
yearling, other) of each individual aninal. W al so recorded
various environnental paraneters during each activity scan (see
Field Qoservation Techniques) as well as general conments
concerning observed caribou behaviour in the area, eg., herd
novenents, presence of wolves, trends in the weather, changes in

visibility, and ground cover.

Events

Events, or behavioral reactions, are typically of short
duration that usually cannot be tined “but are recorded sinply as
having occurred. \W recognize and define the foll owing events:

Nur si ng an event |l asting nore than 5 s fromthe
first observed bunting (striking at the
udder) by the calf until the calf
renoves its head from the nursing
position; if bunting is not observed,
especially in the case of newborn
calves, initiation is defined as the

nonent when the calf reaches the



Attempted nursing -

| -1ead bobbing

Al arm st ance -

13

nursing position, W are aware that
some nursing occurs when both ani mals
(or the cow alone) are |lying down;
however, we do not believe that we are
confident enough to attenpt to quantify
observations of this kind. Repeat ed
nursings are recorded as separate
events if nmore than 30 s |apses between
the termnation of the first nursing
and the initiation of the second.

an event lasting less than 5 s fromthe
initiation of the first bunting of the
udder by the calf to the active
rejection of the calf by the cow e.g.
by stepping away or by head sw ngs.

at |east two consecutive |owerings of
the head in the vertical plane with a
straight or slightly curved neck of the
cow directed towards the calf to induce
the calf to follow (Pruitt 1960); once
the calf responds by comng toward the
cow, any further head bobbing is not
tallied, unl ess ot her behavi our
patterns are interposed.

a deliberate placing of one hindleg set

out fromthe body while the caribou

with an el evated head faces the alarm
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stimulus (Pruitt 1960, Lent 1966) or,

additionally, wth head raised up and
down; to avoid confusing an alarm
stance with a caribou trying to change
its footing, the stance has to persist
for a 3-s count, to be recorded as an
event .

Head swi ng - sudden novenment of the head in the
|ateral plane by an antlered or
unant | ered caribou towards anot her
caribou that overtly responds to the
movenment; this is a nodification of the
"antler threat" and "hooking" descri bed
by Lent (1966).

Ki ck - downward strike with the hoof of either
foreleg directed at another caribou.

Rush rapid advance (at a fast walk or trot)
by a caribou with ears back, nuzzle
extended and antlers (if present) laid
back along the neck; this is a nodifi-
cation of the “threat pose” ( Pruitt
1960) .

The head swing, kick and rush are aggressive acts. W used
the all-occurrence sanpling technique (Altmann 1974) to estinate

the rate of occurrence of these behavioral events. This net hod

of sanmpling was wuseful provided observational conditions were

adequate; the behaviors had been carefully defined, so that they
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were easily and consistently recogni zed; and the behaviors did

not occur nore often (or nore rapidly) than the observers coul d
record them (Lehner 19'79).  |Included in the "Remarks" section of
the all-occurrence form (Appendix A) were additional observations

concerning the response of cowcalf pairs or other nearby caribou

to other species of animals, e.g., gulls, arctic fox, wolves, an’

j aegers.

Range Delineation and Use

The sane classifications of range type were used in 1982 as
were derived and used in the 1981 study (Jingfors et al. 1982).
These are in order of overall relative occurrence on the northern
calving grounds: 1) Lichen Uplands, 2) Dwarf Shrub, 3) Meadow and
4) Rock/ Sand Barrens (Appendix B). These range types, if snow
free, could usually be distinguished by observers on the ground.
Prior to the first observation sequence at an observation site,
each observer team woul d agree upon the distribution of range
types over the site area. This factor served to mnimze
I ndi vidual observer bias within observer teans. Al fornal
observations were termnated when visibility becane inpaired due
to weather or when caribou became too distant for an accurate
det erm nation. By having determned the distribution of range
types over the calving ground, patterns of caribou range use could

be evaluated in relation to the proportional occurrence of the

range types. Conparing caribou range use relative to
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proportional occurrence provides a neasure of “preference” or
“selection” (Petrides 1975).

Selection of feeding sites by caribou on the calving grounds
is at a finer level than the community or range type level, and is
influenced by mcroclimte, topography, phenology and ot her

factors. We could not, however, consistently and accurately

identify any finer conponents of the generalized range types from

the distances at which we observed caribou. Ve recorded caribou
use of range types by the scan sanpling technique described
earlier for activity budgets. \We related observed range use by

caribou to the relative occurrence of the range types on the

northern portion of the Beverly cal ving grounds. Rel ative

occurrence was estimated fromthe coverage of range types as

determ ned from aerial photography (Jingfors et al. 1982).

Phenology

Patterns of plant phenology and snow nelt were quantitatively

measured and described in 1981 (Jingfors et al. 1982). Those

measurenments were not carried out in 198, but some subjective

eval uations were nade.

Fi el rvational Techni

W were on the Beverly calving ground from 25 May to 29 June
1982. A base camp was established at Itza Lake (65°02" N, 98°27
W in the southeastern part of the study area (Fig. 1). This was

the same base canp site as was used in the 1981 study (Jingfors et



17

al. 1982). We used a Bell 206B turbo-helicopter to nove the

observer teans between sanpling areas as well as to conduct
studies of herd conposition and calf nortality.

Each of the three two-person observer teams was equipped to
remain at a sanpling area for 4-5 days. W attenpted to sel ect

areas that had clear natural boundaries and that provided good
visibility. Sanpling areas varied in size but were generally kept
to about 1 km2, Di stances between observers and caribou varied
depending on the topography of the sanpling area; during nost
observations the observers were sitting conceal ed on high ground
about 0.8-1.0 km fromthe cari bou.

Each observer team communicated over a SBX-11 two-way radio
with the base canp and the crew in the helicopter. If the caribou
moved out of the sanpling area and no others were in sight, the
helicopter was called in to move the observer teamto a different
location (Fig. 1). Followi ng relocation of observers, behaviora
observations were not Started until at least 60 mn after the

helicopter had left the area. During observations of undisturbed

behavi our the helicopter did not operate in the vicinity of the
sanpling area.

Activity Budgets

We recorded the nunmber of caribou engaged in different
activities at regular 20-min intervals. Scans lasted for a
maxi mumof 5 mn or until all caribou in the scan area had been

covered, which ever cane first. Wil e one observer scanned a
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group of caribou in the sanpling area with the aid of a zoom

spotting scope (15-60x),

the other observer recorded the follow ng

information on data fornms for every scan:

(1) Date.

(2) Cbserver team
(3) Tine

(4) Wnd speed

(5) Wnd direction

(6) Tenperature
(7) Coud cover

(8) Location

(9) Activity

(10) Age/sex class

at beginning of scan.

measure with a Dwer anenoneter
hand-hel d at about 1.5 m above ground.
wind direction is recorded relative to
caribou and observers as: (1) w nd
from caribou to observers, (2) from
observers to caribou, (3) crosswnd
or, (4) calm

measure in the shade.

record as overcast (100% cover) |,
broken (50-99%, scattered (I1-49% or

cl ear.

- each sanpling area receives an unique

I dentification nunber.

record as bedded, foraging, standing,
wal king, trotting or galloping.

record as cow, calf, yearling or
"other". The latter includes juvenile
animals (2-yr-old and older) and

bulls. W make no attenpt to separate

parous cows from barren cows.
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W recorded data on range use on a conbined scan and all-

occurrence sanpling form (Appendix A) for each caribou during the

scan.

We limted the tinme spent on each individual caribou during a
scan to a maxi mumof 5 s which was adequate for the observers to
record activity, age class and range use. To allow scan sanpling

at regular time intervals and to use the time in between scans for

al |l -occurrence sanpling of behavioral events, we limted the

scans to a maxi num of 100 caribou per scan. \Wen nore caribou

were in a sanpling area, we started each scan on the left side of

the area to standardi ze scan sanpling between observer teans and

to reduce biases fromthe distribution of caribou or range types

on a particular sampling area.

Event s

We recorded all occurrences of behavioral events during
continuous 10-min observation periods that were schedul ed at
regul ar 20-min intervals either preceding or imediately follow ng

scan sanpl es. One observer continuously watched a cowcalf pair

through a spotting scope while the second observer recorded the

follow ng information on the conbined scan/all-occurrence form
(1) Date
(2) Qoserver
(3) Time - at beginning of sanpling period;
tinme is also noted when an event
occurs and when an ani mal beds or

di sappears from view.



(4) Nunber

(5) Duration

(6) Goup size

(7) Goup conposition

(8 Wnd direction
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the total nunber of cows and
cal ves under observation during
the 10-m n observation period.

the duration of tinme (rein) cows
and cal ves under observation are
active (non-bedded) and in view,
this represents the time base used
for calculating rates (nunber of
events/unit active tine).

the nunber of caribou within 5
body lengths (approximtely 7.5
m of observed cow or calf
recorded as: (0) O (1) 1-5, (2)
6-10, (3) 11-15, (4) 16-20, or (5)
20+.

- the age and sex category of cari-

bou wwthin 5 body |engths of

observed cow or calf are recorded
in the “Remarks” section. Bot h
group size and conposition are
recorded at the start of an
observation period; if group
characteristics changed during the
10-min period, the tine and nature

of the change were noted.

nmeasure relative to observers and

caribou at the beginning of the



(9) Nursing

( 10)

Nursi ng attenpt

( 11) Head bobbing

(12)

Al arm stance
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10-m n observation pericd as in
the scan sanpling procedure.

when a nursing is observed, the
initiator and termnator are
recorded -- if the observer nsses
the initiator of the nursing, only
the termnator is recorded;

conplete nursings are tinmed and
t he duration not ed under
“Remarks”.  Position of nursing is
recorded as whether the calf is
nursing fromthe cows left or
right side (reverse parallel

position), fromthe rear while
standing between the cow s
hindlegs or fromthe front with
the calf standing underneath the
cow's body. W also record
whet her or not the calf had been
active, e.g., foraging, walKking,

or bedded prior to nursing and
whet her or not maternal |icking
occurred.

record occurrence of event.

record occurrence of event.

record occurrence of event.
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(13) Aggressive acts - record occurrence of head sw ng

kick or rush; if the acts occur
t oget her, t he seguence isS
recor ded. The initiator and
reci pient of the act(s) are noted
as: (1) observed cow, (2) observed
calf, (3) other cow, (4) other
calf, (5) yearling, (6) other, £O
separate between pairs under
observation and ot hers.

We sel ected focal pairs [cowcalf pairs under observation)
that were readily visible to the observers. V¢ al ways started
with an active pair, but made no effort to repeat |ater
observation periods with the same pair. If either pair nenber
bedded or noved out of the field of view of the observers, we
focused on the cow and terminated the calf’s observational tine.
If both pair menbers ‘bedded or noved out of view, we would
continue observations on another pair for the remainder of the
10-min observation period and note the sw tch-over under
"Remarks".

|f several active cowcalf pairs were within the sane field of
view, we attenpted to include themin our observations to increase
sanpl e size and thereby the “active tinme” base used when
calculating the rates of occurrence of the different events. Wen
observing more than one focal pair, we recorded group size and
conposition based on all pairs, e.g. if two cowcalf pairs were

under observation and no other caribou were present within 5 body
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| engths of either pair, group size was recorded as “1” and the
conmposi tion noted under “Remarks”

Scan and al |l -occurrence sampling periods were done at regular
pre-determned tines; each hour we took three, 10-mnute all-
occurrence sanples each of which was followed by a scan of 5-rein
maxi mum and then a 5-rein break. During the break we would
organi ze forns and locate a cowcalf pair for the next
all-occurrence sanple. Provided animals were present, we usually
obtained three sets of data by each nmethod during 1 h of

observation. W made daily observations between 1000 and 1700 h,

weat her permtting.

Range Use

Delineation of four major range types (Lichen Upland, Dwarf
Shrub, Meadow and Rock/ Sand Barrens) on the northern portion of

the Beverly calving grounds was done in 1981. Fromthis work we

were able to determne the relative proportion or availability of
each range type

W recorded range use by caribou during each scan as the
nunber of caribou (irrespective of age/sex class) bedded O
foraging on the different range types (Appendix B). W
characterized ground cover as either snow or bare. \hen caribou

were bedded on snow or cratering through the snow cover, we did

not attenpt to guess the underlying range type but recorded ground

cover as Snow.
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W did not attenpt to record use of individual forage species

by cari bou. The |l ong observation distances (usually 0.3-1.0 km

that we used to mnimze observer effects on caribou behavi our

prevented detailed observations of forage use.

\\eat her Recordi ng

The observer teans recorded daily weather at their observation
sites. Air tenperature was recorded at ground |evel using a
shiel ded max-mn thernoneter. W nd speed was recorded with the

aid of a hand-held Dwyer anemoneter.

D st urbance Experi nent

As part of the 1982 study design, we included an experimenta
di sturbance phase to the methodol ogy. Cari bou behavi our was
described before and after a helicopter |anding using our
standardi zed scan and all-occurrence sanpling. The period in
which the helicopter was first and |last audible to the ground
observers was referred to as the disturbance phase. The periods
before and after this phase were referred to as pre-disturbance
and post -di sturbance, respectively. Post-disturbance observations
were never extended beyond 4 h, usually attributable to the
observed animals having noved out of range or the end of the day's

observation period. Animal s viewed the followi ng day were
consi dered pre-disturbance until the next helicopter appr oach

becane audible. Al landings were arranged and coordinated via

radi o conmunication with the base canp and the helicopter.
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The disturbance phase (Appendix A) had eight phases associ ated

with it:
(1) Approach

(2) Turn

(3) Descent

(4 W nd-down

(5) Shut down and

ground activity

(6) Wnd-up
(7) Take-off

(8) Last audible

tinme when helicopter is first
audi bl e to ground observers until
the tinme when it passes over the
observers. The approach is at
about 300 m above ground | evel
(agl) and cruising speed.

from passing over observers to
turning and passing over caribou.
from begi nning of descent (as told
on radi o) to touchdown.

from landing to shutdown (power
off) .

from energence of crew (bl ades may

still be turning) until people
are back in the helicopter and

power IS on. Thi s phase woul d
| ast for about 20 mn.

from power-on to take-off.

- from |eaving ground unti |

hel i copter has clinbed to about
300 magl (as told on radio).
from 300 magl altitude to when

| ast audi bl e.
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Radi 0 conmuni cation was used to direct the helicopter tc cone in
at approximately 300 m pass over the observers, the observed
caribou, and then to swi ng back for a | anding near the ground
observers. A rectangul ar orange tarp, spread out beside each
observer team served as a locator and directional signal. An
i ndividual left the helicopter during w nd-down and walked around
the helicopter to expose caribou to human activity on the ground.
On take-off, the helicopter flew away fromboth the observers and
t he observed cari bou. Cari bou behaviour during the disturbance
was recorded using a nodified scan form and a nodified
al I -occurrence form (Appendi x A).

For the scan phase, a nore or |ess discrete group of animals
was identified and nonitored. The proportion of the group
involved jn different activities (bedded, foraging, standing,
wal king, trotting, galloping), was nonitored at 2-rein intervals
over the entire disturbance phase. Punctuality was facilitated by
using a 2-rein electronic beeper. An estimate was made of the
di stance between the ground observer and the group's core. The
direction of group novenent was taken in relation to the
hel i copt er. The all-occurrence observations included the sanme
type of observation as was taken during pre- and post-di sturbance
as well as four new variables. These variables recorded whet her
the cow and calf trotted or galloped, the direction they noved
(i.e. toward each other, toward other caribou or obvious foca
points, or toward an unknown), and the duration either animl was
engaged in trotting or galloping. The all-occurrence sanpling was

for the duration of the disturbance phase. Range finders were
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used to estimate distances within 1200 m however, they presented

technical difficulties and were not effective under field
condi tions.

Ice conditions and poor weather delayed the establishnent of
our canp at Itza Lake (Fig. 1) from 20 to 26 May. Poor weat her
prevented the helicopter ferrying from Resolute Bay from 20 My
until 4 June; then it becane weatherbound at Shepherd Bay until 12
June. We were, however, able to arrange for” brief use of a
hel i copter based in Baker Lake and another one at a mning canp.
The three observer teans were flown out to observation sites on 3

June; the last day of observations was 29 June and on 2 and 3

July, we returned to Yellowknife.

