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Abstract: In recent years {1970-90) the caribou population of the Angujaartorfiup Nunaa range has decreased
from about 40 000 animals to 2 000. Overgrazing presumably depleted the lichen resources on the range du-
ring the population peak. At the same time altogether 27 muskoxen introduced in 1962 and 1965 have proli-
ferated and the muskox population reached 3 000 animals in 1990. At the present monocots dominate the diet
for both species. The alimentary tract of both muskox and caribou collected in the fall of 1990 had characte-
ristics of grazing ruminants, e.g. relatively small caecum-colon compared to total alimentary size and large ali-
mentary fill relative to body weight. Caribou had an omasum comparable in size to the grazing Svalbard rein-
deer whereas the omasum of the muskoxen in size, resembled that of domestic cattle. Both winter and sum-
mer samples showed highest ruminal hemicellulose and cellulose concentrations in the. muskoxen, whereas
lignin and nitrogen were equal in the two species. Conclusively our data suggest adaptation to grazing in both
species, but more so in muskoxen than in caribou.
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Introduction as the muskox 1s characterized as a grazing ru-

When muskox (Ouvibos moschatus) and cari-bou-
/reindeer (Rangifer tarandus subspp.) coexist in
the same general area their different habitat and
food prefercnces seem to limit competition (see
c.g. Wilkinson et al, 1976; Thomas and Ed-
monds, 1984; Ferguson, 1987; Vincent and
Gunn, 1981). It has, however, been speculated
that a growing reindeer population in Svalbard
apparently competed the introduced muskoxen
to extinction (Klein and Staaland, 1984). Where-
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minant (Staaland and Thing, 1991), reindeer and
caribou generally are classified as concentrate or
quality selectors. The Svalbard relndeer, how-
ever, apparently has evolved towards a grazing
animal, at least in winter, and opportunistically
utilizes all available food resources (Staaland
and White, 1991; Klein and Staaland, 1984;
Staaland ez al., 1992).

In the Kangerlussuaq area of West Greenland
the caribou population peaked at about 40 000
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animals in the late 1960’es (Thing, 1984). In
subsequent years the population crashed and ca-
ribou numbered about 2000 in 1990. During
the crash, caribou changed migration pattern
abandoning overgrazed lichen winter ranges in
costal mountains to spending the whole year on
steppe like summer ranges close to the inland
ice.

At the same time the caribou population cras-
hed, 27 muskoxen (1962 and 1965) were intro-
duced from East Greenland on to the caribou
summer ranges. Muskoxen population prolifera-
ted and reached about 3000 animals in 1990
(Olesen, 1991a). The inland ranges of Kanger-
lussuaq are dry, have very little snow, have no
lichens and are dominated by monocots and
shrubs.

Both caribou and muskoxen therefore subsist
throughout the year on a diet dominated by
grasses and sedges (Thing, 1984; Olesen 1990
and 1991a). Similarely, Thing ez al. (1987) found
that winterdiet of the indigenous population of
muskox in Northeast Greenland mainly contai-
ned graminoides, whereas during the growing
season the major plant selected for was Salix
arctica. In comparison with other ruminants
food adaptations it appears that the alimentary
tract of the muskoxen is developed in accordan-
ce with a typical grazer (Staaland and Thing,
1991; Hofmann, 1988).

The rapid increase in muskox population in
the Kangerlussuaq area indicates that the range
is well suited for muskoxen. The apparent over-
lap .of range use and food selection, in particu-
lar during winter, by muskoxen and caribou in
this steppe like area could therefore be another
case of severe competition between these two
species (Olesen, 1991b; Klein and Staaland,
1984).

To elucidate physiologcal possibilities for die-
tary competition, we have compared the size
and structure of the different alimentary pools
ih caribou and muskox in the Kangerlussuaq
area examining to what extend they have adjus-
ted to a year around monocot diet. We have re-
lated alimentary morphology and function to
the seasonal variation in major food plant qual-

iy.

