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The dominant cecal bacteria in the high-arctic Svalbard reindeer were characterized, their population
densities were estimated, and cecal pH was determined in summer, when food quality and availability is good,
and in winter, when it is very poor. In summer the total culturable viable bacterial population was (8.9 ± 5.3)
x 108 cells mn1-1, whereas in winter it was (1.5 ± 0.7) x 108 cells ml-, representing a decrease to 17% of the
summer population density. Of the dominant species of cultured bacteria, Butyrivibriofibrisolvens represented
23% in summer and 18% in winter. Streptococcus bovis represented 17% in summer and 5% in winter.
Bacteroides ruminicola represented 10% in summer and 26% in winter. In summer and winter, respectively,
the proportion of the viable population showing the following activities was as follows: fiber digestion, 36 and
48%; cellulolysis, 10 and 6%; xylanolysis, 33 and 48%;, and starch utilization, 77 and 71%. The most abundant
cellulolytic species in summer was Butyrivibrio fibrisolvens, representing 62% of the total cellulolytic
population, and in winter it was Ruminococcus albus, representing 80% of the total cellulolytic population. The
most abundant xylanolytic species in summer was Butyrivibrio fibrisolvens, and in winter it was Bacteroides
ruminicola, representing 59 and 54% of the xylanolytic isolates in summer and winter, respectively. The cecal
bacterial of the Svalbard reindeer have the ability to digest starch and the major structural carbohydrates of
the diet that are not digested in the rumen. The cecum in these animals has the potential to contribute very
substantially to the digestion of the available plant material in both summer and winter.

Svalbard reindeer (Rangifer tarandus platyrhynchus) sur-
vive utnder the most austere nutritional conditions on the
high-arctic archipelago of Svalbard (770 to 810 N) (see Orpin
et al. [19]). To survive under such conditions it is imperative
for the animals to digest the poor-quality, fibrous plants
which are available in winter as well as to make maximum
use of the summer forage rich in seed heads (21, 23).
Recently, Orpin et al. (19) have shown that a highly special-
ized rumen microflora, which is particularly effective in fiber
digestion, probably contribute substantially to this end.
During the summer these animals feed for more than 50 to

60% of the 24-h day (18), and it is likely that the flow rate of
digesta from the rumen is high, containing plant tissues
which are not digested in the rumen. Indeed, we have
observed large fragments of plant tissues, including nearly
intact mosses, in the cecal contents of Svalbard reindeer in
summer.
The cecum and the colon of the ruminant contain fermen-

tative microorganisms which generate volatile fatty acids
from plant material not digested in the rumen and the higher
alimentary tract (14). These acids can be utilized by the host
animal as carbon and energy sources and may contribute
30% of the total volatile fatty acids entering the bloodstream
(6). In domestic ruminants, 5 to 30% of the digestible
cellulose and 6 to 15% of the digestible starch may be
fermented in the ceca (20, 27), depending on the diet and
animal species.
To provide information on the potential contribution of the

cecum to plant digestion in Svalbard reindeer, we character-
ized the dominant culturable cecal bacteria in these animals
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in both summer and winter and investigated their ability to
digest starch and plant cell wall polysaccharides.

MATERIALS AND METHODS
Animals. The animals were obtained in Adventdalen,

Svalbard (780 N). Adult Svalbard reindeer of both sexes
were shot: six animals in September (high-arctic summer)
and six in April (high-arctic winter). These animals were
those used by Orpin et al. (19) in a study of seasonal changes
in rumen bacterial populations, and cecal samples and pH
values were obtained by the same methods.
Enumeration of viable bacteria. The total viable bacterial

population in filtered cecal fluid was determined with the
habitat-simulating medium of Henning and van der Walt (7)
incorporating 20% rumen fluid from sheep. Anaerobic serial
dilution to 109 in 10-fold steps was made in the same medium
without the carbohydrates and agar (the basal medium).
Incubations were performed in Hungate-type anaerobic cul-
ture tubes fitted with a screw cap and butyl rubber septum
and incubated at 39°C under CO2. Estimates of the popula-
tion densities of cellulolytic bacteria were made by the
dilution method described by Mann (12), in basal medium
with Whatman no. 1 filter paper strips and 0.01% cellobiose
as carbon sources.
Numbers of lactate-utilizing bacteria were determined in

winter by counts of colonies in the basal medium supple-
mented with 1.4% sodium lactate and 2% agar. Methanogens
were measured after serial dilution in the medium of
Edwards and McBride (4), using the modification of Orpin et
al. (19).
Each medium was made up in bulk and dispersed into

anaerobic culture tubes under CO2. The tubes were then
sealed and autoclaved at 115°C for 20 min. Filter-sterilized
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TABLE 1. Cecal bacterial population densities and pH in Svalbard reindeer in September (high-arctic summer) and in April (high-arctic
winter)