In 1981, the observer teanms were usually watching caribou
cowcalf pairs on sites well within the core of the calving
ground in the area of highest density of breeding cows. Thus, the
occurrence of yearlings, juveniles, and non-breeding fenmales was
| ow and sex-age classification of nost caribou under observation
exceeded 90% or often approached 100% cow-calf pairs. In 1982
most of the observation sites were |ocated on or beyond the
eastern edge of the core of the calving ground in an area of only
nmedi um density of breeding cows.  Thus, yearlings, juveniles and
non-breeding femal es generally occurred nore frequently in the
groups and aggregations under observation in 1982 than in 1981,
Therefore, the relative lack of yearlings, juveniles and

non-breeding females in 1981 conpared with 198 can be explained

by the apparent westward shift of the core of the Beverly calving
ground in 1982.
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Data Analysis

W coded and transcribed behavioral Cobservations directly on

the data forms (Appendix A).  While in the field. we checked the
forms to ‘ensure that observers were using the correct procedures.
W also edited the data files for any spurious values after the
information was entered on the conputer. Data processing and

anal yses were done on a HP3000 and the University of Cal gary,

Honeywel | System wusing SPSS (Statistical Package for the Socia
Sciences) (Nie et al. 1975).

Activity Budgets

Ve sunmmed the nunber of caribou abserved during 5-rein scans in
each activity for each day and observer team  This procedure gave
a measure of total frequency which is equal to the nunber of
occurrences per aggregated sample unit. \& weighed the sum for
each activity over all other activities and calcul ated the nean
proportion (expressed as a percentage) of caribou engaged in that
activity. We then calculated the nean of those proportions by
summing those proportions and dividing by the total number of
observer team days for the period (calving, post-calving,
post - di st urbance)

Statistical analysis of scan sanples, beyond simple frequency
descriptions, is usually limted by the lack of independence
between consecutive scans especially for activity patterns of
rumnant herbivores that are characterized by regular alternations

between two main activities (bedding and foraging). By using
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different observer teans in different areas on different days to

record caribou activity, we assuned independence between sanples
from each team and day of observations. Prior to further data

analysis, we tested the data for independence using runs tests for
randomess (Sokal and Rohlf 1969). Normality was tested using the

Kol nbgor ov- Snirnov test (Sokal and Rohlf 1969).

Ve tested seasonal differences in activity budgets between the
cal ving and post-calving periods using standard t-tests or a
Mann-Wiitney U-test (where data were non-nornally distributed)

(Sokal and Rohlf 1969). After testing for normality and
i ndependence and then using aF . -test (Sokal and Rohlf 1969) to

confirmequality of treatment variances, we exam ned differences

between observer teams in a standard analysis of variance (ANOVA)

or a Kruskal-Wallis | -way ANOVA procedure when data were non-
normal |y distributed.

To test the assunption that we in fact were recording

‘und| sturbed caribou behaviour, we conpared activity budgets during

‘f’or 'beddet, foraginge nd walking behaviour, when the wi nd

p’u;fruthe observersto t he caribou (i.e. cari bou were downw nd

“dnd Ppotentiallye.ware of the observers) with activity budgets

recorded when caribou were not down wind. W tested significance

iet-men the two conditions with standard t-tests.

bhtaanalyses of post-d jsturbance versus pre-disturbance
tnlmals | ooked at all post-disturbance animls and conpared these
with “all post-calving/pre-disturbance phase ani nmals. | deal l'y,
tests woul d have been performed on the sanme animals, pre- and
post - di st ur bance. However, there were insufficient data for this

purpose and only data summaries are provided.
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Events

W calculated rates of behavioral events as the frequency of

occurrence per unit active cow or calf time and selected 100 min
as our basic time unit, i.e., nunber of events per 100 cowrein.
For infrequently occurring eventstwe pooled sanples on a per day,
per observer, basis to avoid zero val ues. The three aggressive
acts (head swing, kick and rush) were also combined to form one
variable for analysis.

W analyzed rates of nursing and attenpted nursing on a
seasonal basis where the calving and post-calving periods were
further divided into 4-day phases. W used season rather than
age as our independent variable because we could not accurately
estimate the age of ‘the calves. Weexam ned seasonal differences
using a |-way ANOVA; significant effects were further analyzed by
t he St udent - Newman- Keul s procedu;e (Sokal and Rohlf 196%9) . W
anal yzed the duration of nursing events on a seasonal basis using
a |-way ANOVA. W used SPSS cross tabulations (Nie et al. 1975)
and the chi-square test statistic to examne the effects of season
on the initiator and termnator of nursing events.

W only used acts initiated by the observed cow to calcul ate
rates (i.e. nunber of aggressive acts per 100 active cowrein)
al though all aggressive acts involving the focal pair(s) were
recorded. We anal yzed the distribution of nursings, attenpted
nursings, and aggressive acts by group size, wind direction and
observers using the non-paranetric median test (Zar 1974)

cal cul ate chi-square statistics. The procedure is to determ ne

to
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the nedian for all data in the different groups or categories O
the independent paranmeter (group size, wnd direction or
observer). The distribution of events is analyzed in a :2xk

contingency table where k is the nunber of categories and where

the two rows correspond to the nunber of observations e bova or

bel ow t he nedi an. We did not include Yate's correction for

continuity as it results in an unduly conservative test even wth

| ow sanpl e sizes such as N=20 (Sokal and Rohlf 1 9%9).



RESULTS

Activitv Budgets

W obtained 500 scan sanples with 24,271 "point-in-time"
observations of activities of individual caribou during 166.7 h of
observation between 3-29 June, (Appendix ¢). As in 1981, we nade
the majority of our observations on cows (64.5% and calves
(29.9% , while yearlings and “others” represented 5.3% and 0.3%
respectively. A larger percentage of the observations involved
yearlings in 1982 than in 1981 (0.5%. Qur analysis is restricted
to cows and cal ves, because of the [ow proportion of yearlings and
“othersl’.

The proportion of tine cows spent bedded, foraging and
standi ng was nornal |y distributed during cal ving and post-calving
(Appendi x D). Post-calving unl ess otherw se specified only
i ncl udes pre-disturbance (or :no disturbance) data.. The proportion
of tine cows spent wal ki ng during post-calving, and trotting and
gal l oping during cal ving and post-calving was not normally
distributed (P < 0.05). For calves, the proportion of tine spent
gal l oping during calving and post-calving was not normally
distributed (P < 0,.05) nor was the proportion of time calves spent
trotting during post-calving. Those activities were not normally
di stributed probably because they occurred at a | ow frequency.
Al'l observations were found to be independent (Appendix D).

In 1982, there were significant differences (P < 0.05) in
activity budgets between calving and post-calving. Cows bedded

less, foraged and stood nore during calving than post-calving
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(Table 1). Calves also bedded | ess and stood nore during cal ving
than post-calving, but the proportion of time spent foraging was
simlar between the two periods.

In 1981, there was less of a difference in the activity
budgets between cal ving and post-cal ving. The only significant
(P < 0.05) differences were that cows wal ked | ess and cal ves
trotted nore during post-calving than calving. The proportions of
time spent bedded did suggest that cows also bedded |ess during
calving (32.8% than post-calving (40.2% - a simlar finding to
1982. The same trend of |ess time bedded during calving than
post-calving also held for the calves (58.5% vs 66.0%) (Table 2).

When the activity budgets are conbined over the calving and
post-calving periods (Table 1), calves spent a significantly (P <
0.05) greater proportion of their time bedded than cows (58.7%vs
40.9% t=-4.1128, 96 df). Cows spent a significantly (P < 0.05)
greater proportion of their tinme foraging than calves (44.6% vs
12. 7% t=11.7350, 96 df).

Wien calving is conbined with post-calving there were no
di fferences between years in the proportion of time spent by cows
or calves in the different activities (Table 2). During 1982
calving period, however, calves spent nore time trotting (1.9%
than in 1981 (0.6%$) (Table 2). During the 1982 post-cal ving,
there was significantly (P < 0.05) less time spent by cows
foraging (37.8%vs 47.5% and standing 2.7%vs 4.3% than in 1981
calves also spent a significantly (P < 0.05) snaller proportion of
their time foraging in 1982 (11.2% than in 1981 (16.0%.



Table 1. Seasonal activity budgets of caribou expressed as the nean proportion of tine
spent in each activity, Beverly calving ground, 1982.

Proportion i 9

Season d ass Activity X SD nd t statistic F ratio’
Cal vi ng cow Bedded 34.8 15.9 28 36. 198*
(3-13 June) For agi ng 50. 3 14.5 28 35. 628*
St andi ng 5.0 2.4 28 1.242

Val ki ng 9.6 7.0 28 1.693

Trotting 0.2 0.5 28 1.493

Gal | opi ng 0.0 0.1 28 1. 006C
Cal f Bedded 50. 4 21.2 27 4.410

For agi ng 14.0 9.9 27 ‘ 13.862%
St andi ng 18.3 18.6 27 4,104
Vil ki ng 21.6 13.2 27 3.005
Trotting 1.9 2.5 27 10375

Gal | opi ng 0.6 1.3 21 0.178¢
Post - cal ving Cow Bedded 48.3 21. 7 23 0.234
(14-29 June) For agi ng 37.8 17.1 23 4. 777*
St andi ng 2.7 2.7 23 0.182

Val ki ng 10.6 16.8 23 0.518¢

Trotting 0.5 1.4 23 3.248°

Gal | opi ng 0.1 0.5 23 4.480°
Cal f Bedded 69.0 21.3 22 1. 961
Foragi ng 11.2 6.8 22 1.159
St andi ng 4.9 4.6 22 1. 009

V@l ki ng 12.0 14.5 22 3.876%

Trotting 1.9 3.3 22 3.248°

Gal | opi ng 0.9 1.9 22 4.1480°

h=s



Table 1 continued

Proportion of tine (%

Season d ass Activity X SD nd statistic F ratio®

Conbi ned cow Bedded 40.9 19.8 50 -2.48% 3. 289%

(3-29 June) For agi ng 44. 6 16. 8 50 2. 80* 12.25%
St andi ng 3.9 2.8 50 3.19% 1. 140
Val ki ng 10.1 12.3 50 -1.203°d  0.771
Trotting 0.4 1.0 50 -0.39494 0.018e
Gal | opi ng 0.1 0.3 50 -0. 3713 2. 341

Cal f Bedded 58.7 23.0 48 -3.06% 0. 6070

For agi ng 12.7 8.7 48 .11, 3.560%
St andi ng 12.3 15.6 48 -1.426" 3.261
V@l ki ng 13.6 13.7 48 0.73 , 0.541
Trotting 1.9 2.8 48 0.1657;  2.269
Gal | opi ng 0.7 1.6 u8 -0. 948T 2.241°

a Nunber of observer team days.

b H 6- There is no difference between seasonal means.

c H_: There are no differences between observer teans.

d  NBnn-\hitney-U test statistic.

e Kruskal-Wallis | -way ANOVA, chi-square Statistic.

¥ Significant difference (P < 0.05).

13
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Tabl e 2. Comparison of the mean proportion of time spent by caribou in
different activities, Beverly calving ground, 1981 and 1982.

% Time 1981 _% Time 1982
Season Cass  Activity X SO n° X SD n t—statisticb
CLalyving
cow Bedded 32.8 12.1 20 34.8 16.0 28 -0. 4720
Foraging 49.4 11.9 20 50.3 145 28 -0. 2231
St andi ng 4.8 2.6 20 5.0 2.4 28 -0.2763
Wl king: 12.4 6.8 20 9.6 7.0 28 1.3551
Trotting 0.5 0.9 20 0.2 0.5 28 —
Galloping 0.6 0.3 20 0.0 0.1 28
Cal f Bedded 58.5 21.0 20 50.4 21.2 27 1. 3010
Foraging 16.3  13.1 20 14.0 9.9 &1 0.6729
Standing 13.5 21.1 20 18.3 18.6 27 -0. 8326
VAl ki ng 11*0 7.8 20 14.9 13.2 27 -1.1883
Trotting 0.6 0.8 20 1.9 2.5 27
Galloping 0.3 0.5 20 0.6 1.3 2/
Post-calving
cow Bedded 39.7 15,7 26 48.3 217 23 -1.6151
Foraging 47.5 13.7 26 37.8 171.1 23 2.2171*
St andi ng 4.3 2.1 26 2.7 2.7 23 2. 3153*
Val ki ng 7.8 4,6 26 10.6 16.8 23 -0. 8363
Trotting 0.6 1.0 26 0.5 1.4 23
Galloping 0.2 0.9 26 0.1 0.5 23
Cal f Bedded 66.0 11.7 26 69. 1 21.3 22 -0. 6291
Foraging 16.0 6.0 26 11*2 6.9 22 2. 5635*
St andi ng 5.2 3.3 2 4.9 4.6 22 0.1919
V@l ki ng 10.3 5.8 26 12.0 145 22 -0. 5360
Trotting 1.8 2.0 26 1.9 3.3 22
Galloping 0.8 1.3 26 0.9 1.9 22
Combined
cow Bedded 36.9 146 45 40.9 19.8 50 1.1103
Foraging 48.1 12.9 45 44.6  16.8 50 -1.1294
St andi ng 4.y 2.3 45 3.9 2.8 50 -0. 9448
Val ki ng 9.9 6.1 45 10.1 12.3 50 -0. 0987
Trotting 0.6 1.0 45 0.4 1.0 50
Glloping 0.2 0.7 45 0.1 0.3 50
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Tabl e 2 conti nued.

%2 Tinme 1981 % Time 1982
Season Cass Activity X sb n° X SD n t-statisti cb

Cal f Bedded 62.7 16.8 45 58.7 23.0 48 0. 9524
Foraging 16.1 9.7 45 12.7 8.7 48 -1.7816
Standing 8.7 14.7 45 12.3 15.6 48 -1. 1436
Val ki ng 10.7 6.7 45 13.6 13.7 48 -1.2831
Trotting 1.3 1.7 45 1.9 2.8 48 -1.2390
Glloping 0.6 1.1 45 0.7 1.6 48 -

a Nunmber of observer team days.

b T-statistic calculation based on assunption of unknown but assumed equal

popul ation variance (Dunn and Cark 1974:58).
x Significant difference (P < 0.05).
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Exam nation of variability in activity budgets on the basis of
observer teans (Appendix C using a |-way AN OVA reveal ed
significant (P < 0.05) differences between observer teans in the
observed proportion of time cows spent bedded and foraging, and
calves spent foraging, during the calving season.  During post-
calving there were significant (P < 0.05) differences between
observer teans in the observed proportion of tine cows spent
foraging and cal ves spent walking (Table 1). Wen both seasons
were conbined there was a significant (P < 0.05) difference
bet ween observer teams in the proportion of tinme spent by cows
bedded and foraging and by calves foraging. During 1981 the only
observer teamdifferences were in the observed proportion of tinme

cows were observed bedded during post-cal ving.

We tested for differences in the proportions of time spent
bedded, foraging or walking relative to wind direction. If the
caribou were responding to the observers when the wind was from
the caribou to the observers, a difference in activity patterns
could be expected. Wnd direction relative to the observer teans
did not significantly (P > 0.05) influence the proportion of tine
spent by cows or calves bedded, foraging or walking (Table 3).
Cows and calves did, however, spend proportionately nore tine
wal ki ng when down wind of the observers which was simlar to the
result in the 1981 study.

Event s

V¢ observed 559 cows for a total of 4,754 active cowrein (79.2
h), 498 calves for 3,201 active calf-rein (53.4 h) (Table 4). out
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Tabl e 3. Influence of wind direction on caribou activity budgets, Beverly
cal ving ground, 1982,

Wnd direction

From observers to caribou Qher °

Class Activity %P SD ne X SD n t statistical
cow Bedded 39.6 6.6 4 37.1 15.0 14 -0.31

For agi ng 45. 6 11.8 4 52.7 13.4 14 0.96

Wl ki ng 14.9 11.3 4 10.2 7.0 14 -1.04
Cal f Bedded 49,6 23.4 4 65. 4 15.6 14 1.59

For agi ng 11.7 9.9 4 18.4 6.9 14 1.54

Wl ki'ng 38.6 32.2 4 16.2 13.8 14 -2.07
a [ ncl udes observations when wind was recorded as calm crosswind or from

cari bou to obhservers.

b Mean proportion of caribou (expressed as a percentage) observed in each
activity.

c Nunber of observer team days when w nd direction was recorded

d No significant difference (P>0.05).
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Table 4.  Summary of cowcalf pair observation periods by
season, Beverly calving ground, 1982

Cal vi ng Seaéggt-calving
Qoservation periods 357 125
Total cows 393 166
Duration cows (rein) 3, 495 1, 259
Total calves 335 163
Duration calves (rein) 2,220 981
Single pairs 291 89
Miltiple pairs 34 35
Single animls 31 1
Observations < 10 mn® 223 65

a Single pair observations.
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of 498 continual 10-min observation periods, single cowcalf pairs
were observed during 78.3% (418) of the sanpling periods. of
these single pair observations, 57.9% (309) were less than 10 nin
as a result of the pair bedding or going out of sight. we

observed nore than one cowcalf pair during 15.7% (84) of the

sanpling periods, but never nore than four pairs at any one tine.

