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ABSTRACT

Potential ef fects of human activities on barren-ground cari bou
on the Bathurst, Beverly and Kaminuriak cal ving grounds are unknown.
In April, 1980, DIAND sponsored the NW.T. W|dlife Service in a
3-year disturbance study on calving grounds. The first year of the
study concentrated on histories of the use of calving grounds,
t_opographr snowmelt patterns, vegetation and abundance of predators.
Hi storica iy, the general location of the calving grounds has not
changed .  Varied topography is a characteristic of al 1 three calving
grounds. The geographical |imts of the more varied topography
approximatel y align with the horders of the Beverly and Kaminur I ak
calving grounds. The three calving grounds are located in the
northern portion of each herd s range and remain snow-covered | onger
than nore southerly port ions of their ranges.  Snowmelt begins and
ends earl ier on the Kaminur i ak and southern portion of the Beverly
calving grounds (early June) than on the Bathurst and northern portion
of the Beverly calving grounds (mid-June) . WIllows and dwarf birch
shrubs characterize the vegetation on the Kaminuriak and southern
portion of the Beverly calving grounds. Lichen communit i es dom nate
the vegetation on the northern portion of the Beverly calving grounds.
The nunber of wolf dens is |ow on the calving grounds conpared to
areas near treel ine. None of the environnental characteristics
examned clearly isolate the calving grounds fromtheir surrounding
areas. The general location of traditional calving grounds is likely
the influence of several int e_ra_ctinP factors including plant phenology
and predator avoidance. Traditional behaviour is [ikely inportant in
expl aining the choice of specif ic location of calving ground.
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INTRCDUCTION

During the 1 %9's it becane clear that the pregnant cows Of
barren-ground caribou herds return each year to a specific area to
give birth (Lent 1%, Skoog 1968). In the N.W.T., four major calving
areas were described (Relsall 198, Thomas 199). Results from
tagging studies verified the assunption that all caribou associ ated
Wth a particular calving area belong to one herd and the herds were
naned after the location of the calving grounds (Parker 1972a). The
affinity of cows to their calving ground appears to be strong. In
1%, 1976 and 1980, portions of the Kaminuriak herd reached the
calving ground wel 1 before the onset of calving (Parker 1972b, Fischer
et al. 1977, Heard 1980b). Instead of noving off the calving ground,
the cows slowy circled within the boundaries. Lent (1%) documented
simlar observations with the western Arctic herd in A aska.

The annual mgration to the calving ground begins in |ate March
or April. Frequently cows and juveniles aggregate on the late wnter
range a few weeks prior to the onset of spring mgration. The cows
and juveniles mgrate at an average rate of 10-21 km/day (Kelsall
19%8) and reach the calving ground near the end of May. Barren cows
frequently associate with the bulls who nove north at a slower rate,
and are usually south or west of the calving grounds during calving
(Kelsall 1968, Parker 1972b). The cows disperse over the cal ving
ground during calving while the juveniles frequently are concentrated
along the southern borders of the calving ground. The proportion of
yearlings and subadults on the calving ground varies each year.

Cal ving of caribou i s highly synchronized. The calving period is

the time between the earliest and |atest births within a herd. Wthin

C %
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the calving period, mostcowscalve during a 5-7 day peak. In the
central and eastern Arctic,the calving period i S approximately 31 My
- 15 June with peak occurring around 4-10 June. The_ calving ground of
a herd in any 1 year is the area where pregnant cows concentrate
during calving. The location of the cal ving ground of a herd varies
between years, but in most years there is overlap among the |ocations.
Therefore, in theory, the term calving arounds indicates al 1 areas
where pregnant cows of a herd have been known to concentrate.
However, for each herd, there are fewer than 15 years data documenting
the extent of a calving ground during calving. In addition, as
met hodol ogy anong cal ving ground surveys has varied, definitions of
the boundaries of each calving ground have been inconsistent. Thus ,
in practice, the boundaries of the calving grounds of each herd
presented in this report nust be viewed as dynamic. It is expected
that future surveys will expand the boundaries of the calving grounds
depicted in this report.

Wthin a calving ground, the density of cows varies greatly (0.4
- 24 amammz) : During calving, the group size of cows is usually
|l ess than 10; however, after the calving peak, cows and calves begin
to aggregate into nursery bands which may nunber several hundred
animals. Near the end of June, many cows and calves may form|arge
postcalving groups which vary in size from 1000- 30,000 animals. These
postcalving groups may be encounter throughout |ate June and July;
however, during August, large groups of cows and calves are rarely
observed

Concern about consequences of human activities on caribou calving
grounds has been widely and repeatedly expressed. Cows on the cal ving

grounds are approaching the nadir of their annual physiological cycle
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dus to the stresses of mgration and late term pregnancy and, al nost
imedi ately, have to face the added stresses of birth and lactation.
Since the calf remains with the cow during its first year, the
formation of a strong cowcalf bond is critical to the survival of the
calf and may have an important i nfluence on the success of female
cal ves as mothers, Thus, any disturbance that disrupts or weakens the
fostering of the cowcalf bond has the potential to be detrimental to
the caribou popul ation.

Recognition of the traditional use of the calving grounds and the
vul nerability of cows and cal ves caused oconcern about the consequences
of human activities on calving grounds. The need for research into
t he behaviour of the caribou and the characteristics of cal ving
grounds was recognized (Kl ein 1970, Kein and Wite 1977) . At the
same time as biologists were expressing their concems, the Hamlet of
Baker Lake, N.W.T., forced an examination of the possible disturbances
to caribou by industrial activities in the District of Keewatin. The
subsequent court hearing precipitated the Department of Indian Affairs
and Northern Development (DIAND) to develop and inplenent the Caribou

Protect ion Measures. These measures were developed t0 restrict

| and- use operat ions in the areas used during calving and postcal ving
by the cows of the Beverl y and Kaminur iak herd. In those areas
between 15 May and 31 July, a Land-use Inspector will not release an
area to activities uncle r Land-use Permt until it has been determ ned
that no cows and calves are nearby. Land-use regulations as applied
by land-use permts restrict human activities on the calving grounds

of other N,w,T, caribou herds during the calving period.




DIAND al so recogni zed the need for research into the potential
effects of human activities on caribou. In April 1980, DIAND funded
the wwr Wlidlife Semite “to conduct caribou di Sturbance studies”.
The studies were on calving grounds and traditional water crossing
sites in the Districts of Keewatin and Mackenzie. Wnter roads were
also to be studied.

In this study we tock the approach that before we could evaluate
and refine the Caribou Protection Measures for caribou on calving
grounds, we would have to attempt to understand how, and if possible
why, caribou use certain areas for calving as well as the
envi romental character isti cs of the calving grounds. O the four
object ives in our initial proposal in 1980, we addressed objectives 1
and 2 during the first vyear:

1. To describe the a) topography b) abundance of predators
¢) vegetation and  d) snowmelt characteristics on the
calving areas and to conpare these with adjacent regions.

2. To evaluate the feasibility y of testing the hypotheses t hat
have been advanced to explain the traditional use of calving
grounds.

3. To describe a) the behavioral patterns and b) the use of
characteristic features of the calving areas by caribou and
to attempt to relate this use to calf survival.

4. To evaluate |and-use regulations for calving grounds by
usi ng descriptions of the potential and actual types of
industrial activities on calving areas in conjunction With
an understanding of those features critical to calf
survival .

The primary objective in 1980-81 was to conduct a literature
review on the envi ronmental character istics of the calving grounds of
the Bathurst, Beverly and Kaminuriak herds and briefly sanple the
vegetation of the Beverly calving grounds. Various ideas have been

advanced to explain the traditional use of calving grounds. Those




research hypotheses were useful in focusing on factors that may affect
the use by cows of specific areas as calving grounds. However, the
di scussion of environnmental characteristics of calving grounds was not
restricted to only those characteristics mentioned in the research

hypotheses.  Evaluation of the research hypotheses was a secondary

obj ect ive.




HISTORICAL REVIEW OF THE CALVI NG GROUNDS

Ten thousand years ago, the calving grounds and summer ranges
Presently used by the Bathurst, Beverly and Kaminuriak herds were
under ice (Craig and Fyles 199) . Over the next 3,000 to 4,000 years,
the ice retreated, the postglacial |akes formed and drained and the
| and rebounded to emerge from the postglacial narine floods. Thus the
charact eristics of the terrestrial envi roment original 1ly influencing
the location of the calving grounds and summer ranges of the Bathurst,
Beverly and Kaminur i ak herds may have changed during the past 6,000 to
7,000 years.

Bi ol ogi cal information concerning the location of Bathurst and
Beverly calving grounds has only teen gathered since 1950 (Kelsall
1953 ) ; biologists did not visit the Kaminuriak calving grounds until
1963 (Malfair 198) . During this relatively brief time, the location
of all three calving grounds has remained sim | ar. In addition,
i ndirect evidence suggests that car ibou movenent mttems have been
relatively stable with time. This evidence is fromthe native peoples
who depended on caribou andwhoadaptedwe | ifestyle to the rhythns .
of the caribou,

The frequent association of tent rings, inukshuks, stone caches
and other artifacts with water crossing sites and cal ving grounds
attest to the consistency between past and present novement patterns
of barren-ground herds (Harp 1%, Gorden 1975) . Archaeol ogists have
determned that a site on the southeast shore of Aberdeen Lake has
been seasonal |y occupied nore or |ess continuously for the past 7,000
years (Wight 1972) . The first occupants were | ate paleo-Indian
hunters (5000 - 4000 B.C. ) who were followed by a second | ndian




culture, the early, md and late Shield Archaic peoples (3000 - 1000
B.C). Around 1000 B. C., the climate cooled and an Inuit culture, the
Arctic Small Tools or pre-Dorset people (1000 B.C. - 0 A D. ), replaced
the Indian who followed the southern retreat of the treeline. The
climte improved around O A.D. and various groups of Athabascan-
speaking peopl es occupi ed the Aberdeen site (O - 180 A D.) until the
early 19th century. At this time, the chipewyans, the |ast group of
Athabascan-speaking people t0 use the Aberdeen site, noved south to
maintain their fur trade with the Europeans. Caribou Eskims from the
Hudson Bay coast then noved inland and have made use of the Aberdeen
area since then. Al cultures were attracted to the site because of
t he abundant caribou resource (Gorden 1975) . The pattern of
sequential occumtion by different cultural and |inguistic groups
appears to be representative of the central and south Keewatin (Wight
1972, Gorden 1975) .

Prior to 1948, there are only occasional anecdot al observations
of the barren-ground caribou herds. Combining the know edge gai ned
since 1948 of the novenents of cows before and after breeding with the
hi storical information, we can sketch the histories of the three .
calving grounds concerned. These histories reveal three conclusions.
First, there are annual variations in the length and onset of spring
m gration. Second , | ocations of the calving ground overlap in
successi ve years. Third, the anount of time spent on the calving

ground by the caribou varies annually.
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Caribou of the Bathurst herd mgrate north and northeast in
spring fromthe major wintering areas to reach the calving grounds
east of Bathurst Inlet (Fig. 1). In any one year, spring mgration
may be less than 100 kmif a group of caribou overwintered around
Bathurst Inlet or it may be more than & O km if the winter range
south of Geat Bear Lake was used.

There are some historical records docunenting pre-calving
mgrations across Bathurst Inlet (Rasmssen 1932, Banfield 1954)
There is no historical information on the current Bathurst calving
grounds, but inf ommation in Rasnussen (1932) suggests that calving was
east of Bathurst |nlet.

The first scientific investigation concerning the |ocation of the
calving ground of the Bathurst herd began in 1950 (Kelsall 1953)
That year, caribou overwintered in coastal areas between Coppermine
and Perry River as well as in the taiga. On 13 May and 25 May 1950,
two mgrations crossed | ower Bathurst Inlet heading west into the
surrounding high count ry. On 28 May and in early June there were tv\p
movenent s east across Bathurst Inlet. Kelsall (1955) could not
detemmine if different groups of aninmals were mgrating and he did not
observe any calving. Females With calves had returned to Bat hurst
Inlet to feed on the ow ands by md-July 1950. On a flight on 29 My
1951, Kelsall observed three trails crossing Bathurst I nlet and the
Western River. The first two novenents had come from Gorden Bay and
the headwaters of Ellice River; caribou were scattered adjacent to and
east of the Burn side River. The third trail rmoved north from the

\Western River, continued north and east to cross Bathurst inlet where
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the trail split into two. It left many animals noving east along the
east shores of Bathurst Inlet and around the headwaters of the Ellice
River. From 12-20 June, 1950, Kelsall canped in the hills west of
Bat hurst Inlet amng a group of calving caribou. There was no aerial
reconnai ssance to determne the distribution or numbers of calving
caribou east and west of Bathurst Inlet. Kelsall (1953) ooncluded
that caribou calved within 10-15 kmof either side of Bathurst Inlet
and later (1955) suggested that, in most years, calving occurs east of
Bathurst Inlet. Since then, records kept at BurnSide Harbour indicate
cows frequently migrate east across Bathurst Inlet during late My
(Kelsall 1953) ; however, there has been no accurate documentation of
the number of cows using this pre-calving migration route nor have
there been aerial surveys to document other pre-calving nigration
routes directly south and southeast of the calving grounds.

Bet ween 1952 and 1965, there was no survey conducted during June
delineating the Bathurst calving grounds. WIlians (19%) observed
that in 19, the area northeast of Bathurst Inlet was a calving
ground for the Bathurst cows. Since 1965, the location of the cal ving
ground of the Bathurst caribou herd was establ ished during seven
surveys (WIliams 19%; Boxer 1970, 1971, 1974; calef and Boxer 1977,
NW.T, Wldlife Service Files; Heard 1980a) . Each year, the location
has been east of Bathurst Inlet and noving progressively further east
towards Perry River (Fig. 2) .

The extent of the Bathurst calving grounds (Fig. 1) was
detemined by superimposing t he seven calving grounds delineated
during those aerial. surveys between 1966 and 1980. Cal vi ng caribou
have al so been reported in the hills west of Bathurst Inlet in 1951,

1977 and 1979 (Kelsall 1953, G Calef pers. comm. , R McKillop pers.
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comv. ) and on the Kent Peninsula in 1936, 1937 and 1938 (Banfield

1980) . It has never teen docunented how many caribou use this area
for cal ving.

Since 1974, the popul ation of 1+ year ol d caribou on the cal ving
ground has declined (Table 1). There appears to be an increase in the
size of the calving ground; however, the inconsistent definitions of
the boundaries of the calving ground among surveys render this
observation tentative.

By md-June, cows with calves are formng nursery bands, but we
do not know when they |eave the calving ground.  Postcalving
aggregations can be found on the |ow ands around Bathurst Inlet by
early July (Kelsall 1955) . Rasmussen (1932) also documented such
observations. In sane years, there are few or no caribou at Bat hur st
Inlet throughout the sumer (Kelsall 1955, Bird and Bird 1961) . W do

not know Which other areas are used by postcal ving groups.

verl ' & ounds

The Beverly herd migrates north and northeast in spring to the
cal ving grounds north and south of Beverly Lake (Fig. 3) . Animls
that overwintered near the east am of Geat Slave Lake nust mgrate
about 500 km while those who winter south of Lake Athabasca mgrate
over 800 kmto a calving ground.

Prior to 1948, there are no anecdtal observations of the Beverly
cal ving grounds. Lawie (1948) did not observe calving, but his
records imply that the calving occurred north of Beverly Lake.

The location of the Beverly calving ground has been documented

for 11 years between 1957 and 1980 (Fig. 4); however, the population
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Table 1. Estimated nunber of 1+ year old caribou and size of Bathurst
calving ground, 19%-1980.

Year 1+ year old caribou Size of calying Ref erence
on calving ground * ground (Km ?

1966 65, 180 8, 200 WIlians 1966

1970 99, 500 7,526 Boxer 1970

1971 87, 145 4,239 Boxer 1971

1974 % 435 6, 799 Boxer 1974

1977 61, 729 7,688 Calef and Boxer
1977

1978 48, 924 10, 070 Nw.T. Widlife
Service files

1980 34, 240 10, 195 Heard 1980a

*

Popul ation estimates revised by Heard 1980c.
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Figure 4 continual
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on the calving ground has been censused in only 5 years (Table 2) .
Mst of the calving occurred south of Beverly Lake in 1957, 1% and
1979 (Kelsall and Loughrey 1958, McEwan 1962, Darby 1979).  In 1957
and 1962, the peak of calving was late: 14 - 17 June. During both
years, t racks across the Thelon River west of Beverly Lake indicated
that some cows did calve north of Beverly Lake. Relsal 1 (1958) did
not fly north of Beverly Lake during calving in 1957. After calving,
mst cows that calved to the south continued to move north across the
Thelon River, Beverly Lake and Aberdeen Lake. In 1958, 1%, 1%,
1971 and 1974, mst of the calving occurred north of Beverly Lake with
the yearlings, bulls and varying numbers of pregnant COws remaining
south of Beverly Lake (McEwen 1959 and 1%); Look 1965, Rippin 1971,
Mshenko 1974) . In 1978 and 1980, all calving occurred north of
Beverly Lake (Heard and Decker 1980; Gunn and Decker 1981) .