Material and methods

Five muskox (one yearling female and 4 adult
males) and 5 caribou (one yearling female and 4
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adult males) were collected in the Angujaartorfi-
up Nunaa range of West Greenland in late Au-
gust 1990. In addition to analyzing samples
from rumen and caecum in these animals, che-
mical analyses were also carried out on samples
from one more muskox collected in July 1989
and 6 muskoxen and 3 caribou collected in the
winter seasons (October-April) 1988-1990.
These animals were collected in the same gene-
ral area described above, but due to weather
condtions (low temperature) measurements of
poole sizes and tissue weights could not be car-
ried out as detailed as for summer collected ani-

mals.
All animals were eviscerated as soon as possi-

ble after being shot. The gastrointestinal tract
was laid out on the ground and sampled accor-
ding to Staaland er a4l (1979). The content in
every section of the alimentary tract was weig-
hed and representative subsamples taken for
chemical and botanical analyses. Samples were
taken from the rumen, reticulum, omasum,
abomasum, 3 successive sections from the small
intestine, the caecum, the section leading from
the caecum to the coiled colon, 3 successive sec-
tions from the coiled colon and 3 from the dis-
tal colon. The samples were transferred to sea-
led plastic vials and added 5 ml of 40% formol
as a preservative. The samples were frozen as
soon as possible and stored at -20°C until ana-
lyzed. The tissue of the gastrointestinal tract
was gently cleaned in water and weighed to the
nearest g. All organs and tissues of the animals
were weighed and used to calculate total body
weights.

Important forage plants, Kobresia myosuroides,
Salix glanca, Betula nana and mixed monocot
samples were collected regularly through the
spring and summer season in the area around
Sendre Stremfjord from early May to late Au-
gust 1990. Occasional samples of the same
plants were also collected during the winter sea-
son. Samples collected before green up in early
June were treated together with the winter sam-
ples and those after as summer samples. The
samples were air dried in paper bags. Further
samples were collected in Orkendalen on Au-
gust 30 1990 and May 5 1991 and used for in
vitro dry matter digestibility determination.

Chemical analyzes

All samples of alimentary content were freeze
dried to constant weight and the difference be-
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tween wet and dry weight was considered to
equal the water content. Plant samples as well
as Rumen and Caecal samples were analyzed by
Kjeldahl-N, ether extraction, ashing and the
van-Soest methods. These analyzes were carried
out at the Chemical research laboratory of the
Agricultural University of Norway at Aas.

In witro dry matter digestibility was carried
out according to the method of Tilley and Ter-
ry (1963) with inoculum from sheep fed a con-
centrate diet. These measurements were carried
out at the Department of Animal Science,
Agricultural University of Norway.

Results
Alimentary fill

The major difference between the two species
was relative more content in the omasumn
among muskoxen than among caribou. Total
fill relative to body weight was not significantly
different (Table 1). In muskoxen the rumen
wall was relatively lighter than in caribou, whe-
reas the omasum weighed twice as much (Table
2). Caribou had a longer intestine than the
muskoxen relative to body weight, but the

small intestine comprised a lower percentage of
the whole intestine in caribou than in musk-

oxen (Table 3).

Seasonal variations in forage quality

The monocot sampled showed lower content of
ether extracts, lignin and nitrogen than the
browse species Betula nana and Salix glauca.
Contrary hemicellulose, cellulose and cell wall
were higher in the monocots. Consequently the
ratio between hemicellulose, cellulose and lignin
was much higher for monocot samples (Table
4). We could not detect significant seasdnal va-
riations within these two groups, but summer
samples had significantly hlgher nitrogen and
lower lignin content than winter samples. Win-
ter samples of Kobresia myosuroides were parti-
cularly high in hemicellulose and cellulose com-
pared to summer samples (Table 4).

In vitro

Dry matter digestibility of 6 important forage
species collected in late August was examined
(using inoculum from domestic sheep). The mo-
nocots and Salix glanca showed a good digestibi-

Table 1. Alimentary fill in muskoxen and caribou collected in West Greenland in August 1990. % S. D. Data from
Svalbard and Norwegian reindeer (Staaland et a/. 1979) and Norwegian roedeer (Holand and Staaland 1992)

included for comparison; *

summer animals; **

winter animals.

