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Introduction

The Svalbard reindeer (Rangifer tarandus platyr-
hyncbus) lives on the high arctic archipelago of
Svalbard (77 to 81° N). It is the only indi-
genous herbivorous mammal found there, and
with the exception of possible contact with in-
troduced Musk-ox (Ovibos moschatus) in Spits-
bergen, has been isolated from other ruminants
for possibly 40,000 y (Hakala, Staaland, Pulli-
ainen & Reed, 1985).

Both climatic and nutritional conditions for
the Svalbard reindeer are extreme. During
winter for a period of about three months there
is continuous darkness, and snow covers much
of the ground from October to late May. Al-
though snow cover rarely exceeds 30 cm (Tyler,
1987), maritime climatic influences cause the
ambient temperature in winter to occasionally
rise above zero for short periods. This results in
cycles of thawing and refreeezing of the snow
which turns into a hard ice layer over much of
the vegetation on the tundra. Before the vege-
tation is locked in the ice, the animals can dig
in the snow to find forage, but after the ice
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forms they are forced to abandon these areas
and seek food on the more windswept areas ofc
the valley sides and mountains which are devoid
of ice (Tyler, 1987). In these regions the stand-
ing plants may provide only a few grams of for-
age per square metre (Tyler, 1987). In some
years when the animals are forced into these
nutritionally inadequate areas, over 25% mor-
tality due to starvation occurs before the onset
of plant growth in the spring (Tyler, 1987).
Unlike many reindeer or caribou popula-
tions, the Svalbard reindeer does not have the
option of migrating to better feeding areas in
winter because of its geographically isolated
habitat. In Svalbard plant growth is restricted
to about eight weeks in the summer when mean
ambient temperatures are in the range of
1-6°C. From mid-June to September, when the
snow returns, food is abundant and ofc high
nutrient value (White & Staaland, 1983,; Staa-
land et al. 1983). During this period the animals
have to restore depleted body reserves of: fat
and protein used up during the winter period,
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in addition to providing energy for main-
tenance and for lactation in the females. The
deposition of up to 30% of their body weight as
fat in the autumn, however, is not sufficient to
guarantee their survival over winter (Mathiesen
et al, 1987, Tyler 1987).

In the summer the animals have access to a
wide range of plant species. By September,
many of these plants, particularly grasses and
sedges, have formed seed heads which com-
prise a major part of the diet which is conse-
quently rich in non-structural carbohydrates
and protein (Staaland et af, 1983). In winter,
mostly mosses and other fibrous plants such as
the woody Dryas octopetala are available as food;
thus, the annual food cycle ranges from young
forage in spring, to a concentrated diet includ-
ing seed heads in September, to a highly fibrous
diet including mosses in winter (Person et al,
1983; Punsvik et al, 1980). In order to survive
under these nutritional conditions the animals
must make maximum use of the high quality
summer forage, in addition to being able to di-
gest the poor quality forage which is often the

only food available during the eight month
winter period.

Since the Svalbard reindeer occupies such an
unusual ecological position, it was of consider-
able interest that the microbiology of digestion
be examined. It was considered that the poss-
ession of a rumen and/or caecal microflora
particularly adapted to a high-fibre diet could
be critical to the survival of these animals (Orp-
in et al, 1985), since the caecum in Svalbard
reindeer is relatively large, comprising 11% of
the alimentary tract in summer and 7% in wint-
er (Staaland et al, 1979) and in domestic rumi-
nants, caecal fermentation may provide up to
30% of the volatile fatty acids entering the
blood stream (Williams, 1965; Faicheny, 1986).

This paper summarises research into the di-
gestive microbiology of the Svalbard reindeer,
done in this area, and compares the results with
what is known of the microbiology of digestion
in other reindeer and caribou, and in domestic
ruminants. The work was undertaken in April
(late in the high-arctic winter) and September
(late in the high-arctic summer). Full details are

Table 1. Population densities of rumen large bacteria from the Svalbard reindeer, estimated by direct
microscopy of diluted rumen {luid, in September (high-arctic summer) and April (high-arctic

winter) (Orpin & Mathiesen, 1985).

