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Abstract

A three-year study of West Greenland caribou focused on habitat and food
selection in relation to various environmental factors. Seasonal habitat pre-
ference was closely attuned to plant phenology. High quality graminoid for-
age was available to caribou up to six weeks prior to calving. Arrival of preg-
nant cows on the calving ground was synchronized with this event. Grami-
noids dominated the diet year round. Fruticose lichens were scattered on
both summer and winter ranges. In winter both foliose and crustose lichens
as well as Empetrum nigrum were consumed, Caribou-induced plant succes-
sion resulted in formation of Poa praiensis greens with high quality forage in
summer on the inland range. Feeding intensity peaked at the time of maxi-
mum forage quality during calving season. Highest cost: benefit ratios during
foraging were observed in mid winter with extensive cratering activity. In
July-August harassment by oestrid flies reduced feeding intensity by 70-90%
for about 40% of the period. The 1980 stocking rate of < 1 animal/km? util-
izable winter range appeared to prevent significant lichen resource recovery
although herd size declined 90% in the previous decade. However, 4 ani-
mals/km? utilizable summer range were believed not to exceed carrying
capacity of the inland area, but the potential of this range was strongly limit-
ed by oestrid fly harassment.

Author’s address:
Game Biology Station
Kalg

DK-8410 Rende
Denmark



Contents

AbBSIIact . ... o 2
Introduction ...... ... ... i 4
Acknowledgements ........... .. .. ... 4
Studyarea ....... ... 4
Climate ... e 6
Vegetation . ..ottt e 7
Caribou Seasons . .....oiiitin ettt 9
Seasonal rangesand migration ..................... 9
Materialsandmethods ............................. 11
Feeding habitat preference ........................ 11
Utilization of winter feeding habitats ............... 11
Feedingintensity ............. ... iiiiinenenoin. 11
Forageselection ............ccoiiiiiiiineinnna... 12
Foragequality ........ ... ... i 12
Snow measurements ............ i, 12
Results .. ... 13
Classification of vegetation . ....................... 13
Seasonal variation in habitat selection .............. 14
Habitat preferenceindex .......................... 14
Feeding behaviourandintensity ................... 17
Feedingcraters ......... ..ot 18
Winter habitatuse ............ ... .. iiiiii.. 18
Snow measurements and monitoring ............... 22
Rumensamples .......... ... . ... 22
Chemical analysis ..... R, 24
DISCUSSION . .ottt it et et 26
Habitat selectionand preference ................... 26
Food selection and preference ..................... 29
A Caribou induced plant succession — cause and effect 34
Feedingbehaviour ............................... 38
Quality and adequacy oftheforage ................. 40
Status and perspective oftherange ................. 44
Coastalrange ............ ..., 44
Inlandrange ........ ... . ... .. ... ... 47
Danskresumé ......... ... ... .. i 48
PEBIOME HA DPYCCKOM FBHKE o vevnrnereenennenennnnen, 48

References ..o 49



HENNING THING

Introduction

The Caribou (Rangifer tarandus groen-
landicus) is native to Greenland, and the
main range at present is the west coast,
from 62° N to 72° N. Because of natural
topographical barriers (i.e. fiords and
glaciers) the animals are actually split up
into 8-9 sub-populations with apparent-
ly insignificant interchange (THING
1980Db).

The Greenland climate has been de-
scribed as undergoing large-scale fluc-
tuations, and bird and mammal popula-
tions have in the past been unstable. Ca-
ribou exhibit considerable fluctuations
in numbers (e.g. ViBe 1967, KELSALL
1968). Historical evidence and present
knowledge indicate that on average there
are about 60 years between two popula-
tion peaks in Greenland.

The last population maximum occur-
red at the end of the 1960’s and is esti-
mated to have reached the 100,000 level
(Tuing 1980a). Presently, Caribou are
experiencing a rapid decline throughout
most of their Greenland range (STRAND-
GAarD 1980). Aerial population censuses
in March-April of 1977, 1978, and 1980
showed a total population size of
25-30,000, 18-20,000, and 7-9,000, re-
spectively (HoLrHe & Lassen unpubl.).

Because of considerable concern
about the future development of the po-
pulation which has provided a consider-
able annual harvest to native hunters,
the Greenland government urged the
Danish Ministry for Greenland to initi-
ate a management research programme.
In April 1977 a project was initiated to
study population size, distribution, and
dynamics as well as habitat and forage
relationships. The Game Biology Stati-
on at Kalg directed this project, and after
3 years of field work most activities were
brought to an end by April 1980.

4

Since Rangifer tarandus is an herbi-
vorous species its success and prosperity
are directly dependent on the quantity
and quality of the available forage with-
in its range. It has often been stated that
the arctic ecosystem is very fragile and
easily irreversibly altered (e.g. Briss et
al. 1973, Krein 1965, 1970a, 1970b, 1973,
Luick et al. 1975). The balance between
the Caribou and its food resources ap-
pears to be rather delicate and once up-
set (e.g. by over-grazing) restoration usu-
ally is measured in decades. This is es-
pecially true for the traditionally favour-
ed winter forage, fruticose lichens.

The aim of the present work is to de-
scribe and quantify the relationship be-
tween the Caribou and its food resources
in a selected part of the Greenland range.
Furthermore, the data are then applied
to evaluate the relative importance of
the forage parameters as factors regu-
lating the population.

Acknowledgements

The study was sponsored by The Minis-
try for Greenland’s Commission for Sci-
entific Research in Greenland and the
Greenland Home Rule. The author is
indebted to many Greenlanders and
Danes for good advice and assistance
during the years in Greenland. Further-
more the author wishes to thank col-
leagues from abroad and from Kalg for
good company and inspiration in the
field and for support and practical sug-
gestions during the preparation of the

paper.

Study area

The study area is situated on the west
coast of Greenland bounded by the Da-
vis Strait to the west and the Inland Ice
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Fig. 1. Map of study areas on the west coast of Greenland.
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Fig. 2. Average maximum and minimum air temperatures at Kangerlussuaq Airport. Recorded by the
Civil Aviation Airport Weather Service. (Season numbers refer to listp. 9.)

to the east. Most field work was conduct-
ed between Nordre Isortog and Isortog-
elven to the north and Sukkertoppen
Iskappe to the south, an area totalling
18,000 km?. Some additional data were
collected further south, viz. Nuup Kan-
gerlua — Ilulialik area (Fig. 1).

Traditionally the Sisimiut-Kangerlus-
suaq region has been considered one of
the best Caribou ranges. Here the ice-
free land edge is at its widest extending
some 130 km from the Inland Ice to the
coast of the Davis Strait. In 1967 the
eastern third of the study area was de-
signated a Caribou reserve and conse-
quently no Caribou hunting has since
been allowed. West of the reserve there
are two hunting seasons: August 1 - Sep-
tember 30 (either sex) and February 1 -
March 15 (bulls only).

Climate

Throughout West Greenland a trend to-
wards a more humid (oceanic) climate
has prevailed since the turn of the cen-
tury. The width of the ice-free land in
the study area, however, allows for very
significant climatic differences between
the coast and the inland adjacent to the

ice cap. Coastal ranges receive relatively
heavy precipitation compared to the in-
land ranges which have a continental de-
sert-like climate. The climatic shift to-
wards an increased annual precipitation
may be illustrated by Sisimiut receiving
an average of 270 mm annually during
1923-29 as opposed to an annual mean
of 358 mm in 1961-76. Corresponding
average figures from Kangerlussuaq air-
port are 126 mm annually in 1941-48,
152 mm annually in 1946-65, and 186
mm annually in 1977-79 (Hasnort &
SeGaarD 1978, DANISH METEOROLOGICAL
InsTITUTE, unpubl. data). This means an
increase in annual precipitation of 33%
over 5 decades in the coastal range and
of 50% over just 3 decades on the inland
range.

Two major causes of the lower inland
precipitation appear to be the glacier,
Sukkertoppen Iskappe, and the moun-
tain range, Troldfjeldene (see Fig. 1), ex-
tending from the Inland Ice to the mouth
of Kangerlussuag with elevations up to
1,800 m. These form a barrier for the
frequent depressions moving towards the
study area from the south-west. The hu-
mid air masses are therefore forced to
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precipitate their water just south of the
glacier and at the entrance to Kangerlus-
suaq (e.g. Maniitsoq 1977: 570 mm pre-
cipitation). Thus the Kangerlussuaq in-
land area is in a precipitation shadow.

The Davis Strait does not normally
freeze in winter, and so the climate of
the coastal zone is relatively warm. Sisi-
miut had an annual mean temperature
of — 3°.7C in 1961-1977 (HasHoLt &
Secaarp 1978), an average monthly
minimum temperature in February of
-18°.0C, and an average monthly maxi-
mum in July of +9°.6C (DanisH METEO-
ROLOGICAL INSTITUTE, unpubl. data).

The proximity of the Inland Ice has a
marked continental influence on the in-
land climate. The Kangerlussuaq inland
range has been subject to an intensive
study during this project and therefore
deserves special attention regarding cli-
matic conditions. Some temperature and
precipitation parameters related to the
Caribou seasons are presented (Table 1,
Fig. 2).

A characteristic factor in the Green-
land climate is the foehn wind which is a
high velocity, warm (i.e. above 0°C), and
dry wind flowing from mountainous re-
gions down into adjacent lowlands.
Foehn winds usually originate on the In-
land Ice and occur in any season. The
shallow snow cover in winter in the
Kangerlussuaq area facilitates complete
thawing during foehn weather.

Climatic parameters relating to plant
growth on the inland range are summa-
rized in Table 2. The length of the snow
free period is comparable with condi-
tions on Reindeer ranges in northern
Sweden, where for 160-170 days there is
no snow cover (STEEN 1968).

Vegetation

The climatic characteristics of West
Greenland have important conse-

Table 1. Precipitation and temperature at Kangerlussuaq Airport. Annual mean temperature at recording site: —~5.3°C.
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Table 2. Some climatic parameters relating to plant growth on the Kangerlussuaq inland range.

Year 1977 1978 1979

Days without snow cover 151 135 183

Days of continuously frost free 89 54 87

summer period (May 27 - Aug. 24) (Jul. 1 - Aug. 23) (Jun. 8 - Sep. 3)

Days of max. temperature 160 140 151

continuously above 0°C. (Apr.27 - Oct. 3) (May 16 - Oct.2) | (Apr. 30 - Sep. 28)
1977/78 1978/79

Periods with max. temperature 13 99

above 0°C, Oct. 15 - Apr. 15

Days above 0°C,

Oct. 15 - Apr. 15 38 67

quences for the distribution of plant
communities. The rich flora of the coast-
al mountains, mostly mesic species, con-
tinues to the entrance of Nordre Isortog
(Trap 1970). The inland ranges around
Kangerlussuaq airport and Nordre Isor-
toq are primarily covered by dwarf shrub
heaths. However, a sub-arctic steppe
vegetation may occur here and there, in
a zone about 30 km wide adjacent to the
edge of the Inland Ice. This xerophytic
vegetation type is primarily distinctive
on the south-facing slopes. The micro-
climate on these habitats is rather
unique and in summer the daily tem-
perature amplitude can exceed 50°C.

Habitat exposure has important con-
sequences for the quality and quantity of
the vegetation. The two extremes are the
xeric south-facing slope and the north-
facing densely-vegetated habitat with
high standing crops of Betula nana,
Ledum palustre, Poa pratensis, and Ca-
lamagrostis sp..

Two factors appear responsible for the
differences. One is the generally sparse
precipitation, the other the exposure-de-
pendent soil decomposition rate. North-
facing habitats experience much lower
decomposition rates than south-facing

ones because of less insolation. Conse-
quently, organic debris in general and
inorganic nutrients in particular remain
available for much longer to plants on
the north-facing slopes.

Although snow accumulation and
sparse insolation make the growing sea-
son short and the active soil layer shal-
low, these habitats produced a greater
standing crop than the sunny but xeric
vegetation type on the south-facing
slopes.

Carex supina Spp. Sspaniocarpa 1is
common on steppe communities, and
these dry habitats also may support sig-
nificant densities of Artemisia borealis,
Potentilla hookeriana, Poa glauca, and
Festuca brachyphylla. With increasing
soil moisture the vegetation becomes
more dense and the dominant species
are Kobresia myosuroides, Calamagros-
tis lapponica, Betula nana, Hierochloe
alpina, Poa pratensis, and Vaccinium
uliginosum. Because of the extremely
low humidity, halophytic vegetation
types such as salt-steppe and salt-mea-
dows have developed in some lowlands.
Permafrost is present throughout the
study area, the depth of the active layer
however being highly dependent on ex-
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posure and the isolating effect of the veg-
etation mat.

In previous decades the study area ap-
parently supported extensive lichen
heaths with stands of fruticose lichens
such as Cladonia spp., Cetraria spp., and
Stereocaulon spp. (Bocuer 1954, ViBe
1967). However, during the last 10 years
especially this preferred Caribou forage
has decreased tremendously in biomass.
Fruticose lichens are rarely available in
the inland region (1-10 g wet weight per
m?) and in the coastal zone most areas
now have heavily grazed and trampled
lichen ranges which are low in standing
crop (10-40 g wet weight per m?).