Species Total cont Percent of total content g cont/
kg Ru/Re Om Abo S.int. L.int. kg BW
Muskoxen 44.3 73.8 4.7 2.5 9.2 9.8 169
(n=5) +129 43 +0.6 *1.0 £33 +2.4 52
Caribou 24.5 757 1.7 1.8 9.7 11.2 214
(n=5) 6.8 2.8 *0.1 *+0.4 21 *1i2 *25
p<0.05 NS, p<0.001 N.S. N.S. N.S. N.S.

Svalbard
(n=3)* 14.8 77.7 1.2 22 9.3 9.6 214
(n=1)* 23.4 67.6 1.2 2.3 15.7 11.3 192
(n=1)* 8.2 67.0 39 1.3 12.7 15.2 202
(n=5)* 19.2 75.1 1.9 2.1 10.0 10.9 236
(n=6)** 7.2 74.9 29 2.8 4.9 14.5 180

Norway
(n=6)* 15.8 76.7 1.7 2.0 10.1 9.5 176
(n=6)** 8.9 84.0 0.9 24 4.7 8.0 219
(n=5)** 10.6 85.0 0.9 3.1 5.8 5.2 227

Roedeer
(n=36)* 242 61.8 1.1 4.0 15.3 17.6 93
(n=27)** 29.8 66.2 1.5 2.6 10.9 18.8 120
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Table 2. Tissue weights in muskoxen and caribou collected in West Greenland i August 1990. = $.D. Data fromSval-
bard and Norwegian reindeer (Staaland et a/. 1979) included for comparison; * summer animals; ** winter

animals.
Muskoxen Caribou
n 5 5
Body weight (kg) 275%77 118£38
Weight of alimentary tissue (kg) 10.0+1.7 57%1.6 p<0.01
Percent of rotal alim. tissue:
Rumen 379%£55 47.9=x7.4 p<0.05
Reticulum 5.2%0.9 43+1.4 N.S.
Omasum 10.0+1.5 5.2%0.8 p < 0.0001
Abomasum 10.2£3.2 7.3£1.0 N.S.
Small intestine 16.9%+1.3 16.9£2.2 N.S.
Large intestine 19.8+£5.9 18.3%£3.7 N.S.
g alim. tissue/kg body weight 3838 5010 p<0.08
Svalbard Norway
n 4 1 1 5 6 6 6 5
Body weight (kg) 68% 122% 41% 1% 40%* 90% 41%% 47%
Weight of alimentary tssue (kg) 48 67 34 54 20 47 15 23
Percent of total alim. tissue:
Rumen 50.0 48.7 47.7 49.0 375 532 452 477
Reticulum 35 39 36 43 42 40 47 42
Omasum 36 37 61 51 58 37 46 37
Abomasum 62 67 80 70 202 50 64 6.6
Small intestine 174 160 204 201 13.2 214 247 25.1
Large intestine 19.2 21.0 150 145 29.0 126 144 125
g alim. tissue/kg body weight 71 55 83 67 50 52 37 49

Table 3. Comparison of length of alimentary tract in muskoxen and caribou collected in West Greenland in August
1990. = S. D. Data from Svalbard and Norwegian reindeer (Staaland et 4l. 1979) included for comparison;

* summer animals;

** winter animals.

Total length

Percent of total

Total length

m S.int. L.int. cm/kg BW
Muskoxen 40.6 2.5 6714 32414 16.0£5.6
(n=5)
Caribou 324%43 62.6+1.3 374%13 30.4+111
(n=5) p<0.01 p<0.001 p<0.001 p<0.05
Svalbard
(n=4)* 21.0 58.6 41.4 30.7
(n=1)* 23.6 55.1 44.9 19.4
(n=1)* 19.6 63.8 36.2 48.4
(n=5)* 243 61.7 383 299
(n=6)** 17.0 60.0 40.0 124
Norway
(n=6)* 303 67.7 323 337
(n=6)"* 20.0 64.5 35.5 49.1
(n=5)** 20.1 64.7 35.3 43.0
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Table 4. Chemical composition of important food plants from West Greenland. (g/kg dry matter £S.D.).