Nursing Behaviour

The nean rate of nursing was normally distributed during
calving and post-calving when anal yzed on a per day, per observer
team basis (K-S Z=1.163 and 0.925 respectively; P > 0.05). The
mean rate of attenpted nursing was normally distributed only
during post-calving (K-S z=1.,504; P > 0.05). Wien cal ving and
post-cal ving were conbined both the rate of nursing and the rate
of attenpted nursing were not nornmally distributed (K-S z2=2.292
and 2.265 respectively; p > 0.05). Log transformations of the
conbi ned season rates were also not normally distributed. In 1981

both the nmean rate of nursing and the nmean rate of attenpted
nursing were normally distributed over the conbined seasons. \When
the observation period was broken down into six 4-day periods and
one 3-day period (27-29 June) and anal yzed using a Kruskal-Wallis
| -way ANOVA there were significant differences (P < 0.05) between
periods for the nmean rate of nursing and attenpted nursing
(Chi-square = 13.1 and 15.2, respectively).

The nean rate of nursing generally declined with the
progression of the calving season (Table 5). However, this trend

was broken by a small sanple of high rate observations during
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Table 5. Seasonal variation in the rates of nursing and attenpted nursing by
caribou calves, Beverly calving ground, 1982.

Peri od"® (evenﬁg;féggcgﬁ{$eim Aﬁisgﬁﬂsq Sgrggqqrgﬁﬁf
n® X SD X SD

3-6 June 18 13.9 14.1 10.7 11.0

7-10 June 19 12.0 7.6 6.8 6.4

11-14 June 21 10. 2 5.3 10. 2 10.2

15-18 June 10 6.5 4.9 5.0 8.2

19-22 June 3 24.3 12.3 0.8 1.5

23-26 June 12 7.2 5.8 3.6 6.1

27-29 June 10 6.3 5.0 4.8 5.4

Cal vi ng 56 12.0 9.6 9.4 9.6

Post - cal vi ng 37 8.3 7.4 4.2 6.1

Conbi ned 93 1o. 6" 9.0 7% 3¢ 8.7

a Significant difference (P < 0.05) between 4-day periods.

b Nunmber of observer team days.

c Significant difference (P < 0.05) between 1982 cal ving and post-cal ving

periods and between years 1981 and 1982.
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19-22 June. A nore clearly defined trend to decreasi ng nmean
nursing rate was observed in 1981. There was a significant
difference between calving and post-calving nean nursing rates
(Mann-Whitney U statistic = 757.5; P < 0.05). The nean rate
during calving was 12.0/100 calf-rein while during post-calving it
was 8.3/100 calf-rein. There was also a significant difference (P
< 0.05) in 1981 between cal ving and post-cal ving nursing rates,

with higher rates being observed during calving than post-cal ving.

The mean rate of nursing for the conbined seasons in 1982 was
10.6/ 100 cal f-rein, which was significantly (P < 0.05) greater than
the 1981 rate of 7.3/100 cal f-rein.

The rate of attenpted nursing also significantly decreased
from calving to post-calving (Mann-Wiitney U statistic = 607.5
P<0.05. During calving the nean rate was 9.4/100 calf-rein, and
It decreased to 4.2/100 calf-rein during post-calving. The nean
rate for the conbined seasons was 7.3/100 calf-rein, significantly
(P < 0.05) higher than the 1981 rate of 4.7/100 calf-rein.

As in 1981, the 1982 distribution of nursings and attenpted
nursings did not seemto vary significantly (P > 0.05) under
different wind conditions (Table 6), suggesting that the
occurrence of these events was unaffected by wind direction

relative to the observers and caribou. Simlarly, there were no

significant (P > 0.05) differences between observer teans in

either year for nursing rate and attenpted nursing rate.

We tined the duration of 261 (pre-disturbance) nursing events
(Table 7). Logarithmc transformations were used in both 1981 and

1982 to normalize data. The nean duration of nursing was 46.4 s.
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Table 6. Distribution of nursing and nursing atterpats by cow cal f
pairs of caribou by wind direction, Beverly calving
ground, 82.
Wwind direction
Event | From observer to cari bou Qther X
Nur si ng
Above nedi an® 60 12 1.855°
Below medi an 4 197
Attenpted nursing
Above nedi an® 32 11 0. 000
: 2
Bel ow nedi an 5 08
3 Nbdl an = 0 |e Va| ues "above median™ [IeDr esnegntbdl,he \Mgber
of all-occurrences in which at |8a%F o"¢
observed.
b No significant difference (P > 0.05).
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T T e ang. post Seatv e Beedr 15 LA g oround. "
1980 g P g, ly g grou
ration
Peri od nd % D range
3-6 June 59 51.7 46. 7 6-232
7-10 June 74 44.0 32.7 6-123
11-14 June 81 37.7 31.7 6- 127
15-18 June 19 67.3 60.5 14-290
19-22 June 5 64.6 8.5 55-75
23-26 June 13 58.9 36.5 5- 143
271-29 June 10 38.2 20.9 8-72
Cal ving 204 43.6 37.0 6-232
Post - cal vi ng 57 52.1 44,2 5-290
Conbi ned’ 261 46. 4 38.8 5-290

a Nunber of nursings recorded where duration was known.

b Significantly different (P < 0.05) from 1981 combi ned
season mean duration
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Though there were no obvious trends in nursing duration when the
season was broken down into 4-day periods, duration was
significantly (P < 0.05) less during calving conpared to
post-calving for the log transformed data. In 1981 there were no
significant (P > 0.05) differences between 4-day periods or
bet ween cal ving and post-calving. The 1981 nean duration for the
conbi ned seasons (50.2 s) was not significantly (P > 0005)
different than the 1982 rate.

In 1982, nost nursings (47.9% occurred on the right side of
the coy 46.5% occurred on the left. This was the reverse of the
situation in 1981 where 52.8% occurred on the left side and 39.1%

on the right. W observed 16 nursings (4.7% fromthe rear, all
but three of which occurred during calving, and three nursings
(0.9% fromthe front. A simlar trend was observed in 1981 with
7.7% fromthe rear and 0.4% fromthe front. In both years the
side chosen for nursing appears independent of season (P > 0.05).
The initiator of nursing was determned for 277 of the 329
observed nursings. ‘In 1982, calves initiated 89.5% (248) of the
nursings Where initiator was known while in 1981 they initiated
91.5% (248) of all nursings. The greatest proportion of cow
initiated nursings occurred during 15-18 June when 21.1% (4) of
all observed nursings for that period (19) were cow initiated. In
1981 the highest proportions observed occurred during the 2-5 June
period when 16.0% (8) of all observed nursings for that period
(50) were cow initiated. Cows termnated 67.9% of all nursings.
Term nations by calves were nore comon during calving tha’

post-cal ving (38.9% versus 15.7% P < 0.05). In 1981 these
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/s
figures were 29.0% and 17.4% and were also significantly different

(P < 0.05).

Aggressive Acts

Head sw ngs, kicks, and rushes were pool ed together as
aggressive acts on a per day basis. The nean rate of aggressive
acts was 1.72/100 cowrein (SD = 1.47, n = 21). There was nho
significant difference (P > 0.05) between the rate of aggressive
acts in 198 and the rate in 1981 (2.0/100 cowrein).

The rate of aggressive acts in 1982 was dependent on group
size which was also true in 1981. Lower than expected rates were
recorded when no other caribou were within 5 body |engths of the
observed cow (Table 8). Higher than expected rates were observed
for all groups sizes greater than the 1-5 class size. As in 1981
when a change occurred in group size aggressive acts occurred nore
frequently than expected on the basis of a random occurrence
(Table 9). In 1981, nore aggressive acts were observed than
expect ed when caribou were downwi nd of the observers, however,
this was not observed in 1982 (Table 9). Aggressive acts appeared
to be independent of the observer meking the observations in 1982,
I'n 1981, however, one observer was found to record a proportion-
ately higher rate of aggressive acts than the other observers.

W recorded a total of 201 aggressive acts during 178
aggressive events: 45.7% (92) involved rushes 44.3% (89) involved

head sw ngs and 10.0% (20) involved kicks (Table 10). A single

aggressive act (l-act event) was displayed during 88.8% (158) of

the observed aggressive events but the remaining events involved
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Table 8. Distribution”' of aggressive acts by caribou cows by
group size, Beverly calving ground, 1982.

Group size
Rate of aggressive acts 0 1-5 6-10 11+ Tot al
Abeve medi an 13 32 8 4 57°
Bel ow medi an 217 183 23 7 430
Chi -square contribution 8.2 211 6.0 5.7 22.01*

a Represents the nunber of observation periods when one or nore
aggressive acts occurred; i.e., when the rate was above O
(median = 0.

* Fignificant difference (P < 0.05).
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Tabl e 9. Distribution of aggressive acts by caribou cows by change in group
size (A) and by wnd direction (Bil, Beverly calving ground, 1982.

A Change i n group size

Rate of aggressive acts Change No change
Above nedi an 46 10 »
X® = 24.8415*
Bel ow nedi an 125 149

B Wn irectio

Rate of aggressive acts W nd direction
From observers to caribou O her

Above nedi an 10 a
X° = 0.486
Bel ow nedi an 97 332
a Represents the nunbers of observation periods when one or nore
aggressive acts occurred, i.e. when the rate was above O (nedian = O.

' Significant difference (P < 0.05).
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Tabl e 10. Seasonal distribution of 201 aggressive acts
exhi bited by caribou during 178 aggressive events,

Beverly cal ving ground, 1982.

b

Aggressive act Cal vi ng’ Post - cal vi ng
Rush 80 12
Head swi ng 6 3 26

Ki ck 14 6

Tot al 157 44

a Data based on 362 point-in-time observation periods

3,495 active cowrein). _ _
b ta based on 125 point-in-tinme observation periods

(1,259 active cowrein).
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17 2-act events and 3 3-act events. Mbst aggressive acts were

initiated by cows (observed cow and other cow) and were nostly

directed towards calves (observed calf and other calf): 67.5%
during calving, 95.4% during post-calving (Table 11). In 1981

these values were 74.6% and 77.5% respectively. Observed cows

directed about an equal proportion of aggressive acts toward their

own cal ves (observed calf) as they did toward other calves during
t he cal ving peri od. But during post-calving observed cows
directed proportionately nore of their aggressive acts towards

other calves (88.0% than toward their own calves (0.09%9. Simlar

trends were shown by observed cows during the calving and

post-calving periods in 1981 for the initiator and recipient of

aggressive acts (Jingfors et al. 1982).

(bserved cal ves exhibited aggressive-like behaviour on three

occasions that was recorded as aggression (Table 11). |t is nost

likely, however, that those three events were actually exhibits of

attention-getting behaviour Oor attenpts at initiating play and not

truly aggressive acts by those cal ves.

O her Events

We observed three sessions of head bobbing and 13 al arm

stances during 4,754 active cowrein of observation. The over al

rates were 0.06/100 and 0.25/100 cowrein, respectively. These | ow
frequencies are conparable to 1981 values of 0.15/100 and
0.19/100, respectively). The three sessions of head bobbing were

observed on 3 and 5 June. Two sessions took place while the cows



Table 11. Seasonal distribution of the initiator and recipient of aggressive acts between caribou,

Beverly cal ving ground, 1982.

Recipient
Calving® Post - cal ving"
o Cbserved Observed O her Qt her Observed Observed O her Q her
Initiator cow cal f cow cal f cow calf cow cal f Tot al
(bserved cow - 4 27 26 0 3 22 82
bserved cal f 1 1 0, 0 0 1 3
O her cow 11 74 2 ! 17 0 105
O her calf 0 0 0 - 0 0 0 0
Tot al 12 78 28 28 ! 17 3 23 190°
a Data based on 362 point-in-time observation periods (3,495 active Cowrein).
b Data based on 125 point-in-time observation periods (1,259 active cowrein).

El even aggressive acts (9 events) involving yearlings or juveniles of unknown sex were excluded
fromthis table; 10 by observed cows, 4 rushes, 2 head swngs, and 2 antler-kicks; and 1
aggressive rush by a yearling or juvenile toward an observed calf.

4
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and their calves were trotting on | ake ice. One cow head- bobbed
to encourage her calf to catch up after she had out-distanced it;
the other cow stopped and head bobbed to encourage her calf to get
up and continue on after the calf had fallen on the ice. The
third session of head bobbing occurred as an interruption to a
cow's foraging; when it stopped feeding and head bobbed at its
calf, then licked the calf's face after it approached, before
resumng foraging. W could not detect any reason for 6 of the 13
al arm stances.  Alarm stances were exhibited on three occasions,
seemngly, in response to the presence of the observers; on two
occasions in response to an approaching Arctic fox (Alopex
lagopus); once in response to an approachi ng wolf (Canis lupus);

and once as several whistling swans (0lor columbianus) flew
over head.

Range Use

During 1981, aerial photography was used to establish the
di stribution of range types on the Beverly cal ving ground.
“Li chen Upl ands” covered approximately 38.8% of the area, “Dwarf
Shrub"24,1%, “Meadow’ 12.3% and "Rock/Sand Barrens" 4.0%. Lakes

and ot her water bodies covered the remaining 20.8% (Jingfors et
al. 1982).

From 500 scans of caribou in 198, we recorded 18,483 "point~
in-time” observations of caribou range use (Appendix E).  The
Proportion of caribou observed bedded on Lichen Uplands was

normal |y distributed during calving and post-calving (Appendix F).

The proportion foraging on Lichen Uplands was nornally distributed
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only during post-calving. The proportion of caribou observed
bedded on Dwarf Shrub was normally distributed for all but
calving and post-cal ving conbi ned. During 1981, proportions
observed on Dwarf Shrub for the conbined seasons were al so not
normal Iy distributed. Proportions of caribou observed bedded and
foraging on Meadow were normally distributed during all parts of
the season. (hservations of caribou on Rock/Sand Barrens were not
anal yzed in detail due to the infrequent occurrence of caribou on
that range type (< 1.0%. Assumptions of independence were net
for observations of caribou bedded and foraging on all range types
during calving, post-calving and both seasons comnbi ned.

Most caribou were observed bedded (49.0% or foraging (44.0%
on Lichen Uplands during calving; during post-calving nost were
observed bedded (44.0% and foraging (50.9% on Meadow (Table 12).
In 1981, the apparent post-calving shift to Meadow, as observed in
1982, was not as marked though proportionally greater for Dwarf
Shrub areas. Between season differences were not significant (P >
0.05) in either year. There were significantly (P < 0.05) fewer
cari bou observed foraging on Dwarf Shrub during 1982 post-cal ving
(9.8% conpared with 1981 post-cal ving (26.9%. The proportion
observed bedded on Dwarf Shrub was also significantly (P < 0.05)
| ess during post-calving in 1982 (11.6% when conpared wth
post-calving in 1981 (33.7%. There were significantly (P < 0.05)
more caribou observed bedded on Meadow during 1982 (44.49% than
during 1981 (18.0%. For the combined cal ving and post-cal ving
there was a significantly (P < 0.05) higher proportion of caribou
observed bedded (40.4% and foraging (44.6% in Meadow during 1982



Table 12.  Conparison of seasonal range use bycariboucalculatedasthe mean proportion of caribou
observed bedded or foraging on each range type, Beverly calving ground, 1982 and 1981.

Proportion of caribou (%

1982 1981
Range : L
Season type Activity X SO n*"F rati o’ x SD n* Fratio t statistic
Cal vi ng
Li chen Bedded 49.0  30.1 28  10.620* 50.4 29.4 20 0. 263 -0. 1559
Uplands  Foraging 44.0 25.3 28 -- 52.5  27.8 20 1.758 -1. 1075
Dwar f Bedded 13.9 12.5 28 1. 086 17.3  26.9 20 - -0.5 878
Shrub Foraging 16.9 15.9 28 5.662* 16.8 23.7 20 - 0.0 190
Meadow Bedded 37.1 31.4 28  14.392* 27.3 18.3 20 0.676 1.2424
Foraging  39.1 27.8 28 20.493* 30.7 20.1 20 0. 068 1.1524
Rock/ Sand Bedded <1.0 20
Barrens  Foraging <1.0 20
Post - cal vi ng
Li chen Bedded 44,0  34.1 24 2.187  48.3  34.2 25 2.805 -0. 4460
Uplands  Foraging 3993 32.9 24  4.738* 37.7 31.5 25 2.013 0. 2500
Dwar f Bedded 11.6 18.4 24 - 33*7  29.8 25 0.950 -3.10LO
Shrub For agi ng 9.8 145 24 1.964 26.9 22.8 25 1.313 3.1227*
Meadow Bedded 44.4  38.4 24 4.399* 18.0 17.2 25 2.401 3. 1311
Foraging 50.9 33.9 24 10.001* 35.3 21.9 25 1.80 1. 9262
Rock/ Sand Bedded <1.0 24 <1.0 20
Barrens Foraging <1.0 24 <1.0 25

GG



Tabl e 12 conti nued.