Mean population density/ml of cecal content (±SD) in:
Bacteria and pH

September April April as % of September

Viable bacteria (8.9 + 5.3) x 108 (1.5 ± 0.7) x 108 17
Total cellulolytic bacteria (8.7 ± 3.2) x 107 (9.9 ± 3.8) x 107 11
Total fiber-digesting bacteria (3.2 ± 0.6) x 108 (7.5 ± 3.2) x 107 23
Lactate-utilizing bacteria NDa (1.1 ± 0.3) x 106
Methanogenic bacteria 107 105

pH 6.81 ± 0.12 7.14 ± 0.26
a ND, Not determined.

vitamins were then added to each tube with a syringe after tration of 0.5%. Potentially cellulolytic bacteria, except the
the medium had cooled to about 60°C. Each measurement ruminococci, were identified after an initial screening by
was performed in quadruplicate for each animal, and the plating on to the basal medium with 0.1% carboxymethyl
mean for each group of animals was determined. cellulose (DP 7-9; BDH, Poole, England) and 0.01%

Isolation of bacteria. Bacterial colonies were selected at cellobiose added. After 24 to 48 h of 39°C incubation, the
random from tubes of viable count medium containing 10 to carboxymethyl cellulose plates were stained with Congo red
50 colonies per tube, and strains of bacteria were isolated (26). The potentially cellulolytic isolates showed zones of
after streaking onto agar-containing habitat-simulating me- clearing. All isolates giving a positive result were tested for
dium in petri dishes. A total of 60 colonies were picked to growth on phosphoric acid-treated filter paper cellulose (29).
represent the bacterial population of the cecum of each The strains digesting the cellulose were regarded as
animal in summer, and 30 were picked for the population in cellulolytic. The isolates having the ability to grow on either
winter. cellulose or xylan (from oats) were defined as fiber digesters.
The procedure was carried out in an anaerobic chamber Statistics. Results are given as means + standard devia-

(Coy Laboratory Products, Ann Arbor, Mich.) under an tions. The percentages were calculated from the absolute
atmosphere of 95% N2 and 5% H2. Further purification was figures and corrected to one decimal place. Significance was
made by repeated streaking from single colonies onto fresh calculated by the Student t test.
habitat-simulating medium at intervals of 48 h, until the
isolates were pure.

Identification. The isolates were identified by standard RESULTS
tests for rumen bacteria, based on morphology, Gram stain,
carbohydrate utilization patterns, and fermentation products Microscopy. Light microscopy of the diluted strained cecal
(8, 9). Fermentation products were measured as described contents showed an absence of ciliated protozoa, chytridio-
by Pethick et al. (22) and Bergmeyer (2, 3). Substrate mycete fungi, and large bacteria. The only groups of orga-
utilization patterns were determined by replica plating 40 nisms positively identified by microscopy were bacteria and
isolates per petri dish from a master plate of basic medium low numbers of flagellated protozoa. The flagellated proto-
containing 2% agar, supplemented with 0.2% each of glu- zoa were present at 102 to 104 cells ml-'.
cose, maltose, and cellobiose; replicas were formed on the Viable count and species distribution. Results from the
basal medium as a control and on the same medium contain- viable bacterial counts are shown in Table 1, and the species
ing the respective substrate being investigated at a concen- distribution and their percent proportion are shown in Table

TABLE 2. Culturable cecal bacteria of Svalbard reindeer'
Mean population density/ml of cecal content (1GO) ± SD (%)