The data suggest that nost calving occurs north of Beverly Lake
except when spring mgration is delayed by snow.  The extent of the
Beverly calving grounds (Fig. 3) was determ ned by superimposing the

11 calving grounds delineated during those aerial surveys between 1957

and 1980. The Thelon River bisects the Beverly calving grounds into .

the northern Beverly calving grounds and the southern Beverly calving
grounds. In 1958 sane calving occurred outside this zone.  McEwen
(1959) reported calves amwng a few thousand aninmals east of Artillery
Lake. Kelsall (1958) suspected that there was a secord snall er
calving area south and west of the Thelon River towards Aylme r Lake in
1957. He observed tracks of several thousand animals which had split
f ran the main novenent and noved north along the west side of the
Thelon River in early June. He does not comment on the conposition of

that group; he lost contact with them before they left the main herd.
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Table 2. Estimated number of 1+ year old caribou Canal size of Beverly
calving ground, 19%-1980.

Yea r 1+ year ol d caribou Size of caying Ref erence
on calving ground * ground (krﬁ%
North Sout h
1% 42, 640 6, 000 5,979 McEwen 1960
1971 56, 700 31, 200 3,363 Rippin 1971
1974 64,410 6, 567 4,209 Moshenko 1974
1978 51, 000 * 6,000 Heard and Decker
1980
1979 e e 16, 000 Darby 1979
1980 43, 000 * 4,849 @nn and Decker
1981

* Popul ation estimtes revised by Heard and Decker 1980.

*% No caribou seen on southern calving ground during
reconnai ssance.

***x N0 Census.
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This route to the Aylmer Lake area is followed frequently by mgrating
bul | s during May (Darby 1978, parby 1979).

Since 1971, the population of 1+ year old caribou on the calving
grounds has declined (Table 2). The varying nethodol ogy among surveys
cautions against evaluation for a trend in size of calving ground.

By md-June, cows with calves form nursery bands which |ater
coal esce into postcalving aggregations. There are few anecdotal
observations describing postcalving movements of the Beverly herd. In
late July of 1900 and 1901, both Tyrel 1 and Hanbury saw | arge nunmbers
of cows and cal ves noving south across the Thelon and Hanbury Rivers
(Preble 1908). In August of 1929, |arge nunbers of cows and cal ves
were NMDVi ng west-northwest of Baker Lake. Those novenents correspond
t 0 postcalving movements nmade by Beverly cows and cal ves today. In
md-July 1957, cows and cal ves crossed t he Dubawnt Ri ver and headed
towards Baker Lake. They remained north and west of Baker Lake
throughout July (Relsall 1% O . In 1978 and 1980, the postcalving
aggregations noved west and southwest.  They had left the calving
ground by 27 June in 1978 and by 7 July in 1980 (parby 1978, Cooper
1981) . In 1979, the calving ground arched from south of the Thelon®
River to north of Beverly Lake.  After calving, cows south of the
Thel on River noved north towards the Back River, while cows on the
northern portion of the calving ground moved west. At the end of
June, many cows remained on the eastern portion of the calving ground.
In 1979, cows had left the calving ground and were south of the Thelon

River by the end of July (Darby 1979) .
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Kaminuriak Calving G ounds

The Kamnuriak herd mgrates in spring to the calving grounds
east of Kaminuriak Lake (Fig. 5) .  Spring migration routes vary in
length from 150 kmto over 600 km In nost years, the migration noves
north or northeast; however, in sane years when segnents of the herd
winter near Chesterfield Inlet, their sping mgration nmovenents are to
the south.

Prior to 1947, there are no records of the location of the
cal ving grounds of the Kamnuriak herd. The first suggestion cane in
1947 when Turner reported many dead newborn calves around Kaminur iak
Lake (Banfield 1951) . Lawie (1948) inferred from conversations with
local people that there was a major calving area in the region between
Kam nuriak and Maguse Lakes. Pregnant cows were seen north of Carr
Lake in late May 1960 (McEwen 1960) . Those reports are all consistent
with the current |ocation.

Malfair (1963) conducted the first survey which defined a
Kam nuriak calving ground.  Since then, the calving grounds of the
Kaminuriak herd (Fig. 6) have been |ocated during 13 aerial calving
ground surveys between 1%6 and 1980 (Land and Bowden 1971, Bowden and
Tinmerman 1972, Parker 1972b, Land and Hawki ns 1973, Hawkins and
Howard 1974, MIler and Broughton 1974, Hawkins and Calef 1977, Darby
1978 and 1979, Heard 198b and 1981) . Each year, the calving ground
has been within 60 km north, south or east of Kam nuriak Lake. The
extent of the Kaminuriak cal ving grounds (Fig. 5) was determ ned by
superimposing the 14 calving grounds delineated between 1963 and 1980.

Al'though censuses in 1971, 1972 and 1973 were conducted, problenms in
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the methodol ogy of each survey preclude an estimate of the population
of those cal ving grounds (Cook and Jacobsen 1976) .  The high
proportion of yearlings and subadults on the calving ground in 1980
produce an artificial inplication that the size of the Kaminuriak herd
has increased since 1977 (Heard 1980b). In reality, the population on

t he Kaminuriak cal ving grounds has declined steadily since 1%8 (Heard

1980d). The variation in size of each calving ground is partially a
reflection of inconsistent nethods used to define the boundary of a
calving ground (Table 3) .
Postcalving aggregations are normally f ormed by the end of June.

In 1%, 1%, 198, 1970 and 1976, postcalving aggregati ons noved
north or northwest towards Baker Lake and the Lower Kazan R ver and
had left the calving ground by the end of June (Parker 1972b, M| er
and Broughton 1974, Fischer et al. 1977) . In 1978, half the cows
remai ned on the calving ground until early August; however, one |arge
group noved southeast and reached Eskimo Point by m d-July (Darby
1978) . In 1980, the general novenent was toward the southeast, and
cows and calwes had |eft the calving ground after the end of June
(Cooper 1981). In 1979, cows and cal ves remained scattered throughout

the cal ving ground and summer range and did not form postcalving

aggregations (parby 1979).
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known W nter ranges and direction of spring mgration

used by Kaminuriak barren-ground caribou herd, 1950-1979.

Cal ving ground

Wnter range used 2 or nore years
Direction of spring mgration
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Figure 6. The | ocation of Kamimraik calving ground in 1963, 1966- 1968,
1970- 1974, 1976- 1980.
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Figure 6. continued

Yathkyed

e 5 asmsen—" |
Km 50 0 100 200 Km

1980

Ch

e IR . . . Ce . LA




30

Table 3. Estimated number of 1+ year old caribou and size of the
Kaminuriak cal ving ground, 1966-1980.

Year 1+ year ol d caribou Size of calying Ref erence
on calving ground * ground (km7*

196 " 6, 400 Par ker 1972b

194 ** 6, 400 Parker 1972b

1968 27,178 5,972 Par ker 1972b

1970 " 5,200 MIler and
Broughton 1974

1971 ' 4,710 Land and Bowden
1971

1972 ' 5,000 Bowden and
Timmerman 1972

1973 * 2,939 Land and Hawkins
1973

1974 24,500 6,021 Hawki ns and
Howard 1974

1976 18, 888 9,700 Hawki ns and Calef
1977

1977 16, 503 18, 500 Heard 1981

1978 " 8, 200 Darby 1978 .

1979 " 6, 500 parby 1979

1980 20, 551 1,525 Hear d 1980b

* %

Popul ation estimates revised by Heard 1980d.

No census.
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ANNUAL RANGE OF THE THREE HERDS

the WeStern portion, south of Geat Bear Lake, of the present
range of the Bathurst herd is within one physiographical region -- the
Interior Plains (Bostock 1970) . The remminder of the Bathurst range,
as Wwell as the present ranges of the Beverly and Kaminur i ak herds
(Fig. 7) , are within one other physiograghical regi on -- The Canadian
Shi el d (Bostock 1970) . The Shield is a vast plate of Precanbrian rock
thinly covered by glacial rubble.

The total change in elevation is less than 600 m from the centre
of the Shield to the Arctic ocean border.  The gradual change in
elevation and the lack of structural control by the underlying bedrock
result in poorly devel oped drai nage mttems. Lakes are nunerous and
cover an estimated 40% of the l|and surface (Kelsall 198) . Mst |arge
| akes are remants of glacial |akes formed during the recession of the
| ast ice sheet.

The caribou ranges lie within the boreal forest (taiga) and
tundra biomes (Pruitt 1978) . The taiga is an open woodl and of black

spruce (Picea mariana) interspersed With white spruce (Picea glauca)

on alluvial. sites, and tamarack (Larix laricina) and jack pi ne (Pinus
banksiana) on drier ridges. The decidwous species, paper birch
(Betula papvrifera) , bal sam poplar (Populus balsamifera) and trenbling

aspen (Populus t remulojdes) . occur throughout the taiga.  Lichens,
shrubs and heath species are daminant understory species. Al three

calving grounds are on the tundra which is characterized by an absence
of trees (Bradley et al. 1981) .
The soils of the taiga and the tundra are thin m xtures of

glacial tills, eroded bedrocks and organic matter.  The calving
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grounds are within the zone of continous permafrost. The active |ayer
during summer is rarely deeper than 1 m  The continous freezing,
thaw ng and refreezing has resulted in large areas of patterned ground
throughout the tundra. Peat deposits are cammon in wetlands which are
dominated by Sphagnum nsses and sedges; the growing season is short;
and the nutrient supply is limted. Thus, the annual productivity of
the taiga and tundra is relatively |ow conpared to nore southern
regi ons.

On the winter ranges of the three herds, below treel ine, the nean
daily tenperatures rise above freezing during May.  Lakes begin to
thaw and becone ice free during early June. On the tundra cal ving
grounds, the mean daily tenperatures do not rise above O°C until late
May. Mean daily tenperatures during calving are |ess than 5°C
(Relsall and Loughrey 1958, Pruitt 1958, McEwen 1%)). Snow storms or
freezing rain are common during the calving period. The small [akes
on the calving ground are normally free of ice by the end of June but
the larger |akes such as MacAlpine, Beverly, Aberdeen, Baker and

Kaminuriak frequently contain large ice pans until the end of July.

13

Average annual precipitation in the taiga and tundra is |less than
25 cm The mgjority of the average annual snowfall of 100 cm drops on
the taiga and tundra during late fall and early winter. The strong
prevailing northwesterly w nds during the winter cause the snow to

become windpacked across the tundra and on the |akes within the taiga.
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TOPOGRAPHY
Intr Lon

Topography is defined as the “physical features of a district or
region taken collectively” (American Geological Institute 1974) . In
our description of topography of the calving grounds, we have al so
considered the topography of the surrounding areas. Bedrock gives the
landscape its basic expression. @aciation and narine inundation are
among the major processes that nodified the [andscape.

The granites, gneisses, sedinentary and vol canic rocks of the
Canadi an Shield evolved during the Precanbrian age. Over a period of
200 mllion years, erosion flattened the surface, and the major
coastal bays and inlets were formed (Bostock 1970). @ aciers forned
el ongat ed bedrock ridges (roches moutonnees), crag-and-tail hills, and
drumins. The retreat of the glaciers left a discontinuous bl anket of
till enclosing erratic boulders and shaped into various Llandforms --
mnor noraine ridges (transverse ridges or ribbed moraines oriented
transversely to the direction of ice flow), end noraines and ground
noraine or till blanket (lce 1959). Deposition from neltwater of the
glacial retreat formed sand and gravel landforms -- eskers (sand
worns), kanes (isolated gravel nounds) and outwash plaine (formed at
the ice margin during a pause in the retreat of the glacier). Large
glacial |akes forned when the retreating ice blocked drai nages. As
ice retreat continued, drainages opened and the water level in |akes
fell, leaving behind el evated teaches or strand lines. Lakes were
formed i n the Thelon, Lockhart and Back River systems as well as in
the Contwoyto Lake and Dubawnt Lake basins (Craig 1964). The gl acial

ice continued to retreat until it occupied a small portion of the
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' ~ District of Keewatin known as the Keewatin ice divide. The Keewatin

ice divide was the centre of the Laurentide ice sheet which covered
most of the Northwest Territories during the last ice age. It is both
the origin and the last stand of the Laurentide ice sheet (Shilts
1980). The location of the Keewatin ice divide aligns with the border
between t he summer ranges of the Kaminuriak and Beverly herds. There
are few glacial landforms in that area because there was no active ice
f low Instead, the final remants of the Laurentide ice sheet melted
6,000 years ago (Shilts 1980) .

The weight of the glaciers depressed the |and. As the ice
melt ed, seas flooded much of the northern and caste rn edges of
mai nl and Northwest Territories. Slowy the land rebounded and the
retreat of seas left marine strand lines and |ayers of marine Silts,
and formed terraces along gl aci al landforms.

Since the retreat of the seas 7000 years ago, topography has
changed relatively little. Sane river canyons have been cut and
debris has been removed by river or crept down slopes. Shattered rock
(felsenmeer) and various types of patterned rock have been formed by

frost action (James 1972) .

At least two research hypotheses in the literature propose that
t opography has influenced the selection of calving ground sites by
cows . One considers the use of various topographical features by cows
and calves during inclement weather while the other considers the
indirect ef feet of topography on vegetation.

Par ker (1972b) di scussed the provision of relatively dry or
sheltered sites by varied topographical features as shelter for
newborn calves from wet snow, rain storms and strong winds. The

Conbi nation of precipitation, strong winds and |ow tenperatures is
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nmost |ethal to newborn calves (MIler and Broughton 1974) as
hypotherma and respiratory ailments, including pneunonia, can result.
Banfield (1951) and Kelsall (1953, 1%, 19%8) described increased
nortality after storms on calving grounds.

There are no published observations of calves seeking shelter
behind rocks or ridges during storms. Cur observations and those of
F.L. MIler (pers. comm, ) indicate that calves seek shelter by bedding
down on the |eeward side of the bedded cow. Cottle (1959) attributed
the survival of four 4-day-old calves during a stormto their ability
to seek Shelter compared to four 4-day-old calves that were tethered,
unabl e to seek shelter and died. The small sanple size and possible
stress of being tethered restrict interpretation of his results.
There are no published observations of cows seeking shelter on the
calving grounds. Kelsall (1953) and Skoog (1968) suggested that cows
are nore restless during a stormbut Devos (1%) stated that cows bed
during strong w nds.

A second hypothesis proposes that the inport ante of the
topography IS indirect. The effect of varied topography on creating
vegetative variation that gives caribou a choice of vegetation in
progressi ve phonol ogi cal changes and under various snow conditions has
been described in studies of calving grounds and caribou behaviour in
Al aska (Kuropat and Bryant 1980) and in the Yukon Territory (A

Martell pers. comm, )

Met hods

Information on the geol ogy, glacial landforms and marine

i nundation of the calving grounds was taken from 1:1,000,000 or
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1: 500, 000 geologyand surf icial geol ogy maps and suppl emented by

;inforrration fran the literature. On the tundra, variations in

topography are primarily a result of the presence of glacial landforms
and bedrock outcrop. W evaluated this variation by using surficial
geol ogy maps to outline areas with recurring types of glacial
landf orns (landf ormunits) . Nine different landf ormunits have been
i dentified. The type of bedrock influences the physical
characteristics of an outcrop, which influences the character of the
topography. Thus the nine landform units are subdivided on the basis
of absence of bedrock outcrop or the presence of granite/gneissic,
sandst one, vol canic, conglonerate or quartzite outcrop. For exanple,
t he landform unit, drumin fields-sandstone, indicates an area covered
primarily by drumin fields with varying amounts of sandstone outcrop.
(wo gl aci al landforms, roches noutonnees and crag-and-tail hills, are
bedrock nodified by glacial action; therefore, they are considered as
bedrock outcrop. )

Landform units are mapped for the Beverly and Kaminuriak cal ving
grounds, but not for the Bathurst calving grounds as detailed maps of
surficial features did not cover those areas. The data on elevation”

were taken from 1:1,000,000 topographical nmaps.

Results

Bat hur st Calving & ounds

In the central and eastern portions of the calving grounds, the
bedrock is usually exposed as long, |ow, narrow ridges of frost-heaved
rock slabs and boul ders.  The anount of exposed bedrock increases to
100% towards Bathurst Inlet (Bird and Bird 19). dacial landforms



38

are nore abundant on the southwest and southeast portions of the
cal ving grounds. North, towards the Queen Maud Qulf, there are
extensive marine silt plains. Average elevation is 150 m asl.