Counting method,

Mean population density

April populations as

bacteria + SD (x 10 in: % of September
September April populations

Total large 5.97 + 1.53 0.54 +0.13 9.0
bacteria

Oxcillospira 0.07 + 0.03 0.008 + 0.032 11.4
guilliermondii

Magnoovum eadi 0.25 + 0.08 0.064 + 0.018 25.6

Quin’s Oval 0.94 + 0.21 0.082 + 0.021 8.7

Large Selenomonas 3.75 + 0.72 0.280 + 0.047 7.4
sp.

Other large 0.96 + 0.14 0.109 + 0.033 11.4
bacteria
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given by Orpin et al (1985) and Mathiesen et a/
(1987).

Ruminal and caecal pH and volatile fatty acid
levels

The low pH values recorded in the rumen of
the free-ranging Svalbard reindeer (Table 1)
and the relatively high total concentration of
volatile fatty acids when compared with grazing
domestic ruminants suggested that active fer-
mentation of dietary materials occurred in both
seasons. The rumen pH in cattle fed a high
concentrate diet is usually in the range of 5.5-
6.7 (Hungate, 1966), thus, the pH of the rein-
deer rumen in summer, grazing a diet rich in
seedheads, is within this range. The rumen pH
in winter was high and may be caused by re-
duced volatile fatty acid production in winter.
The winter volatile fatty acid concentration of
98.7 mM was surprisingly high considering the
high pH and paucity of food available; it was
comparable with that found in both sheep and
cattle fed good pasture, and better than found
in domestic ruminants fed high roughage diets
where the volatile fatty acid concentrations may
fall to as low as 55 mM (Hungate, 1966). The
acetate to propionate ratio, higher in winter
than in summer, might reflect the increased
fibre content of the diet in winter compared
with that in summer.

In the caecum the pH was above 7.0 in win-
tet, suggesting that little acid production occ-
urred in this organ in that season. A drop in
caecal pH to 6.81 in summer, when food availa-
bility was high indicated that more fermentable
material was reaching the caecum compared to
that in the winter. The caecal pH in the Sval-
bard reindeer was thus similar to that of dom-
estic ruminants, which is close to neutrality,
ranging from 6.6 to 7.8 in sheep fed lucerne,
and from 5.7 to 7.2 in sheep fed grain diets
(Hungate, 1966).

Rumen digesta and epithelial populations

Electron microscopic examination of digesta
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fragments (K.J. Cheng et al, unpublished re-
sults) undergoing digestion in the rumen re-
vealed that the major cellulolytic bacteria ad-
herent to plant fragments were Fibrobacter succ-
inogenes and Ruminococus albus, identified by
their characteristic glycocalyces. Some adhet-
ent Butyrivibrio fibrisolvens cells were observed,
and these may be representative of cellulolytic
strains. These cells were relatively few, particu-
larly in relation to the high proportion of cell-
ulolytic butyrivibrios cultured from the rumen
liquor.

Direct examination by SEM of sites on the
rumen walls of the summer animals showed
that only about 30% of their epithelial surfaces
were covered by adherent bacteria, compared
to 75% in well-fed cattle (K-J Cheng, personal
communications). Many epithelial cells were
partially sloughed. The adherent bacterial
populations consisted largely of curved rod-
shaped cells, and cocci which resembled Rumi-
nococcus spp. by their possession of a condensed
glycocalyx on the cell surface. Other small
cocci (<<0.3 um) were observed amongst the
larger bacteria (<<8 um) in the adherent popu-
lations. In contrast, less than 10% of the epi-
thelial surfaces were covered by adherent bact-
eria in samples of rumen epithelium taken from
animals shot in April. This value is low and
corresponds to that found in starved cattle (K-J
Cheng, personal communications). No indi-
vidual epithelial cells were extensively coloniz-
ed, and fewer cells were in the process of
sloughing than observed on the rumen epitheli-
um from summer- shot anjmals. Colonized
regions were principally occupied by cocci
possessing less glycocalyx than observed in
summer- harvested epithelium, and the majori-
ty of cells were smaller in size ( <<0.3 um).
Bacteria of this type were not, however, identi-
fied amongst strains isolated during the viable
culturing techniques employed to characterize
the bacterial population of the rumen liquor.
No comparative data is available for other rein-
deer subspecies.
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While the removal of rumen contents, the
washing of the rumen wall and complete starva-
tion of domestic cattle, reduced their rumen
wall-associated bacterial populations to <3%
of their original values (K-J Cheng, personal
communication), the natural seasonal changes
in food quality and food intake of Svalbard rein-
deer reduced both the number and cell size of
the rumen wall-associated bacterial population
from summer to winter and eliminated the
glycogen-rich bacterial population associated
with celulose fibres undergoing bacterial di-
gestion in winter. Starvation-induced reduct-
ions have been documented in rodents and in
marine verebrates and invertebrates.