Caribou seasons

The Caribou year is comprised of a total
of 10 different seasons or sequences, each
one being characterized by one or more
important features in behaviour, popu-
lation structure, group size or cohesion,
etc. It should be emphasized that adult
bulls (more than 3 years) tend to remain
all year round on the inland range. Thus,
their participation in migrations and ac-
tivities on the coastal ranges are insigni-
ficant. During spring and summer they
stay together in ‘bachelor-groups’.

The transition between seasons is em-
pirical, based on the average date of the
first occurrence of a significant altera-
tion in the characteristics of the preceed-
ing season. Between years these dates
show only little variation.

1. Spring migration: most animals
move towards calving and summer
range. April 26-May 21.

Pre-calving: arrival on calving
ground by cows and yearlings. May
22-May 28.

3. Calving: parturition. May 29-June

23. (65% of the calves born June

3-June 13.)

S8

4. Post-calving: cows and neonates ag-
gregate in large groups on certain lo-
calities. June 24-July 7.

5. Summer dispersal: small groups
widely dispersed. During severe in-
sect harassment formation of large
aggregations. July 8-August 31.

6. Fall migration: bulls shed their ant-
ler velvet; mass movement of cows,
sub-adults, and calves towards win-
ter range. September I-October 9.

7. Rut: harem formation and copula-
tion. October 10-November 4.

8. Early winter: bulls start dropping
antlers; cratering for food usually
starts. November 5-December 15.

9. Mid-winter: very small group size;
physical condition deteriorates
quickly; December 16-March 15.

10. Late winter: widespread feeding on
snow-free patches on ridge tops etc.;
March 16-April 25.

Seasonal ranges and migration

Fig. 3 depicts the situation of the prima-
ry and secondary summer (S1,S2) and
winter (W1, W2) ranges of the population
as well as migration routes. It should be
noted that outside these areas and the
routes of migration caribou are usually
scarce but nevertheless present all year
round.

The major calving area lies within the
inland summer range S1 and is consider-
ed the centre of habitation of the Sisi-
miut-Kangerlussuaq population. The
summer range is occupied from the first
half of May until the first half of Septem-
ber. The coastal winter range supports
highest population densities in the
months October-April. The length of
each migration period is usually 2-3
weeks but is subject to variation accord-
ing to snow conditions. The migration
route is 50-70 km.
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Fig. 3. The Sisimiut-Kangerlussuaq region showing winter and summer ranges and migration routes of the
Caribou herd. W1 = primary winter range; S| = primary summer range with the core calving area indicated;
W2 = secondary winter range; S2 = secondary summer range. Size of arrows illustrates relative magnitude

of migration.

That part of the population which
spends the winter on range W1 north of
Kangerlussuaq and the summer south of
it (S2) has to cover a distance of 100 km
or more. The magnitude of this migra-
tion has decreased tremendously during
the last 7-8 years as a consequence of the
population crash in the 1970%s.

Little is known of the secondary sum-
mer range S2. However, some animals
are believed to undertake only local mi-
grations, remaining all year round on the
southern side of the Kangerlussuaq. The
rest apparently join the majority of the
herd and winter on range W1. A small

10

scale migration takes place between the
major summer range Sl and the seconda-
ry winter range W2; the distance and
number of animals involved is, however,
rather insignificant.

The pattern of the important migrato-
ry routes, as well as the two major dis-
tinct ranges used by the Sisimiut-Kan-
gerlussuaq Caribou Herd, is similar to
that of another major population in
West Greenland, the Nuup Kangerlua-
Tasserssuaq Herd.

Interestingly the herd of domesticated
Norwegian Reindeer Rangifer tarandus
tarandus L in the Nuuk region (see
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THiNG 1980b) shows a contrary pattern,
using coastal calving-summer ranges in
the west and fall-winter ranges adjacent
to the Inland Ice in the east (Aasrrup
1978, Lassen & Aastrup 1981). This dif-
ference is probably caused by several
factors, e.g. husbandry, topography,
grazing tradition, and current stocking
rates.

Materials and methods

In the snow-free seasons Caribou were
located by hiking, and limited use of
cross-country 3-wheeled motor bicycles.
During winter skis, snow shoes, snow
mobiles, ski plane, and helicopter were
the major means of transportation in the
field. Monthly aerial reconnaissance was
conducted throughout the year using
small fixed-wing aircraft for an average
of 4 hours. These flights were made to
record changes in occupancy and to lo-
cate concentrations of Caribou for
ground observation. Groups or single
Caribou were studied with the aid of 8 x
binoculars and 15-25 x spotting scopes.

Feeding habitat preference

To quantify the actual importance of the
different habitat types for Caribou for-
aging the area, the distribution of the
vegetation types in selected inland and
coastal regions was determined. This in-
volved limited use of aerial point esti-
mates along non-random transects per-
pendicular to the longitudinal axis of the
valleys, as well as extensive aerial pho-
tography using false colour infra-red
film. The transparencies were converted
to prints suitable for vegetation mapping
(Hort 1980, HoLt & THinG 1979). Of the
approximately 400 km covered by the
aerial photos, about 25% was mapped

on the basis of actual ground observa-
tions and the rest by extrapolating from
the experiences gained in interpreting
the false-coloured spectra (Hovrr 1983).

Utilization of winter feeding
habitats

On snow-covered winter ranges where
cratering was a necessity, feeding craters
selected at random were examined visu-
ally and exposed plant species recorded.
No attempt was made to distinguish be-
tween forage and non-forage on the basis
of the condition of the plants. A total of
1,706 feeding craters were examined.

Furthermore, non-random point esti-
mates along parallel transects 5 m apart
across cratered habitats were employed
to quantify the use and disturbance of
the feeding areas by Caribou. The pro-
cedure consisted of walking the transect
lines and recording at every 5 m whether
the snow just left of the observer’s left
foot in a plot 0.33 m x 0.33 m was dis-
turbed by 1) a crater, 2) tracks, or 3) left
undisturbed.

Feeding intensity

Data on feeding intensity were collected
from undisturbed feeding adults only,
using a spotting scope and two cumula-
tive stop watches. Feeding was divided
into three sub-activities:

a. ingestion (i.e. actual forage intake,
head down, muzzle moving, mastica-
tion),

b. searching (i.e. olfactory search for
food, often in connection with walking),
and

¢. cratering (i.e. pawing a hole in the
snow layer to reach for forage).

The ratio of % ingestion / (% searching
+ % cratering) was used as an index of
feeding intensity (equivalent to ‘eating

11
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time’ defined by Gaagre et al. 1970 &
SkocLanp 1974). Each animal was ob-
served for approximately 5 minutes,
since pilot tests showed no significant
difference between data from 5, 10, and
15 minute observations.

Forage selection

Information on the relative importance
of different plant species as Caribou
food was partly obtained through direct
field observation of feeding animals.
However, most knowledge of food pre-
ference was gained from analyses of
rumen samples from specimens shot for
research purposes. In addition supple-
mentary data were furnished by analyses
of rumina taken from carcasses of Cari-
bou which had died from natural causes.
Rumen samples (approx. 1,000 ml each)
were preserved in 4% formaldehyde. In
the laboratory 300 ml of each sample
was washed through a sieve (mesh size 1
mm?) and the gross material was ana-
lysed macroscopically in a plastic tray
(40 cm x 50 c¢m) divided into rectangles
(each 7.8 cm x 4.6 cm).

The plant material was homogeneous-
ly distributed and % cover for each plant
species determined in 10 randomly se-
lected squares. Forage species with less
than 5% coverage were registered as
trace occurrence.

Forage quality

In order to assess forage quality plants
(minimum 235 g wet weight) were collect-
ed in most seasons. The material was air
dried before being chemically analysed
(using the proximate Weende method as
well as the detergent analysis (VAN SOEST
1965)) for contents of N, P, Ca, CHO,
NDF (neutral-detergent fibers), ADF
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(acid-detergent fibers), fibre, lipids, ash.
A total of 28 samples were analysed.
Furthermore, 13 rumen samples were
analysed for contents of nitrogen. This
material was collected from September
1977 to March 1978.

Snow measurements

To quantify the physical characteristics
of snow, a dominant factor in the winter
environment, standardized measure-
ments were taken from early November
1977 until mid-April 1978.

A snow kit, consisting of 1 knife, 1
spring scale (0-1,000 g), 1 200 cm? snow
sampler, 1 tape measure, 1 Rueger bime-
tal thermometer (- 70°C - +40°C), and 2
spring penetrometers (model Eriksson
1976) (1 calibrated for 0-2,000 g and 1 for
0-20,000 g) with terminal discs of 1, 10,
and 100 cm?, was used for this part of the
study.

The following parameters were meas-
ured: depth (cm), horizontal and vertical
hardness (g per cm?), density (g per cm?),
temperature (degree C) at top, middle,
and bottom of snow layer. The structure
of the snow cover was also described.
The Civil Aviation Airport weather
service at Kangerlussuaq airport under-
took daily registration of snow depth and
duration of snow cover.

The regional distribution of snow
cover was supervised using LANDSAT
satellite imagery. In the period March-
October black and white imagery from
LANDSAT 3 channel 7 (Multispectral
Scanner, MSS) was obtained once every
18 days. These pictures allowed an over-
all view of the Caribou ranges in scale
1:1,500,000 and a general assessment of
snow conditions. However, because of
the low angle of the sun during early to
mid winter no imagery was processed
for this period.
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Fig. 4. Vegetation types and their frequency on the Kangerlussuaq inland range. Data based on aerial point

transects; N = 646.

Results

Classification of vegetation
The study area has previously been sub-
ject to only limited botanical work, and
the classification of vegetation types
(‘complexes’) available in Bocuer (1954)
did not appear suitable for the purpose
of classifying Caribou habitats from a
management point of view. The vegeta-
tion cover of the inland summer range
was divided into five main classes (A-E)
with a total of 13 distinguishable vegeta-
tion types (excl. water bodies and man-
made features), all listed in Fig. 4. This
classification, as well as the area distri-
bution of its components, formed the ba-
sis of the habitat related part of the pre-
sent study.

As the inland range is dominated by
graminoids the different vegetation types
reflect this accordingly; only three (i.e.

A4, Cl11, and E14) have dominant species
of shrubs or herbs (willow, birch, and
Dryas), the rest having grasses or sedges
as the dominant key species.

In the xeric environment of this re-
gion, the presence of soil moisture and
amount of insolation are naturally fac-
tors of paramount importance in the for-
mation of the vegetation types. Using
these two as prime criteria in classifica-
tion proved useful and relevant to Cari-
bou usage.

The distribution of the vegetation
types could be predicted to a certain de-
gree from the topography of the area.
Although generalized, Fig. 5 shows a
schematic north-south transect with a
typical distribution of the 14 habitat
types recorded. The occurrence of these
types in relation to physical characteris-
tics such as slope and exposure has not
been studied independently. Generally,
type A2 represents the wettest vegeta-
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NORTH

SOUTH

A5 A4

Fig. 5. Schematic example of the distribution of vegetation types on the Kangerlussuag inland range. Code

numbers refer to description in Fig. 4.

tion type and El4 the driest; between the
two extremes there is a gradual decrease
in soil moisture.

Seasonal variation
in habitat selection

Since exposure is a function of slope, it
seems logical to regard these two para-
meters as integral parts of the physical
description of habitats. However, for the
sake of clarity in the figures, data on ex-
posure and slope are presented separate-
ly but later discussed jointly.

Fig. 6 illustrates habitat exposure pre-
ference according to season. Level
ground is preferred in calving, post-
calving, and during summer dispersal as
well as in the rutting season. North-
northeast-facing habitats attract Caribou
only in early winter. Sunny south-facing
localities are most important to the ani-
mals during spring migration, pre-
calving, fall migration, and late winter.
All other aspects also receive some use,
but no significant peak season is appar-
ent. Similarly, the preference for slope is
subject to changes between the seasons
(Fig. 7). A mild inclination (1-10°) is pre-
ferred in summer dispersal, fall migra-
tion, early and late winter. Moderate
slope (11-20°) appears to be favoured
during spring migration and mid-winter
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only, while preference for steeper slopes
(>21°) is a feature limited to the pre-
calving season. A general picture of the
seasonal importance of habitat classes
(cf. Fig. 4) is presented in Fig. 8; from
this it is apparent that habitat classes A
and B have well-defined peak seasons
and that the two alternate in importance
in summer and in winter respectively.
Class C is of main significance as a feed-
ing habitat in spring; the same is true for
class D, while class E remains unimpor-
tant in all seasons.
The histograms (Fig. 9) confirm the
significance of
1) type D12, Cll and C9 during spring
migration and pre-calving,
2) A2 during the calving season,
3) AS, A6, and Cl0 during post-calving
and summer dispersal
4) B7, B8, and A3 during winter.

Habitat preference index

To permit an assessment of observed
habitat use in relation to the actual area
distribution of vegetation types (Fig. 4),
a preference index was calculated for
each habitat.

The index was defined as (% of ob-
served animals on vegetation type)/(%
occurrence of vegetation type). Values
~ 1 indicate preference, i.e. concentra-
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(Season numbers refer to list p. 9.)

tion of Caribou on the vegetation type in
question. Index value =11is use according
to occurrence of vegetation type. Values
0-1 indicate avoidance of the habitat.
The interrelationship between use and
total area reveals an annual pattern of
habitat preference which furnishes valu-
able information on the seasonal signifi-
cance of the vegetation types (Fig. 10).
Class A habitats are especially in de-
mand during calving and through the
summer, while class B habitats attract up
to 5 times the expected number of Cari-
bou in winter. Habitats of class C receive
twice the anticipated use by Caribou
during the early growing season (spring
migration to calving). The peak season
for class D habitats is in the very begin-

ning of spring (i.e. spring migration and
pre-calving), whereas the class E type
never acquires the amount of use that its
total area should permit. A detailed pic-
ture of habitat preference index for each
season is shown in Fig. 11.