n Ash  FEterE Hemic Cellu  Lign Sili.  Nitro
Kobresia myosuroides
Summer (11) 162 20 309 264 20 12 10
*+84 x3 *+34 *+19 x5 *9 *3
Winter (10) 115 20 341 310 28 10 7
*60 *5 +33 21 *10 +5 *1
NS NS <005 <0.001 <0.05 NS <0.01
Betula nana
Summer (6) 55 9 113 136 156 3 15
19 12 t6 *20 *49 *1 x3
Winter  (5) 55 99 108 152 222 8 12
+27 £10 +5 +7 *20 +2 *1
NS NS NS NS <005 <0.05 <0.06
Salix glanca
Summer (10) 80 54 88 141 71 2 27
+19 =10 *10 *20 t27 *1 *+10
Winter  (7) 55 60 107 178 134 2 17
*24 *14 *14 +23 *41 *1 11
<0.05 NS <005 <001 <0.01 NS <0.06
Pooled samples (monocots)
Summer {6) 164 21 328 244 26 11 13
*+74 £3 +10 +9 t3 10 2
Winter  (5) 150 20 347 288 29 13 7
* 111 +2 *+41 *51 9 +12 +2
NS NS NS NS NS NS <0.001
Calamagrostis langsdorfii
Summer (1) 59 17 349 303 11 9 7
Winter (1) 41 25 381 391 25 6 4
Eriophorum scheuzeri
Summer (1) 47 30 357 248 25 5 10
Moss
Winter (1) 176 5 274 2 65 8 18
lity whereas the digestibility of Betula nana and  Discussion

Vaccinum uliginosum was only about 30% (Ta-
ble 5). Winter samples of Calamagrosiis langs-
dorfii were apparently less digestible than sum-
mer samples, whereas summer and winter sam-
ples of Kobresia myosuroides appeared to have
similar digestibility.

Rumen and caecum nutrient content

The major difference between the two species
was higher levels of hemicellulose and cellulose
in the rumen content of muskoxen versus cari-
bou. Lignin content was equal in the two speci-
es. This resulted in a higher hemicellulose, cel-
lulose to lignin ratio in the muskoxen. Caecal
nutrient concentrations were equal in the two

species (Table 6).
Rangifer, 12 (2), 1992

Sampling technigue

We are familiar with objections that can be ri-
sed against the methods used in the present stu-
dy. Field slaughter gives far from ideal cond-
tions for sampling the alimentary tract. Some
time will elaps before samples can be taken and
meanwhile microbial activity will continue and
degradation of foodparticles and production of
VFA’s continue etc. Weighing and washing of
tissue as well as measuring gut lengths may give
only approximate values of functional sizes of
different sections of the alimentary tract. Shed-
ding of gastrointestinal tissue may give errone-
ous values for nutrient content of alimentary
tract content. However, also the use of tamed
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Table 4b. Chemical composition of important food plants from West Greenland. (g/kg dry matter £S.D.).

n Cell wall Hemi/lig Cellu/lig Sili/lig

Kobresia myosuroides

Summer (11) 599+£30 16.1£4.0 13.6+2.5 0.6x£0.5

Winger (10) 674+ 39 14.1£5.8 12.9£5.6 0.3x0.2
Betula nana

Summer (6) 405+ 66 0.8+0.3 0.9%+0.2 <0.05

Winter  (5) 480%25 0.5+0.0 0.7£0.0 <0.05
Salix glauca

Summer (10) 304£30 1.3%£0.3 22%07 <0.05

Winter  (7) 467 £51 0.8+0.2 1.4+0.4 <0.05
Pooled sample (monocots)

Summer (6) 610+ 18 12.6x1.4 9.3%£0.8 0.4=x04

Winter  (5) 648 £53 13.6£6.2 11.5%£5.8 0.4x03
Calamagrostis langsdorfii

Summer (1) 671 32.8 28.5 0.8

Winter (1) 803 15.1 155 0.2
Eriophorum scheuchzeri

Summer (1) 635 14.6 10.1 0.2
Moss

Winter (1) 619 4.2 4.2 0.1

Cell wall = Hemicellulose + cellulose + lignin + silicon.