Bacteria
September April April as % of September

Butyrivibriofibrisolvens 20.7 ± 3.1 (23) 2.8 ± 1.3 (18) 14
Selenomonas ruminantium 8.9 ± 1.8 (10) 1.2 ± 1.7 (8) 14
Succinivibrio dextrinosolvens 1.8 ± 1.3 (2) NDb
Lachnospira multiparus 0.7 ± 0.7 (1) ND
Lactobacillus sp. 0.7 ± 0.7 (1) 1.0 ± 0.7 (7) 143
Megasphaera elsdenii 1.8 ± 1.3 (2) 0.4 ± 0.7 (3) 22
Bacteroides ruminicola 8.9 ± 2.3 (10) 4.0 ± 1.8 (26) 45
Bacteroides amylophilus 6.0 ± 1.3 (7) 0.8 ± 0.3 (5) 13
Ruminococcus albus 2.9 ± 1.5 (3) 0.8 ± 0.3 (5) 28
Ruminococcus bromii 2.9 (3) 0.2 ± 0.3 (1) 7
Streptococcus bovis 14.8 ± 0.9 (17) 0.8 ± 0.8 (5) 5
Streptococcus faecium 4.5 ± 1.5 (5) 1.0 ± 0.6 (7) 22
Streptococcus faecalis 8.9 ± 7.5 (10) 1.0 ± 0.7 (7) 11
Others 6.0 ± 1.5 (7) 1.2 ± 1.6 (8) 20

a Species composition and population densities in absolute numbers and percentage of total in September (high-arctic summer) and in April (high-arctic winter),
together with the April population densities expressed as percentages of September values.

b ND, Not detected.
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FIG. 1. Seasonal changes in population densities of the dominant

fiber-digesting cecal bacteria in the high-arctic Svalbard reindeer in
September (high-arctic summer) and April (high-arctic winter),
expressed as a percentage of total viable bacteria (A), as a percent-
age of total fiber digesters (B), and the cellulolytic species expressed
as a percentage of the total cellulolytic population (C). Symbols: *,
Butyrivibriofibrisolvens; 1, Butyrivibriofibrisolvens cellulolytic; 1,
Bacteroides ruminicola; i, Ruminococcus albus.

2. Not all the isolates were identified in each season, and the
majority of those not identified grew poorly in the culture
media used. About 70% of those not positively identified
were morphologically similar to Bifidobacterium spp., but
were not further characterized. The population density of
culturable bacteria in winter was 17% of the summer value.
All the cultured species decreased in population density in
winter compared with summer, but not all species decreased
to the same extent. Two species, Lachnospira multiparus
and Succinivibrio dextrinosolvens, present in summer were

not detected in winter. Of the other more abundant species,
population densities in winter ranged from 5% of the summer
value for Streptococcus bovis to 45% for Bacteroides
ruminicola.

Fiber digestion. The cultured species of bacteria capable of
fermenting xylan or cellulose were Butyrivibrio fibrisolvens,
Bacteroides ruminicola, and Ruminococcus albus (Fig. 1).
The combined population densities of fiber-fermenting spe-
cies decreased in winter to 26% of the summer population
density, representing a proportion of the viable population of
36 and 48% in summer and winter, respectively. Butyrivibrio
fibrisolvens was the dominant fiber-digesting species in sum-
mer (65% of the total fiber digesters), decreasing to 38% in
winter. In contrast, Bacteroides ruminicola increased from
27% of the fiber digesters in summer to 52% in winter,
although in absolute numbers its population density in winter
was comparatively high, at 45% of the summer value (Table
2).

Cellulose digestion. Only two species of cellulolytic bacte-
ria were identified. These were cellulolytic strains of
Butyrivibriofibrisolvens and R. albus, representing 7 and 3%
of the total viable bacterial population densities, respec-
tively, in summer and 1 and 5%, respectively, in winter.
Total cellulolytic species in winter were present at 11% of
the summer value. Of the Butyrivibrio fibrisolvens popula-
tion, 28 and 8% showed cellulolytic activity in summer and
winter, respectively. The cellulolytic population expressed
as a percentage of total viable bacterial population was 10%
in summer and 6% in winter. Dilution counts of cellulolytic
bacteria showed between 106 and 108 cells ml-1 (n = 3) in the
cecal fluid in summer and between 104 and 107 cells ml-1
(n = 6) in winter.

Xylan digestion. The total xylan-digesting population was

33% of the total viable bacterial population in summer and
48% in winter. Butyrivibrio fibrisolvens was the dominant
xylan-utilizing bacterium in summer, making up 59% of the
total xylan-digesting population, and Bacteroides ruminicola
was dominant in winter, making up 54% of the total xylan-
digesting bacterial population (Table 3).