Feeding behaviour and intensity

The relationship between the sub-activi-
ties of ‘feeding’ has been studied and the
data are presented in Fig. 12. This figure
also includes variation in the feeding in-
tensity index. The index is calculated as
(% ingestion time)/(% searching time + %
cratering time).

The most intensive feeding occurs in
the calving season. The data from this

17
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A

season are based on observations of adult
females and consequently the intensity
peak during this period reflects the high
physiological demands on the parturient
and lactating Caribou cows.

Feeding craters

During winter when plants are covered
by snow, cratering is necessary to obtain
otherwise unavailable forage. Informa-
tion on available food in relation to ac-
tual selection can be gained by studying
which plants are being exposed in feed-
ing craters. The contents of a total of
1,706 craters were checked and the re-
sults should give a general idea of the
forage available in the three winter
ranges (Table 3). It should be stressed
however that the table supplies only
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quantitative data but nothing about the

qualitative status of the plants.

The following significant difference
between the ranges should be noted:

1. more dwarf birch Betula nana, very
little willow Salix spp., and no Stella-
ria longipes s.l on the Hulialik range;

2. graminoids are scarce in Ilulialik cra-
ters, but ubiquitous in Kangerlussuaqg
and common on the Ikarlulik coastal
range;

3. Kangerlussuaq craters rarely include
any lichen whereas on the two other
ranges lichens, especially fruticose
species, are much more frequent.

Winter habitat use

The degree of utilization of a feeding
habitat in winter is reflected in the fre-



61

HABITAT CLASS A

HABITAT CLASS B

HABITAT CLASS C

4 n=8547 4 n=1653 41 n=6576
: * 2 @_ 7 =+2 _@ 2 ; +2
21 2____!27-17-@._ __JE_JZZ-@ - - E]z----m—-@-- -@“m-m- 7. 7 'E ]2_.-_@.-mnm_zz__m_m_m_m_.@-m-_
g g ¢ 2 g
&7 S I~
@ K 2
T 3 28 ® 8
o =2 =
210 T T T T T T T -lA T 210 T 1 T T T T T T T 310 T T T T T ¥ T T T T
1 2 3 4 5 6 7 ] 9 10 1 2 3 4 5 3 7 8 9 10 1 2 3 4 5 6 7 8 ¢ 10
SEASON SEASON SEASON
HABITAT CLASS D HABITAT CLASS E
n=1369 n=217
4 4
5+2 A m 17! 3+2
=21%1-- . - B19 = --
2D 77 Eh 7 7 v
AV 2 7% Z
2« / 2o 0
® 6 E 6
& - 5-
E 8 “é 8 % %
8 . % %
21 T T T Y 1 310 Y Y Y Y Y Y T Y
t 2 3 4 5 6 7 8 9 10 t 2 3 4 5 6 7 8 9 10
SEASON SEASON

Fig. 10. Seasonal variation in habitat class preference index on the Kangerlussuaq inland range. (Season numbers refer to list p. 9.)

NOQLIE,) PUBJUIIIL) 1S9\ Y1 JO A301007 BuIpas,]



0¢

SPRING MIGRATION

PRE—-CALVING

CALVING

8. n=1286 a- n=7865
+6q
= a4 L oo
2 << 2 "
= o ™ <
c- BBERE53235383
L) B3
a 24 %
= K
s 4 SR
& 64 B
® 2
2 84 E::
20 ‘ B
POST--CALVING SUMMER DISPERSAL FALL MIGRATION
84 n=1759 8 n=4144 8- n=617
+
64 6~
-+
e 5“1
E 24 1_3_ 24
] 1
g 24 g 2
= 44 = a4
e o -
& 6+ .% 6+
2 e
= g [
210 210
RUT EARLY WINTER LATE WINTER
8+ n=269 8+ n=237 8 n=163
6+ 6
+ +
S 4 B ad
E E
B - D <
1 1 < <
@ 24 o 27
g o
£ 44 5 4
A - B — 5
& 64 & 6 :
@ [ o3¢
A= B a%
2 8- S I

Fig. 11. Seasonal preference index of vegetation types on the Kangerlussuaq inland range.

et

o2

*.
%

K
's!

(Vegetation type codes refer to description in Fig. 4.)

ONIH] ONINNIH




Feeding Ecology of the West Greenland Caribou

Table 3. Percent frequency of plant species in feeding craters on three winter ranges. N = 1,706 (+ indicates
< 5%; - indicates not found).

Locality Kangerlussuaq Ikardlulik Tulialik
Year 1977-78-79 1978-80 1979
Season Early-late winter Early-mid winter Late winter
N 681 602 423
Artemisia borealis 6 - -
Betula nana 42 36 61
Cassiope tetragonia + 9 -
Empetrum nigrum + 33 10
Ledum groenlandicum - - 18
Ledum palustre 7 6 15
Melandrium spp. 5 - -
Polygonum viviparum 6 8 -
Pyrola grandiflora + 13 -
Rhododendron lapponicum 9 - -
Salix spp. 12 26 +
Stellaria longipes 32 15 -
Vaccinium uliginosum 18 41 11
Vaccinium vitis-idaea + 5 +
Calamagrostis spp. 56 - -
Carex spp. 22 22 -
Festuca brachyphylla 16 - -
Kobresia myosuroides 7 - -
Poa spp. 32 6 -
Graminoids 19 32 12
Equisetum arvense 12 8 -
Equisetum scirpoides 15 + -
Mosses 53 59 53
Alectoria nigricans - 14 8
Alectoria ochroleuca - 7 +
Cetraria crispa - 6 +
Cetraria cucculata - 36 9
Cetraria nivalis + 33 39
‘Cladinae’ spp. §) + 21 12
Cladonia spp. + 37 41
Dactylina arctica - + -
Peltigera spp. 12 + 5
Sphaerophorus spp. - + +
Stereocaulon spp. - 34 49
Thamnolia vermicularis - 8 +
Crustose lichens - - 15

§) includes Cladina stellaris, C.mitis, and C.rangiferina.

quency of craters per area. To a limited and while searching they disturb just as
extent this is illutrated by Table 4. Cari- much snow cover. The consequences of
bou seek forage on 30-40% of a habitat  this will be discussed later.
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% = cratering time; é =searching time; D =feeding time.

Snow measurements
and monitoring

A knowledge of the characteristics of
snow cover is essential in order to evalu-
ate its effect on Caribou foraging. Some
physical parameters of the snow layer
are presented in Table 5. It should be
added that snow was unusually plentiful
in the winter of 1977-78, even in the
normally dry regions around Kangerlus-

Table 4. Habitat use and disturbance on the Kan-
gerlussuaq inland range in late winter. N=194.

Habitat class A A B
Aspect/slope 0° o 0
Snow depth (cm) 30 20 30
Snow cover (%) 100 100 100
N 60 43 86
% craters 38 33 43
% disturbed snow 45 34 40
% undisturbed snow 17 33 17
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suaq Airport and in the Arnangarngup
kua valley.

For the Kangerlussuaq inland area it
is noteworthy that although the depth
remains unchanged during the winter,
both hardness and density increase signi-
ficantly. The Arnangarngup kua valley
has the softest and lightest snow cover
for a mid winter season.

Additional information on winter dis-
tribution of Caribou, as well as their mi-
gration patterns in fall and spring was
gained through a regional monitoring
scheme using LANDSAT imagery initi-
ated in late winter (March) 1979. Fig. 13
presents an example of ‘Quick Look’
hard copy prints giving as MSS (Multi-
spectral Scanner) channel 7 (0.8-1.1 mi-
crometer) image on a scale of
1:1,500,000.

Rumen samples

The most important method used to
gain information on Caribou food selec-
tion was analysis of rumen contents. The
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Table 5. Characteristics of the snow cover adjacent to feeding craters on three winter ranges. N=99. (Mean

+ S.E.).

Locality Kangerlussuaq Ikardlulik Arnangarngup kua
Year 1977-78 1978-79 1977-78
Season Early winter Mid - late winter | Early - mid winter Mid winter
N 52 28 12 7
Depth (¢cm) 26 = 0.2 26 +2.3 1714 14 =49
Max. horizontal

hardness 1512 = 86 12238 = 1707 8619 + 4296 4000 = 289
(g/cm?)

Max. vertical

hardness 2057 = 872 9798 = 1990 10325 = 2651 1333 = 371
(g/cm?)

Max. density 0.28 = 0.01 0.5 = 0.1 0.42 = 0.05 0.29 = 0.02
(g/cm?)

most obvious result of these analyses
(Table 6) is the amount of graminoids in
the Kangerlussuaq diet as well as in the
fall forage in the Nuup Kangerlua re-
gion. When the Kangerlussuag animals
feed on the coastal winter range grami-
noids occur 4-5 times less frequently in
the rumen.

Fruticose lichens are not abundant in
the winter diet, although they are twice
as common on Ikarlulik coastal range as
inland. Shrubs and herbs appear in mi-
nor quantities on all three ranges. The
fraction of ‘soil and unidentified organic
material’ is insignificant for the Kanger-
lussuaq inland range, but of importance

Table 6. Percent cover of plant species in rumen samples from three different ranges. Collected from killed
animals; N =67. Only plants of 2 5% cover in samples are included in the table. + indicates > 5% cover;

—=species not found. (Mean + S.E.).

Locality Kangerlussuaq Ikardlulik Tulialik
Year 1977-79 1977-79 1978 1978
Month May-Sep. Oct.-Apr. Feb.-Apr. Sep.
N 20 10 18 19
Species:

Graminoids 61.2 5.1 57.9 +99 130+ 1.8 472 x 3.0
Betula nana S1=x1.1 + + +
Salix spp. 84+22 + + 7.4 + 1.3
Empetrum nigrum - 10.5 6.0 + +
Stellaria longipes 5423 56 +28 + +
Crustose lichens - + 7325 +
Fruticose lichens + 63+59 142 2.7 +
Soil & unidentified 58+ 1.2 + 60.0 = 2.5 420 =39
organic material
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Fig. 13. LANDSAT-3 imagery of the Kangerlussuaq region March 20, 1979. Note the extensive snow free
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on the Ikarlulik coastal range. Animals
on the latter range have a high portion of
the rumen filled with ingested gravel,
soil particles, and organic debris. The
high proportion of unidentified organic
material in the Nuup Kangerlua rumina
is caused by inadequately preserved
samples, leaving much of the contents
unidentifiable.

Chemical analysis

As a supplement to the quantitative data
of Table 6, a number of forage plants
species have been chemically analysed
for qualitative parameters relating to
their nutritional value (Table 7).

The column ‘crude protein’ is of main
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interest, being often used as an indicator
of the general quality of a plant. The
protein parameter varies considerably
throughout the year. The ‘lipids’-frac-
tion (equivalent to ‘ether extracts’) in-
cludes fats, oils, waxes, organic acids,
pigments, sterols, and vitamins A, D, E,
K (HserLsorp 1975a). ‘Ash’ is the inor-
ganic residue left after food material has
been burned at about 600°C. This re-
sidue consists of different essential and
non-essential minerals as well as some
salts (Mogn 1973).

Of the organic material the non-nitro-
genous substances besides lipids are list-
ed in the last four columns. The soluble
carbohydrates (i.e. nitrogenfree extracts)
comprise the fractions CHO, ADF (acid-
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Table 7. Chemical analysis of forage plants from the Kangerlussuaq inland range; N =28. Percent of dry matter.

