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Mathiesen SD, Vader MA, Raedergird VB, Sermo W, Haga OE, Tyler NJC, Hof-
mann RR: Functional anatomy of the omasum in high Arctic Svalbard reindeer
(Rangifer tarandus platyrhynchus) and Norwegian reindeer (Rangifer tarandus ta-
randus). Acta vet. scand. 2000, 41, 25-40. — The structure and fill of the omasum was
investigated in summer and in winter in adult female reindeer living on the polar desert
and tundra of the high Arctic archipelago of Svalbard and in sub-Arctic mountain hab-
itats in northern Norway. The mean total mass of the omasum in non-lactating adult fe-
male Svalbard reindeer was 467 g (0.65 g per 100 g live body mass (BM)) in Septem-
ber and 477 g (1.03 g per 100 g BM) in April. By contrast, the mean mass of the omasum
in non-lactating adult reindeer in northern Norway was 534 g (0.83 g per 100 g BM) in
September but only 205 g (0.35 g per 100 g BM p<0.05) in late March, owing to a de-
crease in both tissue mass and the wet mass of the contents of the organ. The mean ab-
sorptive surface of the omasum in Svalbard reindeer was 2300 cm? in September and
2023 cm? in April. In Norwegian reindeer, by contrast, the absorptive surface area de-
creased from 2201 cm? in September to 1181 cm? (p<0.05) in late March. The marked
seasonal decline of omasal tissue and contents in Norwegian reindeer probably results
from intake of highly digestible forage plants, including lichens, in winter. Svalbard
reindeer, a non-migratory sub-species, survive eating poor quality fibrous vascular
plants in winter. The absence of any marked seasonal change in the mass, total absorp-
tive surface area or filling of the omasum in Svalbard reindeer in winter despite a sub-
stantial decline in body mass presumably reflects their need to maintain maximum ab-
sorption of nutrients, including volatile fatty acids, when feeding on such poorly
fermentable forage.

Cervid; gastrointestinal tract; Rangifer; ruminant.

Introduction

Reindeer and caribou (Rangifer tarandus) live
throughout the Arctic and sub-Arctic where
they are subjected to extreme seasonal variation
in the abundance, nutritional quality and avail-
ability of forage. The general strategies which
the animals have evolved to cope with poor nu-
tritional conditions in winter include a pro-

nounced seasonal fluctuation in appetite. Vol-
untary dry matter intake is high in summer,
reaching a peak in July and August, and falls to
its annual nadir in January and February in a cy-
cle corresponding to the seasonal changes in
the quality and availability of natural forage
(e.g. Larsen et al. 1985, Tyler et al. 1999). Re-
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cently, much attention has been given to the
seasonal plasticity of the gross anatomy of the
gastrointestinal tract (GIT) of these northern
ruminants, particularly the reticulo-rumen
(RR), the intestines and the large distal fermen-
tation chamber (caecum and proximal colon,
DFC). The data have improved the understand-
ing of anatomical and physiological adaptations
to alternating periods of abundance and acute
shortage of food and placed reindeer within the
general classification of ruminant feeding types
proposed by Hofmann (1985) (e.g. Aagnes &
Mathiesen 1996, Mathiesen et al. 1999a,b,
Sormo et al. 1999). To date, however, the oma-
sum has received little attention (Hofmann
2000). The omasum is thought to be the site of
absorption of a variety of nutrients including
volatile fatty acids (VFA), water from forage
and from salivary secretion, minerals, water
soluble vitamins and salivary bicarbonates. The
relative size of this organ varies considerably
between different species of ruminants. It is
generally small and perhaps less functional in
concentrate selectors (CS) like roe deer (Capre-
olus capreolus) and moose (Adlces alces) (Hof-
mann & Stewart 1972, Werner 1990, Hofinann
& Nygren 1992, Holand 1992). In grazers (GR)
like African buffalo (Syncerus caffer) and
grass-eating intermediates (IM) such as red
deer (Cervus elaphus) (Hofimann 1973, 1985,
1989) the omasum is large and, therefore, per-
haps more important for the processing of for-
age rich in dietary fibre.

We examined the structure and filling of the
omasum in summer and in winter in adult fe-
male reindeer living on the polar desert and tun-
dra of Svalbard and in sub-Arctic mountain
habitats in northern Norway. The 2 sub-species,
Svalbard reindeer (Rangifer tarandus platy-
rhynchus) and Norwegian reindeer (Rangifer
tarandus tarandus), feed on a variety of vascu-
lar plants of high nutrient quality in summer but
select different diets in winter. Svalbard rein-
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deer feed on poor quality, fibrous plants includ-
ing dry grasses, dwarf shrubs and mosses in
winter (Staaland et al. 1983, White & Staaland
1983, Staaland 1984, Sermo et al. 1999) while
reindeer on the mainland of northern Norway,
by contrast, include a substantial proportion of
highly digestible lichens in their winter diet (Ja-
cobsen & Skjenneberg 1975, Mathiesen et al.
1999b, 2000a).