However, the Svalbard reindeer retain residual
bacterial populations on their rumen surfaces,
aided perhaps by reductions in the rates of epi-
thelial cell sloughing, Cellulosic material in the
rumen contents is effectively colonized and di-
gested by adherent bacterial consortia of which
cellulolytic B. fibrisolvens do not appear to be
major members, despite their occurrence at
high populations densities in the rumen liquor.

Protozoal and fungal populations of the rumen
Microscopic examination of the rumen con-
tents of the Svalbard reindeer revealed that as
in domestic ruminants, bacteria, protozoa and
anaerobic fungi were present. Direct microsco-
pic counts of protozoa in diluted rumen fluid
stained with iodine (Coleman, 1987) showed
that protozoal population varied from 10° in
summer to 10* in winter, and that it consisted
of only entodiniomorphid ciliates. No holotrich
ciliates were observed. The major species of
entodiniomorphs identified were Entodinium
simplex, E. triacum triacum, E. longinucleatum,
Polyplastron multivesiculatum, Eremoplastron bovis
and Eudiplodinium maggii. The population den-
sity of the ciliates in summer was similar to that
found in domestic ruminants fed a good quality
diet (Hungate, 1966) falling to about 10% of
the summer value in winter, The species of pro-
tozoa detected are also found in domestic rumi-
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nants althoug E. triacum triacum is rare and has
not been recorded previously from reindeer.
There is little evidence to suggest that the Ento-
dinium spp. are important in fibre digestion in
ruminants utilizing principally starches and
bacteria as carbon source (Williams & Cole-
man, 1988), but E. maggii, Polyplastron multi-
vesiculatum and Eremoplastron bovis are all
known to ingest plant particles, and contain
cellulase (Coleman, 1985). Among the other
subspecies of the reindeer/caribou complex, E,
maggii has only been found in reindeer in Russia
and P multivesiculatum in Russia and Alaska
(Dehority, 1986).

Holotrich ciliates, whilst common in domest-
ic sheep and cattle, have been found in reindeer
in Russia, Finland and Alaska, and in Alaskan
caribou but not in Canadian or wild Alaskan
reindeer (Dehority, 1986, Westerling 1970).
Thus, their absence from the Svalbard reindeer
is not exceptional and, since they metabolize
only soluble carbohydrates and starch (Willi-
ams & Coleman, 1988), play little direct role in
fibre digestion. There absence may reflect the
repeated starvation cycles to which the animals
are exposed.

Anaerobic fungi are now known to be comm-
on inhabitants of the rumen and alimentary
tracts of large herbivores (Orpin & Joblin,
1988). Several different species and unnamed
morphological types are known to exist, but
only one type was found in the rumen of the
Svalbard reindeer. This was a monocentric
species with polyflagellated zoospores, endo-
genous development and a branching rhizoidal
system characteristic of Neocallimastix spp.
The population density of rumen fungi as de-
termined by enumeration of thallus-forming
units (Joblin, 1981) was in the range of 10%-10*
in summer and 10%-10° in winter. Using the
same methods the population density of fungal
thallus forming units in forage- fed cattle and
sheep is 10>-10° (Orpin & Joblin, 1988) de-
pending on the diet; thus, the winter population
density is low compared with cattle and sheep.
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Table 2. Culturable bacteria from the rumen liquor of Svalbard reindeer (Orpin et af 1985) and from the
caecum (Mathiesen et al 1986). Results are the means from six animals in each season.