muskoxen and caribou with e.g. rumen or in-
testinal fistula will influence the function of di-
gestive processes in addition to being extremly
difficult or impossible to perform on Greenland
ranges. Furthermore tamed animals accustomed
to other diets may chose a different diet than
free ranging animals. In spite of these or other
objections we assume that our study gives some
information of value for the understanding of
muskoxen and caribou nutritional ecology on

the present range. Hopetully the results from
our study can initiate studies employing other
techniques supplementing our findings.

Development of the alimentary tract

The muskox alimentary tract is similar to that
described for animals collected on Jameson
Land in East Greenland (Staaland and Thing,
1991) i.e. a large omasum and moderatly high
fill in the large intestine. Concentrate selectors

Table 5. In vitro dry matter digestibility of caribou and muskox forage from Greenland. Samples collected in @rkenda-
len August 30. 1990. Rumen liquor from sheep fed a concentrate diet. Included are also 2 winter samples
of Kobresia and Calamagrostis collected on May 5. 1991.

Species % Dry matter disappearance
Kobresia myosuroides (Winter sample) 59.7

Kobresia myosuroides (Summer sample) 61.6
Calamagrostis langsdorfii (Winter sample) 46.3
Calamagrostis langsdorfii (Summer sample) 58.2

Salix glauca 52.4
Eriophorum scheuchzeri 61.5

Betula nana 30.8

Vaccinum uliginosum 31.0

”Hay Norway” 58.6

110 Rangifer, 12 (2), 1992



Table 6. VanSoest analyses of rumen and caecum content of muskox and caribou from West Greenland (£S.D.).

RUMEN CAECUM
Winter Summer Winter Summer

Muskox n 6 6 6 6

Caribou n 3 5 3 5
Dry matter (g/100 g wet w.)

Muskox 17.5x1.1a 14.8+1.9b 16.6+2.0ab 12.6+1.9c

Caribou 14.7 £ 1.5b 13.9+0.6b 17.1%=0.6a 13.5+2.3bc
Kjeld-N (g/kg wet w.)

Muskox 4.0%£0.5ab 4.6+0.6a 1.9%0.3a 2.2%0.4ab

Caribou 3.41+0.6b 4.5%+0.5a 2.1x0.2a 2.7 £0.4b
Hemicellulose (g/'kg wet w.)

Muskox 40.6 6.7 48.7x11.4 25156 29.2+7.8

Carib 343%55 359+13.4 27.6%4.1 23.1%£5.7
Cellulose (g/kg wet w.)

Muskox 36.3%£5.7a 26.7%+3.9b 20.5+5.3 19.0£5.1

Caribou 25.9%6.5b 21.2+4.6b 19.0+2.2 16.4£3.0
Lignin (g/kg wet w.)

Muskox 14.9+5.1 12.9%+4.0 13.5£3.3 13.1£29

Caribou 14004 14.8+4.6 14.4%4.6 17.6 6.4
Silicon (g/kg wet w.)

Muskox 24%12 24£15 10.6+9.3ab 5.5%2.5b

Caribou 49+33 2.8+3.38 15.9+8.3a 6.4+3.2b
»Cell wall” (g/kg dm)

Muskox 61346 689+£94 444 £94a 603 £ 66b

Caribou 602£59 619+ 145 439 £ 50a 560+ 132ab
Hemicellulose/lignin

Muskox 3319 40£1.4 2.0£09 2.3%07

Caribou 24%04 25£09 2.0£0.5 1.4£03
Cellulose/lignin

Muskox 29+18 2.2%+0.8 1.6+0.7 1.5+0.5

Caribou 1.8£0.5 1.5+0.4 1.5x0.7 1.0£0.2
Silicon/lignin

Muskox 0.2x0.2 0.2£0.2 1.0£1.2 0.4+0.2

Caribou 0.3£0.2 03£0.4 1.1£0.4 0.4£0.2
Nitrogen/lignin

Muskox 0.31x£0.15 0.38+0.10 0.15+0.04 0.17%£0.03

Caribou 0.24£0.05 0.33%0.10 0.15%0.04 0.16 £0.05
Cell wall = hemicellulose + cellulose + lignin + silicon. Figures not followed by any letter or by the same letters

are not significantly different (p>0.05). Duncan test.