The ruminal production of volatile fatty acids is
much reduced in Svalbard reindeer in winter
compared with summer but no such seasonal
decline is seen in Norwegian reindeer reflecting
the difference in diet between the 2 sub-species
(White & Staaland 1983, Sormo et al. 1997,
Mathiesen et al. 2000a). The difference in win-
ter diet also has an important influence on the
gross anatomy of the GIT. In Svalbard reindeer,
for example, the reticulo-rumen represented
20% of live body mass (BM) and the organic
dry matter (OM) of the contents of the RR con-
tained as much as 25% plant lignin in winter (-
Sormo et al. 1999). In Norwegian reindeer the
contents of the RR comprised only 14% of BM
and its OM contained only 15% lignin, again
reflecting the inclusion of lichen in the diet
(Mathiesen et al. 1999b, 2000b). Svalbard rein-
deer have shorter intestines and a larger DFC
than Norwegian reindeer and thus seem more
similar to ruminants of the CS type than Nor-
wegian reindeer. Nevertheless, several charac-
teristics of the digestive system of reindeer and
caribou are intermediate between ruminants of
the CS and GR type (Hofmann 1985, Aagnes &
Mathiesen 1996, Mathiesen et al. 1999b).
Using this knowledge of the effect of the com-
position of the diet in winter on fill and struc-
ture of the GIT, we predicted that the omasum
of Svalbard reindeer would have a relatively
small absorptive surface area typical of the CS
ruminant-types compared to the omasum of
Norwegian reindeer, at least in summer when
Svalbard reindeer in particular feed on very
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high quality forage. Furthermore, we predicted
that the difference in the absorptive surface area
of the omasum between the 2 sub-species
would be small in winter when food quality and
availability is much reduced both in Svalbard
and in northern Norway.

Materials and methods

Study area

Svalbard reindeer were collected from Nord-
austlandet (NA, 80°N) and Nordenskitld Land
(NL, 78°N; Fig. 1) in Svalbard. NA is an island
dominated by ice caps which cover about 80%
of the total surface area and is classified as an
Arctic desert. The mean annual precipitation is
approximately 250 mm and vegetation is spe-
cies poor and mostly very scarce (cover < 5%).
Snow lies on the ice-free ground for 9-10
months annually (Glen 1937). Approximately
300 reindeer live here (Hindrum et al. 1995)
feeding on mainly Saxifraga oppositifolia, Salix
spp. and a few graminoids (Staaland & Punsvik
1980, Sormo et al. 1999).

Vegetated ground in NL is an Arctic tundra.
Approximately 4000 reindeer live here (Hin-
drum et al. 1995) feeding on a variety of vascu-
lar plants including grasses and sedges (Carex
spp., Poa spp, Luzula spp.), dwarf shrubs
(Dryas octapetala, Salix spp.) and mosses, the
latter especially in winter (Sormo et al. 1999).
Snow covers the ground for 8-9 months annu-
ally. Unlike NA, the climate is unstable with
temperatures occasionally rising above freezing
even in winter, resulting in alternating periods
of thawing and freezing which can produce
crusts of ice on the snow through which the
reindeer have difficulty in digging to reach the
plants beneath. Svalbard reindeer are sedentary,
not migratory animals (Tler & Oritsland 1989)
and, consequently, all important dietary lichens
(such as Cladina and Cetraria) have long ago
been removed by grazing and trampling from
those parts of Svalbard including NA and NL
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Figure 1. Svalbard reindeer were collected at
Nordaustlandet NA (August and April) and
Nordenskiold Land NL (September, October and
April) in the high Arctic archipelago of Svalbard and
Norwegian reindeer at Mageroaya MA (September)
and Soussjavre SJ (November-March) in northern
Norway.

where there are established populations of rein-
deer.

Reindeer on the mainland of northern Norway
were collected from a herd of semi-domesti-
cated animals in Finnmark (69°N). This herd
migrates about 250 km between geographically
distinct winter pastures inland and a coastal
summer pasture (Fig. 1). They eat a wide va-
riety of vascular plants in summer including
dwarf shrubs (e.g. Empetrum spp. and Loise-
leuria procumbens), birch (Betula nana), wil-
lows (Salix spp.), sedges (e.g. Carex spp.) and
grasses (e.g. Deschampsia spp., Poa spp.); the

Acta vet. scand. vol. 41 no. 1, 2000



28 S. D. Mathiesen et al.

species composition of their winter diet is sim-
ilar to their late summer diet except for the in-
clusion of a significant proportion of lichens
(e.g. Cladina spp., Cetraria nivalis, Stereocau-
lon spp. (Mathiesen et al. 1999b, 2000b).

Animals

Adult (aged >2 years) female Svalbard rein-
deer, selected at random from groups grazing
undisturbed, were killed by a single shot in the
chest in April 1994 (n = 2), October 1994 (n =
7), April 1995 (n = 4), August 1995 (n = 6) and
in September 1996 (rn = 12). Adult female Nor-
wegian reindeer were selected by hand after the
entire herd had been gathered in a paddock,
skinned by the traditional saami method of sev-
ering the spinal cord with a knife through the
foramen magnum and killed by bleeding after
cutting the major vessels at the heart in Septem-
ber 1995 (n = 6), November 1995 (n = 6), Jan-
uary 1996 (n = 6) and in March 1996 (n = 6).
Post-mortem examination of all animals was
carried out in field laboratories starting within
15 min of death. The animals used in this inves-
tigation included those described in Sormo et
al. (1999), Mathiesen et al. (1999a,b, 2000b)
and Tyler et al. (1999). All animals were classi-
fied as lactating or non-lactating based on pal-
pation of the udder.