The Bathurst cal ving grounds are underlain by gneissic granitic
rocks encl osing narrow vol canic belts. The | and west of Bathurst
Inlet and the Western River is underlain by tilted |ayers of
quartzites and sedimentary rocks (Fraser 1%l) which increased |ocal
relief and elevation. Bathurst Inlet and the Western River trench are
the expression of a major fault zone separating the sedimentary rocks
to the west fran the granitic gneisses and schists underlying the
calving grounds (Fig. 8) .

3 aci al landforms found on the Bathurst cal ving grounds include
drumin fields, eskers, outwash plains, end moraines and till plains
(ground noraines) . Drum ins and eskers are oriented northwest-
southeast in the direction of the ice flow The till is composed of
boul ders in a sandy matrix. The end noraines around MacAlpine Lake
parallelled the edge of the retreating ice sheet and trend northeast-
southwest. In areas of thin till cover, removal of the sand matrix
has created extensive boulder fields (Bird and Bird 19%) . |

A study of the literature indicates that six landform units are
unevenly distributed on the Bathurst cal ving grounds (Table 4) . Three
other areas on the tundra range of the Bathurst herd have an abundance
of glacial landforms Simlar to that of the Bathurst calving grounds
(Prest et al. 1970) . One area extends from MacAlpine Lake to the
Bullen River. The other two zones are near the treeline; one is
Central on Point Lake and the other extends north of Coppe mine Rive r
and Takijuq Lake to the Coronation Gulf. None of those areas were

flooded by marine waters after the retreat of the ice sheets.
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on Bathurst calving grounds.

Domi nant gl aci al
landf orm(s)

Qut crop geol ogy

no granitic/ vol cani ¢
outcrop gneissic

Drumlin fiel ds

Eske rs

Qut wash sand deposits
Till plain

End noraine

————— . = ————— -

* Landform units are subdivided depending upon the daninant geol ogi cal
outcrop occur ring in the subdivision.




41

Marine waters inundated all the the Bathurst calving grounds

“ fol | owing deglaciation (Fig. 9). Zones of marine silts and mddy

o~ ~

| akes are common, Wave action has slightly modif ied the outline of
gl acial landf orms. Marine strand |ines occur on rocky slopes near
Bathurst Inlet and Queen Maud Gulf (Blake 19%3) . Extensive deposits
of marine silt and sand fill the depressions between glacial landf orns
and bedrock outcrops from Queen Mwd Qulf south to MacAl pine Lake and
on the west shores of Bathurst Inlet (Bird and Bird 1%). Unlike the
country east of the calving grounds, areas south of the calving
grounds and west of Bathurst Inlet were not flooded by mrine waters;
however, portions along the major rivers were flooded by glacial
| akes.

The aspect of the calving grounds is northeast. The distance
between south and north borders is 110 km the range in elevation,
however, is only 200 m (50-250 m asl) , and local relief changes are
less than 60 m (Fraser 1%l). Elevations and local relief increase to

300+ m south and west of the calving grounds (Fig. 10) (Fraser 1%4) .

Beverly Cal vina G ounds

Little bedrock outcrops on the Beverly calving grounds. @ acial
landgf orns are abundant throughout the calving grounds. No marine
deposits occur on the calving grounds; however, lacustrine deposits
occur throughout the central portion of the calving grounds. Average
el evation is 200 m asl.

Gheissic granitic rocks outcrop in the northeast corner of the
calving grounds. Vol canics, gneissic granites and congl onerate

outcrop in the southeast corner of the calving grounds (Wight 1955,
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1957) . Flat-lying sandstone underlies nmost of the Beverly cal ving
grounds. The sandstone is poorly exposed; the scattered outcrops are
only a few inters higher than the extensive layer of glacial drift
(Wight 1%) . This terrain extends southwest of the calving grounds
t hroughout nmost of the Thelon Game Sanctuary. Gneissic granitic rocks
outcrop north, east and south of the calving grounds (Wight 1955,
1957) . CQutcrop in those areas is nore extensive and the bedrock
exerts tetter structural control over drainage and the shape of | akes.

d aci al landforms on the Beverly cal ving grounds include
drumins (usually aggregated into fields) , eskers, outwash plains,
ribbed m nor noraines and till plains. Drumins and eskers are
oriented northwest-southeast while ribbed mnor noraines trend
northeast-southwest.  Most of the til 1 is inundated With boul ders
(Craig 19%).

Ei ght landf orm units are distributed throughout the Beverly
calving grounds (Table 5 Fig. 11) . Such a variety of landf ormunits
in one area does not occur on the remaining tundra range of the
Beverly herd. West and south of the calving grounds, 1landf orm units
tend to be more extensive and conposed of only one recurring glacial”
landf orm Sout heast of the calving grounds, the extensive till
bl anket produces a uniform topography. The lack of relief is a
consequence of the Keewatin ice divide (Lee 1959) . An area simlar to
the Beverly calving grounds exists south of the treel i ne between
Kasba, Ennadai and Nueltin Lakes; however, the orientation of the
glacial landf orms is northwest-southeast and bedrock is pr imarily
volcanics W th some granitic rocks (Wight 1%) .

Only the southern shores of Beverly Lake on the calving grounds

were covered by sea inter after the ice receded. Strand |ines seen
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Table 5. Landform units* On Beverly calving grounds.

paminant gl aci al Qutcrop geoloay

landform( S) — _ —. S
no sand- oconglom- granitic/  volcanic

outcrop stone crate  gneissic

e

Druntin fields. X X X X X
Eskers X X X X X
R bbed m nor noraines x X
Till plain X X X X
Ooutwash sand deposit Xx X X X X
Drumins and eskers X X X
Drumins and ribbed

m nor norai nes X X X X X
Drumins, eskers and

ribbed mnor noraines X X

* Landform units are subdivided depending upon the dom nant geol ogi cal
outcrop occurring in the subdivisions.
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el sewhere are from post-glacial | akes fornmed in the Thelon valley
(Wight 1%) . Marine silt is uncommon on the calving grounds (Fig.
1) .

The surf ace of the northern Beverl y calving grounds is slightly
lenticular. The change in elevation fromthe centre, which is north
of Sand Lake (259 mas1), is stout 100 mto the north border (148 m
asl) , and about 150 mto the south border (100 masl) . The radius is
75 km  Local relief is less than 60 m  On the sout hem Beverly
calving grounds, elevations decrease toward the Thelon River, Beverly
Lake and Dubawnt River. The magnitude of change is simlar to the
northern calving grounds. Elevations increase west and south of the
Beverly calving grounds and decrease to the north and east.  Local

relief remains simlar (Fig. 13) .

Kam nuriak Calving G ounds

Qutcrop is plentiful throughout the Kaminur i ak cal ving grounds
and there are no extensive glacial deposits. Pockets of marine Silts
are scat t ered throughout the calving grounds. Average elevation is .
100 m asl.

“I"he northern and southern sections of the Kam nuriak cal ving
grounds are underlain by vol canic rocks. These “greens tones” outcrop
as | ow, rounded hills (bosses) such as east of Parker Lake (Wi ght
1%/). The far northwest corner of the calving grounds is underlain
by flat-lying sandstone and relief is low Ganitic gneiss underlies
the central portion of the Kaminuriak cal ving grounds (Wight 1955)
This rock type extends east and west of the calving grounds and north

across Chesterfield Inlet. Qutcrops are commn, of varying size and
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Shape, and of moderate relief. North of Kaminak Lake, quartzite
U™ outcrops with the green stone belt as long, white ridges oriented
east—-west.

G aci al landforms found on the Kaminuriak cal ving grounds include
druniin fields, eskers, ribbed mnor noraines and till plain. The
orientation of the drunlins and eskers is northwest-southeast while

ribbed minor nmoraines trend northeast-sout hwest.

IS

Fi ve landform units occur on the Kaminuriak cal vi ng grounds

(Fig. 14, Table 6). Those landform units occur throughout the calving

SR
A :»Ww s Aot .—:zu«w:»‘o«h'*w RS t .
.. * . H

grounds.  Such a variety of landform units does not occur on the
remaining tundra range of the Kaminuriak herd. South and west of the
calving grounds, fields of drumins predominate. The variation in
landform units al so decreases towards Hudson Bay and north of the
calving grounds. An area simlar to the Kaminur iak cal ving grounds
exi sts south of treeline between Kasba, Ennadai and Nueltin | akes;
however, the orientation of the glacial landforms i S northeast-
sout hwest .

Al of the calving grounds were inundated by the Tyrell Sea
(Prest et al. 1970). Wave action nodified the glacial landforms and’
sane drumins and eskers are terraced. Strand |ines may occur on
west-f acing slopes and deposits of marine silt and gravels may overlie
bedrock or till (Lee 1959) (Fig. 15 . No marine flooding occurred
north of Chesterfield Inlet, or west and southwest of the calving
grounds.

The aspect of the calving grounds is generally east with three
prominent tosses (northeast of Parker Lakes, east of Kam nuriak Lake
and west of Savage Lake) . The change in elevation is less than 150 m

(53-183 masl) over a distance of 130 kmwith local relief |ess than
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Figure 13. El evation on Beverly calving grounds
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Figure 14. Landform units and geol ogy of Kaminuriak
calving ground .

ILegend

calving ground boundary

Dominant gl aci al landform in
landform unit:

drumin fields
ribbed mnor noraines

drumin fields and ribbed

M NOr moraines
eskers
till plain

Rock outcrop associated wth
landform M NOr moraines:

sandst one
quartzite
granitic/gneissic

vol cani c

I 2
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Table 6. Landf orm units* on Kaminuriak cal ving grounds.

_ out crop geol ogy
Daminant gl aci al

landform(s) sandst one quartzite granitic/ vol canic
gneissic

Drum in fields X X X X
Eskers X

Ri bbed m nor noraines X
Till plain X X X X
Drumin and ribbed mnor

nor ai nes X X X X

* Landform Units are subdivided depending upon the dom nant geol ogica
outcrop occurring in the subdivision.
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70 m  Elevation continues to decrease east of the calving grounds,
remains simlar south of the calving grounds and increases north, west

and southwest of the calving grounds (Fig. 16) .

Discussion

Varied topography i S characteristic of all three calving grounds.
Flat-1ying sandstones character ize the Beverly calving grounds and
forma smooth surface overlain by various glacial landforms. Qutcrops
as well as mar ine lacustrine deposits are uncamon on the Beverly
cal ving grounds. The surface of granitic and gnei ssic bedrock
characterizing t he Bathurst and Kam nuriak calving grounds is nore
uneven. G acial landforms are superinposed on the undul ating
landscape; bedrock is often exposed as |ow, rugged outcrops or ridges.
W\ suggest that the outcrop is nost abundant on the Bathurst calving
grounds. Qutcrop is also abundant on the Kam nuriak calving grounds
but it is much nore variable in extent and shape. Strand lines on
those two calving grounds are striking to the casual observer but they
and other marine deposits have little effect on topography. The
marine influence is not found el sewhere on the range of the Bathurst
caribou herd; however, the presence of ma rine silts is not confined to
the calving grounds on the Kaminuriak range. The presence of marine
silts may increase the productivity of tundra vegetation ( Zoltai et
al.  1980) .

In contrast, surrounding areas have more uniform topography due
to the decrease in variety of glacial landforms, Underlying bedrock
is often simlar to the calving grounds. Marine silts are uncommon
anywhere on the tundra ranges of the three herds except the coastal

zones of the Kaminuriak range.
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Figure 16. El evati on on Kaminuriak cal ving grounds.
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In relation to winter range and spring mgration routes, the
caribou of the three herds, except those of the Kaminuriak herd
wintering along the Hudson Bay coast, move to areas of lower el evation
for parturition. Kelsall (1968) , after observations on the Bathurst
and Beverly range, and Parker (1972b) , after observations on the
Kam nuriak range, suggest that calving occurs on elevated terrain.
They likely refer to elevation of sites within the calving grounds.
The sumits of bedrock outcrops and glacial landforms offer slightly
el evated terrain on the calving grounds. W do not knew whether cows
concentrate on those areas during cal ving.

The lack of field observations prevents us from evaluating the
| mportance of topographical features as shelter to calves; however, if
t he calves do use topographical features for such a purpose, those
features are available on al1 three calving grounds and off the
calving grounds. The granitic, gnei ssic and vol canic outcrops that
oould of fer shelter to calves on the Bathurst and Kam nuriak cal ving
grounds are uncommon on the Beverly calving grounds and sout hwest of
the Beverly calving grounds. South of the Beverly calving grounds,
those outcrops are nore common, The abundance of boulders in the till
ensures that sone shelter from wind could be available to calves on
the Beverly calving grounds. Although the relief of glacial landf orns
Is usually less than 50 m such features could act as a windbreak for
young cal ves .

Topographi cal features are not, however, essential for the
provision of shelter on the calving grounds. Kiein (pers. cam) has
pointed out the shelter offered by Eriophorum tussecks on the \Wstern
Arctic and Porcupine caribou calving grounds. On well-drained

hillsides and sloping ground, calves can |ie between tussocks. Kl ein
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€ (pers. comm. ) noted that |arge boulders would tend to disperse the

caribou and reduce long range detection of predators, thus f avouring
predation.

Studi es of caribou and vegetation on other calving grounds
suggest that the availability of a variety of phenological stages can
be important t0 cari bou (Kuropat and Bryant 1980) . Such observations
inply that , indirectly, topography can be an inportant characteristic
of sites selected as cal ving grounds. Ve need observations of caribou
feeding habits on the calving grounds to eval uate the inportance of
t opography as a characteristic of the calving grounds. Certainly , the
variety and orientation of the glacial landforms within the three
NW.T. cal ving grounds maximzes the conbinations of slope, aspect .
moi sture and substrate available for plant growth. The inplication of
the varied topography on the calving grounds is that vegetation
camunities form a mosaic which offers choices of nicrohabitat sites
to the caribou. It is expected that the more uniform topography off
the calving ground reduces this variation in vegetation. On the
wi ndswept barrens, the summits of outcrops and glacial landf orns may
be snowfree and imediately available as feeding sites upon arrival of”
caribou on the calving grounds. However, although they are sparsely
veget ated (Thompson et al. 1978, zoltai et al. 1980), they are only

tenporary feeding sites.
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SNOWMELT PATTERNS

| ntroduction

Lent (1980) used LANDSAT imagery to docunent the pattem of
snowmelt for 3 years in northwestern Al aska. He observed t hat
portions Of the eastern and western ends of the North Slope of Al aska
had earlier snowmelt (m d-My) than surrounding areas. Those snowf ree
“islands” cor resporded to the gene ral |ocations of the calving grounds
of the western Arctic and Porcupine herds and Lent (1980) suggested
that the locations were largely in response t0 snommelt pattems.

Avail ability of newly greening vegetation i S dependent upon
timng of snowmelt. The pattem of snowmelt al so affects the nutrient
ont ent of the vegetation. Pregnant and |actating cows on the calving
grounds have high demands for nitrogen and phosphorus and require high
quality forage to meet those demands.

Cows can respord t0o the effects of snowmelt at two | evels.
First, at a regional level, the overall mttern of snownelt on the
calving grounds when conpared to surrounding areas may influence” the
general location of the calving grounds. Seared, at a local |evel,
the pattem of snowmelt is influenced by local relief and, in turn,
may influence habitat use by cows on the calving ground. W adopted
Lent 1S (1980) approach and used satellite imagery to determ ne the

pattern of snowrelt on the three cal ving grounds.

Met hods

Data on snowcover and snowmelt patterms were obtained from three

sources: (1) Snowcover observations in earl y June during reconm s-
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gance flying on calving ground surveys were collated. (2) Snowcover
on €ach calving ground between nmi d-May and m d-June, 1974-1977, was
determined from Northwatch snowcever charts (prepared by Gegory
'Qeoscience Ltd. , Ottawa, Ontario) . They detemined snowcover through
viswal interpretation of images produced by NOAA4, NOAA5, IANDSAT 1 and
LANDSAT 2 satellites. Snowcover was initially determned from
NAA-VHRR (very high resolution radioneter) imagery and verified with
LANDSAT-MSS (multispectral scanner) imagery. Cycling time was 24
%hOurs for NORA satellites and 18 days for LANDSAT satellites. (3) W
al so exam ned LANDSAT-MSS | magery on a mcrofiche scanner to dtermine
t he position of snowline and the regional trends of ice break-up on
| akes. | mgery was available every 9 days for 1974 and 1 %6, and

every 18 days for 1977-1980.