Season type Activity

Proportion of caribou (%

1982

1981

Range
: SD

bl ]

n® F rati o’ X ) n?® Fratio t statistic

Conbi ned

Li chen Bedded 46.7 31.8
Uplands  Foraging 41.8 28.8
Dwar f Bedded 12.9 15.4
Shrub Foraging 13.6 15. 6

Meadow Bedded 40.5 34.7
Foraging 44.6 31.0

Rock/ Sand Bedded <1.0
Barrens Foraging <1.0

52 8.687* 49.2  31.8 45 10337 -0.3880
52 -- 44.3  30.5 45 2.071 -0. 6930
52 -- 26.4 29.4 45  -- 2. 8956*
52 -- 22.4 23.5 45  -- -2.1947*
52 12.753* 22.1 18.1 45 2.372 3.1939*
52 19.970* 33.3 21.0 45 1.567 2. 0594*
52 <1.0 u5

52 <1.0 45

(o]

Nunber of observer team days.

Ho: There are no differences between observer teans.

Ho: There are no differences between years.

Significant difference (P < 0.05).

9§
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than in 1981 (22.1% and 33.3% respectively). The increased
proportion of caribou observed on Meadow during 1982 was matched
by a reduced nunber of aninmals observed bedded (12.9% and
foraging (13.6% on Dwarf Shrub relative to 1981 (26.4% and 22.4%
respectively) .

During calving, post-calving, both seasons conbined and during
post - cal vi ng/ post - di sturbance there were significant differences
(P < 0.05) between observer teams in the proportion of caribou
observed using the different range types. Due to the rigorous
nature of the study design, this difference is nore likely
attributable to differences in the relative availability of the
range types among sanpling areas than to observer bias.

During the 1982 calving period, 93.5%of all caribou observed
bedded and 78.0% of those foraging were on bare ground while the
remai ning 6.5% and 22.0% respectively, occurred on snow covered
ground (Table 13). For bedded animals, the proportions on snow
and bare ground were simlar between years. A larger percentage
was observed foraging on snow covered areas during 1982 than 1981.
During 1982 post-calving, the proportion of caribou bedded and
foraging on bare ground jncreased to 99.5% and 98. 0%
respectively; a simlar trend occurred in 1981. However, there
was still a slightly larger percentage of caribou observed
foragi ng on snow covered ground in 198 than in 1981 (24.0% vs
10*19 . This may be related either to differences in relative

proportions of range covered by snow between years or to

differences in caribou behaviour.
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_ calcul ated as the nean
Tabl e 13. Conparison of seasonal

?roporti on (expre%§eq) arsa%gepeqsceentpég%?r iotfm%ari bou observeqggzddad or

oragi ng on snow are ground, Beverly calving ground,
1981.

pmg_%g_ug_n af _cari bou (01/()981
Season ?o?/grr]d Activity X SD n X SD n
Cal ving Snow Eg?ggidng 255..05 17.?.0 gg g% 1%% 28
12.1 20
nare Eﬁ?g‘;?ng ?83.'05 .30 8 0.5 8.6 20
g B35 33 % BT @
e e @y 13H WD OB

a  Number of observer team days.
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When conparing caribou range use with availability of range
types, we found a significant (P < 0.05) deviation fromwhat woul d
be expected if caribou were distributed randonmly (Table 14). This
condition was also observed in 1981. During 1982 cal ving and
post-calving, foraging caribou used the Meadow range type nost
intensively (Selectivity index = +0.4 and +0.8, respectively); in
1981, a simlar trend occurred (Selectivity index = +0.3 and +0. 4,
respectively).

During 1982 calving, bedded caribou were observed slightly
more on Lichen Uplands and Meadow than expected (Selectivity index
= +0.1 and +0.1, respectively); use of Dwarf Shrub areas by bedded
caribou was less than expected (Selectivity index = -0.3). In the
1981 cal ving period, bedded caribou showed a simlar though nore
intense selectivity for the above range types (Selectivity index =
+0.2, +0.2 and -0.6, respectively). During 1982 post-cal ving,
bedded cari bou nmade greater use of Meadow than expected
(Selectivity index = +0.5) and lower us, of Dwarf Shrub

(Selectivity index = -0.6). This .was in marked contrast to 1981

where caribou appeared to bed on the different range types nore
closely to their proportional availability.

For the combined season nost caribou were observed bedded on
Li chen Upl ands and foraging on Meadow. However, only Meadow was
used for bedding or foraging proportionately more than would be
expected (Selectivity index = +0.4 and +0.5, respectively). On
the basis of the selectivity index, all other range types were

used proportionately, as expected or less than expected (Table
14).



Table 14. Seasonal range use by caribou in relation to availability of range types, Beverly calving
ground, 1982.

o Nunber of caribou observations in range type ,
Season Activity  Rock/Sand Bgrrens Lichen Upland Dwar f  Shrub Meadow Tot al X*
(0.0W) (0.49? (0.31) (0.16)

Calving  Bedded

Chser ved 0(- 1. 0) 3467( +0.1)° 963(+0.1)  990(+0.1) 5420  788.1
Expect ed 217 2656 1680 8T
For agi ng
Obser ved 0(001) 1921(0. 0) 768(-0.3) 1547 (+0.4) 4236  1520.6
Expect ed 169 2076 1313 678
Post-
calving  Bedded
Observed 62(- 0. 6) 2303(-0.1) 398(-0.6) 2679(+0.5) 5442  4899.0
Expect ed 218 2666 1687 871
For agi ng
(oserved 3(-0.1) 983(-0.3) 189(-0.7) 2210(+0.8) 3385 6242.2
Expect ed 135 1658 1049 542
Combi ned Bedded
Observed 62(-0.8) 5770(0. 0) 1361(-0. 3) 3669(+0.4) 10862  3697.1
Expect ed 434 5322 3367 1738
For agi ng
Cbser ved 3(-1.0) 2904(-0.1) 9575-0.4) 3757(+0.5) 7621  6603.5
Expect ed 305 3734 236 1219

a Availability (expected value) expressed as the proportion of calving area covered by this range
type. Proportional coverage was based on |and area only.

b Selectivity index = 8;3 where U = Use, and A = availability from Ivliev (1961).
+A
Proportional use given in Table 13.

¢ Significant departure fromuse in relation to availability (P < 0.05).

09
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Fundanmental to conparisons of this kind is the assumption that
during both seasons, observer teans were view ng caribou in areas
whi ch had a coverage by the different range types simlar to that
for the entire calving ground. As observers only chose sites
where caribou occurred rather than choosing a typical area and
waiting for caribou, the evaluation may have been somewhat biased
i f the above assunption was not net. If anything, the trends
woul d have been nore pronounced. | deal 'y, availability of range
types at each site should have been accurately determned at each
site using aerial photography or intensive ground work. Al so,
determ nation of range types under snow covered areas was not
possi ble without disturbing the animals under observation.
Cbservers were therefore forced to evaluate range type coverage

froma distant and often oblique perspective.

Helic L in

The late arrival of the helicopter, poor weather and the
shared use of the helicopter all contrived to delay the start of
t he experinental |andings to 18 June. W carried out 16
successful |andings near post-calving groups of caribou between 18
and 28 June. The helicopter |anded 300-550 m from the cari bou
under observation on nine occasions; 1000-2000 mon SiXx occasi ons:
and once at about 2200 m (Appendix G. On those 16 occasions
di stances from helicopter to observed caribou averaged about 950 m
(+ 650 m SD). The initial group size, position of the sun and
wind conditions, and time of day all varied between the |andings

and no patterns could be discerned within the small sanple
(Appendix Q
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At the’ beginning of each landing, the caribou were foraging or
bedded except at the beginning of |anding No. 12-27L when the

caribou were steadily walking in small groups of 20-50. During

that landing, the caribou continued to walk through the sanple

area and the appearance of new groups seened to stinulate caribou

on the sanple area to trot and gallop. The group of 30 caribou
initially under observation noved out of sight during the Descent
phase. On 25 June (Landing No. 8-251) the helicopter |anded about
1000 mfroma group of 22 cows and cal ves which was foraging but
al so steadily noving in a southeast direction before the Approach
phase. As the helicopter approached at 300 magl, the caribou
began to trot and continued to trot for 3 nin until out of sight
over a ridge during the beginning of the Shut-down/Gound activity
phase.  Meanwhile, groups of 25, 4 and 10 trotted onto the sanple
area and also trotted out of sight over the ridge while the
hel i copter was shut down. The observers switched to a group of 30
caribou about 3 kmaway for the last 4 min of Shut-down to
Take-off.  Those caribou continued to forage and remain bedded.

The first landing on 18 June (No. 1-18B) was inadvertently on
the wong area and the helicopter then |anded a second tine,
conpoundi ng the problem by landing between the observers and
caribou at a distance of only 300 mfrom the nearest caribou.
Wthin 11 rein, the 400-500 caribou had left the sanple area:
bet ween 50% and 75% of the group wal ked but sone trotted or

gal | oped until out of sight about 2.3 km away.

The 50 caribou that were bedded or foraging in a clunped group

mostly trotted as the helicopter approached and turned over them
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at the beginning of the sécond landing (2-18H) on 18 June.  During
the descent and for the first 6 mn after Shutdown nost of the
cari bou wal ked, but then |less than 25% bedded and the rest foraged
and drifted away fromthe helicopter. As the helicopter started
up (Wnd-up phase) caribou began to walk (50% or trot (25%.

Then during the Take-off phase they all began wal ki ng (75%)(#
trotting (25% until they were out of sight, having noved 1 km
since the helicopter |anded.

The fourth landing that caused the caribou to nmove out of the
observers sight during the |anding was on 23 June (No. u4-23E,
Appendix G. The caribou had been bedded or foraging but as the
hel i copter wound down, nost caribou (51-75% were wal king away,
<25% were standing, and < 25% were trotting. Six mn after
Shut-down a few caribou had started to forage but continued to
drift away. By the tinme the helicopter started up the caribou had
wal ked and foraged over about 1500 m and were out of sight.

The 50 caribou in a group stopped foraging and began to wal Kk,
or a fewtrotted, as the helicopter turned over them on 24 June
(No. T-24E, Appendix G. Wthin 6 mn after Shut-down the caribou
wal ked behind a ridge but were back in sight 14 mn later. Less
than 50% of the group were wal king, the others were foraging
Wien the helicopter took off, almost all the group was foraging
but they continued to drift away and were out of sight before the
post - di sturbance observations could begin. Simlarly during the
landing No. 3-23c on 23 June some caribou were foraging and
drifting away and about half the group started to walk after the

hel i copter |anded. That pattern of wal king away and foraging
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continued until about 1500 m was covered and only five cowcalf
pairs were still in sight as the helicopter took off. They had
moved out of sight after a few mnutes of post-disturbance
observati ons.

Four other landings resulted in some of the caribou under
observation noving out of sight (Appendix G). During the Shut-
down phase of No. 6-23L and No. 11-27N, about 20% and 60% of the
caribou, respectively, walked and foraged out of sight. The third
and fourth cases when part of the group under observation noved
out of sight were two of three |andings near caribou on the snal
i slands of Deep Rose Lake (Nos. 10-27G and 14-28G).

There were three landings near caribou, excluding one |anding
on the islands of Deep Rose Lake, which did not result in the
caribou noving out of the observer’s view (Nos. 5-23J, 9-25M, and
15-280) even though the helicopter landed within 500 m of the
caribou for two groups (Nos. 9-25M and 15-280) and 2200 mfor the
third group (No. 5-23J, Appendix G. Wthin each group up to 25%
responded to the descent and |anding by wal king and trotting and
the foraging caribou tended to drift away from the helicopter
(Appendix H).

V¢ |anded the helicopter three times on a small island (about
1 km long) off the east shoreline of Deep Rose Lake (Nos. 10 27G
13-28G and 14-28G) . This island was separated froma second
island to the north by channels of open water along the shores and

a large ice pan in the mddle (about 400 m w de). There were

200- 300 caribou on the north island and, although a few cows tried

to lead their calves into the water, the reluctance of the
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calves to follow was apparently preventing the group fromleaving
the island. We |anded once on 27 June and tw ce on 28 June on the
southern island. On 27 June nost of the caribou wal ked and milled
away from the helicopter to the shoreline. About 15 caribou swam
to the edge of the ice but could not or would not climb up the ice
shelf and retreated to their point of entry. About 50% of the
caribou wal ked or stood alerted and 25-50% foraged and drifted
away and 90% of the caribou were out of sight by the time the
hel i copter took-off.

The follow ng day, we nade a simlar approach and during the
descent and | anding 50% of the caribou on the northern island had
wal ked out of sight, and all had wal ked and foraged out of sight
within 15 nmin of Shut-down. At the end of the ground activity,
about 80 cowcalf pairs wal ked back into view but were again out
of sight as the helicopter took-off. Six hours later, we returned
for a second landing, and during the helicopter turn over the
northern island, half the caribou were alerted and started to walk
together. As the ground activity phase started, calves started to
bed and the cows foraged. When the helicopter started up the
calves rose to nove to their nothers and sone caribou wal ked
t oget her. Less than 25% remai ned bedded or foraging while about
40% had wal ked away out of sight as the helicopter took-off.

On one occasion (No. 13-28G in Appendix H) the caribou group
that had moved out of sight during the helicopter |anding noved
back in sight. I ncl udi ng one group that had not been observed
during the landing but noved into sight within a few mnutes of

the helicopter’departure, we obtained post-disturbance data on
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11 groups of caribou (Appendix H). We had pre-disturbance
observations of 7 of those 11 groups (Appendix H). The conparison
of activity patterns of the same groups of caribou during pre- and
post - di sturbance (Appendix |) was hanpered by the small sanple
size.  Additionally, the longer the post-disturbance observation
period, the nore likely that differences occurring during early
post-disturbance will becone masked when averages are taken over
the entire post-disturbance period.

The standard deviations for the nean activity budgets of the
cows and cal ves during post-disturbance were generally higher than
during pre-disturbance suggesting greater variation in the activ-
ity patterns (Table 15). On the average nore than tw ce the
proportion of cows were walking, trotting or galloping during
post - di sturbance as during pre-disturbance. The difference was
more marked for the calves which showed alnost a three fold (2.7)
increase on the average in the proportion wal king, trotting and
gal [ opi ng during post-disturbance as during pre-disturbance (Table
15).

The proportions of caribou observed on the different range
types were nore variable during post-disturbance than
pre-di sturbance (Table 16, Appendix J). The largest proportion of
bedded caribou was on Meadow during pre-disturbance but was on
Lichen Upland during post-disturbance. The greatest proportion of
caribou foraging was observed on the Meadow range type both before
and after the helicopter landings. After the |andings, however, a

relatively larger proportion of caribou were foraging on Lichen
Upl and and Dwarf Shrub (Table 16).
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Tabl e 15. Pre- and post-disturbance activity budgets of caribou® cal cul ated as

mean proportions and expressed as fercentages of time spent in each
activity, Beverly calving ground, 1982.

Pre-disturbance Post - di st urbance
d ass Activity %0 SD n X SD n
cow Bedded 44.3 8.1 7 46.6 18.1 7
For agi ng 47.2 7.8 7 39*7 10.2 7
St andi ng 3.0 2.5 7 2.5 3.1 T
Vil ki ng 5.3 3*7 7 11.1 13.7 7
Trotting 0.1 0.2 7 0.1 0.2 T
Gal | opi ng 0.0 0.0 7 0.0 0.0 7
Cal f Bedded 73.5 9.6 7 64. 2 24. 4 7
For agi ng 6.6 6.2 7 15.5 7.5 T
St andi ng 3.3 2.3 7 2.5 2.0 7
Wl ki ng 5.8 4.8 7 15.4 17.9 T
Trotting 0.6 0.7 T 1.9 2.6 7
Gal | opi ng 0.1 0.2 7 0.5 0.8 7

a Qobservations of the same caribou group during pre- and post-di sturbance.

b Mean proportion of tine (expressed as a percentage) spent in each activity”
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Tabl e 16. Range use by caribou? pre- and post-di sturbance, calculated as mean

proportions and expressed as percentages of caribou cbserved bedded
or toraging on each range type, Beverly calving ground, 1982.