Rumen Summer Winter
Total viable bacteria 2.1 + 1.3 x 100 3.6 + 2.8 x 10°
Lactate utilizers 2.6 + 3.0 x 10° 3.9+ 1.9 x 107
Spirochetes 1.9 + 2.6 x 108 25 + 3.0 x 107
Cellulolytic species 3.0+ 5.4 x 10° 1.3 + 8.7 x 10°
Methanogenic species 10¢ 107

Caecum Summer Winter
Total viable bacteria 8.9 + 5.3 x 108 1.5+ 0.7 x 108
Lactate utilizers ND 1.1 + 0.3 x 106
Cellulolytic species 8.7 + 3.2 x 107 9.9 + 3.8 x 107

ND = not determined

Ciliated protozoa were not observed in the
caecum of these reindeer, and attempts to iso-
late anaerobic fungi from caecal contents were
not made. Flagellated protozoa, however, occ-
urred at 102-10° cells ml! in the caecum and
10%-10* cells ml" in the rumen. This is similar
to levels found in domestic ruminants (Hung-

ate, 1966).

Bacterial populations of the rumen and caecum
All of the recognised species of rumen large
bacteria, ie. Oscillospira guilliermondii, Mag-
noovum eadii (Orpin, 1976), Quin’s Oval, and
large strains of Selenomonas sp. were present in
the rumen during both seasons (Table 2). The
population density in winter showed a greater
decrease when compared with the summer
value than did the small bacteria., with Quin’s
Oval and large selenomonads showing a great-
er decrease in population density than the other
species. An unidentified large bacterium
(classified as ’other large bacteria’ in Table 1)
similar in size to Quin’s Oval, but differing in its
motility pattern was observed in both seasons.
The rumen large bacteria are known to ferment
only soluble carbohydrates (Orpin, 1972, 1973)
and their lower population density in the winter
is most likely due to a reduction in dietary
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soluble carbohydrates and starch in the diet in
winter compared with summer.

Conventional normal bacterial populations

The population density of the conventional
bacteria of the rumen decreased in winter to
about 17% of the summer population density
(Table 3) probably reflecting the reduced avai-
lability and quality of diet in winter. A similar
decrease in the population density of caecal
bacteria was recorded in winter compared with
the summer values.

Table 4 presents the species distribution of
bacteria other than large bacteria, present in
rumen and caecum fluid of the Svalbard rein-
deer in both summer and winter; their main fer-
mentation niches are presented in Table 5. Po-
pulation densities in general showed a large
decrease in winter compared with the summer
values, with most species declining to 10-50%
of the summer values. Exceptionally, increases
in population density of individual species occ-
urred in winter, for example, Fibrobacter succino-
genes in the rumen showed a 107% increase and
Lactobacillus sp. in the caecum showed a 143%
increase compared with summer values. It is
difficult to compare the species distribution
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Table 3. Culturable ruminal and ceacal bacterial populations expressed as a percentage of total culturable
bacteria in winter and summer.

Rumen Caecum
summer winter winter as summetr winter winter as
% of summer % of summer
B. fibrisolvens 22% 30 24 23 18 14
B. fibrisolvens 10 18 33 7 1 3
Selenomonas ruminantium 12 14 21 10 8 14
Selenomonas ruminantium 4 2 7 ND ND —
subsp. lactilytica
Lacbnospira multiparus 2 ND — 1 ND —
Lactobacillus sp. 8 3 7 1 7 143
Megasphera elsdenii 1 29 2 3 22
Bacteroides ruminicola 4 10 49 10 26 45
Bacteroides amylophilus 10 3 6 7 5 13
Fibrobacter succinogenes 1 107 ND ND —
Ruminococcus albus 3 7 39 3 5 28
Ruminococcus flavefaciens 1 2 57 ND ND —
Ruminococcus bromii ND ND — 3 1 7
Succinivibrio dextrinosolvens 3 1 5 2 ND —
Streptococcus bovis 17 4 5 17 5 5
Streptococcus “faecium ND ND — 5 7 22
Eubacterium ruminantium 2 1 7 ND ND —

a = cellulolytic strains ND = not detected

Table 4. Ecological niches of the major bacterial species isolated from the rumen and caecum of Svalbard