Results and Di scussion

Clouds frequently obscured the three calving grounds during late
May and early June, which linmted the useful ness of the LANDSAT
imge ry.  However, the existing data for 1974, 1976 and 1977 agree .
with the Northwatch results (Table 7 and 8) . The few conparisons of
snowcover observed during calving ground surveys wth snowcover
estimates fromthe satellite imagery (Tables 7, 8 and 9) generally
agree.  An exception was during 29 May 1979 when 90% snowcover was
observed during reconmaissance flights on the Kaminuriak calving
grounds and interpretaion of the LANDSAT inagery suggested the area
was snowf ree.  This discrepancy would not have occur red if the NOAA

i magery which is received daily had peen available for inter petat ion.
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Table 7. Snowcover between mid-Miy and md-June on Bathurst, Beverly and
Kaminuriak cal ving grounds as documented from NorthWatch snowcover
maps, 1974-1977.
Dat e Bat hurst cal ving Beverly cal ving Kaminuriak cal vi ng
ground ground ground
1974
May 13 75% 75% 75%
June 1  75% 25-7 5% O 25%
June 18  0-25% north--rest |akes most | akes open
frozen;
south--most | akes open
1 975
May 13 75% 75% 75%
May 20 15% 75% 0-7 5%
Bat hur st Inlet--25-50% ;
My 27 75% north--2 5-7 5% 0-2 5% :
Bathurst Inlet--0 sout h-- O 2% )
June 3 0-2 5% 0-2 5% 0-2 5% H
June 10 nost 1 akes frozen most | akes open most | akes open i
May 17 75% 75% 75% :
May 25 25-7 5% 75% 2 5-75%
May 31 25- 75% 75% 0- 25%
June 8 west of Ellice R --0-25% north--7 5% 0-2 5%
east of Ellice R --25-75% south--25-75%
June 14 0-2 5% north--2 5-7 5% 0-2 5%
south--0-2 5%
June 18 (-2 5% north--25-7 5% most | akes open
south--0-2 =
1977
May 16 75% 75% 25-7 5%
Bathurst Inlet--25-75%
May 23 75% 75% 2 5-75%
May 29 west of Ellice R --25-75% north--7 5% 25-7 5%
east of Ellice R --75% south--2 5-7 5%
June 6 25-7 5% nort & 25- 75% 0-2 5%
Bathurst I nlet--0 2% sout h-- O 25%
June 14  most | akes frozen north--nost most | akes open

| akes frozen
sout h- - nost

| akes open




v

65
Table 8. SnowCover during June on Bathurst, Beverly and Kaminuriak cal vi ng
grounds as documented from LANDSAT i magery 1974, 1976, 1977-1980.
Dat e Bat hurst cal ving Beverly cal ving Kaminuriak cal vi ng
ground ground ground
1974
Jumne 1 * ' most | akes frozen
. and snowfree
June 8 west of Ellice R —-©%
east of Ellice R --0 2%
June 17 * north--rest |akes nost | akes open
frozen and snowfree
sout h--*
1976 \
Juneb6* snowfree and nost
\ | akes frozen
June 15 west of Ellice R --O%
east of Ellice R.--0-50%
June 24 northeast of Hutak R-- * most | akes open
most | akes frozen
1977 .
May 25 * snowfree and nost
) | akes frozen
June 16 east of Hutak R--- most | akes open
most | akes frozen
and snowfree
west Of Ellice R.—-
most | akes open
1978
June 23 snowfree and nost snowfree and nost snowfree and small
| akes frozen | akes frozen | akes open
1979
May 31 * north—--100% snowfree and nost
sout h--snowfree | akes frozen
most | akes frozen \
June 12 100% '

Bat hur st Inlet--
snowf ree and most

| akes frozen




Table 8. (cent’d)

Dat e Bat hurst cal ving
ground

Beverly cal ving
ground

Kaminuriak cal vi ng
ground

1980
June 7 0-50%

Bat hurst [Inlet--snowfree
June 13 *
June 18  snowf ree and most
| akes open west of
Fllice R.

*

*

north-—-most | akes
frozen

Sout h--rest |akes
open

0-50%

* cloudy or no data available.

R L
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Snowcover during reconnai ssance flights 1-3 June of Bathurst,
Beverly and Kamnuriak calving ground surveys 1957-1980.

m—

Bathurst calvi ng

Bever| y cal ving

Kami nuriak cal ving

ground ground ground
Year snow Reference Snow Ref erence Snow Ref erence
cove r cove I cove r
(% (% (%
1957 - 90 Kelsall and -
Loughrey 1956
1958 - 90 Pruitt 1958
- McEwen 19%©
%%/SQg - d McEwen 19@
1963 - * Malfair 193
1965 * Iock 19
1966 * WIlians 1966 low Parker 197 2b
197 * Par ker 1972b
198 - * Par ker 1972b
1970 * Boxer 1970 low MIler and
Broughton 1974
1971 90 Boxer 1971 * Rippin 1971 5 Ri ppin 1971
1972 - Bowden and
Timmerman 1972
1973 - 90 Land and
Hawki ns 1974
1974 70 Boxer 1974 100 north Mshenko 1974 50-75 Hawk ins and
50 south Howard 1974
1976 - * Hawk insand
Calef 1977
1977 * Calef and 0-30 Heard 1981
Boxer 1977
1978 95 T Widlife 80- 100 Darby 1978 5-10 Darby 1978
Service files
1979 80 wr Widlife 80- 100 Darby 1979 90 Darby 1979 .
Service files
1980 65-70 Heard 1980a 50- 80 Gunn and 10- 20 Heard 1980b

<10 south Decker 1981

* no data on snowcover in report.



68

Only 7 years’ data are available fromsatel lite image ry and few

records have keen kept of snowcover during early June on calving

ground surveys but we were able to infer three points (Tables 7, 8 and

9 . First, the Kaminuriak cal ving grounds, and possibly the southern
Beverly calving grounds were consistently snowfree earlier than the
Bat hurst and northern Beve rly calving grounds. The end of snowmelt
coincides frequently with the onset of calving (-7 June) on the
Kam nuriak and southern Beverly cal ving grounds, but snowcover iS
often more than 75% on the Bathurst and northern Beverly cal ving
grounds.

Second, t he snowmelt pattem of the three calving grounds are
dissimlar to those observed in North#eStern A aska (Lent 1980). The
Bathurst, Beverly and Kaminur i ak cal ving grounds and the immediate
surrounding areas appear to be the last portions of each herd's range
to becone snowfree (Appendix A and B) .  snowmelt i S earlier around
Bat hurst Inlet than on the calving grounds east of the Inlet, and

earl ier on the southern Beverly calving grounds than on the northern

cal ving grounds (north of the Thelon River) . The northward
progression of snowmelt across the Northwest Territories follows “a
nort hwest - sout heast gradient. Thus the border of snowfree areas

parallels the northern boundary of treeline.

Third, the end of snowmelt occurs | ater on the Bathurst and the
northern Beve rl y calving grounds than on those of the Western Arctic
and Por cupi ne herds observed by Lent (1980) . The timing of snowmelt
on those NW. T. calving grounds appears to be more Simlar to Central
Arctic herd (Witten and Cameron 1980) . The timing Of snowmelt on the
southern Beverly and the Kaminur iak calving grounds appears to be
simlar to that observed on the Western Arctic and Porcupine calving

grounds (Lent 1980, A. Marten pers., comm. ) .
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VEGETATI ON

| nt roduction

When caribou cows are on the calving grounds, the burdens of late
pregnancy and |actation inpose an increased need for high quality
forage. The highest quality and nost digestible forage is unfurling
| eaves and flower buds (Chapin et al. 1980) typical of newly greening
vegetation at the beginning of the annual growh season.  lLactating
reindeer and caribou continue to |ose weight until 35-55 days
postpartum (Luick et al. 1980). Reimers (1980) suggests that ani mals
feeding on newly greening vegetation during calving undergo g less
pronounced wei ght loss. Klein (1970) and Lent (1%) suggested that
sumrer forage governs body size and reproductive success, inplying
that earlier or lomger access to high quality vegetation woul d produce
| arger calves by fall as well as allow ng cows an earlier recovery
fromw nter and lactational wei ght | osses. Daughiné (1976) also
stressed the inportance of summer forage to the reproduction and
growth of caribou.

The progression of newy greening vegetation f 01 lows a pattem
dependent on the plant cammunity and on physical factors such as
aspect and temper ature. A description of those plant comunities is
necessary to begin to understand the role of vegetation in detemining
how and perhaps why caribou use cal ving grounds.

The vegetation of all three calving grounds and the surrounding
tundra is classified as Low Arctic Zone, nmeaning that trees are absent
and vegetative cover is virtually “conplete” (Pruitt 1978) .  Wthin
the tundra range of the three caribou herds, two phytogeographic

subdi vi sions are described by Gubbe (1976). The subdivisions are
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characterized by the presence or absence of shrubs taller than 30 cm
( phanerophytes ) and probably reflect tenperature gradients.
Wielgolaski (1980) suggested that mean summer air tenperature is an
I nportant determ nant for the structure of floral communities
(physiognamy) in the Arctic. Zoltai et al. (1980) descri bed Bathurst
Inlet as a “climtic oasis” in the central Arctic. Phanerophytes are
common here in comparison to surrounding areas.  Gubbe (1976) notes

t he disappearance of dwarf birch north of Pitz and Baker |akes and the

increasing prominence of arctic plant species. Wielgolaski (1980) has
observed the decreasing height of wllow species with an increasing
distance north of the treeline. wielgolaski (1980) also comments that

soi | noisture influences life forms present. Again this is a local

phenanenon Wi th |ichens becoming nmuch nore prom nent than vascul ar,

species on the driest sites as noted by Thonpson (1980).

Qher factors also influence the vegetation of an area. Larsen
(1971), Parker (1975), Gubbe (1976), Fischer et al. (1977), Thorpson
et al. (1978) and zoltai et al. (1980) demonstrated that noisture and

substrate strongly influence percentage cover of the same floristic
composition on different sites. Wthin each calving ground, the ranée
of moisture conditions influences the anount of area a vegetative
association will occupy. Locally, as taller shrubs rely on winter
snow cover to insulate root and |eaf btuds, they become nore praminent
on sites where snow accumul ates (Larsen 1971).

For practical purposes, identification of physiognamic vegetative
types 1 S the simplest system to apply in the field (Thonpson 1980).
The physiognamic systens reflect climate, the primary influence on
vegetation (Fosberg 19%7). Substrate, noisture regime and W nter snow

depths influence the species association and percentage cover
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conposition on local sites. Gubbe (1976), Fischer et al. (1977) and
Thonpson et al. (1978) have produced the nost conprehensive
classification schemes for the District of Keewatin. Zoltai and
Jomson (1979) studied the soils of different landforms in the
District of Keewatin and briefly discussed vegetaticn associated Wi th
the soils. Their vegetative descriptions agree with these outlined by
Gubbe (1976).

Gubbe (1976) sanpled vegetation along the Keewatir. section of the
proposed Pol ar Gas pipelire route. This route extends northeast from
the Manitoba border at 60°00° N, 97°15 W passes west of Baker Lake
and continues north through the isthnus of Boothia. Fischer et al.
(1977) were concerned with vegetation north of Baker Lake while
Thorpson et al . (1978) sanpled vegetation along the Polar Gas pipeline
route south of Baker Lake and throughout the tundra range of the
Kam nuriak caribou herd.

The exact nethodol ogy of Gubke (1976) is different from that of
Fischer et al. (1977) and Thompson et al. (1978), but the approach is
simlar. Each selected initial sanpling sites from various landforms
recogni zed on aerial photographs. On the ground, the decision to
sanpl e vegetation was based on physiognamy. Gubbe (1976) then
compared vegetative conmmunities wthin one physiognomc type to
determ ne the predom nant vegetative associations. Fischer et al.

(1977) and Thompson et al. (1978) conbined their species informtion

into 14 species groups (W llows, evergreen shrubs, lichens, etc.) for
each cammunity and then compared all their comunities using several
Clustering analyses. Thus, they delineated [recUrring vegetative
groups. The use of species groups by Fischer et al. (1977) and

Thonpson et al. (1978) precludes identification of vegetative

associ ations as described by Gubbe (1976).
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There have been no surveys of the vegetation on the Bathurst

calving grounds. However, investigations at Bathurst Inlet by Zoltai
et al. (1980) and our subjective observationsof the vegetation during
cal ving ground surveys suggest that physiognamic vegetative types
present can be conmpared with those described by Gubbe (1976). Since
the discussion of vegetation on the Bathurst and Kaminuriak cal vi ng
grounds is based primarily on descriptions fromthe literature, only
our vegetative sanpling of the Beverly calving grounds is presented as

results.

Methods

V& sanpl ed the vegetation of three sites (1,2 ,3) on the northern
Beverly calving grounds during late June and July 1980. At two sites
(4 ,S) east of the southern Beverly calving grounds, we concentrated on
sanpling vegetation not present on the northern Beverl y cal ving
grounds during July 1980.

The choice of a vegetative site to sanple was based on three
requirenents, which were eval uated sequentiallly, First, the
physiognany of the vegetation had to be relatively honogeneous.
Second, the m ni mum overall size of areas to be sanpled was 150 x 50
m The minimm Size was determned by the length of the transect |ine
used t0 sanple the vegetation (125 n). Third, the vegetative
community had to be recognizable froma distance on the ground of 1
km  The term yvegetative community applies to a site which satisfies
these three requirenents.

In each community, we made a plant collection, conpiled a species

list and established two phenology plots (10 x 10 m). We recorded the
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phenological stage of the vascular plant species when the plots were
est abl i shed. Only comunities at Site 1 were revisited to record

phenological changes. The f ol | owi ng phenological categories were

used :

no new | eaves formng on evergreen species

- leaves of evergreen species turning green

| eaves of deciduous plants unfolding or elongating

| eaves unfol ded

flower buds swel ling

early flowering (some in flower)

fullflowering (most in flower)

| at e flowering (most past flowering)

v B 2 8 B o <8 3

- seeds present

GB - green berries

RB - ripe berries
In each community at a site, we photographed a minimm of 25
Daubermire plots (25 x 25 cm) fran a vertical distance of 1 musing 3S
mm Kodachrone colour slide film(ASA 25 or 64) . The plots were.
| ocated at 5 mintervals al ong a 125 mtransect that crossed the
mddle of the community. Transects were or iented in north-south and
east-west directions and placed between the two phenology plots.
Elevation, slope, aspect and approximate depth of active |ayer were
recorded and we described total vegetative cover (ocular estimate) »
substrate (gravel, sand, organic) , noisture regime (xeric, mesic,
hydric, hygric), microtopography, shrub vi gour (creeping, erect) s
animal sign and mcrosite preferences of individual plant species.

Li chens were identified by P.T. Wong, National Miseum Ottawa,

while G Brassard, Menorial University, Newfoundland, identified the
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nosses.  Nomenclature for vascular plants foll owed Porsilé (1973) and
Hulten (1974). The identification of sedges and grasses were verified
by B. Cody, Agriculture Canada, Qttawa; while C. Argus, Nati onal
Miseum Cttawa, verified the identification of the willows.

Ednonds Ecol ogi cal Services (Ednonton, Al berta) determ ned
percentage cover and frequency of occurrence of plant species fromthe
35 mmslides. Each slice was projected onto a screen (28 x 25 cn
marked With a grid of 25 inter sections. Plants under intersections
were recorded for ectimates of percentage cove r. They were identified
to species excertino W llows, sedges ( including Eriophorum spp.) |
ncsses and crustose |ichens.  Frequency of occurrence was cetermined
ty recording all species within each Daubermi re pl ot.

Mean percentage ccver (P, C.), Standard deviation of cover and
frequency of occurrence (F. G ) , as well as proninence value (P. V.),
wvhich is an index of relative importance (Douglas jyja) , were
calcul ated for each species or group in eack transect (25 quadrats)

P.V. = Xp. C. X VE.O.
Those cal cul ations were repeated When two transects from cne community
had teen sanpl ed.

Two transects Were anal yzed for each comunity. If a vegetative
caununity Wi t h apparently Sim | ar floral conposition had been sanpl ed
at two sites, the second transect was taken fromthe replicate site.
If two transects were fromdifferent sites, they were tested for
simlarity by caleuleting their simlarity coefficient (S. C ) using
prom nence values (Bray and Curtis 1957) . 2 simlarity coefficient
larger than 0.90 indicated that comunities fromdifferent sites were

the same.
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S.C. = 2W W= sun of the lowect prom nence val ues of
a+b speci es camon tO0 both transects

a = total prom nence value for al 1 species in
transect A

b = total promnence value for all speciec in
transect B

W adopt ed the approach of Gubbe (1976) to classification and
grouped vegetative comuni ties with sinilar structural strata. The
strata recogni zed were low shrub (30+cm), dwarf shrub (<30 cm)
forbs, tussocks , Short sedges (mesic tO zeric species) , tall sedges
(hydric to hycric species) , moss, |ichens and rock.  The tern,
physiognomic type, refers to a vegetative camunity Or group of
vegetative comunities W th simila r percentage cover of structural
forms. Wthin each physiognamic type, We present the noisture regime
and substrate that appear tc produce a specific vegetative
assoc iat ion. The term. vegetative association, refers to a vegetative
comunity with simlar f loral conposition and percentage COVer.