Range Pre-disturbance Post - di st ur bance
type Activity X SD n® X SD n
Li chen Upl and
Bedded 32.0 30.5 7 46.5 39.1 7
For agi ng 24.9 24.6 7 37.9 40.5 7
Dwar f Shrub
Bedded 8.4 12.9 7 12.0 19.7 7
For agi ng 6.9 993 7 11. 4 21.9 7
Meadow
Bedded 55.5 31.3 7 41.4 40. 6 7
For agi ng 67. 28. 6 7 50. 8 36. 8 I

a  (Qbservations of the same caribou group during pre- and post-disturbance.

b Number of observer team days.
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W observed a total of 46 different cowcalf pairs during 545
mn of all-occurrence sanpling during the 16 helicopter |andings.
W recorded 517 active cowrein and 476 active calf-rein. Only one
pair was observed at a tinme but because of the need for changing
pairs during observation periods an average of 2.9 pairs (range
1-9) was observed during each | anding. The al | -occurrence
sanpling of the same caribou groups before and after the
hel i copter Ianding produced relatively small sanple sizes as did
the scan sanpling of activity patterns. Pre-di sturbance all-
occurrence sanpling totalled 287 active cowrein and 219 active
calf-rein; post-disturbance sanpling totalled 341 active cowrein
and 294 active calf-rein.

The rates of nursing were slightly higher during pre-
di sturbance than post-disturbance being 8.2/100 calf mn and
6.9/100 calf rein, respectively (Table 17). The rates of nursing
during both pre- and post-disturbance were higher than the rate
observed during the 16 |andings, which was 3.7/100 calf-rein.  The

trend in the rates of attenpted nursings varied from that shown

for nursings (Table 17) . The rates were all simlar: 5.0/100
calf-rein before the landings, 4.8/ 100 calf-rein during the I|andings
and 4.7/100 calf-rein after the landings. The nean duration of the

nursings was slightly less during the |andings than before or
after (Table 17).

The occurrences of other behavioral bouts (Table 17) were too

infrequent to conpare rates but the occurrence of alarm stances
and antler threats (all by cows toward cal ves that were not
their's) appeared to occur at higher rates during the |andings

t han before or after.
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Table 17. Distributions of events displayed by caribou® during pre-

di sturbance, disturbance and post-disturbance periods, Beverly
cal ving ground, 1982.

Event pre-di sturbance’ di sturbance post - di st ur bance®
Nur si ng
Initiation®
cow 4 0 2
Cal f 10 11 11
Term nati on
cow 15 10 18
Cal f 3 l !
Nursing duration
mean, (SD) (see) 39.8 (19.3) 34.8 (21.1) 49.1 (25.1)
Attenpted nursing 11 14 13
Head bob 0 0 0
Al arm st ance 0 4 !
Head swi ng 1 4 0
Ki ck 0 0 l
Rush 2 0 0

a  Cbservations of the same caribou group during pre- and post-disturbance.

h  Data based on 287 active cowrein and 219 active calf-rein.

¢ Data based on 341 active cowrein and 294 active calf-rein.

d Data based on 517 active cowrein and 276 active calf-rein.

e Initiation of four nursings mssed during pre-disturbance and six during
post - di sturbance (sanple sizes for durations of nursings are equal to

total initiation count: pre-disturbance, 14; disturbance, 11; and
post - di sturbance, 13).
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Qur analysis of the behavioral responses by caribou to the
hel i copter |andings was handi capped by the small sanple size; the
variability in environnental factors; wvariation in group sizes
sanpled; changes in the actual groups being observed during
different phases of the same l[anding, in some cases; and the range
of distances fromthe helicopter to the caribou being observed.
The distribution of maintenance activities (bedded or foraging),
or behavioral responses during each phase of the helicopter
| andi ng, based on the proportions of the group observed in each
mai nt enance activity or behavioral response category during every
2-rein scan sanpling period, varied markedly among the different
phases of each landing (Appendix K). During the 16 helicopter
| andi ngs we carried out 307 2-rein scan sampling periods; 22.5%
(69) of the sanpling periods were during the tinme from when the’
hel i copter was first audible (Approach phase) to the end of the
W nd- down phase; 56.7% (174) of the sanpling periods were during
the Shut-down/ Gound activity phase; and 20.8% (64) were during
the time fromthe beginning of the Wnd-up phase to the end of the
Last Audi bl e phase. The overall time spent sampling in each of
the eight phases of each helicopter landing varied in a descending
order of time as follows: (1) Shut-down/Gound activity, 56.7%
(2) Approach, 8.8% (3) Wnd-up, 8.4% (4) Take-off, 7.5%; (5)
Wnd-down, 6.2%; (6) Last Audible, 4.9% (7) Descent, 4.6% and (8)
Turn, 2.9%.

We can draw the follow ng inferences fromthe proportional

distribution of the nunmber of times the different maintenance
behavi ors and behavioral responses to the helicopter disturbance
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were exhibited during 2-rein scan sanples that were taken in the
ei ght phases of the disturbance sanpling period (Table 18). The
frequencies w th which maintenance behaviors and behavi oral
responses were seen were analyzed by comparing with expected
val ues calculated by the standard expression for contingency table
anal ysis: expected = row total x colum total/grand total

There were relatively nore occasions than expected when
caribou exhibited maintenance behaviors or behavioral responses
to the helicopter (disturbance stinuli) as follows: (1) when
engaged in maintenance activities (bedded or foraging) during the
Approach Phase; (2) when responding to the helicopter by galloping
and trotting during the Turn Phase; (3) when responding to the

hel i copter by galloping, trotting, walking, and standing alerted

during the Descent Phase; (4) when increasingly responding to the
helicopter by galloping, trotting, walking, and standing alerted
during the Wnd-down Phase; (5) when returning to naintenance

activities during the Gound Activitv Phase; (6) when renaining

engaged in nmaintenance activities into the_Wind-up_Phase; (7) when
responding to the helicopter by galloping and trotting, but
seem ngly not responding by walking or standing alerted during the
Take-of £ Phase; (8) when again returning to maintenance activities
during the Last _Audible Phase. These proportions follow a |ogica
pattern of likely response to the helicopter (disturbing stinuli):

(1) aninitial switch fromongoing naintenance activities to mld

to stronger responses to the on-comng helicopter during the

Aobr oach Phase; (2) followed by increasing participation In
| oconot or responses to the helicopter fromthe Turn Phase to the



Tabl e 18. Percentage of frequency of occurrence of maintenance activities and behavioral responses
by a proportion (25-100%) of caribou during each 2-rein scan sanpling period that occurred

in each phase of each helicopter |anding, Beverly calving ground, 1982.

Shut - down/
ground . .

_ Appr oach, Turn Descent Wnd-down activity  Wnd-up Take off Last audible
Behavi our (n=58) (n=25) (n=42) (n=54) (n=422) (n=T72) (n=66) (n=37)
Bedded 37.9 16.0 14.3 9.3 17.1 20. 8 13.6 24.3
Foragi ng 43.1 28.0 16.7 14. 8 35.8 33*3 22.7 35.1
Standing 3.4 8.0 16.7 22.2 10. 9 13.9 12.1 10. 8
Wl ki ng 12.1 32.0 30.9 31.5 28.7 22.2 28.8 24. 3
Trotting 3.4 16.0 14. 3 16.7 6.6 8.3 13.6 5.4
Gal | opi ng 0.0 0.0 7.1 5.5 0.9 1.4 9.1 0.0

a  The number of 2-rein scan sanpling periods in which the behaviour was observed during each
di sturbance phase of each of the 16 helicopter |andings (summed over days and observer teans).

€L
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W nd- down Phase; (3) then a waning of responses to the disturbing
stinmuli and a return to maintenance activities during the 20-min

Gound Actiyitiv Phase into the Wind-up Phase; (4) then, a narked

increase in responses to the disturbing stinmuli during the
Take-off Phase and (5) the termination of responses to the
helicopter after the renoval of the disturbing stinmuli and a
return to ongoi ng mai ntenance activities as the helicopter
departed during the Last Audible Phase

The increase in |locomtor activities during the landings in
response to the disturbing stimuli, and the resultant tendency for
caribou that were foraging to actually also be nmoving away from
the disturbing stinuli at the same time, resulted in the initially
observed group being conpletely out of sight of the observers
during seven |andings and nmost caribou out of sight during an
additional six landings (Appendix H.  Therefore, we can conclude
that nost all caribou under observation in the initial phases of
81.2% (13/16) of the |andings were displaced in excess of 1 km
before the disturbance periods were conpleted. This condition is
masked and further analysis is conplicated by the fact that when
observers lost sight of the initial groups under observation they
continued their observations on different caribou during those
| andi ngs, if possible.

To better evaluate both the relative intensity of the
proportional contributions of the caribou group responses and the
| evel of the responses, we weighted the observed val ues (Appendix
K) by response |evel and by proportion. A nunerical score was

assigned to each behaviour: bed (), forage (2), stand (3), walk
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(4), trot (5), and gallop (6); and to each proportion; < 25% (),
25-50% (2), 51-75% (3), 76-99% (4), and 100% (5). Thus, the
maxi mum score woul d be achi eved when 100% of a caribou group
gal loped (5 x 6 = 30) and the m nimum score woul d be when < 25% of
a group renmained bedded (1 x 1 = 1).  The individual disturbance
phases were then grouped into three segnents based on the
interpretation of the data in Table 18. “I'ncomng segnment’
includes Approach, Turn, Descent, and Wnd-down phases; “G ound
activity segment” includes Shut-down/Gound activity phase; and
“Qut-going segment” includes Wnd-up, Take-off, and Last Audible
phases (Appendix L). W then took the sunms of the observed val ues
and the weighted scores in Appendix L and gave them as percentage
distributions in Table 19. The followi ng analysis of observed to

expected values and its associated interpretation are drawn from

conmpari sons of the observed val ues and the wei ghted scores given
in Table 19.

Exam nation of the Cbserved/ Expected (O/E) ratios for the
observed values in Table 19 allows the same general conclusions
derived from analysis of the data in Table 18. That 1is,
contributions to maintenance activities were relatively greater
than expected during the “Gound activity segment” (Shut-down/
Gound activity phase) and |ess than expected during both the
“lIncom ng segnment” (Approach - Wnd-down phases) and “Qutgoing
segnent” (Wnd-up - Last Audible phases). Wile contributions of

the behavioral responses to the disturbing stinuli (helicopter

| andi ngs) were proportionately greater than expected during both

t he "Incoming" and “Qutgoing” segnents of the disturbance periods



Tabl e 19. Percentage distributions of observed values and weighted scores for maintenance
activities and behavioral responses during three different segnents of the disturbance

periods for the 16 helicopter l|andings, Beverly calving ground, 1982.

Behavi our _ hserved val ues (weighted scores) _
and segment Bedded For agi ng St andi ng Wal ki ng Trotting Gal | opi ng
% Behavi our® 26.1 (29.6) 18.9 (15.7) 25.6 (26.9) 21.4 (21.8) 31.8 (35.5) 35.3 (22.2)
% | ncom ng’ 20.7 (7.5) 26.3 (20.4) 12.8 (9.2) 25.1 (38.2) 11.7 (20.8) 3.4 (309)
% Behavi our 50.7 (46.1) 60.6 (66.5) 51.1 (50.0) 57.6 (56.6) 42.4 (41.1) 23.5 (33.3)
% G ound 17.1 (4.8) 35.8 (35.3) 10.9 (7.0) 28.7 (40.6) 6.6 (9.9) 0.9 (2.4)

- — —_ -~

(=]
% Behavi our 23.2 (24.3) 20.5 (17.8) 23.3 (23.1) 21.0 (21.6) 25.8 (23.4) 41.2 (44u,5)
% Qutgoing 19.1 (6.4) 29.5 (23.9) 12.1 (8.2) 25.4 (39.1) 9.8 (14.2) 4.1 (8.2)
N behavi our 142 (230) 249 (1182) 90 (312) 210 (1596) 66  (535) 17 (162
a Equal s percentage of colum total for each behaviour. _
b Equal s percentage of row total for each of the three different segnents of each disturbance
eriod.

c equal s the nunber of 2-rein scan sanples in which the behaviour occurred for observed values

and for the weighted scores N equals the summation of the weighting of the observed values (see
text for further explanation). N values for "Incoming" sePrrent equal 179 (912); for "Ground"
segment equal 422, (22268; and for "Outgoing" segment equal 173, (879) respectively, for
observed val ues and for (weighted scores). Total sanple sizes equal 774 for observed val ues
and (4017) for (weighted scores).



17

and slightly less than expected during the "Ground Activity”
segnent .

(oserved values in Table 19 indicate that caribou groups were
exhibiting |oconotor responses to the disturbing stinuli during
only 37.8% of the sanpling periods throughout all disturbance
phases. The weighted score for the sanme category, however,
I ncreases that proportion by 51.0%to 57.1% Wen we conpare the
observed values to their respective weighted scores for |oconotor
responses, we find that galloping increases 86.4%from2.2 to
4.1% trotting increases 56.5% from 8.5 to 13.3% and wal ki ng
increases 46.5%from27.1 to 39.7%

The main effect of the weighted scores was in causing changes
in relative values which increased percentage contributions for
gal lop, trot, and walk; and decreased contributions for bed,
forage, and stand (Table 1 9). The overall percentage
contributions to |oconotor responses for both observed val ues and
respective weighted scores also suggest that the levels and
intensities of responses were simlar during both the "Incoming"
and the “Qutgoing” segments of the disturbance periods: “Ilncom ng,
40.2% vs 62.9% and "Outgoing" 39.2% vs 61.5%. This condition
reveal s that the contributions by all |oconotor responses during
all three segnents of the disturbance periods, and especially for
both the “Incom ng” and “Qutgoing” segments, are masked in any
eval uation that does not offer some means of evaluating the
proportion of each of the caribou groups involved (Table 18). The
resultant difference seemngly reflects the relative weighting of

the greater proportions of the caribou groups that were responding
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at any given behavioral level, especially at the higher levels of
response (locomotor responses - gallop, trot, and walk).

Therefore, we can conclude that a greater proportion of the
caribou were actually responding nore actively by loconotion than
was apparent. This condition nost |ikely pertains because of the

often abstruse displacenment of the caribou from the areas under
observation by a conbination of foraging and at the same tine
slowy drifting away from the disturbing stimli. The genera
conclusion that can be drawn from these anal yses of data in both
Table 15 and 16 is that caribou groups exposed to helicopter
I andi ngs within 300-2200 mfrom them did respond nostly by
del i berate but controlled novements (mainly wal king) away from the

source of the disturbing stinuli.
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DI SCUSSI ON
t udv Design

One basic assunption in our study is that the caribou did not

change their behaviour in response to the presence of the
observers.  The observer teams were at pains to make themselves as
visibly inconspicuous as possible. Nevertheless, there were tines
when the caribou were downw nd of the observers. In 1982, we
docunented that cows spent proportionately nore time wal king and
less time foraging. Calves spent proportionately less time bedded
or foraging and twice as much tine wal king when downw nd of the
observers (Table 3). In 1982 as in 1981, those differences in the
activity patterns were not significant.

I'n 1981 there was an apparent increase in the frequency of
aggressive acts when the caribou were downwi nd of the observers.
However, a simlar increase was not recorded in 1982, nor was
there a change in the frequency of other behavioral events
recorded, though small sample Sizes confound any analysis. W are
not suggesting that the caribou did not detect the observers on
all occasions but that the detection was not frequent or extrene
enough to change the ongoi ng behaviors. Had the sanple size of
observer team days, where observers were upwind of the caribou
been large, a nore definitive statenent could be made.

The second basic assunption in our design was that the
observers were identifying and recording the same behaviors in
the same way (i.e. we nininized observer error and bias, Lehner

1979). Qur rigorous definitions and procedures elimnated nost
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subjectivity in the way observers recorded behavioral events
whi | e the continued checking of fornms in the field ensured that
procedures were correctly foll owed.