reindeer.
Major substrates

Butyrivibrio fibrisolvens Pectin, hemicelluloses, some strains cellulose and starch
Selenomonas ruminantium Soluble carbohydrates, most strains utilize starch
S. ruminantium lactilytica Soluble carbohydrates, lactate, glycerol, and many strains starch
Lacbnospira multiparus Soluble carbohydrates, pectin
Lactobacillus sp. Soluble carbohydrates, some strains starch
Megasphera elsdenii Starch, lactate, soluble carbohydrates
Bacteroides ruminicola Hemicelluloses, xylan, pectin, some strains starch
Bactroides amylophilus Starch, soluble carbohydrates
Fibrobacter succinogenes Cellulose
Ruminoccus albus Cellulose, xylan
R. flavefaciens Cellulose, xylan
R.bromii Starch, amylopectin
Streptococcus bovis Starch, amylopectin, soluble carbohydrates
Succinwvibrio dextrinosolvens  Pectin, soluble carbohydrates
Eubacterium ruminantium Soluble carbohydrates, xylan
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Table 5. Population densities of some cellulolytic bacteria in the rumen of Svalbard reindeer in September

(summer) and April (winter).

Bacteria Population densities®

in September April
Ruminococcus albus 3.0 £ 1.1 6.7 + 3.3
Ruminococcus flavefaciens 0.7 + 0.5 22+ 1.0
Fibrobacter succinogenes 1.3+ 1.5 8.0+ 5.2
Butyrivibrio fibrisolvens 95 + 7.1 18.2 + 7.7
Total viable cellulolytic 14.6 + 5.4 35.0 + 8.7
species as % of total visible population
Cellulolytic B. fibriosolvens 44.6 60.1

as % of total B. fibrisolvens

2 values are expressed as % viable bacterial populations

found with that occurring in other animals
since we know of no comparable detailed work
giving full quantitative data.

The viable bacterial population of the rumen
in summer was dominated by Butyrivibrio fibri-
solvens and Streptococcus bovis, together repre-
senting 39% of the total isolates. In winter, ru-
minal S. bovis declined considerably, but B.
fibrisolvens increased from 22% to 30% of the
population. Amongst the other species, an in-
crease in the differential population of the
celluloytic species was recorded in winter, as
was the case with Bacteriodes ruminicola, a hemi-
cellulose digester. Similar seasonal fluctuations
were also found amongst the caecal bacterial
population, which reflected the rumen popula-
tion in species composition with the exception
that more Streptococcus spp., including S:faeci-
um and S:faecalis were present, and Ruminococc-
us bromii, a starch digester, which was not
identified amongst the ruminal isolates (Table
4).

Methanogenic bacteria in rumen contents
were estimated to be present at 10* cells ml! in
the summer and 107 cells ml'in the winter; in
the caecum their population densities during
the same seasons were 107 and 10° cells
ml'respectively. These levels are similar to
those found in domestic ruminants with the ex-
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ception of the summer value which is very low
and may have been caused by cultivation
problems.

When the bacteria isolated from the viable
count medium were individually assessed for
their ability to ferment the major plant compo-
nents in the diet, a large proportion were found
to be fibrolytic, able to use cellulose, xylan or
both as carbon sources. In the rumen, 31% and
74% of isolates were fibre fermenters in summ-
er and winter respectively, and in the caecum
the corresponding values were 36% and 48%
respectively. Indeed, in the rumen, cellulolytic
bacteria alone accounted for about 15% of the
total population density in summer and 35% in
winter, (Table 6). The dominant cellulolytic
bacteria in the rumen were B. fibrisolvens with
Ruminococcus albus, R. flavefaciens and Fibro-
bacter succinogenes present at lower population
densites. The latter three species are common-
ly the most abundant cellulolytic bacteria in the
rumens of domestic animals (Hungate, 1966),
with cellulolytic B. fibrisolvens being rare, having
been isolated routinely only from sheep in
South Africa (van Gylswyk & Roche, 1970).
Cellulolytic B. fibrisolvens, however, have been
found abundantly in the rumen of African
Antelopes (Margherita & Hungate, 1963) and
was found by Dehority (1986) in lucerne-fed
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Table 6. Distribution of cellulase (CMCase) activity in cultures of Butyrivibrio A46

Carbon source Glucose Cellobiose Cellulose®
Age of culture (h) Activity against CMCP
cells supt. cells supt. cells supt.
6 — 1.9 0.6 5.1 4.8 1.2
16 0.2 6.5 0.5 11.8 11.7 2.4
64 0.4 9.7 0.4 8.7 12.3 14.1
88 0.3 9.2 0.4 13.2 9.1 18.6

2 acid-swollen Sigmacell
b

reindeer in Alaska. In the caecum, the only
cellulolytic species identified other than B. fibri-
solvens was Ruminococcus albus, representing 3
and 5% of the total population in summer and
winter respectively compared with cellulolytic
B. fibrisolvens which comprised 7 and 3% of the
summer and winter populations respectively.
Degradation of plant cell walls is a function
of both celluloytic and hemicellulolytic orga-
nisms. All of the celluloytic species except
E succinogenes also degraded xylan, a major
hemicellulose of grasses, but in addition a num-
ber of xylan- utilizing strains of Bacteriodes
tuminicola and Eubacterium ruminantium were

found.