Species Sampledate  CTUde P Ca  Lipids Ash  CHO ADF NDF ©rude

prot. fibre
Artemisia borealis Nov. 19 8.1 0.2 1.0 2.7 16.6 - - - 36.9
Betula nana Jul. 30 18.8 0.3 0.5 9.2 4.4 - - - 15.1
Betula nana Oct. 27 8.1 0.1 0.3 11.0 4.0 - - - 22.5
Calamagrostis lapponica Jul. 30 8.8 0.1 0.2 2.1 6.3 - - - 32,5
Carex saxatilis Oct. 27 5.0 0.1 0.5 11.1 3.5 - - - 26.6
Carex supina May 4 13.1 0.3 0.9 2.6 24.9 - - - 204
Carex supina May 15 13.1 0.2 0.6 34 7.8 - - - 26.0
Empetrum nigrum Nov. 1 8.8 0.2 0.4 2.9 5.9 - - - 30.1
Equisetum variegatum Apr. 18 12.5 0.2 0.3 2.8 14.9 - - - 28.2
Equisetum scirpoides Nov. 26 9.4 0.2 1.6 2.9 104 - - - 26.6
Eriophorum augustifolium¥) Oct. 6 7.8 0.1 - - 5.1 17.3 35.0 60.9 29.9
Festuca brachyphylla Apr. 18 10.0 0.2 1.3 34 20.6 - - - 22.8
Festuca brachyphylla Jul. 30 11.9 0.2 0.6 3.5 8.4 - - - 31.0
Hippuris vulgaris®) Oct. 6 16.1 0.2 - - 0.6 22.8 19.1 28.1 18.4
Peltigera aphthosa Apr. 18 13.1 0.2 1.3 34 20.6 - - - 22.6
Peltigera aphthosa*) Oct. 6 12.5 0.2 - - 21.8 4.0 35.7 65.9 13.9
Poa glauca Apr. 30 11.9 0.2 0.3 2.8 21.8 - - - 24.6
Poa glauca May 4 15.0 0.3 0.3 3.0 31.6 - - - 19.6
Poa glauca Jul. 30 3.8 0.1 0.2 2.4 4.1 - - - 29.0
Poa glauca*) Oct. 6 10.8 0.1 - - 15.9 15.0 39.1 48.4 23.3
Poa pratensis May 25 18.8 0.3 0.2 2.3 16.7 - - - 23.8
Poa pratensis Jul. 30 21.3 0.3 0.6 5.0 10.6 - - - 17.6
Potentilla hookeriana May 4 12.5 0.2 0.6 2.5 14.3 - - - 23.5
Roegneria violacea May 25 18.8 04 0.2 33 14.9 - - - 27.4
Salix arctophila Nov. | 11.3 0.3 0.6 2.6 3.6 - - - 20.7
Salix glauca Jul. 30 21.9 0.4 0.2 33 14.9 - - - 27.4
Stellaria longipes®) Oct. 6 10.2 0.2 - - 1.4 92 26.5 49.5 25.1
Stellaria longipes Nov. 19 10.0 0.2 0.6 3.3 6.8 - - - 25.0

*) indicates data from D.R. Klein, pers. comm.
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detergent fiber), and NDF (neutral-de-
tergent fiber). These primarily include
starches and sugars which are highly di-
gestible sources of energy, and minor
quantities of organic acids, resins, tan-
nins, pigments, and water-soluble vita-
mins (Moen 1973, HieLsorp 1975a).

Crude fiber is the insoluble organic re-
sidue after successive boiling with acid
and alkali. This material may not, how-
ever, be insoluble when exposed to the
digestive process of an herbivore. This
fraction contains cellulose, hemicellu-
loses, and lignin.

Discussion

The aim of collecting the data presented
was to permit an objective description of
the interrelationship between the ani-
mal, its habitat, and its forage. Under-
lying this description is the assumption
that an animal, being an integral part of
its environment, has evolved its feeding
behaviour to yield maximal energy in-
put with a minimum of energy output.

Habitat selection and preference

During classification of the vegetation of
inland and coastal ranges, it was em-
phasized that only such habitats should
be defined which 1) were readily recog-
nizable by the researcher in the field and
— while constituting a reasonable entity —
2) consider the natural complex mosaic
so characteristic of the arctic plant cover
(cf. Bocner 1954, Buiss et al. 1973).

The data presented in Fig. 4 were ob-
tained following these principles. Only a
brief key-word description of the vegeta-
tion is listed here; the reader is referred
to Hovt (1980, 1983) for further informa-
tion.

The number of vegetation types (excl.
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water bodies and man-made structures)
was kept at a low level (i.e. 13) which
permitted relatively simple recording
during field work, and subsequently a
clearer picture of habitat use by the Cari-
bou. Having few and rather broadly de-
fined vegetation types was also advan-
tageous, because it allowed for recording
and mapping using remote sensing tech-
niques such as aerial point transects and
aerial photography (cf. Hort 1980, Horr
& TuinG 1979).

Parker (1975) recorded 13 habitat
types during an investigation of Caribou
range on Southampton Island, North-
west Territories, Canada, while JINGFORS
(1980) described eight different vegeta-
tion types in relation to Muskox use in
Northeast Alaska.

The preference regarding slope and
aspect of habitats through the seasons
(Figs. 6 and 7) reflects the topographical
characteristics of the inland range. One
modifying factor, altitude, is rather in-
significant in this region, the landscape
only varying between 200 and 550 m
above sea level. Wide variation in topo-
graphy on range allows for a longer peri-
od of young growth stages of plants,
whereas uniform landscape results in
uniform phenological progression of for-
age (KiLeww 1970a, Skocranp 1975,
GaAare & Skocranp 1975). Therefore,
any variation in exposure, slope, and al-
titude from a flat plain at sea level will
alter phenological progression. In dry
areas such as the inland range of Kanger-
lussuagq, the effect of exposure and slope
is likely to be more directly related to
seasonal availability of moisture for
plant growth.

A characteristic feature of Caribou
ecology on the inland range is that habi-
tat selection is highly correlated with
forage plant phenology. Where food spe-
cies in early growth stages are available,
Caribou tend to concentrate their feed-
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ing on them. This behaviour is most pro-
nounced during spring migration and
pre-calving, when intensive foraging
takes place on south-facing dry slopes
which support an early emerging vegeta-
tion, particularly of Poa glauca and Fes-
tuca brachyphylla. These two tufted
grasses have a patchy distribution on the
C9, Cl10, Cl11, and DI12 habitats, being
concentrated around the scattered Salix
glauca shrub.

As a consequence of the xeric condi-
tions of the inland range and the sub-
sequent early disappearance of the snow
cover, especially on south-facing habi-
tats, these species are available as young
green forage to the Caribou as early as
mid-April, i.e. up to 6 weeks prior to
calving,

The affinity for more or less flat habi-
tats is significant in the calving and post-
calving seasons, as well as during sum-
mer dispersal. However, four different
vegetation types are responsible for this
preference (Fig. 11). In the calving season
parturient and nursing cows and neon-
ates concentrate on the flat wet sedge
meadows (type A2) as well as the gently
sloping dwarf shrub heaths dominated
by Poa pratensis (type C10). The mea-
dows have an abundant supply of
emerging Eriophorum spp. at this time,
whereas the main attraction of the heath
apparently is the young Poa spp. leaves
combined with the available Stellaria
longipes, Poa glauca, and Festuca bra-
chyphylia.

However, selection of the heath habi-
tat may be partly due to a preference for
using it during parturition and the sub-
sequent period of initial post partum
mother-infant  relationships  (TaiNG
1980a).

In the short season of post-calving the
A6 type, the Poa pratensis meadow, is
the most important feeding habitat. This
vegetation type is preferred in the period

of early phenological stages of the Poa
pratensis plants before they reach anthe-
sis and approach maturity. The concen-
tration of animals on this habitat type is
considerable, viz. > 7 times the expect-
ed level (Fig. 11).

During the main summer period,
July-August, Caribou show the highest
preference for the greens of vegetative
Poa pratensis (type AS; Fig. 4). Actually
a preference index of +5 (Fig. 11) indi-
cates that about 25% of all animals are
using this vegetation type for feeding.
This is no doubt caused by the preva-
lence of immature Poa plants for a pro-
longed period due to special circum-
stances. These are quite interesting and
will be dealt with in detail in a later sec-
tion.

In the second half of the summer dis-
persal a much preferred food resource,
mushrooms, become abundant and con-
sequently Caribou are often observed on
good mushroom habitats such as the Poa
spp.-dominated poor dwarf shrub heaths
(C10) and the Poa pratensis meadows
(A6).

Of minor quantitative importance,
but qualitatively significant is the be-
haviour of seeking steep north-facing
shaded slopes on hot summer days.
These habitats are mainly of the B7 and
B8 type (rich dwarf shrub heaths) and
besides functioning as relief areas during
insect harassment they also offer forage
in young phenological stages at this re-
latively late point. Because of the aspect
and slope only little insolation is re-
ceived. Consequently, snow melt and the
following growth season are delayed,
and slow in progress compared to other
vegetation types.

At the beginning of September Cari-
bou still select mushroom habitats, viz.
type A6 and C9 as well as utilizing Poa
pratensis greens and wet sedge meadows;
other vegetation types are of insignifi-
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cant importance. Although fruticose li-
chens are scarce on this range, some can
be found, especially on the C9 habitats,
and Caribou show a high preference for
this food resource whenever it is avail-
able at this time of year.

An additional use of feeding habitats
in this period is found among males,
which can be frequently observed bush-
thrashing and rubbing their antlers
against any kind of shrub to clean them
of the loosening velvet, as part of their
pre-rutting behaviour.

During fall migration in September-
October about 90% of the animals (viz.
the majority of females and juveniles
plus many young bu'ls) leave the inland
summer range (TaiNG 1982). In October-
November the few Caribou left behind
show a strong preference for B7 and C9
habitats with index values ranging
around +4. Because u.1e animals are then
in rut the mature bulls try to maintain
‘harems’ of females, while younger and
subordinate males tend to stay around
these centres of activity.

Consequently, a major portion of
feeding takes place on the rutting
grounds which are frequently flat or
slightly north-facing areas. From early
November when the rutting season is
over and until mid-March Caribou con-
tinue to prefer feeding on the rich dwarf
shrub heaths (i.e. B7 and B8 habitats) as
well as on the poor dwarf shrub heath
(type C9).

The majority of these winter habitats
are steep and face north or northeast.
The late arrival of spring and subsequent
slow phenological progression of food
plants on these localities apparently still
influence forage conditions in a benefi-
cial way during early and mid-winter.

Following the spring equinox when
insolation rapidly increases, southfacing
and flat areas receive so much radiation
that wide-spread melting of the snow
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cover may begin. Such snow-free locali-
ties readily attract Caribou which will
feed on the available plants. This is more
often the case when vegetation type A3,
A6, and Cl1 (Figs. 4 and 11) are used dur-
ing late winter season. Frequently only
limited quantities of forage can be found
here, primarily species like Calama-
grostis spp., Poa spp., and Festuca bra-
chyphylla. However, as earlier in winter
the B7 and C9 habitats are still in signifi-
cant demand.

Limited observations (N=200) on
habitat selection in early, mid, and late
winter on the coastal Ikarlulik range
show that most animals prefer to feed on
gently sloping (1-10°) mountainsides
facing north-northwest in early winter
and west in late winter. Feeding craters
were observed from 100 m above sea lev-
el and up to 1,100 m but were by far most
frequent between 400 m and 700 m. Ap-
parently, animals primarily fed on wet
sedge meadows as well as rich dwarf
shrub heaths with relatively abundant
lichens.

Snow cover is known to be an impor-
tant modifying factor in relation to habi-
tat selection during the winter seasons
(cf. Formozov 1963, Eriksson 1976,
MiLLer 1976, Prurrt 1959, SKOGLAND
1974). Habitats with relatively shallow
and/or soft cover are preferred to areas
with deep wind-packed or crusted layer.
The average snow conditions on the in-
land range seem very favourable for Ca-
ribou feeding, the snow cover rarely ex-
ceeding 25-30 cm in depth. However,
winter forage quality and diversity are
probably inferior to that of the coastal
range where the lichen cover, although
heavily exploited, still furnishes more
forage than on inland ranges.

To interpret the regional and seasonal
distribution of the Caribou, information
on extension and duration of the snow
cover is valuable. Consequently, satellite
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imagery of almost the entire west Green-
land range has been used for a wider
study of the above-mentioned parame-
ters (Fig. 13). This method is mostly use-
ful for monitoring arrival of significant
snow cover in fall and snow conditions
in late winter and spring. The latter sea-
son appears to be crucial to Caribou in
relation to snow cover; a persistent hard
snow layer is likely to have a strong de-
trimental effect on the animals, especial-
ly at the end of the winter.

Regional monitoring of the snow
cover in Alaska has proved useful in pre-
dicting selection of major spring migra-
tion corridors as well as depicting loca-
tions for possible calving grounds (LENT
1980). Similar information appears to be
obtainable from West Greenland. It is
evident from Fig. 13 that snow may have
almost disappeared as early as March 20
on the inland range, in the example
shown the visible effect of a foehn period
is striking, leaving the mean snow depth
aslowas 1.2 cm.

Food selection and preference

Food is an essential parameter in study-
ing Rangifer ecology and much research
effort has been put into the aspect of for-
age selection and preference. The known
selection of habitats naturally also re-
flects forage selection to a great extent.
However, it is considerably more diffi-
cult to gather accurate information on
the use of plant species as food, than to
state which habitats have been utilized.
The principal method applied in this
study of food selection, macroscopic
analysis of rumen contents, is however
biased because of several factors. As re-
ported by various authors (e.g. COURT-
RIGHT 1959, Eriksson 1977, Gaare 1969,
Krein 1962, ScottEr 1967) use of gross
particles alone to establish food selection
of Rangifer may lead to an under-esti-

mation of the proportion of lichens in
particular as well as over-emphasizing
the importance of fungi and graminoids.

Secondarily, seasonal changes in food
selection may not be as great as indi-
cated by analysis of gross particles alone
and differential rumen turnover rates of
plant species create another problem,
because dynamic ruminal processes are
terminated at the moment of preserva-
tion of the sample, giving distorted pro-
portions of the original forage intake at
any one time (Gaage et al. 1977). Rank-
ed according to increasing rumen turn-
over time, the relationship is approxi-
mately as follows;

Lichens — mosses — herbs — woody ma-
terial - graminoids (Gaare 1969).

Despite the limitations in applicabili-
ty, Tumen content analysis is a wide-
spread means of obtaining information
on selection and preference of forage,
and during the present study the method
has been supplemented with data from
direct observation of feeding animals.

The results presented in Table 6 are
characterized by the dominance of gra-
minoids in the diet of animals of the in-
land range of Kangerlussuaq and Ilulia-
lik range. Dicotyledonous food is avail-
able and used, but not quantitatively do-
minant in any season. This compares to
data from Peary Caribou on Banks Is-
land, Northwest Territories, Canada (73°
N) which specializes on upland monoco-
tyledons. Graminoids are their most im-
portant forage, constituting 60% of their
diet on an annual basis, while dicotyle-
dons amount to only 17% (Suank et al.
1978).