Starch digestion. Bacteria possessing starch-digesting abil-
ity accounted for 77% of the total viable population in
summer and 71% in winter. This represents a decrease in
absolute number to 16%, from 6.8 x 108 to 1.1 x 108 cells
ml-'. The dominant bacteria digesting starch was

Butyrivibrio fibrisolvens in summer and Bacteroides
ruminicola in winter (Fig. 2). In both seasons, starch-
digesting Streptococcus bovis, Selenomonas ruminantium,
Bacteroides amylophilus, and Ruminococcus bromii were
identified. Each of these species decreased considerably in
population density in winter compared with summer. Strep-
tococcus bovis showed the greatest decrease, falling from
17% of the total viable bacteria in summer to 5% in winter.
Methanogenic bacteria were found at 107 cells ml-' in

summer (n = 2) and 105 cells ml-' (n = 6) in winter.
Bacteria utilizing lactate were not estimated in summer,

but were detected in concentrations of 1.1 x 106 cells ml of
cecal fluid-' in six animals in winter.
pH. Cecal pH increased from 6.81 + 0.12 in summer to

TABLE 3. Seasonal changes in population densities in absolute numbers and percentage of xylan-digesting bacteria in the cecum of
Svalbard reindeer in September (high-arctic summer) and April (high-arctic winter)

Mean population density/ml of cecal content (107) ± SD (%)
Bacteria

September April April as % of September

Butyrivibriofibrisolvens 17.2 + 3.0 (59) 2.6 + 1.5 (35) 15
Bacteroides ruminicola 8.9 + 2.3 (31) 4.0 + 1.8 (54) 45
Ruminococcus albus 2.9 ± 1.5 (10) 0.8 ± 0.3 (11) 28

Total 29.0 ± 6.8 7.4 + 3.6 26
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FIG. 2. Seasonal changes in population densities of the following

starch-digesting bacteria in the cecum of the high-arctic Svalbard

reindeer in September (high-arctic summer) and April (high-arctic

winter), expressed as a percentage of total viable bacteria (A) and as

a percentage of the total starch-digesting population (B). Symbols:

WI, Butyrivibriofibrisolvens; E, Selenomonas ruminantium; iini, Bac-
teroides ruminicola; U, Bacteroides amylophilus; Eli, Ruminococcus
bromii; U, Streptococcus bovis; 05, other isolates.

7.14 ±+ 0.26 in winter (Table 1). These values are significantly
different (P < 0.05).

DISCUSSION

It is recognized that the cecum and the proximal colon are

important sites of microbial fermentation in the ruminant,

yielding 4 to 26% of the total digestible energy available from

the diet (1, 15, 27), but few studies of the cecal microorgan-

isms have been published. Population densities of viable

cecal bacteria of 2 x 106 to 2.5 x 107 cells g-1 have been

found in cattle (25), 5 x 107 to 12 x 108 cells ml-' in sheep

(13), and 6.3 x 108 cells g'1 in sheep on an all-hay diet (10),

using techniques similar to those employed here. The use of

rumen fluid in the medium seems not to limit the cecal

microbial growth (11). The population density of culturable

bacteria in the Svalbard reindeer cecum showed seasonal

changes, the winter value being only 17% of the summer

value. This is about the same decrease as found for the

rumen viable bacterial population in the same animals (19).

The summer population density (nearly 109 cells ml-') was

about 80 times higher than the mean value of 1.1 107 cells

g1' in cattle (25) and about 10 times higher than that in sheep

fed cubed dried grass. In individual sheep, however, up to

11.8 x 108 cells of culturable bacteria ml-' were found (13),

and in sheep fed 80% concentrate and 20% hay an average of

4.9 X 1010 cells g'1 were found (10), being higher than the

average found in summer in the Svalbard reindeer.

Most of the dominant bacterial species in the cecum of the

Svalbard reindeer were species that were found in the rumen

of the same animals in both seasons (19). Butyrivibrio

fibrisolvens, the most abundant species in the rumen in both

seasons, was also the most abundant cecal species in sum-

mer. Butyrivibrio fibrisolvens and Ruminococcus flavefa-

ciens were the two cellulolytic species found in the sheep

cecum (10), with Butyrivibrio fibrisolvens only found in

animals fed hay. In winter Bacteroides ruminicola, present

at only 1% of the rumen population of Svalbard reindeer,
made up 26% of the cecal population and was the most
abundant cultured bacterium. In the rumen and cecum,
Streptococcus bovis was present in both seasons at the same
proportion of the population: 17% in summer and 4 to 5% in
winter. Selenomonas ruminantum represented 16% of the
rumen population in both seasons, but only 10 and 8% of the
cecal population in summer and winter, respectively. This is
rather less than that found in the ceca of cattle (29%) (25).