There were, however, significant differences in activity
patterns of caribou recorded by the three observer teans in 1982
and those differences were not related to obvious differences in
actual nunbers of caribou observed by any one team or to sanple
si ze. Those differences during calving were between all three
observer teans. Team 1 recorded a significantly greater
proportion of cows and cal ves foraging than the other two teans,
which may be related to the fact that Team 1's scan areas had
greater proportions of Meadow than did those of the other two
t eans. Team 2 was off the east coast of Deep Rose Lake on the
conplex of small islands which were heavily used by caribou during
calving in both 1981 and 1982. The greatest proportion of cows
and cal ves bedded was recorded by Team 2.

Team 1 changed | ocations twice, Team 2, three times and Team
3, five times during post-calving; and those noves crossed from
Deep Rose Lake west to Sand Lake. Team 1 agai n recorded a
significantly greater proportion of cows foraging than the other
two teanms and al so recorded greater proportions of Meadow in their
scan areas. The only other significant difference in the activity
patterns recorded by the three teans was that Team 1 had a | ower
proportion of calves wal king than the other two teanms, and a
hi gher proportion of cows foraging.

It is suggested that caribou preferentially bed in Lichen

Upl and areas and forage in the |ow and Meadows.  Lichen Upl ands



81

are the first range type to be free of snow during calving and do
provi de good vantage points in an area typically of low relief.
The best sites for foraging, however, tend to occur in the nore
hydric | owl and areas which are characterized by relatively |ush
sedge (Eriophorum vaginatum) conmunities.

Qur procedures for observing the caribou and recording the

scan data left little need for subjective decisions and hence
shoul d have mnimzed individual differences between observer
teams. W believe the differences between the observer teans are
largely the result of the different proportions of range types in
the scan areas. The observers tended to select scan areas that
facilitated observation by choosing areas that they could overl ook
and that had relatively distinct |andscape boundaries (i.e. sites
were chosen to mnimze errors of apprehending, Lehner 1979). It
woul d be difficult to select scan areas on the basis of

proportional distribution of range types because of the obvious

requirement to select areas with caribou that can be observed. A

second possible source of bias which could cause differences
between teans in activity patterns recorded is the age and sex
conposition of caribou in the scan sanple. A. Marten (pers.
comm.) suggests that cows without calves have relatively different
activity patterns fromcows with calves. We cannot use the
calf:cow ratios during our scan data to test that assunption
because the calf:cow ratios are biased by the frequent difficulty
of spotting bedded cal ves (Jingfors et al. 1982).

W are unable to find in the ungulate literature any solution

or even acknow edgenent of the problens we have identified with
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sanpling activity patterns. Qur use of and conparison between
different observer teans identified the problens, and the other

studies did not describe the use of different observation teans

(Thomson 1973, Gaare et al. 1975, Wite et al. 1975, Roby 1978,
Wight 1979, Boertje 1981).

W did not have the opportunity to carry out focal aninal
sanpling (Lehner 1979) which would have given us continual
observations and thus exact rates and durations of events
necessary to select the nost suitable durations and frequency of
the all-occurrence sanpling period. Altmann (1974) reported that
t he duration of the observation period is theoretically
immterial for measuring rates of events. Wth data on the
frequency of behavioral events, a bout of appropriate frequency
and duration can be objectively delimted (Slater and Lester
1982).

We arbitrarily chose to have an equal anount of tine spent
each hour in all-occurrence sanpling as not (e.g., three 10-min
sanmpl es per hour and alternating 10-min non-sanpling periods per
hour), thus supposedly equalizing the probability of detecting
events regardless of their relative rates of occurrence.

The selection of a cowcalf pair for all-occurrence sanpling
can introduce biases into the observed rates of behavi oral
events. [f there was even an unintentional tendency to select
cowcalf pairs that “looked |ike they would be active” - e.g. , the
pair had just risen from being bedded, and If there isa
l'i kel'i hood of the behavioral event being influenced by a change
inthe activity state of the caribou, the rates will be biased.

W believe that when calves, and especially when cows rosefrom
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bei ng bedded, a nursing event was nore likely to occur, and
selection of “active” pairs could have increased the observed rate
of nursing events.

W did not however, detect significant differences in the

rates of behavioral events especially nursing frequency between
observer teams, although the proportions of bedded and ot her
activity states did vary. The lack of between observer team

differences suggests that any bias from selection of cowcalf
pairs was not reflected in the data.
Qur nmethods of describing the group response of the caribou to

the helicopter landings are a first step; further study will

require refinement in experimental design and nmethod of’ data

collection. Qur approach of attenpting to describe many variabl es

(group proportions by activity state by tinme and helicopter phase;

di stance and directions noved, etc.)’ was not practical as there

were sinply too many data to objectively record for one person
(the second observer was recording the behaviour of a cowcalf
pair). The largely subjective estimation of the proportions of
the caribou group in each activity type (bedded, foraging>
standing, walking, trotting, galloping) is difficult to analyze or
interpret and the differences in responses according to sex/age
cl asses are ignored. Al t hough our approach of recording the
activity states by sex/age class and phase of the helicopter had
proved practical before (MIller and Gunn 1979), it was not
sui tabl e when group size exceeded 10-20 cari bou. The observers
were not practiced in estinmating proportions and additionally,

certain activities are likely to be over-enphasized as they are
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nore conspi cuous (e.g. , galloping conpared to beddi ng) and

differential conspicuousness also varies by sex and age class
(Hinde 1973). The descriptions of the distances covered and the
direction of movements are al so confounded by practical problens.
The range finders were inadequate for the distances and tine

consumng to use. \Wereas inproved equi pnment or training in the

estimation of distances could rectify that problem there remains
the problem of defining how far and in what direction the group
(and not some conspicuous individuals) noved. Frequently the

group was spread out over 200-300 m and noved together or in

different directions which required observers to select which

movenent and starting-stopping point to use to estinmate distance

travelled. As Hi nde (1973) and Lehner (1979) enphasi ze, the

selection of appropriate behaviors depends on the precise ainms of
collecting the data. Hi nde (1973) also noted that qualitative

study is an essential prelimnary to guard against the problems of

the inappropriate selection of behaviors to be described

Qur problems in quantifying group responses suggest time |apse
phot ography would have been a wuseful tool in subsequent
deternination of group responses together wth mapping of the
cari bou novements on aerial photographs. The conti nuous

observation of cowcalf pairs during the controlled disturbance by
t he second observer, however, is a satisfactory approach to

describing the behavioral responses. The refinenents that shoul d

be considered are to record the data in 10-min bouts to facilitate

conparisons wth pre- and post-disturbance observations. The
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behavi oral events recorded during all three phases shoul d be

simlar which neans bouts of trotting and gal | oping woul d have to
be added to the pre- and post-disturbance all-occurrence sanpling.
W believe that our relatively large sanples and the replicate

sanpling fromthe use of three teanms have minimzed sanpling

biases, and that we have designed a repeatable programto describe
basel i ne behaviour of cows and calves on the calving grounds. Our

descriptions of group responses to the helicopter |andings were
prelimnary but allow us to suggest sone refinenents to the data

col | ection.

Activitv Budgets

Jingfors et al. (1982) describe activity patterns of caribou

and reindeer (R. t. tarandus) and discuss nethods and results of
other studies in conparison with our approach. Qur results in

1982 were relatively simlar to those activity patterns recorded
in 1981 (Table 2). The differences likely reflect differences in

phenology and snow conditions. Subj ectively, we believe that
phenology and snow nelt were several days later in 1982 when
conpared to 1981. It was unfortunate that we were unable to
repeat the phonol ogi cal sanpling of 1981. The snow nelt and

phonol ogi cal differences may also account for the observed

differences in range use and the observed proportions of bedded

and foraging cari bou.
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W suggest that the body condition of the cows and phenologi-
cal differences between 1981 and 1982 al so contribute to the
differences in the rates of nursing and attenpted nursing recorded
bet ween 1981 and 1982. In 1982 we observed 10.6 nursings/100
calf-rein and 7.3 attenpted nursings/100 calf-rein which are
significantly greater (P < 0.05) than the rates of 7.3 nursings
and 4.7 attenpted nursings/100 calf mn observed in 1981. The
duration of the nursing, however, was not significantly different
between the 2 years, though the mean duration in 1981 was 50.2 s
compared to 46.4 s in 1982. The difference is not explained by
nursing position: there was a slightly greater frequency of

nursing fromthe rear in 1981 (7.0% conpared to 4.7% in 1982.
Nursing bouts fromthe rear tend to be of shorter duration for

cal ves ol der than 30 h (Espmark 1971, Lent 1966); 13 nursings from
the rear averaged 25.1 s. The relatively higher frequencies of
nursing and attenpted nursing mght suggest that the maternal cows
were nutritionally stressed in 1982 conpared to 1981, but the cows
termnated more nursings (76.1% in 1981 than 1982 (67.9% which
does not support the suggestion that the cows were undernourished.

The calves of undernourished reindeer cows nursed nore frequently
but with shorter nursing durations due to a high frequency of

maternal rejection (Esprmark 1980).

The reduced rate of aggressive acts by the maternal cow toward

her calf during calving in 1982 conpared to 1981 was unexpected as
the rate of attenpted nursing was higher in 198 than in 1981, and

we have observed a cow aggressively swing her head at a calf that
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persisted in attenpting to nurse.  Espmark (1980) did not observe
mat ernal cows directing aggressive acts towards their calves, nor
did he observe any difference in the rates of aggressive acts
towards other <calves or cows between normally fed and

undernourished captive reindeer cows. This sanple size, although

not stated, was small as the observations were of two groups of
ei ght cows each with their calves for 3 days (Espmark 1980).

The frequencies of head bobbing and alarm stances were low in
1981 and 1982 as woul d be expected if the caribou were not being
exposed to alarming or frightening stimili. The head bobbing we
did observe was by cows toward newborn calves. As Jingfors et al.
(1982) note, there are no published conparative data to conpare
with ours for the rates of aggressive acts, alarm stances and head
bobbi ng. There woul d be biases, however, in conparing rates and
durations of specific behavioral events between our study and
ot her studies as a result of our rigid definitions. An alarm
stance, for exanple, had to be held for 3 s or longer and a head
bob was at |east two |owerings of the cow's head. Qur definition
of a nursing bout also conplicates conparisons with other studies;
if the duration was less than 5 s, the event was termed a nursing
attenpt. A second factor which could slightly increase the nean
duration was that if the calf stopped nursing but then resumed
nursing, and the break in a nursing bout was less than 30 s, the
break was included in the duration. The duration of 19
interrupted nursings (excluding four wuntimed ones) was greater
than the overall mean duration, 57.9 s and 46.4 s, respectively,

but we have no neasure of what the breaks contributed to the
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duration. Lent (1966) did not record a separate bout if “the calf
monmentarily removed its lips fromthe teat" (p. 716), and Espnmark
(1971, 1980) does not define how duration of nursing bouts was
neasur ed.

Qur 1982 observations of calves support the suggestion from
1981 (Jingfors et al. 1982) that the calves on the Beverly calving

ground nurse nore frequently and for |onger periods than in Al aska
(Lent 1966, White et al. 1975) or Norway (Thomson jin Gaare et al.

1975) . There are no data to conmpare the rates of the other
behavi oral events that we recorded to determ ne whether they were

comparable with other caribou or reindeer populations.

Helicopter Landings

The helicopter approached the caribou at a relatively high
altitude (300 magl) and turned at that altitude over the caribou,
but some caribou were already responding by standing alerted,
wal ki ng, or trotting on 9 of 16 occasions before the helicopter
descended and landed. W do not know the consequences of those
behavi oral responses, if any, to the cowcalf pairs. But we
suggest that these observations of more than half the groups of
cari bou responding to a helicopter at 300 m agl above them
supports the recomendation by MIler and Gunn (1979) that flights
during calving and post-calving should be at a mninumaltitude of
600 m agl, whenever possible.

W deliberately landed relatively far away from the caribou so

as not to precipitate severe |oconotor responses as we wanted to

be able to observe activity patterns subsequent to the |anding.



89

However, the caribou of seven groups and some caribou of siXx
groups initially under observation during the 16 helicopter
| andi ngs |l eft the scan sanple areas during the disturbance
peri ods, which considerably dimnished our sanple size for
conparison of the sane groups before and after a helicopter
| andi ng.

V¢ cannot eval uate the consequences of displacing all or some
of the caribou during 13 of 16 landings, or of the variation in
activity patterns and range use of the caribou after as conpared
to before the |andings. We suggest that the critical
consideration in evaluating those consequences woul d be how often

such di spl acements and changes in behavi our were caused. Any

descriptions of the consequences of behavioral responses to an
individual or to the population are currently speculative and are
di scussed el sewhere (Gunn 1983).

The only other quantitative descriptions of caribou responses
to helicopter landings are from 116 |andings near Peary caribou
(R. L. pearyi) in 1977 on Prince of Wales Island (MIler and Gunn
1979).  The landings were within 500 mof the caribou which were
in small groups (mean size of six individuals) of all sex/age
cl asses including calves 2-8 weeks ol d. Those results are not
strictly conparable due mainly to small groups sizes, and
different but constant distances between the helicopter and
caribou, (Mller and Gunn 1979).

In the same study, MIler and Gunn (1979) identified cowcalf
pairs as the most responsive relative to other group types during

helicopter harassment (disturbance). They noted that cal ves
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tended to alert nore, respond sooner than their maternal cows and
were more likely to rejoin their maternal cows than the ncther was
to seek her calf. Rejoining of the cowcalf pair and rejoining of
the pair with a group accounted for 19.5% and 20.3% respectively,
of the loconotor responses to the helicopter overflights (Gunn

and MIler 1980). O the 57 bouts of trotting or galloping that

we recorded for cowcalf pairs during the [andings on the calving
ground in 1982, 17.5% were rejoining of the pair and 19.3% were
fromthe pair rejoining the group

Qur small sanple size precluded us from denonstrating changes
in the frequency of specific behavioral events. \Wen conpared to
pre- and post-di sturbance periods our data suggest that the rate
of nursing declined but the rate of attenpted nursing renai ned
about the same during the disturbance periods. Nursing often
occurs after &bt unfamiliar (novel) Stinmulus causes a calf to
rejoin its mother- (Lent 1974) . However, we observed that the
movenment of the calf to the cow was inmediately followed by the
pair noving away on 10 of 11 occasions during the helicopter
| andi ngs. This mght explain why we did not see an increase in

the rate of nursing but does not explain the apparent decrease.

Qur results fromthe experinental |andings, although a
prelimnary effort, showed that the cows and cal ves were readily
displaced and their activity patterns interrupted even by |anding
at a distance of 300-2200 maway fromthem W again enphasize
that we do not know the consequences of that displacenent and
interruption of activity patterns to the cows and cal ves. Vi

believe that the key as to how serious such human activities are
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to caribou could only be obtained if we could nmeasure and eval uate
the single and combi ned influences of the frequency, duration and
intensity of the disturbance as well as the kind of disturbance
experienced.

Any measurement of the long-terminpact to the population or
even the short-term consequences to the cowcalf pairs of caribou
exposed to human activities during calving or early post-calving
go far beyond the objectives and scope of this study. W have
docunmented in a cursory manner that man-caused novel stimuli
(helicopter landings) within several hundred neters of early
post-cal ving groups or aggregations of caribou will (1) cause
disruption of ongoing naintenance activities; and (2) elicit
behavioral responses that lead to displacenments from the
I mredi ate range to distances of, at least, 1-3 km

A strong argunment can be nmade for creating concern about
possible future high levels of exploratory activities for
non-renewabl e resources that could have significant inmpact on the
wel | -being of cowcalf pairs of caribou exposed to such activities
during cal ving and post-cal ving. This concern would validly
persist on a biological basis throughout the summer period of
dependency by the calf on its nother for sustenance, protection
and acceptance into its nother’'s social group. The concern could
even by extended on a biological basis into and possiby throughout
the first winter of the calf’s life. This is true because no one
has denmonstrated that a weaned caribou calf orphaned in the fal
or early winter has the ability to psychologically adjust to life

on its own. Thus , it could be supposed and convincingly argued
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that orphaned calves are less likely to survive the rigors of the
first winter than calves in the conpany of their nothers.

A herd of mgratory barren-ground caribou increases in size
essentially by survival exceeding nortality in nore years than
not, especially in consecutive years. Thus, high recruitment of
calves to 1 year of life is often the principal contribution to
the population’s growh. Therefore, any true concern for the
wel | -being of the caribou resource nust enploy the maxi mzing of
high rates of survival of each calf crop. This means that it is
necessary to take conservative neasures in the absence of
biologically sound data to the contrary and provide the fullest

measure of protection to the caribou herds that is possible.
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Appendix A Instructions for recording scan and all-occurrence
sanpling of caribou behaviour on Beverly cal ving
ground, 1982,
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RECORDI NG FORM FOR SCAN SAMPLI NG

(pre- and post-disturbance phases)
HEADI NG COLUWNS EXPLANATI ON
Dat e 1-6 Day, month and year (e.g. 290581).
oserver team 7 Each observer team has an

I dentifying nunber.