Body mass

BM was recorded to 1 kg using a Salter me-
chanical scale (1-100 kg). Hot carcass mass
(CM) was measured within 1 h of death by
weighing the dressed carcass to 0.1 kg on a 150
kg x 50g steel yard immediately after the ani-
mal was skinned. The dressed carcass is the
whole animal less the entire GIT and its con-
tents, the head, the pelt, the lower legs, the
uterus and its contents, the udder and all the vis-
ceral organs including the kidneys. The head
was removed by cutting between the cranium
and the first vertebra; the feet were removed by
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cutting between the distal carpus and the meta-
carpus and between the distal tarsus and the
metatarsus.

Omasum

The omasum of each animal was separated
from the RR and abomasum by cutting at the re-
ticulo-omasal orifice (ROO) and at the omaso-
abomasal opening, allowed to cool to ambient
temperature (0-5°C) and then weighed to 1 gon
an electronic balance. The length, height and
curvature of each omasum were then measured
to 1 cm with a flexible tape according to Hof~
mann (1973) after which the omasa were care-
fully opened by cutting along the dorsal curva-
ture. A sample of contents (approximately 10 g
wet mass) was collected from each organ after
which omasa were emptied completely, care-
fully washed out with fresh water, drained and
weighed to 1 g before being fixed in 10% buf-
fered formalin (pH 7.0). The wet mass of the
contents of each omasum was calculated by
subtraction. A sample of contents was then
dried in an oven (115°C) to constant weight,
cooled in a dessicator, weighed to 1 g and the
dry matter content of each omasum was then
determined by difference. All first, second and
third order omasal leaves (Figs. 2, 3) were dis-
sected out according to Werner (1990) and the
surface area of each leaf and of the omasal wall
was recorded by tracing their outlines onto
transparent plastic and determining the area of
the tracings using a computerised digital board.
The diameter of the ROO was calculated after
opening the organ and measuring the inner cir-
cumference of the orifice to | mm with the tis-
sue laid out flat.

Gastroinstestinal tract

The wet weight of contents and of the tissue of
each section of the GIT was measured accord-
ing to Sormo et al. (1999) and Mathiesen et al.
(1999a,b).
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Figure 2. Opened omasa from adult female Svalbard reindeer (A) and adult female Norwegian reindeer (B) in
September illustrating the sizes of two different orders of leaves. Arrow: reticulo-omasal orifices. Bar: scale in
cm.
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Figure 3. The Ist.-, 2nd.- and 3rd.- order (A, B, C) omasal leaves from the omasa of adult female Svalbard
reindeer (1) and adult female Norwegian reindeer (2) in September. Bar: scale in cm.

Statistical analysis of data

Results are given as mean and standard devia-
tion (SD) from the mean. Significance was
tested by Student’s f-test. The null hypothesis
was rejected at p<0.05 in all tests.

Results

Body mass

The mean BM of non-lactating female Svalbard
reindeer in NL declined from 72.1 kg in Sep-
tember to 46.4 kg in April (p<0.05, Table 1).
The mean BM of Norwegian reindeer showed
only a modest decline in winter falling from
65.9 kg in September to 59.8 kg in late March,
and the difference was not significant (Table 1).
The mean CM of non-lactating female Svalbard
reindeer decreased from 36.0 kg in September
to 19.9 kg in April (p<0.05); the mean CM of
Norwegian reindeer was 30.2 kg in September
and 29.1 kg in March and the difference was not
significant (Table 1).
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Total GIT mass (content and tissue)

The mean mass of GIT in Svalbard reindeer
was 16.3 kg in NA in August and 15.1 kg in NL
in April and the difference was not significant
(Table 1). In Norwegian reindeer the mean total
GIT was 17.1 kg in September and 11.9 kg in
March (p<0.05). Likewise mean total mass of
the omasum in non-lacating adult female Sval-
bard reindeer was 466.8 g in September and
477.0 g in March. By contrast, the mean mass
of the omasum in Norwegian reindeer was
533.7 g in September and declined to only
205.2 g in late March (p<0.05,Table 1).

Tissue mass

The mean total GIT tissue mass in Svalbard
reindeer declined from 3.3 kg in NA in August
to only 1.7 kg in NL in April (p<0.05) while in
Norwegian reindeer mean total GIT tissue de-
clined from 3.6 kg in September to 2.7 in March
but the difference was not significant (Table 1).
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Table 1. Mean (SD) body mass (kg), carcass mass (CM), total mass (g), tissue mass (g), wet mass of contents
(wm g) and dry matter (DM g) of the contents of the omasum in adult female Svalbard reindeer (Rangifer taran-
dus platyrhynchus) and Norwegian reindeer (Rangifer tarandus tarandus).