In the nomenclature of the physiognamic types, capital letters
indicate domnant structural form(s) (> 30% cover) , small letters
i ndi cate subdaminant forn(s) (10 - 303 COver) , a slash indicates
order of decreasing percentage COver while a dash indicates equal
percentage cover values. There are siX physiognamic types (I ~VI) .
Within each physiognamic type there may be one or more Vegetative
associ ations which relate to noisture and substrate. The nomenclature
of the vegetative associations represents floristic composition. The
order represents decreasing percentage COVer. All species Wi th more
than 103 cover are incorporated I Nto the namenclature. The re are

el even vegetative associations (A - K) .
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Results

The phonol ogical data is on file at the Northwest Territories
Wldlife Service, Yellowknife, NW. T. It was gathered as reference
material for comparison with sequential observations in subsequent
years. Vegetation on eskers was not sanpled because the three
requirements outlined in the nethodol ogy were not net. Tine
constrictions prevented the sanpling of outcrops. Percentage cover
and frequency of occurrence obtained from analysis of Daubermire plots

wer e used t O characterize the physiognamic types and vegetative

associ ations (Appendix C.) . Information for the range of vegetation
associations Wit hin physiognam i C types on the Beverl y cal ving grounds
I S incomplete. Appendix D |ists the cammon names of the vascul ar
plants col lected on and off the Beverly calving grounds. The sanpling
schenme was designed to devel op a preliminary vegetative scheme to
assi st planning of subsequent field work. we recognize 11 vegetative
associations wthin six physiognamic types at the five sites on and
off the Beverly calving grounds (Table 10, Fig. 17) . They are:

|, LICHEN dwarf shrub

A Cornicularia divergens/Alectoria ochroleuca: Vegetative

cover was 92% to which |ichens contributed 88% and dwar f
shrubs 11%. The dominant |ichens were Cornicularja diveraens
and Alectoria ochroleuca. Together, they formed a thick
bl ack and green carpet throughout which were scattered ot her
| ichen species and tufts of _Hierochloe alpina (a

characteristic xerophylic graminoid). Evi dence of frost
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pable 10. Locations of vegetative sanpling sites on and off Beverly
cal ving grounds , 1980.
;.;1te . Location Date Vegetative
. mmber Latitude Longituge 1980 ggﬁgfggtlon
T’—ES;-Z'E; 100°11 ° June20 A - Cornicularia/Alectoria
June 21 K - Carex/moss
July 31 ** Carex/moss
. June 21 | '%ﬁﬁfﬁ%ﬁ?@agg/
%; July 31 "l - Eri ophorum/Carex/
' Vacci ni um
2 65° 29' 99° 06 July 3 C° Ila?lgtgﬁsrs/cmstose
July 4 J - Eriophorum/Carex/moss
! July 4 B - Alectoria/Cornicularia
3 65° 14 * 100° 46 ' July 13 E - Vaccinium moss
July 14 D - \C/—S%E‘f‘ﬁﬁ{nm
July 14 **A - Cornicularia/Alectoria
July 14 **J - Eriophorum/Carex/moss
4 64°24 ' 97° 41 ° July 18 G = Carex/Dryas/moss
July 19 H - petula/moss/Carex
5 64° 17 * 99° 04 July 21 F - Drvas/moss
July 22 G - Carex/Dryas/moss
July 22 K - Carex/moss

o[

Sites 1, 2 and 3 were located on the northern calving grounds
while Sites 4 and 5 were 5 and 60 km respectively east of the
southern Beverly calving grounds. Vegetative aSsociations are

described in text.

25 Daubermire quadrats photographed; all other associations were

sanpled with 50 quadrats.
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Figure 17.  Vegetative sawling Sites on Beverly calving arounds. 1980.
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action, shattered sedimentary rocks and weak polygonal nets,
was common. |n the noister polygonal troughs, dwarf shrubs
(Ledum decunbens and_vaccinum Vvitis-idaea) and _Cetraria
i chens were daminant over the_Cornicularia and Alectoria
l'i chens. This vegetative association was sanpled at two
sites (no. 1 and 3). Substrate was very well drained
gravel -sand till wth occasional boul ders. The active |ayer
was deeper than 50 cm  Thi S camunity Was confined t 0 xeric

ridge tops of glacial landforms.

Alectoria ochroleuca/Cornicularia divergens: Vegetative

cover was 97%to which lichens contributed 73% dwarf shrubs
12% and mosses 10% In the nore mesic environnment, _Alectoria

was doninant over_Cornicularia. The thick, predom nantly

green carpet is interrupted by a sunken polygonal network
containing large boulders (0.5 - 1.5 m diameter) as well as
increased cover of dwarf shrubs (L__decunbens, V, vitis-

idaea, Cassiope tetragona) and ot her |ichen species (Cetraria

and d adina spp.). It was sanpled at site no. 2. Substrate
was gravel-sand till wth boulders and was well drained. The
active layer was deeper than 50 cm  Frost-shattered rocks
were common.  This community occurred on the lenticular
surface of shallow drumins and undul ating, well drained

ground norai nes.

Boulders/crustose |ichens: Vegetative cover was 78% to which
lichens (primarily crustose) attributed 61% and dwarf shrubs

14%. The coarse till with many boul ders and intense frost
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action (many raised rock circles) restricted plant substrate
formation. Crustose lichens occurred primarily on rocks and
acoounted for 34% cover. Vascular vegetation was very sp rse
and the visual appearance of the camunity was dani nated by
boul ders.  The dwarf shrubs (L__decumbens_, V., vitis-idaea,
Empetrum nigrum)_were confined to the depressed areas between

the rock mounds which collected finer grained materials and

retained moisture (Guobe 1976) .  Various fruticose Iichen
species Wer e associated Wi th the dwarf shrubs. It was
sanpled at one site (no. 2) . The active layer was deeper

than 50 cm  This comunity occurred on md to upper slopes

and tops of bouldery till landforms.

Cetraria njivalis/ledum decunhens/Vacciniumvitis-idaea:
Veget ative cover was 89%to which |ichens contributed 60% and
dwarf shrubs 29% The thin yell ow carpet formed by C.
nivalis oontained scattered clumps Of L. -decumbens. and E.
nigrum. Vaccinium vitis-idaea was evenly distributed.
Graminoids Wer e uncommon. Ihi S association was sanpled at
one site (no. 3) The substrate was well drained and
primarily gravel-sand till. Boul ders wer e uncommon. The
active layer was deeper than 50 ¢cm Evidence of frost action
was limted to some split rocks. This camunity occurred on

gentle slopes of medium to fine grained till landforms.

DWARF SHRUBS/moss/lichens/short sedge

Vacci ni um vitis-idaeal noss: Vegetative cover was 94% to

which dwarf shrubs oontributed 28% |ichens 30% mosses 40%

fuREE

ST
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and graminoids 9%  Frost boils or non-sorted circles were

the most obvious visual featuwe. The frost boils were poorly
vegetated w th Drvas integrifolia, V, Vitis-idaea,

Cal amagrostis purpurascens and Cetraria spp.  concentrated

around the edges. Between the frost boils were mesic,

wel | vegetated areas with a high cover of mosses and dwar f
shrubs such as v, vitis-idaea, L. decumbens, C, tetragona, E,
nigrum and the occasional _Vaccini um uliginosum. The 13 forb
species present were uncommon, This association was sanpled
at one site (no.3). The substrate was well drained, silty
sand and gravel. The active |layer was deeper than 50 cm

The camunity occurred on flat till plateaus.

Dryas jnteqrifolja/moss: Vegetative cover was 85%to which
dwarf shrubs contributed 36% nosses 29% and |ichens 25%
Frost boils were the most obvious visual feature and were
bright pink in colour. The increased praninence of D.

intearifolia probably reflects a higher concentration of

calciumin the substrate (Gubbe 1976). Frost boils were
usual ly poorly vegetated and surrounded by wel | vegetated
areas daminated by dwarf shrubs and sedges. Fourteen forb
species were present but their total ground cover was sparse
(<% . This association was sanpled at one site (no. 4).
Substrate was well drained sand and gravel till.  This

camunity cccurred on higher elevation flat, till plateaus.

Carex spp./Dryas intearjfolia/moss: Vegetative cover was 9%

to which sedges oontributed 36% mosses 80%, and dwarf shrubs
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2%. Visually, the sedges and dwarf shrubs formed a snooth
yellow and dark green pattern. Dryas intearifolia was the
dom nant shrub; however. Salix spp._, Betula glandulosa, V.
uliginosum, C, tetragona and Rhododendron |_apponicum were
also present. Ledum decumbens was absent. Fifteen species
of forbs occurred which i ncl uded_oOxvtropis_Mavdelliana. and
Astragalus alpinus in flower. Lichens were not common (<5%).
Smal| frost boils were present. This association was sanpled
at two sites (no. 4 and 5). Substrate was sand—gravel till,
and boul ders were uncamon. The active |ayer was deeper than
50 cm This community occurred over |arge areas of shallow,
undul ating, finer grained till. The presence of D,
inteqrifolia suggests a higher concentration of calciumin

the substrate (Guobe 1976).

SHRUB/moss/short sedge/ dwarf shrub

Betula glandulosa/moss/Carex spp.: Vegetative cover was 99%
to which low shrubs contributed 30% dwarf shrubs 13% sedge

29% and mosses 79%  Thi S camunity was daminated by a canopy

of B, glandulosa, Salix planifolia and S, glauca. Between

clumps of these orthophyllic shrubs, short sedges dani nated
the plant cover. Dwarf shrub species occurred on earth
mounds characteristic of this association. Earth nounds were
formed by frost action (Gubbe 1976). A variety of forb and
l'ichen species were present but occupied | ess than 5% cover.
This type was sampled at site no. 4. Substrate was a thin

organic |ayer composed of |eaf litter over gravel-sand till.

BV e L o
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Moi sture conditions were mesic and the active |ayer was about
50 cm deep. This camunity  occurs on gentle sl opes,

especially al ong | ower edges of vegetative association G.

Tussock-short sedge-moss-dwarf shrubs-Iichen

Eriophorum spp.-Carex Spp. -moss-Vaccinium Vitis-idaea:

Vegetative cover was 99%to which sedges and cottongrass
species contributed 43% dwarf shrubs 19% mosses 34% and
l'i chens 24% This association is a mx of vegetative
associations J, Eand A The visual inpression is of a dry
sedge plain. Fromthe air, weak polygonal nets and turf rows
are apparent. Misture conditions vary. Patches of xeric,
gravel till are dominated by C, divergens, A, .ochroleuca_Wi th
xerophyllic sedge and grass species and dwarf shrubs. Bydric

organi ¢ patches are dom nated by_Eriophorum vaginatum

tussocks whilehygricorganic patches are dominated by E.

anqustifolium. These patches combine t0 form a heterogeneous

communi ty. Depth to permafrost varied with depth of the .

organic layer over till. ThiS cawnunity appeared t0 ocCcupy
the sites between |ichen dom nated ridgetops and hydric
tussock or wet sedge meadows. This association was sanpled

at one site (no. 1).

TUSSOCK/moss

Eriphorum vaginatum/Carex Spp./ nDSS: Veget ative cover was
98% to which oottongrass and other sedge species oontributed

80% and mosses 52%  Eriphorum tussocks dom nated the visual
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aspect. Between the tussocks were various Carex species and
forbs (Pedicularis sudetica, P, labradorica, Saxifraga
hirculus, Potentjilla pajustris and Polygonum Vi Vi parum) .
Dwarf shrubs occurred on the drier tussocks. Lichen cover
was |ess than 1%  The substrate was an organic |ayer of
variabl e thickness and inperfectly drained. This associ ation
was sanpled at two sites (no. 2 and 3). It was also observed
\j at site no. 4. The association was prevalent at the foot of

gentle slopes or on inperfectly drained depressions.

VI. TALL SEDGE/moss

N K carex spp/moss: vegetative cover was conplete and dom nated

! by Carex species (80% and mosses (69% . Li chens were
i uncommon as Wer e forbs and dwarf shrubs (<4% . Eriophorum

tussocks cccurred at the outer edges of this cammunity. It
was sanmpled at two sites (no. 1 and 5) . The substrate was a
thick layer of peat formed from_sphagnum Spp. and Isedges.
Standing water occur red in places and the active layer was
less than 50 cm  This association cccurred at |ake edges and
I n depressions where the water table was close to or above

the surf ace.

Aerial observations during July 1980 suggested that the
vegetation sanpled on the southern Beverly calving ground is simlar
to the sites sanpled inmediately east of the calving grounds.
Phaner ophyt es dominate on the physiognanic types (I| 1. LOW SHRUB/moss/

short sedge/dwarf shrub ) sanpled on the southern Beverly calving
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‘grounds. This type was absent fromthe northern Beverly calving

grounds and cursorial aerial observations confirm this conclusion.
Instead, there weenodre 1 ichen dom nated vegetative associations on
the northern Beverly calving grounds (Tables 11 and 12). Subjective
aerial observations during July 1980 suggest that the vegetation to
the west of the northern calving grounds is simlar. Those
observations al so suggest that the vegetative associations on the
Beverly calving grounds have a nore patchy distribution than those of f
the calving grounds. The nmore varied topography on the cal ving

grounds would influence the distribution of vegetative associations.

Di scussi on

The absence of phanerophytes on the northern Beverly calving
grounds suggests that the Thelon River is the continuation of the
bor der between the two phytogeographic subdi vi Si OnS recognized by
Gubbe (1976) in the eastern Keewatin. A conparison of the
physiognamic types and vegetative associ ations recognized by OUr
prelimnary study on the northern Beverly calving grounds general ly
agrees with those described by Guobe (1976) and Fischer et a]. (1977)
for the region north of Chesterfield Inlet to Wager Bay (Table 13).2
simlar compar i son of the vegetation of the southern calving grounds
agrees with descriptions of vegetation for the region south Of
Chesterfield Inlet by Gube (1976) and Thompson et al. (1978) (Table
14).

A review of zoltai et al. (1980) and our ground observations
suggests that the fol |l owi ng physiognamic vegetative types m ght be

present on the Bathurst calving grounds:
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Table 11.  Physiognamic types and vegetative associations sampled on
northern Beverly calving grounds in relation to noi'sture and

substrate, 1980.

Physiognamic type

Moi sture Substrate Vegetative

regine
1. LICHEN dwarf shrub  xeric
xXeric-
mesi ¢
xeric-
mesi ¢
mesi ¢
||. DWARF SHRUB/moss/  xeric-
lichen/short sedge mesic
Iv. Tussock-short m xed
sedge- dwar f with
shrub- 1lichen-moss
V. TUSSOCK/moss hydric
vI. TALL SEDGE / ITOSS  hydric-
hygric

m xed
th

associ ation

gravel -sand A - Cornicularia divergens/

till Al ectoria ochroleuca
gravel -sand B - Alectoria ochroleuca/
till Cornicularia divergens
bouldery C - Bpulders/crustose
till l'i chen
gravel-sand D - Cetraria_ nivalis/Ledum
till decunbens\ Vacci ni um
vitis-idaea

sandj%]ravel E - Vacci ni um vitis-idaea/
tiTl moss

orrqani ¢c I - Eriophorum spp./Carex
I spp./mosses/Vace | Ni UM
vitis-idaea

t

organic over J - Eriophorum vaginatum/
till Carex spp./moss

organic over K - Carex spp.- moss .
till

ERETY
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Tabl e 12. physiognamic types and vegetative associations on southern
Beverly calving grounds “in relation to moisture and substrate,
1980 .*

Physiognamic type Mbi sture Substrate Vegetative association
regine
* II. WARF  shRUR/mo3€Fic— _ sand-gravel F - Dryas intearifolia/moss
lichen/short sedge mesic till
, mesic sand-gravel G - Carex spp./Dryas
intearifolia/moss

--111. LOW SHRUB/moss/ mesi ¢ thin organic 11 - Betula glandulosa/moss/

short sedge/ dwar f over till Carex spp.
shrub
V. TUSSOCK/moss not sanpled but present
VI . TALL SEDGE/moss hydric- organic over K - Carex spp./moss
i ., hygric till

* This schene is inferred fromsites sanpled to the east of the southern
cal ving grounds.




Tabl e 13. Comparison of vegetative classification scheme for northern
Beverly calving grounds with classification of vegetation on
Wager Pl at eau physiographic regi on (Gubbe 1976) and
classification in the central north Keewatin (Fischer et al.