Monocots in demand on the inland
range in spring and summer are: Carex
rariflora, Eriophorum angustifolium,
Festuca brachyphylla, Poa glauca, Poa
pratensis, and Trisetum spicatum (Table
8). As the growth season progresses and
winter approaches there is a gradual
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Table 8. Seasonal use of food plants on the Kangerlussuaq inland range. Lines indicate species being
selected as forage (non-graded use) as documented through rumen analyses and direct observations.
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Artemisia borealis

Betula nana
Campanula gieseckiana

Cerastium alpinum

Draba spp.
Empetrum nigrum

Hippuris vulgaris
Melandrium spp.
Menyanthes trifoliata =

Pedicularis spp.

Polygonum viviparum
Potentilla hookeriana

Pyrola grandifiora St
Salix arctica/arctophila

Salix glauca
Saxifraga tricuspidata

Stellaria longipes
Vaccinium uliginosum
Vaccinium vitis-idaea
Calamagrostis spp.

Carex spp.

Eriophorum angustifolium

Festuca brachyphylla

Poa glauca

Poa pratensis

Trisetum spicatum

Equisetum arvense
Equisetum scirpoides

Fungi

Crustose lichens
Foliose lichens
Fruticose lichens

change towards supplementary use of
other species like Calamagrostis lappo-
nica, C. purpurascens, Carex saxatilis,
C. bigelowii. These species are often
readily available and abundant, and ru-
men contents from starved animals in
late winter consist almost exclusively of
withered Calamagrostis and Carex
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leaves (> 95% cover; S. Hort, pers.
comm.).

Detailed information on graminoids
in the diet in the Nuup Kangerlua region
was not available and a comparison with
the Kangerlussuaq conditions was there-
fore not possible.

Caribou wintering on the coastal
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range of Ikarlulik obviously have a
much smaller monocot component in
their diet, apparently on the same level
as fruticose lichens. The reasons for this
appear to be the much lower frequency
and biomass of graminoids than on the
inland range, and the increased abun-
dance of lichens and adverse snow con-
ditions during the mid- to late-winter
period. Unusually deep and crusted
snow cover forced the Caribou to con-
centrate their feeding on wind-blown
ridge tops, outcrops, and the upper zone
of the chionophobous lichen heaths.
These kinds of habitats all support only
scarce vegetation cover and whatever
fruticose lichens may be found are most-
ly scattered fragments less than 2 cm.
The crustose lichens, primarily of the
genera Cetraria, Parmelia, and Umbili-
caria, occurring on the outcrops are also
consumed. Similar data are reported
from domesticated Swedish Reindeer
and wild Reindeer on Hardangervidda,
Norway in late winter; selection of this
kind of forage is often associated with
imminent starvation (STeen 1968, Skoc-
LAND 1974). However, actual starvation
did not seem to be common on the win-
ter range in 1977-1978, but the physical
condition of the Caribou did appear to
be very poor. This is substantiated by
the dominant fraction (60%) of the ru-
men contents being ‘soil and unidenti-
fied organic material’. The inorganic
part was the more frequent, with par-
ticles ranging from < 0.5 mm up to
gravel size: 5 mm. The rest was organic
debris (i.e. mostly woody fragments),
probably ingested while feeding on the
minute fruticose lichen resource scatter-
ed among the gravelly soil, as well as
‘gnawing’ the crustose lichens off the
rock substrate.

The available fruticose lichen species
on the Ikarlulik range are primarily Cla-
donia mitis, Stereocaulon paschale, Ce-

traria nivalis, and C. cucculata, as well
as less abundant Cladonia alpestris, C.
rangiferina, Cetraria crispa, Alectoria
nigricans, and A. ochroleuca.

The same diversity was apparently
present on the Ilulialik winter range ex-
cept for Cetraria cucculata being much
less, and Stereocaulon sp. much more,
abundant in the feeding craters (Table
3). However, only a single animal was
sampled in late winter on that range;
analysis of its rumen contents showed
(% cover): 1. fruticose lichens 48%, 2.
graminoids 19%, 3. Betula nana 9%, 4.
Vaccinium uliginosum 6%, and 5. other
species < 5% each, which may indicate
a considerably greater available fruticose
lichen biomass as compared to the Ikar-
lulik range. Snow and feeding conditions
appeared similar on the two ranges with
the majority of feeding taking place on
the wind-blown upper zone of the lichen
heaths.

The Ilulialik and Ikarlulik winter
ranges apparently offer better lichen re-
sources than the Kangerlussuaq inland
range. Accordingly, the diet of Caribou
wintering on the latter range consists of a
quantitatively insignificant amount of
fruticose lichens (about 6%, primarily
Stereocaulon spp. and Cetraria nivalis.

The foliose lichen Peltigera aphthosa,
which is fairly common on the Kanger-
lussuaq range, is an interesting forage
species. It is actually the lichen most fre-
quently exposed in feeding craters
(Table 3). It is consumed from October
until mid-April, but never in quantities
exceeding 3-4% cover of the total rumen
contents. However, it is significant that
the species is selected at all, since it has
been shown for several other ranges that
Rangifer actively reject this lichen
(Luick 1979, KeLsaLL 1968) or feed on it
only in periods of extreme shortage of
forage (LaRrIN et al. 1937). Thus, the use
of Peltigera is presumably yet another
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indicator of depleted winter forage con-
ditions.

Dicotyledonous plants play only a
secondary role as forage on the Kanger-
lussuag range. On an annual basis her-
baceous and woody species comprise
25-30% of the Caribou diet in relation to
quantity. No significant quantitative dif-
ference was found between the seasons,
although different plant species were se-
lected in summer and winter.

Caribou may be characterized as
having a versatile broad-spectrum dicot
diet in spring and summer (Fig. 8). Only
two species receive year-round atten-
tion; Betula nana and Stellaria longipes.
Dwarf birch is stripped of its leaves in
summer, and in winter the terminal
twigs are sometimes taken whereas the
animals eat the whole Stellaria plant,
which remains green over the winter, at
least in the basal half.

Five species Artemisia borealis, Em-
petrum nigrum, Melandrium triflorum,
Saxifraga tricuspidata, and Vaccinium
vitis-idaea are eaten in winter only. Ar-
temisia and Melandrium occur primari-
ly on dry south-facing slopes and are
usually easily available to Caribou
which consume the withered inflor-
escence and stem leaves of Artemisia as
well as the basal rosettes of wintergreen
leaves of Melandrium. Saxifraga spp.
are mainly found on or adjacent to the
upper zone of the chionophobous lichen
heaths, and are generally an unimpor-
tant food resource with little exploita-
tion (KeLsarL 1968, RoBy 1978, SKIENNE-
BERG & Sracsvorp 1968). However,
Peary Caribou in the Canadian High
Arctic use Saxifraga oppositifolia heavi-
ly in winter (PARkER et al. 1975).

The dwarf shrubs Empetrum nigrum
and Vaccinium vitis-idaea are apparent-
ly only eaten in winters with an unusual-
ly thick snow cover. Whole stems with
leaves of the former are consumed
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whereas the latter is only stripped of
leaves. Similarly, Steen (1968) reports
that under adverse snow conditions in
late winter domesticated Swedish Rein-
deer are often forced to eat shoots of
Empetrum nigrum and Vaccinium vitis-
idaea. Data from starving Reindeer dur-
ing the population crash on St. Matthew
Island indicated that Empetrum nigrum
was the only forage available and eaten
in any quantity (KLemv 1968). These ob-
servations suggest that Empetrum is
likely to be consumed only in marginal
forage situations, and its presence in the
diet in quantity may therefore be used as
an indicator of famine conditions. How-
ever, the growth season May-August is
the most important period for dicots in
the Caribou diet. Up to 80% of the for-
age species are utilized during spring and
summer (Table 8), and furthermore 65%
of these are being consumed exclusively
in this period.

Two of the latter species — Potentilla
hookeriana and Hippuris vulgaris - ap-
pear to have an extraordinarily early and
late season of use, respectively. P.
hookeriana is an inhabitant of the xeric
south-facing slopes with D12 vegetation,
and flowering may start as early as the
first week of May. Caribou select the
young flowers, and usually not the
leaves.

Hippuris vulgaris is a fresh water
plant like Menyanthes trifoliata but its
use as forage is extended into early No-
vember because the green rhizomes and
winter buds are much preferred by Cari-
bou, and dug out along the banks of the
smaller ponds and lakes. During the
summer whole plants of both Menyan-
thes and Hippuris are grazed down by
Caribou wading through the stands
along the shores. Should an extra dry
summer drain smaller water bodies, the
exposed Hippuris vegetation attracts
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Caribou which readily eat down this for-
age.

Of the remaining summer food spe-
cies, the following selective use has been
observed:

Campanula gieseckiana: flowers (most-
ly eaten by calves)

Cerastium alpinum: flowers and young
leaves

Draba spp.: inflorescence or whole plant
Pedicularis spp.: flowers and young
leaves

Polygonum viviparum: bulbils or whole
plant

Vaccinium uliginosum: young leaves

Finally, three species are used both in
spring and again during fall or winter:
Pyrola grandiflora possesses relatively
large winter-green leaves and these are
fed upon to some extent during their
emergence in June-July. Again in mid
winter they may form part of the diet for
Caribou (especially mature bulls) which
expose the often lush Pyrola stands in
feeding craters. Two prostrate willow
species, Salix glauca and S. arctophila,
are important to Caribou during June-
July when the animals feed on the young
leaves.

The catkins do not appear to be taken
to any extent. The growth form of the
plants does not allow for stripping of the
leaves (as is the case when feeding on
tall-growing Salix glauca) but rather se-
lective grazing on individual leaves. In
early and mid-winter Caribou have often
been observed to dig down to living
stems and dormant buds, and feed on
this food resource.

Cryptogams form the last but interest-
ing part of the Caribou diet. The two
species Equisetum arvense and E. scir-
poides alternate as forage, the former
having green vegetative parts only in
summer and the latter staying green over
winter. Consequently, E. arvense is fed

upon from July until October whereas E.
scirpoides is of significance to Caribou
from the rutting season (October) until
late winter (March-April). This small
prostrate species is a highly preferred
winter food item on the inland range,
although considerable cratering is often
required to reach it.

Similarly, wintering Caribou in north-
ern Alaska have a strong affinity for
areas with good cover of the small, ever-
green Equisetum variegatum, which was
heavily fed upon in winter and early
spring (RoBy 1978). E. arvense has its
main occurrence on the steep north-
facing rich dwarf shrub heaths and on
disturbed sites, e.g. along gravel roads
etc. However, on an annual basis the use
of this species is insignificant. The spo-
rophylls of the fertile part have not been
observed to be consumed.

For a couple of months following mid-
summer, when most fungi start to devel-
op, feeding Caribou can frequently be
seen selecting good mushroom habitats
in order to maximize their dietary intake
of this forage which throughout Rangifer
ranges in the Holarctic has been report-
ed as a much favoured food resource
(e.g. KersarL 1968, SKJENNEBERG &
SLacsvoLb 1968, Skocranp 1974). Al-
though the dry climate inland is probab-
ly not optimal for the edaphic require-
ments of mushrooms, they seem to be
ubiquitous on the meadows and the poor
dwarf shrub heaths. The most preferred
species are apparently Leccinium
scabrum, Agaricus spp., and Calvatia
Spp..

Mosses are infrequently found in ru-
men contents and are believed to be in-
gested incidentally with other food
items. This is in agreement with the
findings of Anti (1959) and BERGERUD
(1972). Generally, Rangifer does not
possess the ability to digest moss effi-
ciently and in only one range of the Hol-
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arctic are mosses known to be deliber-
ately consumed. This exception is Sval-
bard where the Reindeer (R.1. platyrhyn-
chus Vrolik) successfully utilizes mosses
especially during the long winter periods
(Ekerny & KiLbemo 1978, HierLiorp
1975b).

A Caribou induced plant
succession — cause and effect

Grazing is one of the important modi-
fying forces in the environment of Cari-
bou. Grazing pressure affects the subse-
quent yield of the range by affecting the
physiological systems of plants and their
local environment. Caribou, like other
herbivores, tend to aggregate in favoured
habitats, and their feeding appears to be
beneficial for the primary production of
graminoids. A high density of grazing
Caribou may therefore cause graminoids
to spread by preventing regrowth of
shrubs (e.g. willow and birch), so that

34

Fig. 14. Aerial view of the same Poa pratensis green
in 1978 (A) and in 1962 (B). Primary production of
the green was studied in 1978. Note the scattered
Salix glauca shrubs on the habitat of photo B.
(Aerial photo (B), Geodetic Institute, Copenhagen
(266A, no. 66, 1962). Reproduced with G.1. per-
mission A.539/80. Copyright.)

when the mature woody component of
the vegetation dies there is no replace-
ment until the local environment is
eventually altered due to a significant
decrease in herbivore density, e.g. during
a population minimum. When consider-
able parts of a range are reduced to such
short grass habitats it can be taken as an
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indication that full utilization of the
range has been achieved.

Habitat-herbivore relationships have
been studied in numerous areas around
the world. Although it is beyond the
scope of this presentation to summarize
these data, the reader is referred to the
following examples: DE Vos 1969, ELLI-
son 1960, VESEY-FitzGERALD 1965, Crisp
1964, Briss 1971, Cuarin 1980.