SVALBARD REINDEER NORWEGIAN REINDEER
Nord Austlandet Nordenskiold Land Magergya Suossjarve
Season/ August  April* September September October*  April* September November January = March
status non- lactating non- non- non- non-
lactating* lactating lactating lactating  lactating

n 6 2 6 6 7 4 6 6 6 6
BM (kg) 542 44.0-59.5 689 72.1 64.1 46.4 65.9 63.2 60.1 59.8

4.5 5.5 53 53 7.1 83 9.7 6.9 10.3
CM (kg) 23.1 19-27 31.1 36.0 34.6 19.9 30.2 30.0 28.7 29.1

1.7 32 2.7 3.7 2.7 33 4.0 3.5 5.0
GIT (kg) 16.3 10.3-148 ND ND 15.1 13.8 17.1 15.1 13.5 11.9

1.8 1.9 24 3.0 32 1.5 0.9
GIT 13.1 8.7-13.0 ND ND 12.8 12.2 13.6 10.9 9.9 9.3
contents wm 1.9 24 2.1 2.4 13 0.9
(kg)
GIT 33 1.5-1.8 ND ND 2.4 1.7 3.6 33 3.1 2.7
wall (kg) 0.3 0.3 0.1 0.7 1.1 0.3 0.3
RR 99 6.5-10.2 11.2 9.3 9.6 9.3 11.3 8.8 8.1 7.7
contents wm 1.3 1.1 1.2 1.7 1.9 2.7 2.0 1.2 0.8
(kg)
RR wall 23 09-11 2.6 2.2 1.5 1.0 2.9 2.9 2.3 1.9
(kg) 0.3 0.1 0.3 0.2 0.1 0.7 0.7 0.3 0.2
Omasum 495.0 375-475 5373 466.8 5436 4770 533.7 300.8 234 205.2
total mass  135.0 322 1849 132.1 106.0 102.4 59.1 44.7 48.6
(®
Omasum 133.0 99.0-125.0 160.3 167.5 131.7 107.0 2253 ND 111.9 ND
wall (g) 28.0 48.2 48.6 21.6 12.0 40.1 26.9
Omasum 363.0 276-350 3479 3143 5175 370.0 383.7 ND 117.8 ND
contents 108.0 479 132.9 54.6 98.0 92.8 21.4
wm (g)
Abomasum 251.0 175.0-259.0 ND ND 203.0 172.0 315.2 287.1 2759  241.0
content wm  82.0 53.0 50.0 121.2 148.0 109.6 83.2
(&
Omasum 19.5 254-278 177 16.3 19.0 23.0 17.5 23.1 21.5 233
contents 1.4 2.1 2.8 3.01 0.76 5.5 0.2 1.3 1.3
DM (g/100g

wet content)

* Modified data from Sarmo et al. 1999. ND: not determined.
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Table 2. Mean proportion (%) of omasum total mass, tissue and content wet weight related to the total GIT
(gastro-intestinal tract) mass, rumen wet weight content in Svalbard reindeer (Rangifer tarandus platyrhynchus)
and Norwegian reindeer (Rangifer tarandus tarandus).

SVALBARD REINDEER

NORWEGIAN REINDEER

Nord Austlandet

Nordenskiold Land

Mageroya Suossjarve

Season/
status

August
non-
lactating*

April*
lactating non-

lactating

September September October*

April*  September November January  March
non- non-

lactating  lactating

non-
lactating

Omasum
total
mass/GIT
total mass
(%)

3.0 3.4 ND ND

Omasum
contents
wm/RR
contents wm
(%)

3.7 3.8 3.1 3.4

Omasum
contents
wm/GIT
contents wm
(%)

2.7 29 ND ND

Omasum
tissue GIT
wall (%)

4.0 6.7 ND ND

3.4 35 3.1 2.0 1.7

5.4 4.0 34 ND 1.5 ND

33 3.0 2.8 ND ND

5.5 6.3 6.3 ND 3.6 ND

* Data modified from Sermo et al. 1999; wm: weight mass.

The mean mass of the tissue of the RR in Sval-
bard reindeer in NL declined from 2.2 kg (3.0%
of BM) in September to 1.0 kg in April (2.1%
of BM) (p<0.05) and the mean mass of the tis-
sue of the omasum declined from 167.5 g
(0.23% of BM) in September to 107.0 g (0.23%
of BM) in April, although the difference was
not significant. The mean mass of the tissue of
the RR in Norwegian reindeer decreased from
2.9 kg (4.4% of BM) in September to 1.9 kg in
March (3.3% of BM) (p<0.05) and the mean
mass of the tissue of the omasum declined from
225.3 g (0.34 % of BM) in September to 111.9
g (0.18% of BM) in January (Table 1; p<0.05).
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Mass of contents

The mean mass of the contents of the GIT con-
tent was 13.1 kg in Svalbard reindeer in NA in
August and 12.2 kg in NL in April (p>0.05). In
Norwegian reindeer total mass of GIT contents
declined from 13.6 kg in September to 9.3 kg in
March (p<0.05; Table 1). The mean wet weight
of the contents of the rumen of Svalbard rein-
deer was 9.3 kg both in September and April in
NL but in Norwegian reindeer it declined from
11.3 kg in September to 7.7 kg in March
(p<0.05). The mean wet mass of the contents of
the omasum of non-lactating female Svalbard
reindeer in NL increased from 314.3 g in Sep-
tember to 370.0 g in April but the difference
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Table 3. Mean wet mass of the contents of the GIT (gastrointestinal tract) and RR (reticulo-rumen) as a pro-
portion (%) of live body mass; mean wet mass of the contents of the omasum as a proportion (%) of the mean
wet mass of the contents of the GIT; and ratio of the mean wet mass of the contents of the DFC (distal
fermentation chamber) and the RR in different ruminant feeding types and in Svalbard reindeer (Rangifer taran-
dus platyrhynchus) and Norwegian reindeer (Rangifer tarandus tarandus). All data are from adult females.