1977) . *
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Northern Beverly calving Wager Pl at eau Central Northern
grounds physiographic regi on Keewatin (Fischer et
(Gubbe 1976) al . 1977)
* * Barrens
I.LICHEN/dwa rf shrub |. Lichen steppe Li chen Upl ands

A._Cornicularia divergens/

Al ect ori a ochroleuca

B._ Alectoria ochroleuca/

A.Bierochloe alpina/
Cornicul ari a divergens/
Al

ectoria ochroleuca

Cornicularia diveraens

C. Boulders/crustose
l'i chen

D. _Cetraria nivalis/
Ledum decumbens/Vaccinium
Vitis-Idaea

11. Lichen heath Li chen Heath Pl ateaus

lanuginosunyCorn icularija
divergens/Cassiope

tetracfona

*%

B. Rhacomitrium ’

111. Gamnoid cryptogam
C. _Hierochloe alpina/
Rhacom t ri um lanuginosum/

Cornicul ari a divergens/
Al ect ori a ochroleuca

D. Carex_bigelowii-
Arctogrostis latifolia/

Cladina/Rhacomitrium
lanuginosum

11. DWARF SHRUB/moss/
l'ichen/short sedge

E. Vaccinium vitis-idaeal
moSss

| V Lichen-moss-sedge-heath

E. Cladina/ RhaComtrium
lanuginosun/Carex/Cassiope

tetr a

V. Dwarf shrub-sedge-heath
F. salix fuscescens/ Carex/
Vaccinium uliginosum
G.Drvas integrifolia/Luzula
nivalis/Cassiope f et raaona
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.-——"“_'"_”
: Central Northern
yorthern Bever |y Cal ving Wager Plateau Al Nor
rounds siographic regi on  Keewatin (Fischer et
) I(Jggbbe 18%6) J al . 1977)
** * orthophyll Shrub

VI. Dryas herbnmt
H Saxifraca oppositifolia/

* %

Car ex_scirpoidea/Dryas
intearif olia
IV. Tussock-short sedge- " **
moss—dwarf shrub-lichen
1. _Eriophorum spp. -Carex
8pp.-nosses-Vaccinium
) e — e e e -
V. TUSSOCK/moss VI1. TUSSOCK tundra W1low sedge
J. _Eriochorum_vaai nat um 1. _Aulacomium/Salix/ meadow
/Carex spp./moss Eriophorum vaajnat um var.
Spissom
VI. TALL SEDGE/moss VI 1. Wt sedge neadow Sedge meadows

K. _Carex spp.-moss

-—— ———— —— — —

* Descriptions of vegetation from these reports were used to compare

ﬁh siognamic types and vegetation associations of Gubbe (1976) with
abitat types of Fischer et al. (1977) .

** No equival ent vegetative associations or habitat types described.

R
ES
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Tabl e 14. Conparison of vegetative classification scheme for southern
Beverla/ calving ground with classification of vegetation on Kazan
Upl and physiographic regi on (Gubbe 1976) and classification Of
vegetation in the central south Keewatin ( Thonpson et al. 1978). *

Southern Beverly Kazan Upl and Central South Keewatin
cal ving grounds physiographic regi on (Thompson et al . 1978)
(Gubbe 1976)
o i Rock barrens
7 1. Lichen steppe Lichen steppe

A. Poa glauca/Cornicularia

divergens/Alectoria
ochroleuca

** 11. Lichen heath Li chen heath
E. Cetraria_njvalis/
Vaccini um uliqinosuny
Empetrum nigrum
C. Cetraria jislandica/
Luzula nivalis/Cassiope

tetraaona

[ 1. LOW SHRUB/moss/ 111. Dwarf shrub tundra Dwarf shrub |1 chen

short sedge/ dwar f D. Aulocomnjium/Salix-

shrub Betula glandulosa

H. _Betula alandulosa

moss/ Carex Spp.

| |. DWARF SHRUB/moss/ |V. Dwarf & ub-sedge- Dwarf shrub sedge ~
l'ichen/short sedge heat h

E. Salix (fuscescens)/Carex/

Vacci ni um uliginosum ]
F. Drvas_inteqrifolia/ F€ _Salix-Drvas inteqrifolia
nmoss -Carex-mixed heat h

G _Carex spp/Dryas
integrifolia/moss

V. TUSSOCK/moSS V. TUSSOCK t undra TUSSOCK tundra

VI. TALL SmGE/mss  VI. Wt sedge meadow Sedge meadows
K. _Carex spp/moss

* Descriptions of vegetation fromthese reports were used to conpare
Ehys_iogncmic types and vegetation associations of Gubbe (1976) with
abitat types of Thompson et al. (1978).

* Mo equival ent vegetative associationsor habitat types described.

—

Elelitg 8 i




91

Rock barrens: occur ring on bare bedrock outcrops, boulder fields
and sandy deposits (eskers, strand lines) . Vascular plants are
scarce and confined to cracks where soil has accunul at ed.

Crustose |ichens and mosses are most prevalent. ‘I'he type of reck

substrate available as well as noisture conditions influence the

speci es conposition (i.e. vegetative association)

Lichen - dwarf shrub:  occurring on well to excessively drained

till upland.  C. diveraens and A. ochroleuca_are not commn.

Instead, Cetraria and Cladina species are prominent along wth

dwarf shrubs (<30 cm) , L. decumbens, V. vitis-idaea, Vs

ul iainosum, E, nig rum ¢, t_et ragona, Arctostaphylos rubra and D.
integrifolia. Again substrate influences the vegetative
association.  On the calving grounds the dom nance of granitic
till dictated the preval ence of ericaceous shrubs (zoltai et al.

1980) .  On less acidic, high nutrient tills derived from either

volcanic or sedinmentary rocks D,_inteqrifolia i s the preval ent
species. This substrate preference explains the dom nance of

Dryas on the Beverly calving ground.

Low shrub - dwarf shrub: occurring on well to inperfectly
drained till slopes. The shrubs are less than 30 cmtall and
include B. alandulosa and Salix SPP-, as well as the dwarf shrubs
described in physiognanic type Il. Gasses, sedges, |ichens and
sane forbs are present in varying amounts. The vegetative
associ ation depends upon available noisture and substrate.

Betula and Salix spp. increase on protected Or nmore mesic sites.

Patterned grounds in the formof md boils with a turfy ring are

comnmon,
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IV. Tussock: these are well developed on inperfectly drained marine

clays. E, vaainatum E, callitrix and Carex spp. dominate. On

the tussocks or on slightly better drained areas_Salix and_Betula
spp. are cowon as well as Andromeda and ot her dwarf shrubs.
Cetraria and Cladina |ichens occur. In the central and eastern
port ions of the calving ground this physiognamic vegetative type

IS very conmon,

v. Tall sedge: occurs on poorly drained depressions. Zoltai et al.
(1980) note that there are two vegetative associations. Carex -
moss IS prevalent on nutrient rich sites where the pH is al most

neutral. Carex - Sphagnum i S praninent where waters are acidic

(usual Iy associated with granitic tills) .  Low center polygons

are often associated With Carex - Sphagnum. These polygons gre

conmon on the Bathurst cal ving grounds.

These five physiognamic types al so occur off the Bathurst calving
grounds (zoltai et al. 1980). However, the lack of marine deposits
south and west of Bathurst Inlet suggests that tussock tundra i S
uncommon. At Bathurst Inlet, the | ow shrub physiognomic type is

present. Salix Spp. , B, alandulosa and Alnus crispa form prani nent

shrub thickets (2 mtall) along |ower slopes, sides of streams and
inperfectly drained, f 1luvial sands. W did not document whether this
type occurred south and west of Bathurst Inlet.

The physiognamic types of the Bathurst calving grounds are
simlar to the northern Beverly calving ground; however, the dom nance
of nutrient poor, acidic till and outcrop on the Bathurst calving

grounds inplies that vegetation associations will be different.
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mussock tundra may be nore prevalent on the Bathurst calving ground

pecause marine clay deposits are uncommon on the Beverly calving

-

ground .

Thonpson et al. (197 8) and Beckel (1958) mapped complexes of the
vegetation associations of the Kaminuriak calving grounds. Both state
that on the tundra range of the Kaminuriek herd, |ichen dom nated

_ camunities on well-drained uplands were more prevalent towards the
I_Inorth and east, Wwhile commnities on poorly drained |ow ands,
daninated by |ow shrubs and sedge species, increased towards the south
and west.  Neither suggests that the vegetation communities or their
distribution on the Kamnuriak calving grounds are unique. However,
Thonpson et al. (1978) show that the area between Banks, Mandreville
and Happotiyak Lakes on the Kaminuriak cal ving grounds has more |ichen
heat h vegetation and bedrock outcrop than the remainder of the
Kaminuriak tundra range. Those studies inply that vegetation of the
Raminuriak cal ving grounds will be simlar to the southern Beverly
calving grounds and the summer range Oof the Kaminuriak herd.

Thus the nost obvious vegetative characteristic separating the
Calving grounds and surrounding tundra north of Beverly Lake from the
cal ving grounds and surrounding tundra south of Beverly Lake is the
absence of phanerophytes. |f climate is the primry factor affecting
the northern limit of phanerophytes then the similar physiognamic
forms found on the Bathurst and northern Beverly cal ving grounds
indicate a cooler or shorter growingseason in comparison with the
Southern Beverly and Kaminuriak cal ving grounds. Observations of
percentage snow cover during surveys of calving grounds and f rom
sat ellite i magery support the suggestion that the grow ng season

begins later north of Beverly Lake.  Although the vegetation on each
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of the calving grounds occurs el sewhere on each herd s tundra range,
the calving grounds are located in the oolest sector of each range.
The calving grounds should be the |ast portion of each herd s range to
devel op newly greening vegetation. It is expected that the
phonol ogi cal characteristics of calving grounds will differ from

surrounding areas to the south and west.

The onset of new plant growth within a |ocal region varies with

el evation and aspect. In the absence of nmarked el evational changes,
West Geenland caribou maintain intake of high quality food, which is
associated with vegetation at an early phonol ogical stage, by shifting
fromsouth aspect feeding sites in April and May to north aspect sites
during July and August (Thing 1980). If a phenological gradient does
exist it is likely a function of topography as el evational changes are
small on the three calving grounds.

| medi ately after snowmelt, nitrogen and phosphorus content of
Eriophorum inflorescences and culms peaks (Chapin et al. 1980).
Maxi num nitrogen content of new | eaves of deci duous shrubs and
Eriophorum sSpp. S reached 3-4 weeks after snowmelt. However ,
snowmelt does not occur sinultaneously over any area, and the duration
varies amng years. Thus it is inportant to quantify the amount and
phonol ogi cal stages of greening vegetation available during calving to

determ ne when cows switch fromwnter to sumer diets. There is a

need to conpare the difference in timng and phonol ogi cal stages of
greening vegetation avail abl e amng various calving grounds.

Cal ving grounds of caribou and reindeer grade into two groups
characterized by the presence or absence of greening vegetation during
cdl ving.  The Western Arctic herd (Al aska) and the Porcupine herd

(Yukon- Al aska) have cal ving grounds where sonme energent shoots and

\
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puds are usually available at the onset of or shortly after calving
"I%;T"(Kuropat and Bryant 1980, Lent 1980, A. Marten pers. €9 )  on the
dgaminuriak cal ving grounds, greening vegetation may or may not be
‘available during cal ving. M1l er and Broughton (1974) observed
: greening vegetation at the peak of calving on the Kaminuriak herd in
1970.  Their observations support our description of an earlier
snowmelt on the Kaminuriak cal ving grounds.  Cows of the Central
Arctic herd (Alaska), reindeer herd (Tuktoyaktuk), Bat hurst herd and
Beverly herd calve 1-2 weeks before new vegetation is available
(Kelsall 1968, whitten and Cameron 1980). The data for Bathurst and
Beverly herds are based on scanty evidence from snowmelt conditions.
Addi tional evidence comes from observations of feeding on the Beverly
calving ground. Pruitt (1958) and Loughrey (in Kelsall 1968) observed
that cows on the Beverly calving grounds in 1957 ana 1958 primarily
fed on snowfree |ichen dominated ridges during cal vi ng. Inflor-
escences Of Eriophorum SPP- | wusually the first plant to devel op after
snowmelt (A. Martell pers, comm. ) . had not greened up until late June.

The vegetation on the Bathurst, Beverly and Kaminuriak cal ving

grounds is not unique and the presence of greening vegetation during .

the peak of calving is not characteristic of, at |east, the Bathurst
and Beverly calving grounds. However, within 2-3 weeks after calving
when lactat ional stress is high, newl y emergent vegetation becones
available to cows. It remains to be determned: (a) Wwhether the
mttern of vegetation is unique to the calving grounds, (c) how long
cows are on the calving grounds, (c) what the use is of vegetation
types by cows in different years, and (d) whether t he phenology on

the calving grounds after calving is different from surrounding areas.
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PREDATORS

| nt roduction

Th roughout most of their respective |ife cycles, caribou and
their principle predator, the wolf (Canis lupus) , are in oontinual
contact Wi th each other. Only during denning i s the range of most
wol ves reduced. At this time, caribou are calving and are the most
vulnerable to predation. The location of the calving grounds beyond
the effective hunting range of most denning wolves woul d be a strategy
to reduce predation on newborn cal ves (T. Bergerud pers. cam)
Kelsall (1968) suggested that the choice of a calving ground was
asscciated Wi th an absence of predators.  Parker (1972b) recogni zed
that absence of predators would be an advantage but doubted this coul d
influence the |ocation of calving grounds. In the Northwest

Territories, the barren-ground grizzly (Ursus arctos) i S the ot her

most important predator of barren-ground caribou during calving.

Met hods

V¢ obtained data through a literature search of published and

unpubl i shed rmaterial and fromfield notes of Nw, T. Wldlife Service
personnel. W searched for information on the distribution of wolves

and bears during calving, location of wolf den sites and sunmer food

habits of wolves and bears.

Results and Discussion

There are difficulties in interpreting the nunbers of wolves on

the Bathurst, Beverly and Kaminuriak cal ving grounds. Observations oOf

R 4
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wlves were nade during aerial censuses of the calving grounds over
j wried terrain under a variety of snow conditions. Neverthel ess, the

", data Ssuggest that the nunbers of wolwes are low on the calving grounds

(Table 15) where prey densities can be similar to or higher than those
found in areas of late winter caribou concentrations. H gh numbers
of wol ves have been described in association with cribou concentra-
tions on winter ranges (Table 16). Surveys designed specifically to
determ ne wol f densities have not keen flown on the three calving
grounds or areas adjacent to the Bathurst and Kaminuriak cal ving
grounds.

Breedi ng wolves and associated non-breeders do not f ol [ow the
spring mgration of caribou to the calving ground unless den sites are
on or near the calving ground. In 1979, the nwW.T. Wldlife Service
began to study the novements and territoriality of wolves on the range
of the Bathurst caribou herd. In March-April 1979, 35 of the 130
wol ves observed were fitted with radio transmtters.

In early June 1979, only 2 of the 19 radio collars still
transmtting were located near the calving grounds. Both wol ves were
mal es, one mature and the other imuature. O the remainder, ore Was
not |ocated, eightwereatknownden Sites and the rest were located
south of Contwoyto Lake (Fig. 18) . BOQth Kuyt (1969) and Miller and
Broughton (1974) believed that wolves on the cal ving grounds are
primarily nonbreeders. The results from observations of the radio-
col lared wolves support this belief. None of the den sites of the
radio-collared wolves i N 1979 were within 30() km of the Bat hurst
calving grounds.  Zoltai et al. (1980) reported the location Of four
wol f dens at Bathurst | nlet; Kelsall (1955)alsoreported one wol f den

there, but those dens are not on the Bathurst cal ving grounds. The




Table 15. Wl ves and grizzly bears observed during Bathurst, Beverly and
Kam nuriak calving grounds surveys, 1951-1980.

Year Bathurst calving Beverly cal ving Kami nuriak cal ving
grounds grounds grounds
Sightings _ Reference Sightings  Reference Sightings Reference
wol f grizzly wol f grizzly wol f

1951 1 1 Kelsall -

1953
1958 6 2 Pruitt
1958
1959 0 2 McEwen
1960
19® 1 1 McEwen
1962
1983 0 Malfair 1963
1% 1 3 Look
- 1%
196 3 0 Wlliams -
196
1970 1 0 Boxer - 19 MIler and
1970 Broughton 1974
1971 0 0 Boxer north OO0 Ri ppi n 3 Rippin 1971
1971 south 16 - 1971 .
1972 Bowden and
Timmerman 1972
1973 * Land and
Hawki ns 1973
1974 12 2 Boxer 1974 50 R Decker 6 Hawki ns and

pers. comm, Howard 1974

3g




Table 15 continued

Year Bathurst calving Beverly cal ving Kaminuriak cal vi ng
grounds grounds grounds
Sightinas Ref erence Siahtinas  Reference Siahtinas  Reference
wol f grizzly wol f grizzly wol f
1977 * * Calef and - 1 Heara 1981
E?oxer 1977 \
1978 5 O NW.T. 49 6 Heard and Darby 1978
Widlife Decker 1980
Service
files ) .
1979 - - - Darby 1979 Darby 1979
1980 9 1 Hear d 13 4 @inn and 4 Heard 1980b
1980a Decker 1981

* No data on predators observed during calving ground survey.

66
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Table 16. Number of wolves associated with wintering groups of caribou.