Tine 8-11 At beginning of 20-min interval
scan, use 24 h clock.

NOTE: At each scan activity data are coded separately from range
use data. However,  columms 1-11 are simlar for both
types of data.

a) Activity Data

Wnd speed

and direction 13-15 Record speed from anenoneter held
about 1.5 m above ground. €
direction relative to observers and
caribou - wind fromcaribou to
observers (l); wnd from observers
t(g) caribou (2); crosswind (3); calm

cow 17-28 Sum nunber of cows observed in each
of the six possible activities
(bedded, f oragi ng, st andi ng,
wal ki ng, trotting, gal | opi ng);
record as a 2-di 2it nunber (e.g. 4
cows foraging “04"). Activities
are coded in the same order as the
rows in the table (i.e. B, F, S, W
T G. If a cowcalf pair is
nursing, record: calf foraging and
cow standing.

Cal f 30-41 Sane as above.

Yearling 43- 45 Sane as above.

Q her 56- 67 Sane as above.

Phase 69 Di sturbance phase - pre-disturbance

or no disturbance ( 1) ; post-
di sturbance (3).
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HEADI NG COLUWMNS EXPLANATI ON

Lag 70 If in post-disturbance phase,
record tinme |apsed since helicopter
left area using 1 h intervals and
code as: less than 1 h (1); 1-2
2); 2-3 (3); 3-4 (4); .4-5 (5); 5-6

: ete. I'f> still in’ pre-
i sturbance phase, code a "o" in
col um 70.

b) Range Use Data

Range Type

RB 13-16 Rock/ Sand Barrens - sum nunber of
cari bou (irrespective of sex/age
class) observed bedded (B) or
foragin F) on this range type.
DO I\I((:])T ?eéo?d range use fgor o){%er
activities or when caribou are
bedded or foraging on snow covered
ground.

LU 17-20 Lichen Upland  sane as above.

DS 21-24 Dwarf Shrub - same as above.

M 25-28 Meadow - sane as above.

n ver

Snow 30- 33 Sum nunber of caribou observed
bedded or foraging on snow covered
ground.

Bar e 34- 37 Sanme for bare ground.

Stage

Phase 39 Di sturbance phase - pre-disturbance
( 1) ; post-disturbance (3).

Lag 40 If in post-disturbance phase,
record tinme |apse since helicopter
| eft area using 1 h intervals and
code as: less than 1 h (I); 1-2

2); 2-3 (3); 3-4 (4); 4-5(5); 5-6
6); etc. If still in pre-
di sturbance phase, code a "o® in
col um 40.

NOTE: Al range use data and the individual activities for the

different ﬁge/sex categories are coded as 2-digit nunbers;
thus, a number belew 10 shoul d be preceded by a zero.
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EXPLANATI ON

Ot her Explanations

Locati on

C oud cover

Wnd direction

Remar ks

A nunber (for observation team

followed by a letter (i.e. 1-A)
indicates the particular study area

used. Mark location as “I-A" on
a mp.
Note as overcast, br oken,

scattered or clear.

Sanme as for All-occurrences.

Note factors which may disrupt or
otherwi se influence activity or
range use; predators, airplanes,
changes in group size or conposi-
tion, % snow cover. Addi t1 onal

information on forage use is
useful .
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RECORDI NG FORM FOR ALL- OCCURRENCE SAMPLI NG

- ost-disturbance ses
HEADI NG COLUWNS EXPLANATI ON
Dat e 1-6 Day, nmonth and year (e.g. 290581);
al so acts as observation nunber.
Qbserver 7 Each observer has an identifying
number .
Tine 8-11 At begi nning of sanpling period,

use 24 h cl ock.

Nunber 13-14 Maxi mum nunmber of cows or cal ves

observed during a 10-min period (no
nmore than five pairs).

Dur at i on 15-18 Sum nunber of mnutes by cows and
cal ves under observation using the

length of tinme that they are active
(non-bedded) and in sight.

Goup size

and conposition 19 Goup is defined as caribou within
5 body | engths of observed cow or
calf. In “Remarks” note group
conposi tion (cows, calves,

yearlings or young bulls) and total
nunbers of caribou on the study
area. Note the group size and
conmposi tion at the beginning of the
sanpl ing period.

Size: o (0); 1-5 (1); 6-10 (2);
11-15 (3); 16-20 (4); 20+ (5)

Change in Goup

Si ze 21 | f group size around the focal
pair(s) changes, note time and use
a "+" to indicate increase or n.m
for decrease in group size. \Wen
coding the data, indicate in colum
21 whether there was a change in
group size by: change (1) ; No

Change (2).
W nd 22 Wnd direction relative to
observers and caribou - note at

begi nning of 10-min pericd as -
wi nd fromcaribou to observers (I);
wi nd from observers to caribou SZK;
crosswind (3); calm (4).



103

HEADI NG COLUMNS EXPLANATI ON
Behavioral Events
Nur si ng 23- 26 Note the time of a nursing and

Attenpted nursing 27

Head bobbi ng 28

Al arm st ance 29

Aggressive acts
(head swi ng, kick
and rush) 30- 32

whet her the cow or calf initiates
or termnates the nursing (with a
nin), Use a separate |line for each
nur si ng. If initiation mssed,

indicate the term nation and sum
for totals. Code total initiations

by cow or calf in colum 23-24 and
total termnations in colum 25-26.

I n "Remarks" not e:
a) whether calf is bedded (B) or
active (A) imediately before

nur si ng;

b) side of nursing (LS, RS, rear);

c) duration %ln seconds). |If
nursing is briefly |nterrupted

(< 30 s between bouts) record
total duration and note with an

wkn, ,Record duration only when
intiation observed.

M. = maternal |icking.

Code total nunber of attenpts
glasUrm less than 5 s fromthe
HBSt observed bunting by the
calf) .

If cow | owers head down and up (at

| east twice) towards calf, indicate
with a “1” and code total nunbers.

Record for cow only.

Record all aggressive acts that the

focal pair is involved in (i.e. aH
acts where observed cow ‘“is
initiator or recipient, and all

acts where observed calf is
recipient. Code only total nunmber
of aggressive acts where observed
cow is initiator. Record (but do
not code) the age/sex class of the
initiator and recipient as:
observed cow (l); observed calf
(2); other cow (3); other calf (4);
yearling (5); other (6), using the
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EXPLANATI ON

Aggressive acts
(continued)

Stage
Phase 34
Lag 35

h E nation

Renmar ks

code to distinguish between pairs
under observation and ot hers.

| f aggressive acts (head sw ng,

kick, rush occur together use
numbers 1-3 to indicate a sequence.
Renenber: the occurrence of an

event is recorded by using one l|ine
and a “1"; the nunerical codes (1,
2, 3, etc.) represent a code for an

i ndi vidual or a sequence not the
nunber of events.

Di sturbance phase: pre-disturbance
(1) ; post-disturbance (3).

| f post-disturbance phase, record
tinme lapse since helicopter |eft
area using 1 h intervals and code
as: less than 1 h (1); 1-2 22g;
2-3 (3%; 3-4 (4); 4-5 (5); 5-6 (6

|

etc. f pre-disturbance phase code
a “0O in colum 35.
Recor d:

whet her observed cow is antlered
or unantlered;
when observed pair wal ks out of
sight or beds down and you
switch to a new pair;
when helicopter left area;
the occurrence and duration of
trotting and gall oping;

Oor unantlered;
when observed pair wal ks out of
sight or beds down and you
swtch to a new pair;
when helicopter left area;
t he occurrence and duration of
trotting and gall oping;
presence and behaviour of gulls
or other birds.
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RECORDI NG FORM FOR ALL- OCCURRENCE SAMPLI NG
(disturbance phase)

Basically, the method of recording is simlar to that used

during the pre- and post-disturbance phases. Note, however, the

foll owi ng additions:

HEADI NG COLUWNS

EXPLANATI ON

Helicopte N A

1) Approach

2) Turn
3) Descent
4) W nd- down

5) Shutdown and
ground activity

6) Wnd-up
7) Take-of f

8) Last audible

Record the tine at the beginning of
each phase. If phase is in
progress (e.g., ground activity)
when you start the sanple, note in
“ Remar ks”

The phases are:

Time when helicopter is first
audi bl e to ground observers until
the time It passes over the
observers.

From passing over observers to
turning and passing over caribou.

From begi nning of descent (as told
on radio) to touchdown.

From |l anding to shutdown (power
of f) .

From energence of crew (bl ades may
still be turning) until people are
back inside helicopter and power

on. This phase will last for about
20 mn.

From power-on to take-off.

From |eaving ground unt i

hel i copter has clinbed to about 300
magl (as told on radio).

From 300 m agl altitude to when
| ast audi bl e.
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HEADI NG COLUWMNS EXPLANATI ON

Locomotory Response

Trot/ Gal | op 36- 39 Record occurrence of trotting and

gal loping for cow (Q or calf (Ca)
and code total nunber of events for
that sanpling period.

Direction N A Record direction of trot/gallop as:
directed towards other pair nmenber
(1); directed towards other caribou

(2); other (3); unknown (4).

Dur ation N A Tinme start of trot/gallop and
record the duration of the run(s)
in seconds. If it is possible to

keep both C and Ca in sight, note
differences in duration.

Remarks

Di st ance 41 Record distance from observer to
focal pair at beginning and end of
sanpling period, code difference
as: < 50 m(l); 50-150 m (2);
150-300 m (3); 300-500 m (4);
500-800 m (5); 800-1200 m (6);
1200+ m (7).

Direction 42 Record direction of novenent of
focal pair in relation to

di sturbance (i.e. helicopter) code
direction as: away from helico prer
(1);  towards  helicopter 22)
parallel to helicopter (3); other

(4).

NOTE: The ground observer (not the one with the helicopter)
shoul d nake a sinple drawing including |ocation of helicopter in
relation to observer team and the distance between them and the
focal pair, i.e :
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HEADI NG COLUWMNS EXPLANATI ON

If the observed pair noves out of sight or beds down before
the 10-m n observation period is over, record their final
distance. Wen you switch to a new pair, record initial and final
di stances. Wien coding the data, sum the distances noved in
Colum 41. If both focal pairs nove in the same direction, enter
appropriate code in Columm 42; if not, use a "y to indicate
"other" direction.

Use "Remarks" to record details of nursings (as before) and
other conmments useful to describe the response of the focal pair
to the helicopter (e.g., excitation leaps, calf separations,

etc.).

Stage
Phase 34 Di sturbance phase code (2).
Lag 35 Code a “9".



108

RECORDI NG FORM FOR GROUP RESPONSE LEVELS

This formis used only during the disturbance phase, i.e. from
the time the helicopter is first audible until it is |ast audible.
It is a descriptive account (not coded) of the responses of a
group of caribou within the study area. Select, if possible, a
distinct group and stay with it throughout the disturbance phase.

The ground observer should note the follow ng:

HEADI NG EXPLANATI ON

(oserver, Date As before.

G oup size and

Conposition As before.

Location Same as for scan sanpling.

Activity Record the predominant activity of the

group prior to disturbance.

Sun Duri ng "Approach" and “Take-off", note the
ﬁos_ition of the sun relative to the
elicopter and the caribou as:
SHA - sun-helicopter-ani mals;
H -sun-ani mal s-hel i copter;
SNV - sun not visible.

Time Record time when helicopter first audible
and |ast audible.

Hel i copter Phase At 2-rein intervals note phase (approach,
turn, descent, W nd-down,  shut-down,
wind-up, take-off, last audible) and the

foll ow ng information:

W nd Wnd direction relative to helicopter and

caribou as;: wind from «caribou to
helicopter (1); wind from helicopter to
caribou (2); crosswind (3); calm(4).

Response level Record the proportion of the group engaged

in different activities as: no i ndivi-
duals (0); less than 25% of group (1/4);
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HEADI NG EXPLANATI ON

Response | evel
(continued) 26-50% (1/2) ; 51-75% (3/4); 76-99% (4/4);
all individuals (1).

If the group is small (< 10) animals) and

i ndividuals can be quickly counted, tally
t he number of caribou in each activity.

The activities are the sane as those used
during scan sanpling and are included

under the follow ng maintenance activities
and response |evels:

Mai nt enance - bedded, foraging
Moderate - standing, walking
Extreme - trotting, galloping.

Di stance Di stance between the ground observer and

the core of the group (as with Response
Level, distance i's recorded during each

2-rein interval scan).

Direction Direction of group nmovement in relation to
di st urbance fi.e., helicopter): awaY from
helicopter (I); towards helicopter (2);
parallel to helicopter (3); other (4).

NOTE:  The observer from the helicopter will start observations

after the shutdown phase and record nmovenents in direct relation
to the helicopter.

Again, the ground observer should sketch the location of

the helicopter (after landing) relative to the ground observer
team (include distance) and to the caribold group under

observati on.

Remar ks Note whether levels are specific for only
one or two age cl asses (e.?. , 1/4 of the
group that galloped were calves).

If novenents and directions becone
conplicated, wuse bottom of paper for
sinple draw ngs.

Again note the occurrence of excitation

| eaps, calf separations (include materna
behavior), major novenents out of the

observation area, etc
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Mot ¥ Behavioral Study Record |

Wind Speed Direction Temp. Location Ctoud Cover Time Date Ohs. Team
COW CALF YLG OTHER RB LU DS M SNOW BARE

B

F

Remarks

w

s

-

G

1 12 16 29 42 55
INEyTEiuE] Nl TN EErE NN Ee ey IETENEEEEEs |
Calt

Date Obs Time Wind Dir cow Yearling

~n ca 1 12 29 26
lLlllLJIllll._]ILL_Ll_L_ll._l_l_l_l.lllLllJIlllIlll.,lllllll.l_l
Other P L Date Obs Time RB DS LU M Snow Bare P L
1
Nurse 27| 28 | 2 Aggressive o AﬁE [0788
ATP} HD JALA]
nit Term [N UABOBIST Acts Remaerks
|5 2% | L 0 R R
CjljCsjC|Ca Ant|Kick [Rush
TOTALS
1 12 2 0 33
TN EEFENEE EEREEEEEEEEE B
Dste Ohs. Time c CaDur C Dur CaSize ChgWindC Ca C Ca A/NHB AL A K R P L
Naos. Init  Term

NWT135/REN
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‘05 Behavioral Study Record Il

- Tetr ________________________________________________________________________________________________________________________________________________________________|
Activity Group Size Comp. Location Date B
Sun
AP T-0

Response Level
Time Hel. Phase E Maint. Mod Extreme Dist g Remarks
= B F w S T G

NWT136/REN




Noragat Behavioural Study Record II
w22 2 | a8 |2y 7
N Remarks 16 |
urse Aggressive emar Date 08s
811 No. Trot Gal Dir D
. ur
Time Het. Phase Sieelvi it | Term larp | WD faLa]  Acts witle Move
B o | [ 2| 2s |26 urlBos|sT [® w2 "M a0 Distance
C [Cs c [Ca| c |Ca Ant ick[Rush clcal ¢ |calc |co
TOTALS 41 42
Distance Direction
1 20
[ ! | | | | 1 | | J
Date C CaDur C Dur Ca Size Cha Wind C Ca C Ca A/N HB AL A K R c Ca Ca Dist Dur
Nos tnit Term Trot Gal

NWT137/REN

cll
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Appendi x B. Range types and their characteristics on the Beverly
calving ground (Jingfors et al. 1982).
Range type Moisture  Key features Dom nant plant species
regi me
Rock/ Sand Xeric -1 ow cover of Pogonatum dentat um
Barrens vegetation;
-dom nant % cover
of exposed bed-
rock, coarse
boul der, till or
pure sand;
Li chen xeric to -dominant cover Cornicularia divergens
Upland (I)° dry-nesic  of fruticose Alectoria ochroleuc
l'i chens;
-upland sites Cetraria nivalis
i ncl udi ng C, cucullata
sl opes of eskers,
drum ins and
coarse well-
drained till
pl at eaus;
Dwar f  Shrub mesi ¢ -dom nant shrub  Betula glandulosa
(I, 1V) plant cover;
sites include SalixX arctophila
t he base of S, planifolia
sl opes, draws
and some gently
sl opi ng upl ands;
Meadow wet-mesic -often pure Larex aquatilis
to hydric stands of L. rostrata
sedges, C. rariflorg

-Sites adjacent  Eriophorum spp.

to permanent

wat er bodi es
followng |oca
drai nage patterns.

a The Roman nunerals refer to the closest physiognomc types
described by Fleck and Gunn (1982: Table 11). Rock/ Sand
Barrens were not included in their description.
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Appendi x C. Distribution of "point-in-time" observations of

caribou activity by season and observer team
Beverly calving ground, 1982.