A case in point of this dynamic rela-
tionship is the Poa pratensis green of the
Kangerlussuaq inland range. The green
(type AS; Fig. 4) is commonly situated in
minor depressions of the landscape or in
connection with meadows (HorLr 1983)
so that water supply (i.e. surface water)
normally does not become a limiting
factor for plant growth during the sum-
mer. This vegetation type has been
found mainly in the eastern half of the

o o it

inland range and is especially common
in the core calving area (Fig. 3). It covers
around 5% of this part of the range and
the area of each habitat unit rarely ex-
ceeds 100 m2. Detailed studies of older
aerial photos (available from the Danish
Geodetic Institute) and research at speci-
fic localities make it apparent that this
vegetation type is created by intensive
foraging by Caribou (Fig. 14). The ap-
parent successive stages of the plant
cover are:

1. Healthy stands of Salix glauca and
Betula nana are supported by the lo-
cality during low Caribou density in
the area.

2. With increasing Caribou numbers,
browsing pressure is intensified dur-
ing leaf emergence in post-calving
and summer dispersal. This browsing
consists of stripping the branches of

Fig. 15. Salix glauca - Betula nana shrub dying back due to heavy grazing pressure (stage 4). Kangerlus-

suaq inland summer range, July 1978.
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Fig. I6. A

the leaves and removal of terminal
twigs.

. The effect of intense browsing for sev-
eral consecutive summers eventually
means destruction of the shrub and its
subsequent disappearance (Fig. 15).

. During phase 2 and 3 foraging Cari-
bou fertilize the locality with urine
and faeces. These products in turn
favour lush growth of some grass spe-
cies of which Poa pratensis is one of
the most nitrophilic.

. Young green grasses are an added for-
age attraction of the locality, and a
positive reinforcing process is begun
with more Caribou concentrating on
the preferred food supply. Conse-
quently, the substrate receives heav-
ier fertilization which further en-

fully developed Poa pratensis green (stage 6). Kangerlussuaq inland summer ran

ge, July 1979.

and birch. The grass coveris keptina
vegetative state due to intensive crop-
ping (Fig. 16).

. Following a population peak the de-

creasing Caribou density and grazing
pressure on the habitat allow for an
initial alteration of Poa pratensis
green towards a biotope of mature,
sexually propagating individuals.
This change is visible as a dominance
of inflorescences in the area and a
subsequent modification of the habi-
tat towards a heterogenous botanical
composition. The above description
of the succession is substantiated by
data by Hovrr (1983) and REeHDER
(1981) on phenology, primary produc-
tion, and pellet counts on the greens
(Table 9).

hances the growth of Poa.
6. Eventually, the green develops
among the dying stumps of willow

Preliminary analyses indicate that the
succession of Salix glauca — Betula nana
shrub - Poa pratensis green — Salix
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Table 9. Weight of Caribou fecal pellets on Poa pratensis greens; N = 15. Weight is calculated as: no. of
pellet groups (i.e. = 11 pellets in aggregation) x approximated wet weight of 50 g.

A B C
S Weight of pellet  Weight of pellet  Total weight of
ample
Locality Sample area groups from groups from pellet
date (m?) present year previous years groups
(kg/100m?) (kg/100m?) (kg/100m?)
1 21.06.78 75 3.0 223 25.3
2 21.06.78 60 2.8 - -
3 29.06.78 30 0.7 11.5 12.2
3 25.08.78 30 1.2 - -
4 29.06.78 33 1.4 10.3 11.7
5 29.06.78 33 1.4 10.5 11.9
5 25.08.78 33 2.0 - -
5 03.06.79 30 33 15.3 18.6
6 29.06.78 50 1.1 9.1 10.2
6 03.06.79 50 3.2 9.2 12.4
7 24.08.78 50 2.7 14.7 17.4
8 25.08.78 60 5.0 - -
9 03.06.79 95 3.5 15.5 19.0
9 09.08.79 95 4.4 - -
10 08.08.79 38 - - 16.6
x=2.6 = 0.3 x=15.5+ 1.5

glauca — Betula nana shrub has been re-
peated several times during the past, pre-
sumably reflecting long term climatic
fluctuations. Although Caribou general-
ly can be considered ‘nervous’ feeders
(KvremN 1970a), moving frequently during
foraging, animals feeding on the Poa
pratensis greens are remarkably station-
ary, using but an insignificant part of
their time searching and selecting food.
This is evidenced by the average feeding
intensity being as high as 89.2% =+1.4 on
the greens compared to 75.3% =2.7 on
all other vegetation types during July-
August.

Accordingly, vyoung phenological
stages of Poa pratensis are available to
Caribou throughout the summer, a fact
which is responsible for the importance
of this vegetation type as a food resource.

The data presented in Table 9 illu-
strate the amount of fertilizer passed on
to some selected greens currently used

by Caribou. A general idea of the rate of
macroscopic decomposition of pellet
groups might be obtained by dividing
column B values by A values. Thus B/
A =7.2 years + 1.3 (N=9) before pellets
are disintegrated into microscopic com-
ponents. The average monthly incre-
ment of pellet groups over the summer
(May 25 - September 15) equals 0.62 kg
+0.2 per 100 m2 (N=5).

A decomposition rate of 7.2 years ap-
pears relatively rapid considering the xe-
ric environment of the region. However,
the greens are situated in comparatively
moist locations and a high moisture
level in the substrate enhances the rate
of decomposition. This compares with
data by FErcuson (1955) and VaN ETTEN
& BeENNETT (1965) cited in Nerr (1968)
from studies of mule deer pellet groups
in USA. Here 6-7 years of disintegration
were required to make the faecal pellets
undetectable to the observer.
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Pellet-group counts were made on
south-facing dry heath habitats, i.e. type
Di2. These habitats are primarily used
during 6 weeks in spring, and a total pel-
let group wet weight of 0.5 kg per 100 m2
was found (HorLt 1983).

Although Poa pratensis greens have a
longer season of intensive use, viz. 8-9
weeks in summer, the amount of faeces
accumulating on the two vegetation
types puts the utilization of the greens in
proper perspective, the two values dif-
fering by a factor of 30, i.e. 15.5 kg per
100 m? versus 0.5 kg per 100 m2. An
average total pellet group weight of 15.5
kg per 100 m2 is however an insignificant
quantity compared to temperate regions
(e.g. Denmark) where an annual appli-
cation of 300-400 kg of livestock manure
per 100 m? does not create any ecological
difficulties (Koroep 1980).

In Sweden Reindeer ranges have been
fertilized with urea and NPK fertilizer
(Nitrogen, Phoshorus and Potassium).
The effect of urea application increased
over a 5 year period and was especially
beneficial to the grasses which became
much more abundant. The weight of
applied urea varied between 1 and 3 kg
per 100 m2, equivalent to 0.46 and 1.38
kg N per 100 m2, respectively (ANDERS-
soN 1971). Some domestic sheep ranges
in southern Greenland have been subject
to experimental fertilization, increasing
their frequency and coverage very signi-
ficantly on the test areas. Species like
Phleum pratense, Poa pratensis, and
Festuca rubra thrive particularly well
following application of nitrogen to crof-
ting land (THORSTEINSSON 1980).

An apparent detrimental consequence
of the high pellet group density on the
greens is believed to be the facilitation of
the spreading of a lethal calf disease
(Escherischia coli — polyarthritis) in
summer because of frequent incidental
ingestion of contaminated pellets by
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young calves inexperienced in food se-
lection (Crausen et. al. 1980, THiNG &
Crausen 1980).

Feeding behaviour

In earlier sections efforts have been
made to give a qualitative description of
the feeding habitats and behaviour of the
Caribou. This kind of information is val-
uable, but additional data should also be
obtained by a quantitative study of the
behaviour itself, and its relation to vari-
ous factors.

The combination of snow cover and
the rigorous winter climate itself sug-
gests that Caribou must have evolved
some special types of behaviour in order
to survive these severe conditions and to
thrive as a species. An obvious adapta-
tion to snow is cratering to obtain food
from beneath it. The snow cover en-
countered by Caribou on winter ranges
may be characterized by some parame-
ters important to feeding animals (Table
5).

Caribou wintering on the inland range
in 1977-78 experienced the same snow
depth from November to April although
approx. 75 mm (water equivalent) pre-
cipitation accumulated in that period.
This was caused by settling of the snow
due to wind-packing and above-freezing
weather, resulting in a doubling of the
density from early to late winter. Simi-
larly, snow hardness increased by a fac-
tor of 5-8 which strongly influenced the
feeding behaviour of the Caribou (Fig.
12). It should be emphasized that pre-
cipitation during the winter of 1977-78
was far above average.

The traditional winter range near
Ikarlulik only had shallow snow cover in
1978-79. However, the area was exposed
to strong winds and the cyclonic weather
situations of the coastal region, and con-
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sequently the snow was very hard-pack-
ed with frequent but thin icy layers.

At the same time a very different situ-
ation was found in the valley of Arnan-
garngup kua where about 100 Caribou
spent mid-winter. In the relatively shal-
low layer of snow, density and hardness
remained at low levels indicating much
more favourable cratering conditions for
the animals here than in Kangerlussuag.
The valley is sheltered by high moun-
tains in all directions, and high winds
and thaw were apparently infrequent in
this locality.

Limited observations of use and dis-
turbance of feeding areas (Table 4) dur-
ing the first feeding sequence in late win-
ter on the inland range indicated that
when cratering for food, the animals dis-
turbed just as much snow cover at the
same time by their activity in the area,
incidental to cratering leaving only
about 25% of the habitat undisturbed.
This is comparable with data on late
winter conditions for Alaskan Caribou
(THing 1977). The significance of this is
that by disturbing 70-80% of the snow
cover in forage areas the Caribou de-
crease their own chances of effectively
feeding again in the same area. The val-
ue as a feeding area apparently decreases
with increased previous use, a fact that
makes Caribou extensive rather than in-
tensive feeders, and helps to prevent
over-grazing of the forage species. Quan-
tification of Rangifer activity in general
is a fairly recent phenomenon. Consider-
able amounts of data have nevertheless
already been accumulated (CuraTtoLo
1975, Remers 1980, Rosy 1978, 1980,
RoBy & Tuing 1983, ThHomson 1971,
1973, 1977, and Wurre et al. 1975).

In the present chapter only feeding ac-
tivity 1s discussed.

The seasonal differences observed in
feeding intensity (Fig. 12) may be ex-
plained by both physiological and en-

vironmental factors. As the data relate
almost exclusively to adult females the
variations in spring and summer may to
a wide extent reflect the energy require-
ments for pre-partum foetal develop-
ment, parturition, and milk production.

During pre-calving and calving the
animals use only little time searching for
food, indicating that the selected forage
is easily available. This is especially im-
portant for parturient cows which pri-
marily feed on the Eriophorum- Poa
pratensis communities. Thus an intensi-
ty index of 7-9 in the calving season
shows that the energetically least-de-
manding foraging coincides with the
time of maximum graminoid quality
(Fig. 17) and the highest level of physio-
logical stress in the animal.

When snow cover necessitates cra-
tering the cost:benefit ratio during feed-
ing increases (Tuing 1977). In habitats
with full snow cover, 15-20% of a feeding
period is used in cratering, in addition to
the time devoted to searching thus re-
ducing the intensity index to a minimum
level of 1-4. In late winter Caribou show
a strong preference for feeding on par-
tially snow-covered habitats, presum-
ably because less cratering is required to
reach the forage. Because searching in
snow-covered habitats takes up an in-
creasing part of the feeding activity as
the winter progresses (from 6-12% in ear-
ly to 20-22% in late winter) a reduction
in cratering time in March-April only
means that the time available for inges-
tion would be back to the early winter
level. In mid-winter feeding on snow-
covered habitats requires considerably
more cratering than earlier e.g. in No-
vember. However, on the inland range
even in mid-winter, more or less snow-
free habitats are available but scattered;
feeding on these does not involve crater-
ng.

A most important environmental fac-
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tor influencing feeding behaviour of the
animals in summer is the harassment by
biting or parasitic insects (Diptera), viz.
mosquitos (Culicidae), black flies (Simu-
liidae), and oestrid flies (Tabanidae), i.e.
the warble fly (Oedemagena rarandi)
and the nostril fly (Cephenomyia trom-
pe). Mosquitos and black flies first
emerge around June 20 (i.e. at the very
end of calving), and parasitic flies during
the first week of July. The dry inland cli-
mate appears unfavourable for develop-
ment of great numbers of mosquitos and
black flies whereas the oestrid flies seem
to thrive frequently experiencing air
temperatures above their minimum for
flying activity (i.e. 13-15°C and low wind
velocities; SKJENNEBERG & SLAGSVOLD
1968). The greatest effect on the Caribou
comes therefore from warble and nostril
flies. About 40% of the days in the sum-
mer dispersal season (July 7 — August 31)
involved moderate to severe insect har-
assment (THiNG & THinG 1983).