Concentrate selector Intermediate type Grazer
Roe deer* Norwegian reindeer Svalbard reindeer African
buffalo ****

Summer Winter Summer Winter Summer Winter Summer

GIT contents wm % BM 9.3 11.9 20.6 15.5 25.6*%** 26.3 ND
RR contents wm % BM 5.8 8.9 17.1 12.9 12.8 200 24

RR contents wm % CM ND ND 374 265 25.8  46.7 ND
Omasum contents wm % CM ND ND 13 0.4 0.9 1.8 ND
DFC:RR 1:7 1:7 1:14%* 1:14%* 1:10%** . 7%%* 1:30

* data from Holand & Staaland 1985, ** data from Mathiesen et al. 1999b, *** data from Sermo et al. 1999,
**** data from Hofmann, 1989, wm: wet mass, bm: bodymass, cm: carcass mass.

was not significant (Table 1). In Norwegian
reindeer, by contrast, the mean wet mass of the
contents of the omasum decreased from 383.7 g
in September to 117.8 g in January (p<0.05;
Table 1).

Relative mass

The total mass of the omasum (tissue and con-
tents) in Svalbard reindeer increased from
0.65% of BM in September to 1.03% of BM in
April. By contrast, the mean total mass of the
omasum in Norwegian reindeer decreased by
61.6% from September (0.83% of BM) to
March (0.35% of BM, p<0.05; Table 1). Fur-
thermore, the total mass of the omasum (tissue
and contents) in Svalbard reindeer in NA repre-
sented 3.0% of the total mass (tissue and con-
tents) of the GIT in August and 3.4% in NL in
April. In Norwegian reindeer the total mass of
the omasum represented 3.1% of the total mass
of the GIT in September but only 1.7% of GIT
mass in March (p<0.05; Table 2).

The omasal tissue in Svalbard reindeer repre-
sented 4.0% of the total mass of the GIT tissue
in August in NA and as much as 6.3% in NL in
April. In Norwegian reindeer omasal tissue rep-
resented 6.3% of total GIT in September but
only 3.6% in January (p<0.05; Table 2).

The mean wet weight mass of the contents of
the GIT comprised 25.6% of BM in Svalbard
reindeer on NA in August and 26.3% of BM in
NL in April but the difference was not signifi-
cant. In contrast, in Norwegian reindeer the
mean mass of the contents of the GIT declined
from 20.6% of BM in September to 15.5% of
BM in March (p<0.05; Table 3). The wet mass
of the contents of the RR in non-lactating fe-
male Svalbard reindeer in NL increased from
12.8% of BM and 25.8% of CM in September
t0 20.0% of BM and 46.7% of CM in April (Ta-
ble 3; p<0.05). In Norwegian reindeer, by con-
trast, the wet mass of the contents of the RR de-
creased from 17.1% of BM and 37.4% of CM
in September to 12.9% of BM and 26.5% of
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Table 4. Mean (SD) in selected parameters describing the gross anatomy of the omasum in adult female Sval-
bard reindeer (Rangifer tarandus platyrhynchus) and adult female Norwegian reindeer (Rangifer tarandus taran-
dus) by location and season.

SVALBARD REINDEER NORWEGIAN REINDEER

Nord Austlandet Nordenski6ld Land Mageroya Soussjavre

Season/status August September  September October April  September November March
lactating non- non- non- non-
lactating lactating lactating  lactating

n 6 6 6 7 4 6 6 6
Length:height ratio 1.7 1.9 1.9 1.8 1.9 1.8 1.7 1.9

0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1
Curvature 249 26.0 245 26.7 24.8 26.5 20.1 17.8
(cm) 1.5 1.1 32 2.0 29 23 1.2 1.9
Total absorptive area  2514.4  2007.7 2300.5 1867.3 2022.8 2200.6 14304 1181.0
(cm?) 516.7  505.9 179.0 3128 146.0 2374 219.5 170.5
Lst. order leaves 50.0 57.7 582 54.0 56.9 50.7 479 494
% total area 3.6 3.7 2.9 4.2 2.8 22 5.0 4.0
2nd. order leaves 279 249 21.7 25.8 234 29.2 29.6 29.6
% total area 3.0 29 53 32 13 0.9 3.7 2.6
3rd order leaves 10.5 7.7 6.6 6.8 8.2 7.2 8.1 9.8
% total area 1.9 1.6 13 2.7 1.1 1.5 1.1 13
Wall area 11.2 114 11.9 133 12.4 13.1 14.2 103
% total area 1.9 0.5 1.4 1.3 0.9 0.6 0.9 1.2
1st. order leaves (n) 14.8 18.1 17.7 14.0 13.7 14.5 14.2 14.8

1.1 2.2 2.0 1.4 0.4 1.5 0.7 0.7
2nd. order leaves (n) 14.6 17.6 16.0 14.0 14.7 15.5 14.0 14.0