Calving Post - cal vi ng
G ass Activity Team 1, Team 2 Team3 Teaml Team 2 Team 3
(122) = (169)  (79) (44) (33) (53
cow Bedded 484 2842 602 948 295 1484
For agi ng 1555 1884 1150 749 347 1674
St andi ng 123 326 54 38 81
V@l ki ng 238 294 273 88 116 255
Trotting 6 5 3 1 10 7
Gal | opi ng 0 ! 1 0 1 0
Cal f Bedded 291 1243 169 1136 333 284
For agi ng 109 294 46 124 100 241
St andi ng 59 185 135 47 40 188
Wl ki ng 64 136 147 74 93 249
Trotting 9 21 16 10 21 24
Gal | opi ng 2 14 4 4 6 13
Year|ing Bedded 80 260 105 38 14 10
For agi ng 403 131 117 38 11 57
St andi ng 7 18 6 1 1 8
Vil ki ng 45 37 43 4 11 3
Trotting 0 1 2 3 1 0
Gal | opi ng 0 0 0 0 0 0

a Nunber of scans by each observer team



Appendi x D. Tests for normality and independence of caribou activity data, Beverly calving ground,

- 1982

Calving Past - cal vi ng Calving and post-calving
Normality Independence Normality Independence  Normality Independence
Class Activity K-S Z° z° N K-S Z 7 N K-S Z z n
cow Bedded 0.734 1.6756 28 0.742 0. 0000 23 0. 759 0. 0859 51
For agi ng 0. 662 0.9957 28 1.315 0.5196 23 0. 570 0. 9933 51
St andi ng 0. 651 0.2213 28 1.129 0.9763 23 0. 757 -1.2156 51
Val ki ng 0. 833 -0.5711 28 1. 446* 1.0742 23 1 .53 -0.3167 51
Trotting 1. 848* 0.0416 28 2. 040* 0. 0000 23 2. 592* Q.2177 ol
Gal | opi ng 2. 776* 0. 0000 28 2. 585* 0. 0000 23 3.693* 0. 4872 51
Calf  Bedded 1. 005 1.1095 0.515 0. 0000 22 0.974 -0.9490 49
For agi ng 0. 549 0. 0000 27 0. 469 0. 6554 22 0. 503 0.0744 49
St andi ng 1.101 1.1095 27 0.912 -0.5144 22 1.502% -1.6628 49
V@l ki ng 0.953 0. 0000 27 1. 080 0.1508 22 1.1R8 0.4138 49
Trotting 1.172 -0. 0391 21 1. 652* 0.4911 22 1.763% 0.0000 49
Gal | opi ng 1. 780% 0.588 27 1. 489* 0.9892 22 2. 252% 0.8934 49
a Kolmogorov - Smirnov Z statistic (Sokal and Rohlf 1969:573).
b Runs test above and below mean. Al data conform to random sequence and are independent

(P>0.05) (Nie and Hull 1977:25).
c No dat a.

Significant departure from normality (P<0.05).

GLL
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Appendi x E. Distribution of "point-in-time" observations of
cari bou range use by season and observer team
Beverly cal ving ground, 1982.

Calving Post - cal vi ng

Range Activity Team 3 Team 2 Team 3 Teaml Team 2 Team 3
type (122) ©  (169) (79) (44) (33) (53)
Rock/ Sand Bedded 0 0 0 0 0 62
Barrens  Foraging 0 0 0 0 0 3
Li chen Bedded 218 2733 516 868 417 1018
Upl and For agi ng 404 889 628 448 123 412
Dwar f Bedded 137 722 104 174 162 62
Shrub For agi ng 200 437 131 52 88 49
Meadow Bedded 429 333 228 1078 141 1460

For agi ng 866 183 498 611 114 1485

a Nunber of scans by each observer team



Appendix F.  Test for normality and independence of caribou range use data, Beverly calving gromd, 1982.
Calving Post~calving Cal ving and post-calving Post - di st ur bance
" Normality | ndependence Normality 1ndependence Normality Independence Nor mal ity Independence
nge .
Type  Activity K-S 72 zP n K-S Z z n K-S Z z n K-S Z z n
Li chen Upland
Bedded 0.972 1.0148 28 0.705 -0.5% 24 0.835  0.2801 52 0.617  0.0000 12
For agi ng 1. 383* 1.0148 28 0.761  0.78% 24 1.374*  1.6934 52 0.632 O CO X 12
rf Shr
Bedded 0.702 -1. 1555 28 1.361* 0.875 24 1.455* -0.6398 52 0.932 -0.3028 12
For agi ng 0.%0 -1.2648 28 1.230  0.8075 24 1.377* -0.9715 52 1.194 -0.8357 12
Meadow
Bedded 0.905 0.2213 28 0.895  0.3150 24 1.002  1.0378 52 0.788  1.5138 12
For agi ng 0.99 1.27111 28 0.551  0.6251 24 0.738  1.4005 52 0.7%  0.4164 12
a Kolmogorov - Smirnov Z statistic (Sokal and Rolf 198:573).
b Rns test above and bela nean. Al data conform torandm Sequence and are independent (P>0.05) (Nie and Hul |
1977:25).

* Significant departure fram normality (P<0.05).

LLt
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Appendi x G G oup size, di stance fr_or_n cari bou to observers w nd
direction and sun's position at e start of 18

experimental helicopter landings, Beverly calving
ground, 1982,

D st ance
r(]:alr_i o Wind Sun b
' el i copter i Su
%ll)“ST%rG\r/er (CTIDWES ) gcz)gp (m P direction® POSition
1-18B 1529-1604  400-500 300 ?-1 gm
2-1 8H 1614-1649 50 1500 ' o
3-23C 1442-1525 75 %888 1-2 3
4-23E 1859-1935 25 ; SHA
5-23J 1521-1555 20 2200 1 S
6-23L 1615-1651 230 1000 ! o
T-24E 2034-2112 50 2000 2 A
8- 251 1311-1325  20-30 1075 . >
9-25M 1045-1126 150 500 1- S\
10-27GS  1400-1446 275 5004 ! i
11=-2TN 1458- 1533 150- 200 388 ] 2
12=-27L 1629- 1708 30 ) : A
13-28GS  1019-1054 100 55 s SHA
1713-286°  1732-1808 350 400 2
15-280 1410- 1458 150 588 % . S
16- 280 1556- 1634 150 5
to

a 1, wind fromcaribou to observers; 2, wind from observers

caribou; 3, crosswind (3-1, wind change from 3-1).

: : sun- ani mal s- hel i copt er sun not
b S_un_-bhlel i copter-ani mal s, pter,
visible.

¢ Landings were on an island and by the same aggregation of
cari bou.

Hel i copter likely out of sight of the caribou.
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Appendi x H. Direction and distance travelled during helicopter

| andi n(t;, final group size and nunber of scans of
activily patterns before and after experinental

hel i copter landing, Beverly calving ground, 1982.

Direction
M ni num travelled
di stance relative
(oserver Final group travelled to the Nunmber of scans
nunber si ze (m hel i copter  pre- post-
1-18B 0% 2300 avay 11 0
2-1 8H Oy 1000 avay 7 0,
3-23C 5 1000 parellel 2 1
4- 23E o 1500 away 0 04
5-23J go§ 250 avay 5 34
6- 23L 1~gq, 50 away 4 5
T-24E 50 400 away/ par al | el 0 0
8- 25| o - 300 avnay 0 od
9-25M 150 1050 away 3 gq
10 27G 3 200 away/ paral | el 6 d
11-27TN 60 , 400 away 5 2
12-27L 0 200 away 0 of
13-28G b 300 away/ paral | el 3¢ 113
14-28G 350 250 away 0 3¢
15- 280 150 350 away 2, 24
16- 280 o’ 50 away/ parallel O 4

a group noved out of sight.

b sone of group noved out of sight.

C new groups observed during |anding.

d end of daily observation period.

e new group not observed during |anding.

f Second experinmental |anding by sane group, SO no pre-
di sturbance dat a.
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Appendix |. Distribution of caribou® activity pre- and post-
?igg;ur bance by observation, Beverly calving ground,
Sex/age
Dat e class Activity Pre-di sturbance Post - di st ur bance
23 June 82 5-23J(5)° 6-23L(4) 5-23J(3) 6-23L(4)
cow  Bedded 78 107 31 116
Foragi ng 108 89 11 99
St andi ng 10 4 3 2
Wl ki ng 14 17 1 1
Trotting 0 1 0 0
Gal | opi ng 0 0 0 0
Calf  Bedded 143 105 21 154
For agi ng 20 25 8 19
St andi ng 6 8 7
Wl ki ng 11 9 1 1
Trotting 3 1 0 0
Gal | opi ng 1 0 0 2
25 June 82 9-25M(3) 9-25m( 3)
cow Bedded 118 uy
For agi ng 78 107
St andi ng 3 0
Wl ki ng i 35
Trotting 0 1
Gal | opi ng 0 0
Cal f Bedded 99 32
For agi ng 9 2
St andi ng 7 0
Vél ki ng 2 31
Trotting 0 6
Gal | opi ng 0 0
27 June 82 11=27N(5) 10-27G(6) 11-27N(5) 10-27G(6)
cow Bedded 140 77 223 o
For agi ng 139 73 138 31
St andi ng 21 2 10 0
Wl ki ng 25 19 4 2
Trotting 1 0 0 0
Gal | opi ng 0 0 0 0
Calf  Bedded 178 85 265 28
For agi ng 66 27 13 10
St andi ng 15 2 4 2
Wl ki ng 24 20 2 3
Trotting 0 2 0 2
Gal | opi ng 1 0 ! 0
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Sex/ age

Dat e class  Activity Pre-di st ur bance Post - di st ur bance
28 June 82 13-28G(3) 15-280(2) 13-28G(3) 15-280(2)

0 17

¢ o glqgggng 1§q g? 522 32

St andi ng y 2 45 0

Wl ki ng 13 1 99 29

Trotting 0 0 2 0

Gal | opi ng 0 0 0 0

Cal f Bedded 136 56 297 18

For agi ng 47 9 69 10

St andi ng 3 0 23 0

Wl ki ng 7 0 85 25

Trotting ! 0 15 0

Gal | opi ng 0 0 1 0

a Cbservations of the sane caribou group, when both pre- and

post - di sturbance data were coll ected.

b Observation number and number of scan sanpl es obtained during
pr e- or post-disturbance periods.
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Appendix J. Distribution of total
range use by caribou pre- and post-di sturbance, by
observer team Beverly calving ground, 198.

"point-in-time" observations of

Range type Activity

Pre-disturbance Post - di st ur bance
Team 1 Team 2 Team 3 Team 1 Team 2 Team 3

Rock/ Sand
Barrens Bedded
For agi ng
Li chen
Upl and Bedded
For agi ng
Dwar f
Shrub Bedded
For agi ng
Meadow Bedded

For agi ng

oo

338
221

65
19

157
160

oo

78

76
33

158
122

62 0 0 0

3 0. 0 0
83 1030 33 68
29 417 3 43

2 6 36 2
11 4 28 6
364 31 18 441
205 36 27 305




Appendi x K. Potential distribution (O and realized (25-1009% distribution of maintenance
activities and behavioral ‘responses by caribou groups during all 2-rein scan sampling

ﬁerjods in the three different segments of the disturbance periods during the 16
elicopter landings, Beverly calving ground, 1982.

Shut - down/
Proportion Wind-  ground _ Last
of group Approacgh Turn Descent down activity Wnd-up Take-off audi bl e
respondi ng (n=279" (n=9) (n=14) (n=19) (n=1714) (n=26) (n=23) (n=15)
Bedded
0% ) 5 8 14 102 11 14 6
< 25% 6 ! ) ) 44 8 6 5
25-50% 9 2 -- 22 3 1 1
51-75% 6 -- ! 6 b 2 3
76-99% ! 1 -- - T
100% - -
Foraging
0% 2 2 7 11 23 2 8 2
<25% 5 3 3 4 27 10 10 6
25-50% 14 3 2 2 46 T l 3
51-75% 4 1 ! 2 44 1 1 -
76-99% 2 - 1 -- 28 6 3 4
100% -- -- -- - 6 - T
St andi ng
0% 25 7 7 1 128 16 15 11
< 25% 2 1 6 10 40 9 7 4
25-50% - - l 1 1 6 .- 1 - -
51-75% - - - - - - 1 - - 1 - - - -
76-99% - - - .- - - - - - - T

100%

22l




Appendi x K conti nued

_ Shut - down

Proportion Wind- ground Last
of group Appr oach Turn Descent down activity Wnd-up Take-off  audible
respondl ng (n=27°%) (n=9) (n=14) (n=19) (n=174) (n=26) (n=23) (nz15)
Vil ki ng

0% 20 1 1 2 53 10 4 6
< 25% 5 6 5 4 6u 7 8 4
25-50% 1 1 5 6 24 6 3 2
51-75% 1 - 2 5 20 3 6 3
76-99% - 1 .- 2 11 - - 1 .-

100% - - ! - 2 - - 1 - -
Trotting

0% 25 5 8 10 146 20 14 13

< 25% - 3 3 6 20 4 7 1

25-50% - - - - 2 2 4 1 2 1
51-75% 1 | l - i - - T
76-99% o - - ! 4 - . -

100% ! - -- - - ! -- - -
Gallopin

0% 27 9 11 16 170 25 17 15

< 25% - - 3 3 2 l 4 - -

25-50% o - - - - - - 1 - - ! - -
51-75% T T T - - - - -
76-99% - - - - - - - - - - - - -

100% - - - - - - 1 - - 1 - -

a The nunber of 2-rein scan sampling Beriods in which the behaviour could have been seen (0%2 or was
observed (< 25-100%) during each disturbance phase of each of the 16 helicopter landings (summed

over days and observer teams).

kel



Appendi x L. Di stributions of observed val ues and wei ghted scores for caribou group maintenance
activities and behavioral responses in the three different segments of t h e
disturbance periods during the 16 hel i copt er | andi ngs, Beverly cal ving ground, 1982.

Bedded Foragin Standin Walkin Trottin Gallopin
% Prop. Ohs. W. Chs. W. Chs. W. Chs. W. Chs. W. Ohs. W.
observed val ue score value score value score val ue score val ue score val ue score

Incoming segment

G2l

< 25 17 17 15 30 19 57 20 80 12 60 6 3
25-50 11 22 21 8k 3 18 13 104 4 40

51-75 7 21 8 58 1 9 8 96 3 45 - -
76-99 2 8 3 24 3 48 1 20

100 1 20 1 25 - -
Tot al 37 68 b7 188 23 84 45 348 21 190 6 36
G ound activitv segment

< 25 44 44 27 54 40 120 64 256 2 0 100 2 12
25-50 22 44 46 184 6 36 24 192 4 40 ! 12
51-75 6 18 44 264 - - 20 240 - - - -
76-99 28 224 - - 11 176 4 80 - -
100 6 60 - - 2 4 0 7 - - ! 30

Tot al 72 106 151 786 46 156 121 904 28 220 & 54




Appendi x L continued.

Bedded Foraging Standing Walking Trotting Gal | opi ng
% Prop. Chs. W. Ohs. W. Chs. W. Ohs. W. Chs. W. OChs. W.
observed val ue score value score value score val ue score val ue score val ue score
OQutgoing segment
< 25 19 19 25 50 19 57 19 76 12 60 5 30
25-50 5 10 11 by 1 6 11 88 4 40 1 12
51-75 9 27 2 12 1 9 12 144 - - - -
76-99 13 104 - - 1 16 - - - -
100 1 20 1 25 1 30
Tot al 33 56 51 210 21 72 44 344 17 125 7 72
N® 142 230 249 1182 90 312 210 15% 66 535 17 162

a N equals the number of 2-rein scan samples in which the behaviour occurred for observed values

and for the weighted scores N equal s
for further explanation).
(2,226)

observed val ues and for (weighted scores).

t ext
Segment" equal

422,

(4017) for (weighted scores).

the summation of
N values for “Incoming segment” equal 179, (
and for “Qutgoing segnent” equal

Total sample sizes equal

173, (879),

774 for

t he weighting of the observed values(see
912); for

respectively,
observed val ues and

“Ground
for the

921