Starch digestion

There was little difference in the proportion
of the bacterial population able to utilize starch
in the two seasons, but the population density
of starch digesting bacteria in winter was only
16.6% of the summer value. The dominant
starch-digesting bacterium in summer was
Streptococus bovis, whilst in winter it was Butyri-
vibrio fibrisolvens. In winter the S. bovis popula-
tion decreased to only 5% of its summer value,
with starch-utilizing Bacteroides ruminicola in-
creasing from 4% in summer to 10% in winter.
In winter only 85% of B. ruminicola strains uti-
lized starch, compared with 100% in summer.
Similar decreases in starch-digesting ability of
Selenomonas ruminantium, Sr lactilytica and B.
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fibrisolvens was evident. Of the total viable
population, 68% could utilize strach in the
summer, compared to 64% in winter. Many of
the B. fibrisolvens could also utilize xylan, cellu-
lose or both as substrates (Orpin et al, 1985).
In the ceacum, the proportion of the bacterial
starch digesters was Butyrivibrio fibrisolvens in
summer, and Bacteroides ruminicola in winter.
Other starch utilizers present were Streptococ-
cus bovis, Selenomonas ruminatium, Bacteroides
amylophilus and Ruminococcus bromi, each
showing a decrease in numbers in winter com-
pared with the summer populations (Mathiesen

et al, 1987).

Proteolytic and ureolytic bacteria

Isolates with proteolytic activity or ureolytic
activity were common in both seasons. In
summer, 51% of the population and in winter,
28% showed proteolytic activity. All of the
Streptococus bovis isolates were proteolytic with
azocasein as substrate, with over 80% of these
able to use plant fraction 1 protein as sole nitro-
gen source. Other species found to be comm-
only proteolytic were Bacteroides amylophilus
(100% in sumer, 67% in winter) all of which
could also use fraction 1 protein as sole nitro-
gen source, and hydrolysed up to 1 mg/ml of
protein in laboratory culture in 24 h. Of the Se-
lenomonas ruminantium isolates, 80% of the
summer and 43% of the winter isolates were
proteolytic when tested with azocasein, but
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none hydrolysed plant fraction 1 protein in vitro,
which suggests they many not be important in
proteolysis in the rumen.

The summer population density of proteoly-
tic bacteria was higher than previously record-
ed for any ruminant. Fulghum & Moore (1963)
recorded up to 46% of proteolytic bacteria in
cattle, but the proteolytic population of
domestic ruminants is normally smaller (Wall-
ace & Cotta, 1988). The lower proteolytic
population in winter compared to summer
coincides with a lower protein content in the
winter diet.

Ureolytic bacteria were also common in the
rumen of Svalbard reindeer, with about 40% of
strains in winter and 54% in summer possess-
ing weak urease activity. All the Bacteroides ru-
minicola and Succinivibrio dextrinosolvens isolated
in both seasons were ureolytic together with
large numbers of Selenomonas ruminantium and
Butyrivibrio fibrisolvens. However, the urease act-
ivity of all these isolates was low compared with
Streptococcus faecium (Cook, 1976) and other
rumen epithelium-associated bacteria (Cheng et
al, 1979).

Nitrogen recycling via urea could be of signi-
ficance in these animals in maintaining their
nitrogen balance in winter where food quality
and availability is low. The large ureolytic bact-
erial population supports this suggestion, and
agrees with the finding of large weakly ureolyt-

ic bacteria populations in cattle fed a diet con-
taining urea (Jones et al, 1964).