1.1 2.8 33 1.1 0.7 0.9 0.8 0.8
3rd. order leaves (n) 26.0 25.7 24.2 23.7 23.7 25.3 24.7 245

1.5 1.2 2.7 2.8 1.5 1.9 2.1 1.3
Max. leaf height (cm) 5.0 53 4.9 4.9 4.5 5.0 4.0 39

0.6 0.4 0.6 0.3 0.6 0.3 0.6 0.4
CM in March (Table 3; p<0.05) . In Norwegian reindeer the wet mass of the con-

The wet mass of the contents of the omasum in tents of the omasum represented 0.6% of BM
Svalbard reindeer increased from 0.5% of BM and 1.3% of CM in September and 0.2% of BM
and 0.9% of CM in September to 0.8% of BM and 0.4% of CM in March (Tables 3&S5;
and 1.8% of CM in April (Tables 3&S5; p<0.05). p<0.05).
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Table 5. Relative mean mass and surface area index of omasa in three feeding types of ruminants and in Sval-
bard reindeer (Rangifer tarandus platyrhynchus) and Norwegian reindeer (Rangifer tarandus tarandus). All data

are from adult females.

Concentrate selector*

Roe deer

Grazer
Cattle*** Bison**

Intermediate type
Reindeer

Summer Winter

Norway Svalbard

Summer Winter

Summer Winter

BM (kg) 26 25
Surface area index 25%* _
Omasum total wet mass % BM 0.1 0.2

Omasum contents dry mass % BM 0.02 0.04

Omasum:abomasum 0.15 -
total weight mass ratio

Omasum contents wet mass 1.7 2.2
RR contents wet mass (%)

66 60 69 46 250 400
95 55 92 113 549%* 212%*
0.6 0.2 0.5 0.8 1.1 2.8
0.1 0.04 0.06 0.08 0.2 0.5

1.2 0.4 14 1.5 - 13.8

34 1.5 3.4 4.0 - 12.9

* data from Holand & Staaland (1985); ** Surface area index is calculated from Werner (1990) and *** Reed

(1983), BM: bodymass.

The wet mass of the contents of the omasum in
non-lactating female Svalbard reindeer in NL
represented 3.4% of the mass of the contents of
the RR in September and 4.0% in April. In Nor-
wegian reindeer the wet mass of the contents of
the omasum represented 3.4% of the wet mass
of the contents of the RR in September but only
1.5% in January (p<0.05) (Tables 1 & 3).

The ratio of total wet mass of the contents of the
omasum and the abomasum was 1.4 in non-lac-
tating female Svalbard reindeer in August but
1.5 in April. In Norwegian reindeer the oma-
sum:abomasum ratio was 1.5 in September but
only 0.4 in January (Table 5; p<0.05).

Omasum surface area and other linear
measurements

The largest mean absorptive surface area of any
of the omasa measured was 2514.4 cm2 in
Svalbard reindeer from NA in August (Table 4);
however, there were no significant differences

within seasons in the mass or any of the linear
measurements of the omasa in animals from the
2 locations investigated on Svalbard (Tables 1
& 4).

The mean absorptive surface area of the oma-
sum in non-lactating female Svalbard reindeer
showed only a small, non-significant decrease
in winter, falling from 2300 cm? in September
to 2023 cm? in April (Tables 4 & 5). In contrast,
the mean absorptive surface area of the oma-
sum of Norwegian reindeer decreased almost
50% over the same period from 2201 cm? in
September to 1181 cm? in March (p<0.05, Ta-
bles 4 & 5).

There were no significant differences in the ab-
sorptive surface area, length:height ratio, cur-
vature or the number of first, second and third
order leaves and low crests along the omasal
curvature of omasa in Svalbard and Norwegian
reindeer in September (Table 4). By contrast,
the mean length along the curvature of the oma-
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sum in late winter was substantially greater in
Svalbard reindeer (24.8 cm, 2.9 SD) than in
Norwegian reindeer (17.8 cm, 1.9 SD; p<0.05;
Table 4).

Reticulo-omasal orifice

The mean ROO diameter was significantly
larger (p<0.05) in Svalbard reindeer compared
to Norwegian reindeer in all seasons. The mean
diameter of ROO was 74 mm (SD 10.5) in Sval-
bard reindeer in NL in September and 65.8 mm
(SD 17.0) in April. The mean ROO diameter in
Norwegian mainland animals varied from 40.0
mm (SD 3.5) in September to 47.7 mm (SD 3.2)
in March.

Effect of reproductive status

There were no significant differences in any of
the omasal parameters between lactating and
non-lactating female Svalbard reindeer in Sep-
tember (Table 1,4).

Discussion

This study demonstrated a pronounced differ-
ence in the seasonal dynamics of the gross anat-
omy and the filling of the omasum in 2 sub-spe-
cies of reindeer. These differences seem to
reflect a major difference in the winter diet of
the 2 sub-species, i.e. the inclusion of energy-
rich lichen in the diet of Norwegian reindeer
and the virtual absence of lichens, and an al-
most total reliance on fibrous vascular plants
and mosses, in Svalbard reindeer (Sarmo et al.
1999, Mathiesen et al. 1999b, 2000b). In winter
the omasum of Norwegian reindeer declined in
the mass of its contents and tissue, and in its ab-
sorptive surface area. The omasum of Svalbard
reindeer, by contrast, showed no major seasonal
reduction either in filling, expressed as the wet
mass of the contents of the organ, or in its ab-
sorptive surface area.