MTavish Arm G eat
Eear Lake,

Hara and Charcoal
January Lakes, Saskatchewan

Har a Lake
Saskat chewan

Desmarais Lake,

Carp Lakes,

Area
knd

Wolves

count ed

300

8300

1800

1.700

1600

90

258

211

70

130

Ref erence

Thomas 1969

MIler 1975

MIler 1975

R Decker

pers. comm,

D. Heard
pers. camm
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first recorded den on the Bathurst cal ving grounds was found in 1980

(Heard 1980a). The den was a shallow pit dug into an esker and had

- five pups with five adults and the renains of two newborn cal ves.

Kuyt (1969) conducted aerial and ground searches between 190 and
1965 for dens in the vicinity of the Thelon River and Beverly cal ving
grounds.  Three of ten active dens and 12 of 19 inactive dens were
located on the southern Beverly calving grounds (Fig. 19) .  No dens
were |ocated on the northern Beverly calving grounds.  The higher
number Of wol ves on the Beverl ¥ cal ving grounds in compa r ison to the
other calving grounds may reflect the closer proximty of a denning
area to the Beverly calving grounds. No active dens have been |ocated
on the Kam nuriak calving grounds; however, MI|ler and Broughton
(1974) found two inactive den sites in 311 hours of flying during June
and July 1970.

Most dens on the barren-grounds have been located in sandy areas
at or near treeline; sites with shrubs or small clunps of trees on
eskers are f avoured (Jacobson 1979) .  Stephenson and Johnson (197 2)
note & simlar trend on the North Slope Of Al aska and cament that fox
dens are often enlarged and used by wol ves. The presence of
mtinuous permafrost restricts suitable den sites to gravel or sand
deposits on all three calving grounds. It appears that the locations
of barren-round caribou calving grounds are different fram the
| ocations of preferred wolf denning areas.

The sane den ny be used several tines over a period of Years

(Makridin 1960, Kuyt 1969, Stephenson and Johnson 1972). At the three
dens visited al ong Greenstockings Lake (64° N, 113° W in 1979, our

own observations reveal ed numerous scats ol der than 1 year and many

wel | used trails leading to the den sites.
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Wiel ping coincides with the early calving period of caribou

(Makridin 199, Kuyt 1972, Stephenson and Jomson 1972). The pups are

§~ unable to travel long distances with the adults until [ate August.

Thi s implies that the ol der wolves associated with a den remain
relatively sedentary.  Kel sal 1 (1953) suggests that wolves remain
within 30 kmof their den site.

Anal yses of scats collected fromden sites record a sumer diet
of caribou supplenented by small prey and fish (Banfield 1954, Cark
1970, Kuyt 1972) .  Stephenson (197 9) and Stephenson and Johnson 1972)
studied northwest Al askan wol ves which also rely on caribou as their
prey source and reported anal ogous results for summer food habits.
Banfield (1954) and Stephenson and Jomson (1972) reported that wolves
Wil return to feed on old kills close to dens during the summer and
they suggested that wolves cache caribou during spring mgration.

A 1 those observations support the strategy Parker (1972b)
outlines concerning the preferred |ocations of wolf den sites. He
proposes that wolves who den near treel ine will mnimze their tim
without caribou. Al though female caribou have left the area by
md-My, the bulls are still on their way north and same caribou
linger near treeline all summer (Banfield 1954, Parker 1972b, M|l er

and Broughton 1974, parby 1978 and 1979) . Wen femal e caribou return

towards treel ine, the pups are old enough to follow the adult wolves

as they hunt for caribou (Kuyt 1972) . A den on a calving ground
ensures a food supply of caribou for |ess than a month and involves a
long trek for the pups to keep up with the caribou in |ate August.
Relsall (19%)) and Kuyt (1972) observed that the wolves during
s killed calves nore frequently than adults. Those wolves were

associated with the Beverly caribou herd. MIller and Broughton (1974)
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reported that 3 03 of 57 dead cal ves found on and near the 1970
Kam nuriak calving ground had been killed by wolves. They postulated
that 25 wolves on the calving ground could kill 20 - 30% of the
Kam nuriak calf crop in 2 ninths. Heard and Decker (1980) saw over
218 dead cal ves on the Beverly calving ground during June, 1978. They
noted that 508 of the 28 cal ves examined had crushed skulls and
subcut aneous henorrhaging indicating predation as the cause of death.

Bears have keen rarely observed on the Bathurst and Kaminuriak
cal ving grounds and are not nunerous on the Beverly calving grounds
during the calving period (Table 15) . However, there are frequent
observations of grizzly bears along Bathurst Inlet ( Zoltai et al.
1980) and along the Thelon River west of Beverly Lake (Kelsall 1%,
Cooper 1981) .

In Alaska, grizzly bears are common along the North Slope where
several caribou (R, t, granti) calving grounds are |ocated. Gizzly
bears whose home ranges do not overlap the calving grounds did not

| eave their home range to reach aggregations of calving car ibou

(Reynol ds 1980) .

The density of bears on the western Broks Range was estimted at .

1 bear/44 kni (Reynolds 1980).  That density is higher than the
estimted densities (1 bear/140 - 260 km*) on the eastern North Slope.
Reynol ds (1980) suggested that the availability of carrion and prey
fromthe calving grounds of the \WWestern Arctic caribou herd may be the
expl anation for the higher densities of bears on the western Brooks
Range; however, bears on the eastern North Slope have access to
car r ion and prey of the Central Arctic and Porcupine caribou herds.
The only density data available for the barren-ground grizzly in the

N.W.T, are from the Tuktoyaktuk area where a density of 1 bear/100 kn

4
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was estimated in 1975-1977 (R Russell pers. comm. ) .

Bears are opportunistic omivores and the search for prey and
carrion i s supe rinposed On the vegetation-inf luenced use of habit at
types (Reynolds 1980) .  Bergerud (1979) observed in British Col unbia
that griz zlies and wol ves searched barren mountain [idges during
calving of mountain caribou (R_ t, caribou) , where vegetative food
woul d be general Iy unavailable. Barren-ground griz zlies on the Brocks
Range tend to switch from roots and overwintered berries t0 early
phonol ogi cal stages of sedges, grasses and forbs in early June
(Reynolds 1980) . A simlar pattern woul d be expected on the
barren-grounds of the NW. T.  The earl ier availability of greening
vegetation, due to earlier snowmelt mttems , along Sout hern Bathurst
Inlet and the Thelon River may attract nore bears in conparison to
surrounding areas.  The tining of novements Of N.W. T. barren-ground
griz zlies in relation to vegetative phenology and the caribou cal ving

grounds remains specul ative.
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SUMVARY DI SCUSSI ON

The most obvious characteristic of the calving grounds is that
cows traditionally return there to calve. At the generalized levels
that we di scussed, topography, snowmelt pattems, vegetation and
predators, we could not clearly separate the calving grounds from
their immediate surroundings. There is some evidence that topography
Is nore varied on the calving grounds than on the surrounding areas.
Snowmelt occurs On and near the calving grounds |ater than on other
portions of the range of each herd. The ef feet of topography and
snownelt on the vegetation on and near the cal ving grounds suggests
that the distribution and phenalogy of vegetative associations wll be
nore varied than on other portions of the tundra range of each herd.
Wlves , wolf dens and bears appear t0 be uncommon on and near the
cal ving grounds.

If the location of the calving grounds has been stable during the
last 6000 years, then the original factor (s) influencing the location
of the calving grounds may no |onger exist. If we consider the
| ocation of calving grounds on evolutionary terns, then their Iocﬁion
shoul d remain stable as long as the ef feet of the factor (s) which
originally influenced and presently are influencing the location of
the calving grounds remains neutral or is beneficial to the pregnant
cows, In addition, we nust realize that calving grounds are probably
a product of several interacting factors which may be different for
each area considered (D, Klein pers. cam, , D. Thomas pers, cam. ),

The observations of biologists on calving grounds in the District

of Keewatin lead to suggestions that shelter for calves by
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t opographi cal features (Parker 1¢72b) or avoi dance of predators
(Bergerud 1974, F. M|l er pers.cam.) were |ikely reasons for the

locations of calving grounds. Roby (1978) suggested that avoidance of
predators had influenced the location of the calving grounds of the
wentralarctic herd in Al aska. In contrast, investigators have
suggested that an early |oss of snowcover and an availability of
forage in early phonol ogical stages have influenced the |ocation of
the calving grounds for the Western Arctic hkerd in A aska (Kuropat and
Bryant 1980, Lent 1980) and the Porcupine herd in the Yukon (Lent
1980, A. Marten pers. camm.). Those concl usi ons emphasize t he
staterent that calving grounds are probably a product of several
interacting factors which may differ for each area cnsicered.

“I"he relationship between caribou canal their chief predator, the
wol f, has likely been a driving force in caribou evolution. Cne of
the advantages of cal ving north of the treeline in open habitat can be
sunmed up by the ol d adage of safety in nunbers. Bergerud (1974) and
Estes (1974, 1976) have suggested that the nore individuals a predator
I S confronted Wi th, the harder it becomes for the predator to select
and kill an individual. The advantage of calving in large groups is
increased if the timing of births is synchronized. The short, highly
synchroni zed cal ving period of caribou suggests that vulnerable,
newborn calves are only available to predators for a few weeks. I n
domesticated reindeer on whom selection pressure by predators is
reduced, births occur over a longertimespan, are of |onger duration
and the cow does not usuallyconsumetheafterbirth (Thonson 1980).
During whelping, the movements of wolves associated with dens are
restricted to areas around their dens.  Caribou calves born distant

from whel ping areas shoul d have a higherrate of survival than cal ves
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born near whelping areas. Thus, if the location of the calving areas
Is a reflection of factors which favour a higher calf survivorship,
then one factor limting the possible choice for the |ocation of a
calving ground would be the proximty of an area to the denning areas
of wol ves.

The research hypotheses proposed by different investigators were
useful in focusing on factors that may affect the location of the
calving grounds. In each section of this report we examined those
hypot heses incorporating the relevant environmental factor. It is
apparent that the data are inadequate to accept or reject the
hypotheses. (bservations of cowcalf pairs during storms in different
t opographic types are necessary to support or refute the research
hypot hesi s that varied topography is used by calves as shelter from
rain and snowstorms.  Acceptance or rejection of the research
hypothesis that varied topography causes a variety of plant
communities which allow alternative strategies for obtaining high
qual ity forage under different snow condit i ons during the calving
period requires considerable data. Those data include descriptions of
vegetation in relation to topographic types, the use of vegetation Ry
cows and cal ves under different snow conditions, and the progression
of phenology in different years. The distribution of breeding and
non-breeding wolves in relation to the calving grounds woul d have to
be established to support or refute the research hypothesis that
calving grounds are located to mnimze predation by wolves. It
appears that a rigorous exam nation of the research hypotheses is
impractical 1f not unfeasible.

Qur tentative comparisons fromthe literature and our impressions

do not suggest the calving grounds have any distinct and obvious
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characteristics of  topography, Snowmelt patterns, vegetation and
A_predators separating t hem from other portions of the tundra used by
~each herd. The choice of traditional locations may lie in the

‘55'*“ advantage of traditional behaviour; that is, there are benefits in

%"
&

i’;n

not detrimental t 0 the population. During spring mgration, caribou
tend to follow simlar traditional routes to an area of traditional
inportance -- the calving grounds. However, the precise |ocation of
the calving grounds on an annual basis may reflect factors such as the
severity of spring travel ling condit ions.

Possibly sane understanding of the role of traditional behaviour
in the location of calving grounds could be deduced from obse rving the
establ ishment of a new cal vi ng ground. Such an opportunity is
possible Wi th reintroduced popul ations of barren-ground caribou as on
Sout hanpton |sland, N.W.T.

The likelihood that traditional behaviour is a key factor in
mai ntaining the locat ion of calving grounds emphasizes the need for a
conservative approach to the management of human activities on the
calving grounds.  This approach is currently manifested in DIAND's,

Caribou Protection Measures.
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APPENDI X A. Retreat of snow |ine between md-My and m d-June
1974- 1977 from Northwatch snow COVer maps.

Legend

—(D— 75+% show cover
—@)— 25- 75% snowcover

—-(3)—- snowfree and most lakes open

--@)-- rmost | akes open
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Snow cover during June 1974, and 1978-1980 from LANDSAT-MSS
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Percentage cover, frequency of occurrence and plant
species lists of vegetative associations (A-K).




Site 1:
Site 3:

Species

LI CHEN dwarf shrub

June 21, 1980
Jul'y 14, 1980

147

Cornicularia diveragens/Alectoria ochroleuca

Veget ati ve Association A

Cornicularia diveragens
ectoria hroleuca
Crustose lichens

Ledum d

n

Vaccinium vitis-idaea

Cetrari

a nivalis

Cetrarl a cucullata

Hierochloe alpina

Mosses

Luzula confusa

Thamnolia vermicularis

Stellaria londaipes

Cladonia Spp.
Sphaerophorus globosis

Empetrum nigrum

Cassiope tetraaona

Saxifraga tricuspidata

Tot al

vegetation cover

Nonvegetated surface

Ot her species noted in vegetative association:
Alectoria nitidula

traria

narel evi i

Cetraria delisei
Parmelia separata

Umbilicaria hyperborea

d adoni

a pleurota

Cladonia bellidiflora
Pertusaria panyraa

Cladonia gracialis

N =175

Mean

% Cover % Freq.

+ S.D. of occ P.V.
45.6 + 26.3 9 &
21.2 ¥ 26.3 93 205
14.9 + 14.1 95 145
6.4 + 9.1 92 61
4.5 +11.1 59 35
3.0 65 24
1.6 63 13
1.2 52 9
1.1 59 8
0.1 12 1
0.1 4 1
0.1 1 1
0.1 19 1
0.2 9 1
0.2 1 1
0 1 0
0 1 0

100.3
8.1 + 10.1 88 76
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| LICHEN dwarf shrub o
Vegetative Association B
Alectoria ochroleuca/ Cornicularia diveraens

Site 20 July 4, 1980 N = 50
Mean
3 Cover % Freq.
Species + S.D. of Ccc. P.V.
Al ectori a ochroleuca 27.8 + 19.8 90 264
Crustose |ichens 19.3 + 19.5 94 187
Cornicularia diveraens 15.8 + 16.3 12 134
Cetraria spp. 9.4+ 9.0 92 90
Ledum decumbens 9.4 +10.7 80 84
Mosses 10.3 54 76
Cladina stellaris 5.8+ 9.0 78 51
Cladina mtis 2.8 24 14
Cassipoe tetradqona 1.3 28 7
Cladina ranaqiferina 1.3 18 )
Vaccinium vitis-idaea 1.0 40 6
Hierochloe alpina 1.0 40 6
Dactvlina arctica 0.1 6 1
Luzula confusa 0.1 6 1
. Thamnolia vermicularis 0.1 24 1
| Vacci ni um uliqinosum 0.2 2 1
2| C adonia spp. 0.1 6 1
1 Sphaerophorus globosis 0 2 0
Lycopodi um selaao 0 2 0
f‘l Carex_ spp. 0 2 0
' Total vegetation cover 105. 8
’ Nonwegetated SUrface 3.1 74 27
131

Ot her species noted in vegetative association:
Betula alandulosa
Empetrum nigrum
Alectoria nitidula
Cetraria nivalis
Cetrarra andrelevii
Cetraria delisei
Parmelia separata

' ( adoni a bellidiflora
4 C adoni a_gracialis

i Sphaerophorus fragilis
i Cladonia pocillum

T T
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| LI CHEN dwarf shrub

‘ Vegetative Association C

, Boul ders/ ¢ rustose |ichens
Site 20 July 3, 1980 N =50

Mean
% Cover % Freq.

Speci es + S.D. of Qcc. P.V.
Crustose | i chen 34,1 + 16.8 98 338
Cornicularia diveragens 9.7 +17.1 48 67
Cladina mtis 7.3 +12.2 58 56
Ledum decumbens 6.5+ 9.1 58 50
Vaccinium Vvitis-idaea 5.1+ 8.0 72 43
Alectoria ochroleuca 4.9 66 40
Cetraria spp. 3.4+ 5.7 74 29
Mbsses 1.8 50 13
Empetrum nigrum 2.4 10 8
Hierochloe alpina 1.2 38 !
Umbilicaria Spp. 1.0 36 6
Sphaerophorus qlobosis 0.6 34 4
Cassiope tetradgona 0.4 10 1
Cladina rangiferina 0.4 4 1
Xanthoparmelia centrifuaa 0.1 4 1
Thamnolia vermicularis 0.2 26 1
Luzula confusa 0.1 8 1
Carex_spp. 0 2 0
Cladonia Spp, 0 6 0
Cladina stellaria 0 4 0
Total vegetation cover ‘172
Norvegetated surface 21.8 +17.1 98 338
Ot her species noted in vegetative association:
Vacci ni um uliaginosum

| Diapensia lapponica
Alectoria nitidula
Cetraria nivalis
Cetraria cucullata
Dactvlina Spp.
Cetraria andreievii
Parmelia separata
Parmelia omphalodes
Cladina mtis

Cladonia pleurota
Cladonia belliflora

Cladonia anaur ocr aea
Thamnolia subuliformis
Cladonia umcialis

I Cladonia phvyllophora

Cladina mtis
Pertusari a dactylina




| LI CHEN dwarf shrub
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Vegetative Asscciation D
Cetraria nivalis/Ledum decumbens/Vaccinium Vi ti S-i daea

Site 3: July 14, 1980 N=50
Mean
, % Cover 3 Freq.