The presence of harassing insects
causes a marked reduction in the time
devoted to ingestion, with a concomitant
increase in searching (including insect
avoidance behaviour like walking,
stamping, shaking, and bunting). During
severe harassment the two sub-activities
are equally time-consuming (Fig. 12).
Expressing the state of disturbance as an
index of feeding intensity during no,
moderate, and severe harassment gives a
value of 6.8, 2.6, and 0.9-1.3, respective-
ly.
This 5-6 fold insect-induced change in
activity not only has an immediate effect
(viz. reduced food intake and increased
energy output for movement), but also a
significant long-term effect. A close
negative correlation between frequency
and intensity of harassment during sum-
mer and the probability of surviving the
following winter has been found both in
Norway and Canada (Tuomson 1977,
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KELsALL 1975). Increased insect harass-
ment leads to increased winter mortali-
ty, especially if the food resource of the
winter range is inadequate. The reason
for this is the decreased possibility of
acquiring sufficient fat deposits during
summer to last through the winter. This
is especially critical for cows and calves.
Bulls are apparently harassed to a lesser
degree, and their fat reserves are prima-
rily used during rutting. The prerequi-
sites for such a harassment-mortality re-
lationship are obviously present in the
Sisimiut-Kangerlussuaq area but remain
undocumented.

Quality and adequacy
of the forage
The metabolic processes of a ruminant
are fairly complex, and a simple ap-
proach to the relationship between for-
age nutrients and animal requirements
may not be justifiable. However, various
physiological studies have clarified sig-
nificant metabolic processes and path-
ways in both Rangifer and ruminants in
general, and circumstantial evidence ac-
cumulated during forage related field
studies (especially in Norway and Ala-
ska) permits meaningful nutritive eval-
uation of a food plant, based on analysis
ofits chemical components.

Several factors affect the nutritive
quality of plants available to Caribou.
The more significant ones are listed be-
low (BisseLr 1953, Buiss 1962, 1971,
CuariNn 1980, Jounston et al. 1968,
OELBERG 1956, REiMERS 1972, REIMERS
& GAARE 1969):

1. Stage of maturity of vegetation with
the highest nutritive quality coin-
ciding with initiation of growth.

2. Edaphic influences such as soil type,
quality, and exposure.

3. Macroclimate, especially tempera-
ture, precipitation, and insolation.
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Fig. 17. Trends in amount of crude protein (% of DM
this study and data from D.R. KLEIN (pers. comm.) and

. Intraspecific qualitative variation due
to translocation of energy pools in the
plants.
Range condition, i.e. intensity of pre-
vious animal use.
The dietary quality of the Sisimiut-Kan-
gerlussuaq food resources has received
only limited attention during the present
study. There is a need for future research
in seasonal intraspecific variation of
quality, as well as a comparative study of
winter and summer food quality. The
conclusions drawn in this study will
therefore be of a preliminary character.
Since the proximate analysis of food
plants has been a widely-used method in
studies of ungulate forage quality, it was
desirable that one of the parameters ana-
lysed could be selected as a reasonably
accurate measure of quality. The crude
protein {or nitrogen) fraction has proved
to be such a factor. A high content of
protein in plant samples is interpreted as
indicating high dietary quality, and vice
versa for low protein content. However

5.

) in Reindeer/Caribou graminoid forage. Based on
COURTRIGHT (1959).

this relationship is probably altered in
winter, when available energy (e.g.
starch) is more important. The quality is
influenced by components like lignin
and tannins, as well as the ability of the
animal to digest the forage. Despite its
limitations the crude protein level is an
accepted indicator of quality which will
also be used in the following discussion.
At the onset of spring the initiation of
plant growth causes a considerable in-
crease in protein levels in growing tis-
sues. Highest protein values are reached
when the phenological stage of rapid cell
growth is at its maximum, and before
any sign of maturition is apparent. This
usually coincides with the time of an-
thesis. Subsequently protein content
declines during the summer, and stabi-
lizes at a low winter level around rutting
season in late fall — early winter. This
general pattern applies to various groups
of forage plants (viz. shrubs, herbs, and
graminoids) although different levels of
protein content are apparent between
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species and ranges. Fig. 17 illustrates the

seasonal trends in content of crude pro-

tein and permits a comparison between

Greenland graminoids and species from

Alaska and Siberia.

There are three obvious differences:

1. Greenland graminoids commence
growth in the second half of April,
5-6 weeks before herbs and grami-
noids initiate their growth in Alaska;

2. The maximal level of crude protein
in Greenland graminoids is reached
at calving time (i.e. the first 3 weeks
of June), whereas the protein content
in  Alaskan-Siberian  graminoids
peaks subsequent to calving;

3. Greenland samples remain at a lower
protein level than Alaskan-Siberian
samples, the latter being about 50%
higher on average from June until
October.

Lichens show a totally different pattern

because they do not have any significant

seasonal variation in protein, nor in any
other of the chemical components. Year

round fruticose species hold about 3%

DM (Dry Matter) of protein (Court-

RIGHT 1959, ScottERr 1965). It is obvious

that fruticose lichens would not be con-

sumed for this reason, but rather because
of other components found in larger
amounts, such as carbohydrates.

However, as Caribou are capable of
selecting the most nutritious plants
within a species as well as the portions of
plants which are of highest quality
(KLEiNn 1970b) the actual diet may well
be of a higher quality than the present
data indicate, but the general trend in
quality/digestibility still exists.

The utilization of Poa pratensis
greens 1s an example of selectivity for
high protein forage. In late May analysis
shows a protein level of 18.8% DM.
Frequent leaf regeneration in Poa
favours availability of high quality for-
age for a prolonged period, substantiated
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by 21.3% DM protein at the end of July -
a value well above average.

The data presented indicate that al-
though graminoids as the primary food
source contain only about half the
amount of protein available to some
Alaskan Caribou, a compensatory effect
may be achieved by being able to con-
sume green forage 4-5 weeks earlier than
Alaskan animals. This is an obvious ad-
vantage for pregnant females which ex-
perience high physiological require-
ments for the foetus in the last month be-
fore parturition {DaupHINE 1976). These
animals are the first to arrive at summer
and calving areas, starting in early April
but not in considerable numbers until
the latter half of the month. Their arrival
seems to be very well synchronized with
growth initiation of graminoids on dry
south-facing slopes. Whether there is an
adequate supply of high quality forage
on the range to balance the energy de-
mands of the cow and foetus remains to
be determined. However, the average to-
tal body weight of neonates (0-2 days
old; 4.8 kg =0.2; N = 8) does not differ
significantly from birth weights in Cana-
dian barren-ground Caribou popula-
tions like the Beverly and Kaminuriak
herds (McEwan 1968, DaupHINE 1976),
which may indicate that pregnant fe-
males in the study area manage to stay in
sufficiently good condition during the
last few weeks of pregnancy.

Nevertheless, following parturition
the observed nursing/suckling behaviour
in cow/calf pairs makes it likely that par-
turient Caribou females often do not
have a positive energy balance until the
end of July because of the increased
energy requirements for milk produc-
tion, and insect-related avoidance be-
haviour (Taine 1980a, TuinG & THING
1983).

Additional forage samples from dico-
tyledonous plants do not permit any
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evaluation of their quality in relation to
other ranges, because of too small a
sample size. However, none of the few
shrub and herb sample analyses from
Greenland differ significantly from the
average Alaskan samples (COURTRIGHT
1959, D.R. KLEN pers. comm.) in the
parameters analysed when related to
phenological stages.

For most native Rangifer populations
lichens constitute an essential part of the
winter diet, but play a minor role in the
summer (KLein 1982). Prior to the recent
population peak in West Greenland, Ca-
ribou supposedly consumed a variety of
fruticose lichens on the winter ranges.
Because of the subsequent depletion of
this food resource the present diet in-
cluded only an insignificant amount of
lichens.

Generally speaking fruticose lichens
of the genera Cladonia, Cetraria, and
Stereocaulon have a higher palatability
for Caribou than any foliose or crustose
species (LariN et al. 1937). However,
they also have a lower protein content
(2-4% vs 7-8% DM) (CourTrIGHT 1959).
It still remains something of a paradox
that fruticose lichens are more highly
preferred to any nutritionally superior
food source available during the winter
months. This strong preference for a
seemingly nutritionally inadequate diet
is hard to explain in relation to natural
selection. However, findings by Camg-
ron & Luick (1972) suggest that daily
water flux in the animals is considerably
diminished during winter. This would
mean that the survival value of a smaller
dietary protein intake such as fruticose
lichens may be attributed to body water
and body heat conservation, by de-
creasing the amount of water required to
eliminate metabolic nitrogen. The ap-
parent reason for the importance of fru-
ticose lichens to Rangifer is the high
starch content, which the animals are

especially adapted to utilize as a primary
energy source during the long winters.

As heavy over-grazing of the Sisimiut-
Kangerlussuaq ranges has almost com-
pletely deprived the Caribou of this diet,
the animals face a marginal winter situa-
tion because no other forage has a simi-
lar chemical composition and digestibil-
ity. Low quality senescent graminoids
and herbs, as well as foliose and crustose
lichens are essentially all that is avail-
able to them, and these provide inadequ-
ate energy and other nutrition, therefore
the inevitable result for wintering Cari-
bou is poor physical condition or even
starvation.

Although only a minimum of protein
is ingested with food during fall-midwin-
ter (5-10% DM; cf. Fig. 17) the protein
content of the rumen is considerably
higher (20.0% =+1.9 DM; N=13). The
increase of protein in the rumen over
that of the ingested material is a conse-
quence of the fact that part of the am-
monia formed by protein digestion is re-
cycled to the rumen via the liver and
saliva. On a low-protein diet this addi-
tional supply of ammonia helps to pro-
mote an active microbial population
with a concomitant increase in the syn-
thesis of microbial protein. This requires
an adequate energy supply in a readily
digestible form, e.g. starch. The real sig-
nificance then of the fruticose lichen diet
is to supply energy. On depleted winter
ranges energy input fails to maintain an
optimal microbial activity in the rumen,
and the subsequent lowering in produc-
tion of digestible proteins is a hindrance
to normal physical condition and ac-
tivity.

On ranges in northwest Alaska with
an adequate supply of fruticose lichens,
the late winter level of ruminal protein is
significantly higher (viz. 25.6% =0.6
DM, N=13, D.R. KvieiN, unpubl. data),
and Caribou are found to be in good con-
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dition throughout the winter.

Caribou wintering on the inland range
or in the valley of Arnangarngup kua are
known to starve on a diet of withered
graminoids. If a Caribou consumes a
large amount of such species, digestive
disturbances may apparently develop
due to malfunction of the ruminal con-
tractions and a drastic irreversible reduc-
tion in ruminal microbes (KURKELA
1976, Nacy et al. 1964). This was ob-
served during early and late winter in the
two areas where some of the starving
animals had very intense diarrhoea
caused by the diet.

A ruminant feeding on low quality
forage can compensate by eating more
only if the food has a sufficiently good
dry matter digestibility (i.e. 40-45%,
WHITE 1975). Poorly digestible forage re-
sults in a decreased food intake because
the limits of the ruminal capacity are
reached before the energetic demands of
the animal are satisfied.

However, not all ruminants can digest
and utilize the same forage equally ef-
ficiently. The ability to digest a poor-
quality forage is positively correlated
with the capacity of the rumen-reticu-
lum. Comparison of stomachs among
adult ruminants reveals major size dif-
ferences in relation to body weight; this
may indicate that Caribou in West
Greenland are able to cope with rather
poor quality food.

On the winter range available forage is
frequently very fibrous, causing an in-
creased rumen turnover time. Therefore,
an energy requirement per unit time ex-
ceeding that which the food can supply
with a filled rumen puts the animal into
a negative energy balance.

Status and perspective of the range

The present condition of the Sisimiut-
Kangerlussuaq range is obviously due to
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over-grazing. The herd reduction in the
last decade mostly resulted from winter
range depletion and consequent starva-
tion, but has not significantly alleviated
grazing pressure on the range.

Over-stocking is not just a matter of
absolute numbers but rather of density
in relation to the carrying capacity of the
range. On the over-populated range, Ca-
ribou which have survived starvation
may still be too many for the range to
support. Even with few animals per km?
a stocking rate exceeding the carrying
capacity will continue to prevent re-
covery of the range, causing increased
range depletion. To evaluate such cir-
cumstances current range conditions
and trends must be established.

Coastal range

At the beginning of this study (April
1977) Caribou density on the major win-
ter range W1 (Fig. 3) was 4-5 animals per
km? utilizable range (i.e. total area excl.
water bodies and barren mountain
ridges). The following winters showed a
reduced density, viz. 1978, 2 per km? and
1980, less than | per km2. The size of the
herd a decade earlier is estimated at
around 40,000 with a maximum winter
range density of 13-14 animals per km?
utilizable range. Despite this drastic de-
cline in stocking rate on the coastal win-
ter range there is so far no sign of re-
covery of the plant resources.

Of the forage species present in the
area those with the highest and lowest
preference rating are especially useful as
indicators of the balance between Cari-
bou stocking density and range condi-
tion. The highly preferred fruticose li-
chens have decreased dramatically in
biomass, partly because of the cratering
activity of the animals and partly due to
trampling. During winter foraging, in
addition to the amount of lichens con-
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Fig. 18. Plant succession with
lichens. The coastal winter range, August 1978.

5

sumed a spillage factor of about 10
should be included in the total biomass
removed from the habitat (GaArRe &
SkoGLAND 1975).

Concomitant ‘with the disappearance
of most of the fruticose lichen cover,
grazing pressure has brought about an
increase in the relative abundance of
neglected or avoided species of grami-
noids and mosses (especially of the gene-
ra Calamagrostis, Hierochloe, Polytri-
chum, and Dicranum), establishing
themselves on the newly exposed sub-
strate (Fig. 18).