It is not surprising that the bacteria which were found in
the cecum were the same as those found in the rumen of
Svalbard reindeer, since in gnotobiotic lambs (11) the estab-
lishment of a defined rumen microflora was followed by the
establishment of the same species in the cecum. The cecal
Butyrivibrio fibrisolvens strains found by Lewis and
Dehority (10) were also closely related to rumen strains of
the same species.
As in the rumen (19), the dominant fiber-digesting bacte-

rium was Butyrivibrio fibrisolvens in summer, but Bacte-
roides ruminicola was dominant in the cecum in winter. The
major cecal cellulolytic isolates were strains of Butyrivibrio
fibrisolvens and R. albus. No strains resembling Bacteroides
succinogenes and Ruminococcusfiavefaciens were detected
in the cecum, although these species were found in the
rumen and the R. flavefaciens has been identified in the
sheep cecum (10).
The population density of cellulolytic bacteria was consid-

erably smaller, both in absolute numbers and when ex-
pressed as a percentage of the total population, in the cecum
than in the rumen (19). In the rumen, the cellulolytic species
increased from 15% of the population in summer to 35% of
the population in winter, while in the cecum the population
of cellulolytic bacteria decreased from 10% in summer to 6%
in winter. In contrast, the proportion of the population with
a xylanolytic capacity increased from 33% in summer to 42%
in winter. These results suggest that xylanolysis may be
more important than cellulolysis in the cecum in winter. This
is in agreement with results from domestic ruminants in
which hemicellulolysis in the cecum may be more extensive
than cellulolysis (27). In sheep, less than 0.2% of the viable
population in the cecum was cellulolytic (10). The values for
cellulolytic species represent a minimal value, since only
filtered cecum liquor was examined and not the solid phase
of cecum contents.

Starch fermentation was a common ability in the cecal
Butyrivibrio fibrisolvens and Bacteroides ruminicola from
Svalbard reindeer. Mann and 0rskov (13) found that most of
their isolates of Bacteroides ruminicola from the sheep
cecum could also hydrolyze starch but that the Butyrivibrio
fibrisolvens did not. In addition to these species, Streptococ-
cus bovis was common in the cecum of Svalbard reindeer in
summer. Streptococcus bovis is a lactate producer, and the
lactate-utilizing Megasphaera elsdenii was also found both
in summer and winter. Other starch-fermenting species
isolated in both seasons were R. bromii and Selenomonas
ruminantium. Selenomonas spp. were more common in the
ceca of cattle, making up 29% of isolates (25) compared with
14% from the Svalbard reindeer cecum.
Two species of pectinolytic bacteria, Succinivibrio

dextrinosolvens and Lachnospira multiparus, were found in
both the rumen (19) and the cecum of the Svalbard reindeer.
These species have not been reported from the cecum
before.

Because of the very harsh climate and poor nutritional
conditions during much of the year at Svalbard, it is essential
for the Svalbard reindeer to maximize the utilization of the
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diet particularly during the short summer, when huge
amounts of body fat are deposited (24). Data on digesta flow
rates through the alimentary tract are lacking, but observa-
tions of feeding behavior show that the animals eat for 50 to
60% of the day during summer (18). It is therefore likely that
quantities of dietary components are not fully digested in the
rumen, but are subjected to secondary fermentation in the
cecum.

It has been suggested that fat is crucial for survival of
these animals during winter (24). We calculated using the
data of Nilssen et al. (16, 17) that this fat provides 10 to 30%
of the daily energy expenditure during four months in winter
depending on activity. We suggest that optimal utilization of
the feed, particularly in winter, by the presence of a high
ruminal and cecal fiber-digesting bacterial population could
be more important (19).

Cecal pH is usually close to neutrality in domestic ani-
mals, ranging from 6.6 to 7.8 in sheep fed lucerne (5, 28) from
5.7 to 7.2 in sheep fed grain diets (10, 28). The cecal pH of
the Svalbard reindeer is therefor similar to that of domestic
animals.
The results presented here strongly indicate that the cecal

bacteria may contribute substantially to the utilization of
forage in the Svalbard reindeer. The exact contribution from
the cecum cannot be determined until data on digesta
composition and flow rates from the rumen and into the
cecum are available.
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