Speci es + S.D. of occ. P.V.
Crustose |ichen 29.9 + 18.8 100 299
Cetraria nivalis 22.5 +10.5 98 223
Vaccinium Vitis-idaea 10,9+ 9.2 92 98
Ledum decumbens 11.8 + 20.9 60 9
Empetrum nigrum 7.3 28 38
Cladina mMtis 3.4 68 28
Cetraria cucullata 1.0 46 I
Alectoria ochroleuca 0.6 22 3
Cornicularia diveraens 0.2 12 1
Mosses 0.3 22 1
Cladonia SPpp. 0.0 8 1
Calamagrostis purpurescens 0.7 4 1
Cetraria islandica 0.2 8 1
Luzula confusa 0.2 8 1
Xanthoparmelia centrifuga 0.3 6 1
H erochl oe alpina 0.2 10 1
Arctagrostis latitolia 0 2 0
Umbilicaria spp. 0 6 0
Sphaerephorus alobosis 0 2 0
Total vegetation cover 88.9

Norwegetatea Surface 11.0 +12.1 90 104

Qt her species noted in vegetative association:

Cassiope tetraaona
Eutrema spp.

Alectoria nitidula
Cetrari a laevigata
Cetraria delisei
Parmelia separata
Umbilicaria hvperbo I€a
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11 DWARF SHRUB/moss/lichen/short sedge

Site 3: July 13, 1980
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Speci es

17
>

Mosses

Crustose | ichen
Vaccinium Vitis-idaea
Cetraria spp.

Ledum decunbens
Calamagrostis purpurescens 4.
Dryas intearifolia
Carex_ spp.

Cassiope tetragona
Hierochloe alpina

Empetrum nigrum
Cornicularia diveragens
Sphaerophorus alobosis
Salix Spp.

Luzula confusa

Betula alandulosa

Al ectoria ochroleuca
Thamnolia vermicularis
Arctaarostis latifolia
Cladonia Spp.

Brvoria pubescens
Rhododendr on lapponicum
*Tofieldia pusilla
Polvaonum viviparum
Cladina mtls

Luzula nivalis

Saussur ea_anqustifolium
*Armeria NArt1m

Stellaria lonaipes
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Total vegetation cover 100.5

Norwegetated surface 6.3 +10.3

Vegetative Association E

% Freq.
of ccc.

98
100
88
98
3A
44
28
18
10
32
10
10
20
18
24
6

18
16

N
PO PO S DO N O

66

Qther species noted in vegetative association:

Salix herbacea
Salix pseudopolaris

Andromeda polifolia
Vacci ni um uliginosum

Eutrema spp.

Pedicularis labradorica

Saxifraga hirculus
*Carex alacialis

Arctostaphvlos rubra

Al ectorla nitidula

Si | ene acaulis

Cetraria nigricans

Saxifraga tricuspidata Cetraria cucullata

Saxifraca roseate

Ochrolechia frigida

Ant ennari a monocephala Cetraria rugricans

Arni ca alpinum

Pertusari a panvrga

* growing on frost boil

Vitis-i
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| | DWARF SHRUB/moss/lichen/short sedage o
Vegetative association F
Dryas inteqrif olia/moss

Site 5. July 20, 1980

Mean
. % Cover 3 Freq.

Speci es + S.D of Ccc. P.V.
Mosses 29.2 + 34.9 69 243
Crustose | i chens 18.6 + 17.2 82 168
Dryas intearifolia 14.3 + 16.2 61 112
Carex_ spp. 8.9 +14.1 71 75
Ledum decumbens 6.0 22 28
Vaccinium Vvitis-i daea 3.6+ 7.6 43 24
Vaccinium uliginosum 4,8212.2 24 24
Cetraria spp. 3.2+ 5.1 57 24
Empetrum nigrum 3.5 18 15
Sal i x spp. 1.6 34 9
Sphaerophorus alobosis 1.9 16 8
Cassiope tetragona 1.5 18 6
Hierochloe alpina 1.0 29 5
Cornicularia divergens 0.6 12 2
Arctaarostis latifolia 0.2 4 1
Thamolia vermicularis 0.2 31 1
Al ectoria ochroleuca 0.3 12 1
Sil ene acaulis 0.2 16 1
Betula alandulosa 0.2 6 1
Potentilla Spp. 0.1 6 1
Calamagrostis purpurescens 0. 2 4 1
Astragalus alpinus 0 4 0
Saussur ea augustifolium O 12 0
Umbilicaria Spp. 0 8 0
Polvgonum viviparum 0 8 0
Luzula confusa 0 4 0
Armeria maritima 0 2 0
Cladina mitis 0 2 0
Oxytropis Maydelliana 0 2 0
*Saxifraga oppositifolia 0 2 0
Stellaria longipes 0 2 0
Total vegetation cover 99. 8

Nonvegetated Surface 15.1 +21.4 69 125

N =49

Ot her species noted in vegetative association:
Salix arctica Lyvcopodium selaqo
Salix reticul ate *Carex alacialis
Rhododendr on lapponicum Alectoria nitidul a
Andr oneda mclifolia Alectoria ochroleuca
*Tofielda pusilla Cetraria nivalis
Tofielda COCCI hea Cetraria cucullata
*Antennaria monocephala Dactvlina Spp.
Cardam ne hyperborea

Saxifrac7a cernua

Arctostaphvlos rubra

* growing on frost hoils

R,
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11 DWARF SHRUB/moss/lichen/ short sedge

Site 4. July 18, 1980

Vegetative Association G
Car ex spp./Dryas_interaifolia/moss

Site 5 guly 21, 1980 N = 50

Mean

% Cover % Freq.
Speci es + S.D. of Oce. P.V.
Mbsses “79.8 + 23.9 100 798
Carex. spp. 36.0 +23.3 100 360
Dryas jntegrifolia 17.8 +£13.7 92 L7l
Salix spp. 5.4 + 7.8 70 45
Vaccinium uliginosum 2.6 42 17
Cetraria cucullata 1.2 64 10
Rhododendr on lapponi cum 1.6 28 8
Crustose | i chens 1.6 22 8
Cassiope tetradgona 1.5 22 1
Cetraria nivalis 0.8 38 5
Oxytropis Mavdelliana 0.9+ 2.4 22 4
Betula aglandulosa 2.5 16 3
Thamnolia vermicularis 0.5 42 3
Polygonum viviparum 0.3 26 2
*Astragalus alpinus 0.6 12 2
Vaccinium vitis-idaea 0.2 16 1
Cladina rangiferina 0.3 6 1
Arctagrostis latifolia 0.2 10 1
Saussurea anqustifolium 0.2 8 1
Calamaarostis purpurescens 0.1 4 1
Cladina mitis 0 10 0
Dactvlina arctica 0.1 12 1
Armeria maritima 0 2 0
Sphaerophorus alobosis 0 2 0
Peltigora Spp. 0 4 0
Stellaria longipes 0 4 0
Luzula nivalis 0 2 0
Cladonia Spp. 0 2 0
*Tofieldia pusilla 0 8 0
*Silene acaulis 0 2 0
Total cover 154.2
Nonveget ated surface 0.6 8 2
Ot her species noted in vegetative association:
salix herbacea Salix planifolia Poa Spp.
Salix reticulate Arctostaphylos rubra Eriophorum anaustifolium
Salix arctica Pyrola arandiflora Carex Im sandra

Androneda molifolia
Cruciferae spp.
Castilleja Spp.
Hierochloe alpina
Salix arctophila

Cardam ne hvyperborea
Pedicularis sudetica
Pedicularis lappoNl Ca
Pedicularis lanata
*Saxifraga oppositifolia

Carex glacialis
Alectoria nitidula
Alectoria ochroleuca
Cetraria cucullata
Cetraria laevicata

* growing on frost boils
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|1l Lov SHRUB/ nmoss/ short sedge/ dwarf shrub
Vegetative Association H

_ Betula glandulosa/moss/Carex SpPp.
Site 4: July 19, 1980 N = 50
Mean
, % Cover % Freq.
Speci es + S.D. of Ccc. P.V.
Mbsses 79.7 + 25.6 100 717
Carex Spp. 29.1 + 29.5 % 285
Betula alandulosa 24.8 + 28.8 76 215
Salix sSpp. 6.5 + 10.1 72 12
Dryas inteqrifolia 4.5 44 30
Vaccinium uliginosum 2.6 + 5.8 36 16
Cassiope tetraaqona 2.6 10 8
Crustose |1 chens 2.3 32 13
Cetraria cucullata 0.8 38 5
Arctagrostis latifolia 0.7 14 3
Vaccinium Vitis-idaea 0.6 22 3
Oxvtropis Maydelliana 0.6 10 2
Astragalus alpinus 0.5 14 2
Cetraria nivalis 0.5 32 3
Saussur ea anqustifolia 0.3 18 1
Silene acaulis. 0.2 10 1
Eriophorum anqustifolium 0.2 14 1
Thamnolia vermicularis 0.2 8 1
Pelticera Spp. 0.2 2 1
Dactvlina arctica 0.2 12 1
Polygonum viviparum 0.1 16 1
Cetraria islandica 0.1 8 1
Sphaerophorus_alobosis 0.1 4 1
Cladinia mtis 0.1 4 1
Cladonia Spp. 0 2 0
LycoPodi um selago 0 2 0
Total vegetation cover 157.3
Nornvegetated Surface 0.8 10 3

Ot her species noted in vegetative association:

Sal | X alauca

Salix herbacea
Salix arctica

Salix reticulate
Salix planifolia
Andromeda polifolia

Ledum decumbens
Artenesia borealis

Armeria maritim
Stellaria longipes
Pedicularis sudetica
Pedicularis lapponica
Hierochloe alpina
Alectoria nitidula
Alectoria ochroleuca
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Iv. Tussock-short sedge-dwarf shrub-lichen-moss
Vegetative Association |
Eriophorum spp.—-Carex SPP. -mosses-Vaccinium vitis-idaea
Site 1. June 22, 1980 N=75
Mean

% Cover % Freq.
Speci es + S.D. of oce. P.V.
Sedges 43.7 + 34.2 76 381
Mosses 34.5 + 34.1 85 318
Vacci ni um vitis-idaea 12.4 +13.8 75 107
Ledum decumbens 7.7 +10.8 57 58
Alectoria ochroleuca 6.5 +12.7 49 46
Cornicularia divergens 7.4 +15.2 33 43
Cetraria Spp. 4.8+ 7.6 15 42
Crustose | I chen 3.2 35 19
Cladina ranaiferina 2.5 16 10
Ca;ama%rostis purpurescens 1. 6 9 5
| er ochl oe_alpina 0.7 12 2
Cladonia_spp. 0.2 24 1
Cladina stellaria 0.2 1 1
Rubus chammenor us 0.1 5 1
Luzula conf usa 0.1 4 1
Sphaerophorus globosis 0.3 4 1
Cladina mitis 0.3 15 1
Pedicularis spp. 0 1 0
Peltigera Spp. 0 1 0

Total vegetative cover 125.6

Nonvegetated surface 0.8 24 4

Qther species noted in vegetative association:

Betula glandulosa

Andr oneda polifolia
Eriophorum callitrix

Eriophorum vaainatum
Eriophorum anaustifolium
Alectoria nitidula
Cetraria_nivalis
Cetraria cucullata
Siphula ceratites
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V TUSSOCK/moss . o
Vegetative Association J
Eriophorum vaginatum/Carex spp./moss

Site 2: July 4, 1980

Site 3: July 14, 1980 N = 50
Mean
% Cover % Freq.

Speci es + S.D. of Ccc. PV,
Sedges 80.1 +13.9 100 801
Mbsses 51.8 + 32.6 92 491
Sali x spp. 1.5+ 3.1 64 12
Crustose | ichens 1.8 12 6
*Drvas_integrifolia 1.3 18 6
*Vaccinium VitlS-1daea 0.8 4 2
*Betula gladulosa 0.3 +1.4 20 1
*Cassiope tetragona 0.7 2 1
*Vaccinium uliginosum 0.2 6 1
*Androneda polifolia 0.1 2 1
Potentilla palustris 0.2 14 1
Polygonum viviparum 0.1 26 1
Arctagrostis latifolia 0.2 2 1
Empetrum niqrum 0.1 2 1
Cladina mtis 0.1 2 1
*Cetraria nivalis 0.1 2 1
*Ledum decunbens 0 6 0
Pedicularis Spp. 0 12 0
Saxifraga hirculus 0 2 0
*Cetraria cucullata 0 6 0
Dactvlina arctica 0 2 0
Total vegetative cover 139.4

Norwegetated cover 1.4 18 6

Qther species noted in vegetative association

*Salix arctica

*Salix

Pedicularis labrodorica
*pPedicularis labponica
Pedicularis sudetica
*Eriophorum vaginatum
*Al ectoria nitidula
*Alectoria Ochr ol euca
C adoni a pleurota

Cladonia amaur ocraea
*Salix arctophila

*Salix reticulate
*Saxifraga hieracifoli
*Rubus charraeormrus

* Car danmi ne hvper borea

*Hierochloe alpina
Eriophorum anqustifolium

¥ growing on tussocks
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VI TALL SFDGE/moss

Site 1. June 22, 1980
Site 5: July 20, 1980

157

Mean

. % Cover
Speci es + SOD.
Sedges 79.8 + 19.4
Mosses 68.6 + 36.4
Sali x spp. 3.0+ 5.2
Potentilla palustris 0.5
*Betula glandulosa 0.4
Polygonum viviparum 0
Ledum decunbens 0
* Andr oneda_polifolia 0
*Vaccinium vitis-idaea C
Luzula spp. 0
Total vegetation cover 152.3
Nonwvegetated surface 0

Vegetative association
Carex spp./ross

N=50
% Freq.
of Occ. 12, v,
100 798
98 619
48 21
30 3
8 1
8 0
4 0
2 0
2 0
2 0

Qther species noted in vegetative association:

Salix herbacea
Salix arctophila
Salix arctica
Empetrum nigrum
Vaccinium uliginosum
Luzula wahlenberaii

*Eriophorum anqustifolium

*Cetraria nivalis
*Cetraria cucullata
Dactylina spp.

Cetraria andreievii
Umbilicarea hyperborea
Salix planifolis
*Pinguicula borealis

*Pyrola grandifl,o_rum
Pedicularis sudetica

* grow ng on tussocks
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APPENDI X D. Scientific and common names of vascular plants collected
on the Beverly calving grounds

Scientific Name

Androneda polifolia

Ant ennar i a _monocephala
Arctostaphvlos rubra

Arneria maritim
Arnica alpina
Artenmesia borealis
Astraqalus alpinus
Betula glandulosa
Cardami Ne hyperborea
Cassiope tetradgona
Castilleja Spp. .
Diapensia lappofl Ca
Dryas jntearifolia
Empetrum nigrum
Butrema edwar dsi i
Ledum decunbens
.. Lycopodi Um_selaqo
., Oxviropis Maydel liana
- --.Pe_dl_c_u.,les.u,_l_a_b_rm
:Py.lanata "L
i ;L lappon apponica -
P, Sudetica . .
Egiyggngm_y;ylggggm
Potentilla palustris
Potentilla Spp.
_%_rola arandiflora
ododendr on _lapponi cum
Rubus chamaenor us
Salix arctica
S, arctophila
alauca
her bacea
S, planifolia
L pseudopolaris
S, reticulate
Saussurea anqustifolia
Saxifraga cernua
S hieracifolia
S, hirculus
§_._ oppositifolia
S, roseate
S, tricuspidata
Silene campion
Stellaria longipes
Tofieldia coccinea
T, pusills
Vaccini um uliainosum
V, vitis-idaea

m‘gnlsn

Comon Name

bog rosemary

%ussg toes
earberry
thrift

wor mwood
milkvetch
dwarf birch
bittercress
heat h

paintbrush

dryas
crowberry

labrador t ea
club noss

| ocoweed
lousewort

wool |'y lousewort
lousewort
lousewort
smartweed

mar sh cinguefoil
cinquefoil
wintergreen
lapland rosebay
cloudberry
wllow

wi |l ow

wllow

w | ow

wllow

wil | ow

netted W | | ow

bulblet saxifrage i
stiff-stemmed saxifrage f
bog saxifrage

purpl e saxifrage

saxifrage

prickly saxifrage

moss tanpion

chi ckweed

fal se asphodel

false asphodel

bl ueberr

bog Cranberry