A similar succession has been ob-
served on various other Rangifer ranges
following over-grazing, viz. Eurasian
(LARrIN et al. 1937, Gaare 1968, OKSANEN
1978), North American (Paimer &
Rouse 1945, MiLLer 1976), and sub-
Antarctic (Lmvpsay 1973, LeseL &
DERENNE 1975).

grasses and mosses invading exposed soil formerly covered by fruticose

Larix et al. (1937 citing Socuav 1932)
distinguish between the following stages
of winter grazing pressure according to
the effects on the vegetation:

1. Moderate grazing; only the complete-
ness of the lichen cover is broken.

2. More intense or unseasonal grazing;
Cladonia abundance is decreased and
replaced by Cetraria nivalis and Ste-
reocaulon spp. A rest period for sev-
eral years is necessary in order to re-
store the former cover.

3. Disappearance of fruticose Cladonia
species; presence only of Cetraria;
increase of mosses and development
of grass cover. Restoration possible
after several decades of rest.

4. Complete disappearance of all li-
chens; they are restored only with
much difficulty after many decades.

At present the coastal Ikarlulik range is

at stage three, and interest is focused on
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possible perspectives for the area. Stu-
dies of other ranges in the world (e.g.
GAARE 1968, Linpsay 1973, Pecauv 1975,
OksaneN 1978, LEaDER-WiLLIAMS 1980)
have revealed the delicacy of the Rangi-
fer-lichen balance, and that restoration
is a long-term task. Experience gained in
other regions of the Holarctic may be
most valuable for present management
plans for the West Greenland Caribou
and their winter ranges.

A useful aid to management is the
establishment of exclosures (excluding
Caribou from an area) and monitoring
vegetational trends within them. The de-
velopment of plant cover inside and out-
side the exclosures can then be com-
pared and evaluated in relation to the
present stocking rate.

A recent example of this comes from
the Nelchina range, Alaska (Pecau 1975)
where the condition of a climax lichen
cover of Cladonia alpestris began to de-
generate after only 2-3 years of use. Even
after 15 years in exclosures lichens had
just started to recover reaching a height
of about 2 cm. Outside exclosures li-
chens continued to deteriorate even with
a marked reduction in Caribou winter
use. It was concluded that the range re-
quired 25 years or more of total protec-
tion to reach climax conditions again,
yet it took only 5-8 years to destroy this
condition.

To evaluate future winter grazing
pressures a 10 m x 10 m exclosure and a
similar unfenced control area were
established on the coastal Ikarlulik
range. The site is presumed to be repre-
sentative of the dry lichen heaths of the
range (estimation based on personal
knowledge of the area and aerial infrared
photos) with the following vegetational
composition (in % cover): live whole li-
chen thalli 1-5% (mostly Cladonia mitis,
Cetraria nivalis, and Stereocaulon pa-
schale); dead lichen bases + fragmentary
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thalli 10-20%, mosses 3-5%, other plants
3-5%; and dead organic material + ex-
posed soil 75-80% (Reuper 1979).

Differential development of plant
cover in the exclosure and control area
will be monitored and used as a range re-
covery indicator. Recovery of the fru-
ticose lichens is mainly dependent on
their growth rate; the latter varies in re-
lation to climatic factors, especially pre-
cipitation, but even under optimal con-
ditions lichens are very slow growing or-
ganisms indeed.

Cladonia mitis is one of the most ra-
pid growing species, with a maximum
annual growth under optimal conditions
of 5-6 mm in length; other species like
Cladonia rangiferina and Stereocaulon
paschale may achieve around 4 mm a
year. Slowest growing of the fruticose
lichens is Cladonia alpestris with about
2 mm annual length increment (Larix et
al. 1937, Kosmo 1973).

It is generally recognized that the li-
chen cover of an area ought to have a
minimal height of 20 mm before any for-
aging is recommended. Furthermore, the
present condition of the range necessi-
tates that additional years should be al-
lowed for re-establishing and initial
growth of the fragmented thalli. As-
suming an optimal climate for lichen
growth, recovery to a height of 20 mm
would probably require something like
10-15 years, even if no Caribou were pre-
sent in the area. However, as the latter
assumption is only hypothetical, a con-
siderably longer period would be re-
quired to reach a final balance in the li-
chen-Caribou relationship. If the present
stocking density of about 1 animal per
km? utilizable winter range is maintain-
ed through an applied harvest policy,
the lichen cover of the coastal ranges can
be expected to recover within the next
30-40 years.

Although comparison with other
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Rangifer ranges should be treated with
caution because of differences in cli-
matic and biological conditions, the fol-
lowing data may be useful in relating the
Sisimiut-Kangerlussuag range situation
to past examples and experience in other
regions:

a. A density of 1.5 animals per km?
utilizable habitat is recommended for
the semi-domesticated Itinnera herd
(Nuuk region, West Greenland) on the
inland winter range which is presently in
prime condition (Aastrup 1978).

b. In Norway over-grazing is usually
the consequence of a stocking density
exceeding 2 animals per km? utilizable
habitat (Reimers 1977).

c. In the Canadian high arctic archipe-
lago Peary Caribou, which exist on
ranges almost devoid of lichens, occur in
densities of less than 1 animal per km? in
late winter (MiLLER et al. 1977).

d. Further south (viz. Southampton Is-
land) in the Northwest Territories, Ca-
nada, Parxer (1975) recommends a max-
imal Caribou stocking rate of 2.8 ani-
mals per km? winter range.

Inland range

The current status of inland habitats is
similarly a reflection of the past and pre-
sent stocking rates of Caribou. However,
interest has focused on coastal ranges be-
cause most animals winter there, and the
winter season is considered the critical
forage period of the Caribou year. The
fruticose lichen cover on the inland
range has disappeared almost complete-
ly (1-10 g wet weight per m?) and tramp-
ling and over-grazing have presumably
been the major causes for this disappear-
ance.

This primary summer range (S1, Fig.
3) had in 1980 a Caribou density of about
4 per km? utilizable habitat, compared
to about 10 per km? utilizable habitat 3

years earlier. Assuming the limits of the
summer range were similar a decade ago,
stocking rate in the peak years must have
been in the order of 25 per km? utilizable
habitat.

The high densities brought about cer-
tain changes in the vegetation, but cur-
rently the range carrying capacity does
not seem to be exceeded. Caribou sum-
mering on the inland range may recover
fully from the hardships of the winter,
and build up energy reserves within the
period May-September if no disturbing
factors in the environment interfere.

However, the presence of introduced
oestrid flies limits the potential of the
range; through harassment the energy
budget of the Caribou is affected so sig-
nificantly that the fall physical condition
of the animals is generally far from op-
timal. Therefore because of this harass-
ment factor, the importance of a good
winter range is emphasized.

The anticipated continued decline of
the herd in the near future and the con-
comitant decrease in grazing pressure is
likely to result in a regeneration of Salix
glauca and Betula nana stands, making
these species relatively more abundant.
With low Caribou numbers recovery of
the fruticose lichens is expected, but be-
cause of differences in stocking density
and the precipitation regime of the re-
gion, regeneration of a lichen cover on
the inland range will presumably require
more time than on the coastal range.
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Dansk resumé

Fourageringsekologi for den vestgrenlandske vildren

(Rangifer tarandus groenlandicus)
i Sisimiut-Kangerlussuaq omridet

Gennem en tredrig undersggelse af Vestgronlands
vildrener er dyrenes valg af habitat og fode blevet
studeret og sat 1 forhold til forskellige miljefakto-
rer. Det drstidsbestemte valg af habitater var i ngje
overensstemmelse med fedeplanternes vaekststadi-
er. [ op til seks uger for kelvningen kunne rensdy-
rene fouragere pd forskellige greesser med et haijt
naringsindhold. Iser de dragtige simler havde af-
passet deres ankomst til kelvningsomridet til
fremkomsten af denne faderessource.

Grasser og halvgrasser udgjorde den sterste del
af renernes fode pd alle drstider. Rensdyrlaver fore-
kom kun meget sparsomt bade pd sommer- og vin-
teromdderne. Revling (Empetrum nigrum) samt
blad- og skorpeformede laver blev i nogen grad an-
vendt som vinterfoder ~ et sikkert tegn pa »nedslid-
te« fodereserver og en overhzngende fare for sul-
teded.

PesioMe Ha DYCCKOM sA3HKE:

Jxonorus QypaxMpoBaHUS HMKOTO CEBEDHOTO
oneHs 3anamHoil Tpeunannun

(Rangifer tarandus groenlandicus)
B paitoHe Cusumyr - Kaurepayccyek

B TeueHue TPEXJETHETO MCCIENOBAHUA LOUKKX
ceBepHHX oJyeHed 3anapHolft I'peHnanzuu M3-
yuanca BHOOD ITHUMM XHBOTHHMM MECTOOCHTAHM
¥ OHEY, 3ABUCHMO OT D&BHHX YCJIOBME CpemH.
SasucumMuii OT BpeMeH¥ roja BHOOD MeCcT OG-
TAHUA TOYHO COOTBETCTBOBAJ CTALMAM poCTa
KOPMOBHX pacTeHuif. B TeueHue no mecTu He-
nens mepen TeJeHMeM, CeBepHHe OJIeHW MOTNH
PypaxupoBaTs HA DPA3HHX TpPABAX BHCOKOW Nu-
TATENBHOCTH. B O0COGeHHOCTH, CTeNnbHHE CaM-
KU NPUCNOCOONANY BpeMA NPUOHTUS B paiox
TeNeHus TaK, YTO OHO COBNANAN0 C MNO#BIE-
HHEM JTHX IIMMEBHX DPECcypcos.

Bo Bce BpeMeHa roms, HIpeoSnanavuyn
YaCTH MUK CEeBEDHHX OJieHe# cocTaBnanu
TPaBH ¥ TPABONONOGHHE pacTeHus. OneHui
MOX K&K B JIETHMX, TAK M B SUMHUX paloHax
BCTPEUAJNCH TONEKO CKYHHO. B kauecTBe 3uM~

48

Den mest intense fouragering fandt sted i kalv-
ningsperioden, hvor fadeplanternes nazringsind-
hold var maksimalt. Sterste energikrav var forbun-
det med forurageringen i midvinter perioden, hvor
dyrene matte grave i sneen efter feden. 1 juli-august
forarsagede forstyrrelse fra de parasitiske fluer (ren-
bremser) en nedgang i dyrenes fourageringsintensi-
tet pd 70-90% i ca. 40% af perioden.

11980 var tetheden af dyr kun ca. I/km? udnyt-
bart vinteromrade, men det syntes stadigvak at for-
hindre bevoksningen af rensdyrlaver i at regenere-
re, til trods for en bestandsnedgang pd 90% i det
sidste tidr. Imidlertid syntes en nuvaerende tthed
pd 4 dyr/km? udnytbart sommeromrade ikke at
overskride indlandets bazreevne, men dette omra-
des muligheder blev dog sterkt begrenset pa grund
af'tilstedevaerelsen af de generende renbremser.

Hell num¥ KO HEKOTODPOH CTEeNeHH CHYXuaM Mel-
Bexpa Arona (Empetrum nigrum), a Takxe
nMCTOOOpasHu U YemwyHuaTHX MOX - BepHHit
IpU3HAK "M3HOMEHHHX" NUNEeBHX DPE3IepBOB M
rposamell OMacHOCTH rONONHOE cMepTH.

Camoe uHTEHCUBHOe (ypaxupOBAHME MPOUC—
XOmMJIO B NEpuone TeNeHus, KOTHa comepxa-—
HME NMTATENBHOIO BemecTBa B MUWEBHX pacTe~
HUAX OHIO MaKCHMansHHM. Hausucume TpeGo-
BaHUA JHEPIUK TPEenBABNANC DPYDARKUDPOBAHUE
B CcpenHeM INepuome 3UMH, KOII8 XHBOTHHE
OHNM NPUHYXAEHH BHKAUHBATE NUKY US-TIOR
cHeTa. B uwne-aBrycTe XMBOTHHM Memann
NapasuTHHE MyX¥ {OoJNeHBM OBOOH)}, UTO B
npoponxexue npu6na. 40% aToro nepuona
BH3HBAJO NOHUXEHWE MHTEHCUBHOCTH dypaxu-
poBarua B 70~ 90 %,

B I980 r. rycroTra nomynauM¥ COCTABIMA-
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fa TONBKO OKONO OFHOft ocolu Ha KM2 npu-
TONHOTO BKMHErO NPOCTPAHCTBay HO Ka3a-
n0CL, YPO 3ITO BCE—eme NPENATCTBYET BOC-
CTAHOBJIEHU NODOCHM OJIEHBETO MOXa, He-
cMoTpsA Ha 90-npoueHTHOE COKpaneHue NOoMmy-—
nAUUMN B8a nocnemHee necATuneTHe. OmHAKO
KaxeTcs, UTO TenepemwHas rycrora - 4 xu-
BOTHHX Ha KM HPUIOFBHOrO NeTHero npo-
CTPaHCTBA - He [peBHIAeT NOLNePXNBALIYD
CNOCOGHOCTH BHYTpeHHell 4acTy CTpaHH, HO
BOBMOXHOCTH 9TOI0 DaiioHa CUABHO OIDAHUUN-
BAKTCH HANUUMEM MEWARHUX XUBOTHHM ONEHBUX
OBOHOB.
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