Ammonia can be used by many rumen bact-
eria as a soutce of nitrogen. Some species re-
quire peptides or amino acids for growth (Wall-
ace & Cotta, 1988). During periods of starva-
tion, ammonia produced by hydrolysis of urea
(by urease), which enters the rumen via the
saliva and crosses the rumen epithelium from
the blood, would satisfy the nitrogen require-
ments of the ammonia-utilizing species. A large
proteolytic population of bacteria in the rumen
may be necessary to supply peptides by hydro-
lolysis of proteins, from the diet, dead rumen
microbes, or sloughed eptihelial cells during
the winter. Protein hydrolysis would also result
in the generation of branched-chain amino
acids which would aid in the maintenance of the
bacterial population under conditions of semi-
starvation (Bryant, 1974).

Studies on the cellulolytic Butyrivibrio

We have examined the cellulase activity of
Butyrivibrio fibrisolvens A46, isolated from one
of the Svalbard reindeer shot in September,
and have cloned a fragment of DNA coding
for endo-B-1,4-B-glucanase (carboxymethyl
cellulase) activity in Escherichia coli (Hazle-
wood, Clarke, Davidson, Romeniec & Orpin,

et al, 1990).

Table 7. Activity of Butyrivibrio fibrisolvens A46 cellulase on polysaccharides

Polysaccharide Activity?
Carboxymethyl cellulose 0.54
Lichenan 0.00
Laminarin 0.31
Avicelb 0.00
B-1,3-glucan 2.17
Arabinogalactan 0.96
Galactomannan 0.24

2 Activity expressed as u mols of reducing sugar mg protein h'l.

b Avicel is a highly crystalline cellulose
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Cellulase activity was produced constitutively
by A46 when grown on glucose or cellobiose,
but at lower concentrations than when grown
on cellulose. The activity was present in both
the cells and the cell-free supernatant, with the
proportion of cell-bound enzyme greatest when
grown on cellulose (Table 7). Since cellulase
was produced when A46 was grown on soluble
carbohydrates, it is likely that it is produced
continuosly in the rumen and not subject to
major catabolite repression as occurs with
other cellulolytic rumen bacteria (Chesson &
Forsberg, 1988; Taylor et al, 1987). Cellulase
(carboxymethyl cellulase; CMCase) was puri-
fied from Butyrivibrio A46 cells to a specific
activity of 700 U mg protein’ or from cell-
free culture supernatant that had an apparent
molecular mass of 57 kDa. Purified enzyme
was most active against CMC and aryl-
cellobiosides but also hydrolysed acid-swollen
Sigmacell to a lesser extent. Activity was opti-
mal at pH 5.6 and was thermolabile, being
rapidly inactivated at 55°C. Hydrolysis of
CMC resulted in the production of reducing
sugar and a rapid fall in viscosity, characterist-
ics of endo-B-1,4-glucanase activity. A gene
coding for CMCase activity was contained on a
2.4 kbp EcoRI fragment cloned from Butyri-
vibrio A46 in lambda phage gtll, and was sub-
cloned in Escherichia coli using the plasmid vect-
or pUC12. CMCase encoded by the cloned
fragment of DNA was purified to a specific
activity of 142 Umg protein?. In general, the
propetties of the cloned CMCase were similar
to those described for the enzyme purified from
cultures of Butyrivibrio A46.

The cloned enzyme showed activity against
laminarin (a B-1.6-glucan), B-1,3-glucan, arabi-
nogalactan and galactomannan (S.P. Mann,
personal communications; Table 8) as well as
carboxymethyl cellulose, but not avicel, a high-
ly crystalline form of cellulose. Thus, the pro-
bability exists that the enzyme produced in »vo
is a multi-functional enzyme with cellulase acti-
vity, produced with limited regulation; its acti-
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vity at any particular time being controlled by
substrate availability in its immediate environ-
ment. Such an enzyme, would be of great bene-
fit in the rumen of an animal that needed to di-
gest food rapidly and which fed on diets rang-
ing greatly in quality, such as the Svalbard
reindeer.