These differences reflect differences in the nu-
trition of these 2 sub-species of reindeer in win-
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ter. Norwegian reindeer show high rates of ru-
minal production of volatile fatty acids and
have relatively small rumens in winter, prob-
ably as a consequence of their eating a large
proportion of lichens (Mathiesen S.D. et al.
2000a). Lichens, which are composed of fungi
and algae, are chemically quite different from
vascular plants. Cladina stellaris, a lichen com-
monly eaten by reindeer in winter, contains as
much as 75% hemi-cellulose and lichen carbo-
hydrates such as lichenin, no cellulose and very
little protein (<3% of DM, Person et al. 1980).
In contrast to most vascular plants, lichens of
the genera Cladina and Cetraria remain highly
digestible in reindeer in winter (Jacobsen &
Skjenneberg 1975). Lichens are therefore a
good source of metabolisable energy for rein-
deer and in Norwegian reindeer the ruminal ab-
sorptive surface area remained high in winter
(Mathiesen et al. 2000b) probably owing to the
stimulation of rumen microbial fermentation by
the carbohydrates in the lichens. Perhaps not
surprisingly, therefore, the mainland animals
examined in the present study suffered no net
decline in CM in winter (Table 1). The situation
was quite different in Svalbard reindeer. In
these, ruminal production of VFAs is low and
their GIT fill and rumen fill are relatively large
(Tables 1 & 4) reflecting a high intake of poorly
digestible fibrous grasses and mosses (Mathie-
sen et al. 1984, Sormo et al. 1997). Many of
these animals mobilise a large proportion of
their energy and protein reserves in winter (Re-
imers et al. 1982, Tyler 1987), resulting in a
substantial decline in CM (Table 1).

The absorptive surface of the omasum remains
large throughout winter in Svalbard reindeer,
and the ratio of the mass of the omasal tissue to
the total GIT tissue mass increased from sum-
mer to winter from 4.0% to 6.9%, reflecting the
need to maintain absorptive function when the
animals eat fibrous food. In contrast, in Norwe-
gian reindeer the mass of omasal tissue de-
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creased from 6.3% to 3.6% of total GIT tissue
mass, respectively. The relatively large omasum
in Svalbard reindeer presumably enhances the
uptake of nutrients including the small quantity
of VFAs produced in their rumens in winter
(Sormo et al. 1997). GR ruminants have large
omasa. The organ is believed to have an impor-
tant role in the processing of fibrous food, CS
by contrast, have small omasa and rumens (Ta-
ble 3; Hofmann 1985). In the muskoxen (Ovi-
bos moschatus), an Arctic ruminant which lives
in similar habitats as reindeer and is classified
as GR (Hofmann 2000), the mass of omasal tis-
sue was also relatively large in winter (12.2% of
total GIT tissue; Staaland & Thing 1991) but
was not as large as in domestic cattle (GR;16%
of total GIT tissue; Tulloh 1966). In this respect
reindeer are intermediate between ruminants of
the GR and CS types, although in winter Sval-
bard reindeer tend to be more GR like than Nor-
wegian reindeer. GR ruminants have large ru-
mens (Table 3), long ruminal retention of plant
particles, low rates of ruminal production of
VFA and low ruminal VFA absorption as a re-
sult of reduced ruminal papillation. In such an-
imals, the utilisation of plant fibre is enhanced
by large omasal absorptive surface area which
appears to be important for absorption of VFAs
(Hofmann 1973, 1985, 1989).

We found no evidence of omasal hypertrophy in
lactating females on Svalbard. The daily main-
tenance energy requirement of lactating rein-
deer in Alaska in summer was 457 kJ/BM%7
which was almost twice the value of 232
kJ/BM®7> in non-lactating females (Chan-
McLeod et al. 1994). Lactating animals must
therefore consume more digestible energy than
non-lactating animals either by eating more or
by selecting a more digestible diet. Sormo et al.
(1999) found that lactating females had a larger
RR in autumn compared to non-lactating fe-
males. The absence of any omasal hypertrophy
in lactating Svalbard reindeer in autumn indi-

cates that the omasum cannot be a specifically
important site for the absorption of energy rich
metabolites in these animals in summer.

Our value for the wet weight of the fill of the
omasum of Svalbard reindeer in summer and
winter (5.0 and 8.0 g’kg BM), though slightly
larger than the value reported by Staaland et al.
(1979) and Staaland & White (1991), is similar
to the value from Norwegian reindeer in sum-
mer (5.8 g/lkg BM). However, the omasal fill in
Norwegian reindeer in winter was much less
than in Svalbard reindeer in winter (Table 5).
Both subspecies are intermediate in this respect
between CS type ruminants (omasal fill = 0.9-
1.8 g/kg BM) and GR type ruminants (omasal
fill = 11-28 g/kg BM; Table 5), although the
value in Norwegian reindeer in winter is close
to the value for roe deer (Table 5; Holand &
Staaland 1985). The omasal fill of reindeer was
small compared to muskoxen in which omasal
wet weight fill as large as 15.2 g/kg BM has
been recorded in winter (Staaland & Thing
1991).