like the roe deer, usually have low alimentary
fill relative to body weight, small omasum and
large caecum-colon (Table 1). Grazers contrary,
have large alimentary fill, large omasum and
smaller caecum-colon. The f{ndings therefore
show muskoxen adaptation to a monocot diet.
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The caribou omasum is smaller than the mu-
skoxen’s but resembles that of Svalbard reinde-
er t.e. it exceeds in size that of norwegian rein-
deer (Staaland et al, 1979) (Tables 1-3). Also
the apparent large caecum-colon of the Kanger-
lussuaq caribou has similarities to findings on
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Svalbard winter reindeer. Similar developments
in caribou of the Kagerlussuaq population could
indicate adaptations towards a monocot diet
like that of the Svalbard reindeer. A large caec-
um-colon found in winter animals from Sval-
bard could be important for volatile fatty acid
production and for nonproteion N and mineral
absorption (Staaland and White 1991).

Based on size and development of different
alimentary pools (see e.g. Hofmann, 1988) the
muskoxen should be better adapted to monocot
grazing than the caribou.

Forage selection

Dietary selection of muskox and caribou in the
Kangerlussuaq area is very similar. The lichens
which were important in the winter diet of the
caribou are missing in Angujaartorfiup Nunaa.
The caribou is forced into a winter diet domi-
nated by monocots. In spite of a higher sum-
mer differentiation in the caribou diet than in
the muskox diet monocots (primarely Kobresia
myosuroides) are dominant year around. Only
in a very short period in summer are muskoxen
observed to ingest large quantities of Salix spp.
(Thing, 1984; Olesen, 1991b).

Forage quality

A monocot diet should therefore be high in cel-
lulose and hemicellulose and relatively low in
lignin compared to a typical browse diet (Table
4). Since high lignin inhibit digestion of other
cellwall constituents and also dry matter (van
Soest, 1982) this diet could yield a high energy
output both to muskoxen and caribou. The in
vitro studies do not directly show the capability
of muskoxen and caribou to digest the impor-
tant forage species of the Angujaartorfiup Nuna
range (Trudell er al, 1980), but indicate that
these forage species are highly degradable by a
bioassay method. The in wvitro measurements
therefore in our opinion indicate higher digesti-
bility of the monocots than the browse species
and although data are few quality of winter fo-
rages of monocotes seems to be maintained (Ta-
ble 5). The browse species, however, are higher
in nitrogen (Table 4).

Analyses of rumen content indicate higher
concentrations of hemicellulose and cellulose in
muskox than in caribou (Table 6). In the cae-
cum these differences disappear also relatively
to the lignin content. This finding might indica-
te differences in food intake. It could be assu-
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med that a higher intake of monocots would
give higher ruminal levels of hemicellulose and
cellulose. Rumen nitrogen levels are slightly lo-
wer in the caribou, which can be explained by
e.g. a physiological compensation by increased
recycling of endogeneous nitrogen (Klein and
Schenheyder, 1970).

According to feeding standards for sheep and
cattle (ARC, 1980) the findings indicate margi-
nal protein levels for maintenance on both
summer and winter ranges without browse and
forb supplement to a monocot diet (Table 4).
Wether differences in hemicellulose and cellulo-
se concentrations in the rumen of the two spe-
cies reflects differences in diet composition or
differences in rumen physiology is uncertain. In
the caecum, however, the concentrations of
these cellwall components are equal in both
specles.

Conclusion

Although our data are not fully conclusive we
believe that differences in population growth
and decline between muskoxen and reindeer in
the Kangerlussuaq area can to some extend be
explained by muskoxen being more highly
adapted to a monocot diet than the caribou and
therefore has competitive advantages on this
type of range. However, further studies are nee-
ded to compare diets and nutrient utilization in
the two speces.
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