As yet there is not proof that the cellulolytic
Butyrivibrio fibrisolvens adheres to the plant tiss-
ue like the other major rumen cellulolytic bact-
eria, Ruminococcus albus, R. flavefaciens and
Fsuccinogenes. In these species adherence is a
prerequisite to cellulolysis, and the production
of cellulase tightly regulated. In the B. fibrisoly-
ens, the continuous production of cellulase may
stimulate cellulolysis by the other cellulolytic
species by removal of oligosaccharides from
the immediate vicinity of the digesta fragments
being degraded. This would minimise the
chance of the oligosaccharides being hydro-
lysed to glucose and cellobiose, catabolite re-
pressors of cellulase, and thus help maintain
cellulolysis by the adherent cellulolytic popu-
lation. However, adherence by cellulolytic B.
fibrisolvens has been demonstrated in witro

(Cheng, Mathiesen & Orpin, unpublished).

In vitro digestibility experiments

In witro digestibility trials of food plants, in-
cluding mosses, were conducted using plants,
collected from the range in both seasons. The
methods used were based on those of Tilley &
Terry (1963) scaled to 100 mg of plant material,
and using centrifugation to separate residual
plant tissues from bacteria after incubation.
Since mosses form a large part of the diet of
these reindeer in winter, and large fragments of
moss were observed in the caecal contents
(Mathiesen et al, 1987), particular attention
was paid to the digestion of mosses in the cae-
cum. Comparable data for the digestibility of
these species in domestic ruminants are not
available, but in the Svalbard reindeer rumen
moss digestion was in the range of 11-36%, and
caecal moss digestion 11-27%. The in vitro
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DMD of standard samples of Timothy (Phleum
pratense) of high (74.7% in viva) DMD and low
(57.6% DMD in vivo DMD) in sheep, gave
similar DMD values in vitro using reindeer
rumen fluid in summer, but in winter the DMD
of the poorer quality Timothy grass in caecum
fluid was marginally greater than in sheep.

Thomas & Kroeger (1980) investigated the in
wvitro ruminal range plant in Peary caribou
(Rangifer tarandus pearyi). Whilst the apparent
digestibility of vascular plants in summer was in
the range of 50-80%, that of mosses was
11-35%, in close agreement with the results
found for the Svalbard reindeer. However, the
Svalbard reindeer rumen fluid digested mosses
condsiderably more extensively in winter
(16-31% over 48 h of incubation) than fluid
from Peary caribou (3-11% over 60 h).

These results suggest that moss digestion in
both the rumen and the ceacum may be of value
in the nutrition of the animal, especially with
Callergon sarmentosum, but its quantitative signi-
ficance is still not known.

In vitro digestibility values for mosses collect-
ed in the summer and incubated with summer
caecum fluid were 11-28%, suggesting that
some moss digestion in the caecum would
occur if mosses reach the caecum in that sea-
son. In winter, when the diet is relatively rich in
moss, ceacal digestiblity was lower, in the range
of approximatley 14% in the two species tested.

In winter the rumen and caecal contents
smelt strongly of earth, and sand grains were
found in the rumen. The occurrence in one ani-
mal of 108 cells ml! of Serratia marcescens, a
soil bacterium, is indicative of soil ingestion,
which could happen when the animal uproots
the whole plant including some soil, when
eating.

Conclusion

The rumen bacterial population of the Sval-
bard reindeer is very specialised in relation to
fibre digestion and nitrogen recycling with
large numbers of fibrolytic, proteolytic, and
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ureolytic strains present in both summer and
winter. The high population density of species
such as Butyriribrio fibrisolvens that are capable
of fibre and starch digestion enables the ani-
mals to make best use of the very variable diet
that the animals eat. The ability of these orga-
nisms to ferment starch in the summer as well
as fibre may allow the maintenance of high
population densities of cellulolytic bacteria in
the presence of the concentrated diet. The high
ruminal bacterial population density in the
winter despite apparent starvation of the ani-
mals, may in part be supported by urea re-
cycling ensuring a sufficient nitrogen supply to
enable the bacterial population to maintain
high activity despite the low protein diet.

The low population density of methanogenic
bacteria in the summer compared with winter
would ensure that additional energy is conserv-
ed from the diet in summer. In addition, the
high concentrate diet would produce additional
propionate in summer and lead to increased
gluconeogenesis in the animal.

Winter survival of the Svalbard reindeer is
aided by some moss digestion in the rumen and
possibly the caecum.

Qur results indicate that the caecal bacteria
may contribute substantially to forage utili-
zation in the Svalbard reindeer, but their pre-
cise role cannot be determined until particle
flow rate and compositon measurements have
been made.
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