However, if the omasum functions primarily as
an organ of absorption, the key parameter must
be its tissue surface area rather than its mass.
The mucosa of the omasum has a very large
surface area owing to the presence of a large
number of leaves attached to the dorsal wall. In
late summer and early winter the total absorp-
tive surface area of the omasum of reindeer
ranged from 1867 to 2514 cm? (Table 5) which
is larger than that found in moose, a large CS,
in which the total absorptive surface area of the
omasum was approximately 1820 cm? (Hof-
mann & Nygren 1992, Werner 1990). These
values are small compared to cattle, a typical
GR (absorptive area 42010 cm?) but when con-
verted into the surface area index (SAI), the
values for both sub-species of reindeer (range
55-113 ¢cm¥BM?%7, Table 5) are intermediate
between the value for CS like the moose (SAI
26.6 cm?BM®75, Werner 1990) and the roe
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deer (SAI 25.4 cm?/BM%7, Table 5) and GR
like cattle and bison (SAI 549 and 212
cm?/BMO73, respectively; Table 5). The absorp-
tive surface of the omasum is, therefore, rela-
tively small in reindeer which is consistent with
their classification as IM ruminants (Hofmann
1985).

Another possible function of the omasum is the
enhancement of the transport of ingesta from
the reticulum to the abomasum by aspiration or
muscular pumping (Sellers & Stevens 1966).
The larger size of the omasum and the larger di-
ameter of the reticulo-omasal orifice of Sval-
bard reindeer compared to Norwegian reindeer
in winter might, therefore, promote more rapid
passage of digesta out of the RR. Small parti-
cles do seem to be more efficiently released
from the rumen in Svalbard reindeer both in
summer and in winter. The RR of Norwegian
reindeer contained a very high (>90%) propor-
tion of plant particles <1 mm in greatest length
while in Svalbard reindeer the value was ap-
proximately only 70% (Mathiesen et al. 1999b,
Sarmo et al. 1999). The flow of digesta from the
rumen into the omasum, however, is mainly
regulated by the relative density of the plant
particles (Lechner-Doll et al. 1995) and we do
not yet know the relationship between the size
and density of particles from different species
of plants in the RR of reindeer. The large DFC
(10%-17% RR content) in Svalbard reindeer is
similar in size to roe deer (Table 3) but larger
than in Norwegian reindeer (8% of RR content)
perhaps indicating more rapid escape of ingesta
from the rumen and omasum to the abomasum
in the former (Sormo et al. 1999, Mathiesen et
al. 1999b).

It is also conceivable that the omasum of IM ru-
minants like reindeer enhances the bypass of
nutrients along the canalis omasi to the aboma-
sum. Meyer et al. (1998) and Rowell et al.
(1997) have provided strong evidence for the
functional significance of the purported bypass
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of soluble metabolites. Hofmann (1985) sug-
gested that some adult ruminants maintain the
sulcus ventriculi, which is well developed for
the bypass of nutrients directly into the aboma-
sum throughout life but it remains to be shown
whether the reticular groove functions in this
manner in adult reindeer. Irrespective of this,
our results show that the omasum is not conser-
vative but is a seasonally dynamic and adapt-
able organ in the gastrointestinal tract of rein-
deer.
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Sammendrag

Bladmagens funksjonelle anatomi i Svalbardrein
(Rangifer tarandus platyrhynchus) og fastlandsrein i
Nord-Norge (Rangifer tarandus tarandus).

Bladmagens struktur og fyllingsgrad ble undersekt i
Svalbardrein som lever pad den hey arktiske oy-
gruppen Svalbard og i fastlandsrein fra Nord-Norge
fra bdde sommer- og vinterbeite. Bladmagens gjen-
nomsnittlig sterrelse (mean) i ikke lakterende simler
var 467 g (0.65 g pr 100g levende vekt) i september
og 477g (1.03 g pr 100 g levende vekt) i april pa
Svalbard. Iikke lakterende simler pa fastlandet veide
bladmagen 534g (0.83 g pr 100 g levende vekt) i
september, men bare 205 g (0.35 g pr 100 g levende
vekt, p< 0.05) i mars. Bdde vevsmasse og innholdet
i bladmagen var redusert i fastlandsreinen om
vinteren. Gjennomsnittlig (mean) overflateareal av
Svalbardreinens bladmager var 2300 cm? i september
og 2023 cm? i april. I fastlandsreinen var over-
flatearealet av bladmagene 2201 cm? i september,
men redusert til bare 1181 cm? i mars (p<0.05). Den
reduserte bladmagen i fastlandsreinen skyldes anta-
gelig inntak av heyt fordeyelige beiteplanter som
reinlav pé vinteren. Svalbardreinen trekker ikke mel-
lom sesongbeiter, men overlever ved 4 spise fiberrike
beiteplanter om vinteren. At Svalbardreinen opp-
rettholder sine store bladmager om vinteren, kan
reflektere disse dyrenes behov for & opprettholde en
effektiv absorpsjon av neringsstoffer, som flyktige
fettsyrer, ndr beiteplantene er av darlig kvalitet.
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