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Abstract: 

Food and snow intake, body mass, rumen fluid volume, rumen fluid turnover time and ruminal dry matter 
content were examined in four female rumen fistulated reindeer which were first fed lichen ad libitum in 14 
days and then starved for 4 days in March. When the animals were eating lichen median daily dry matter 
food intake was 15.7 g/kg (range 12.2-19.9 g/kg), while median daily snow intake only amounted to 0.6 g/kg 
(range 0-3.3 g/kg). The median body mass decreased from 67.5 kg (range 62.5-69.5 kg) to 63.5 kg (range 
60.5-68.5 kg) during this period, and dropped further to 62.5 kg (range 57.5-66.0 kg) after four days of starva
tion. Rumen fluid volume and fluid turnover time were fairly constant in individual animals, but varied be
tween animals fed lichen ad libitum. Neither of these parameters changed significantly (P>0.05), but ruminal 
dry matter decreased, while snow intake rose conspicuously in reponse to starvation. Thus, aside from the 
latter, which mitigate the reduction of total rumen volume, we have failed to expose any special adaptions 
aimed at the maintenance of ruminal integrity in starving reindeer. 
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Introduction 
Reindeer (Rangifer tarandus tarandus) and 
Muskdeer (Moschus moschiferus) are the on ly ru
minants w h i c h feed mainly on lichen during 
winter (e.g. Skogland, 1975; Green, 1987). L i 
chen differs f rom vascular plants, i n that it con
tains almost on ly carbohydrates, of w h i c h he-
micellulose is dominant (Person et al., 1980). 
However , in the A r c t i c the access to the winter 
range is often restricted by deep snow or overi-
cing, and reindeer then have to cope w i t h a 
much reduced food intake, or even acute starva
t ion . 

In a sheep, w h i c h was starved for 4 days, 
both water intake, rumen f luid f low rate and 
rumen dry matter content decreased, whereas 
rumen f luid volume was kept constant ( H y d e n , 
1961). Hecker et al. (1964), o n the other hand, 
found a reduction in rumen f luid vo lume in an
other group of sheep already after 2-3 days of 
starvation. 

It is conceivable that a reduction i n rumen 
fluid f low rate in the sheep w i l l reduce the 
wash out of rumen micro-organisms w h e n sub
strate is in short supply. If so, it is to be assu
med, that reindeer, w h i c h are frequently sub-
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jects to starvation, have developed even more 
spectacular adaptations to enable them to cope 
w i t h this ordeal. Accord ing ly , we have present
l y studied rumen function in reindeer w h i c h 
were starved for 4 days after being fed l ichen 
for 2 weeks. 

Material and methods 
Animals, feed and experimental procedure 

F o u r adult female semi-domesticated reindeer 
(Rangifer tarandus tarandus) f rom a herd i n 
northern N o r w a y (69° N , 23 ° E) , were equip
ped w i t h permanent rumen cannulas (Jarrett, 
1948; Dougherty , 1955) and familiarised w i t h 
frequent handling. P r i o r to the experiments the 
animals were offered commercial reindeer feed 
(RF-80; Bøe and Jacobsen, 1981) ad libitum, and 
were therefore inoculated w i t h 500 m l fresh ru
men f luid f rom free-living reindeer. Thereafter 
the animals were fed a diet of mixed lichens, 
mainly Cladonia stellaris w i t h some Cetraria ni

valis, Cladonia arbuscula and Cladonia rangiferi-

na, for five weeks. D u r i n g this period the ani
mals were kept in individual snow-covered pad
docks w h i c h communicated w i t h pens w i t h 
slatted floors. The pens offered m i n i m a l protec
t ion against the weather and the animals were 
exposed to a natural photo per iod a l lowing ex
pression of their normal seasonal appetite (Lar
sen et al., 1985). 

Af ter this five week period, the animals were 
kept in individual pens w i t h regular access to 
the connecting individual paddocks every fo
urth day. T h e n , they were first offered the 
mixed lichen and snow ad libitum for fourteen 
days and thereafter starved w i t h access to snow 
for four days. The animals were subsequently 
given free access to their paddocks and again of
fered lichen and snow ad libitum. 

F o o d (dry matter) intake was measured daily 
in each animal. Snow intake was measured dai
ly during the periods when the animals were 
kept in the pens. L ichen and snow were offered 
twice a day in plastic tubs and the left-over 
weighed and removed before each new meal. 
Salt blocks were available both w h e n the ani
mals were fed and during the starvation period. 
The experimental period took place in M a r c h , 
w h e n ambient temperature was between -7.0 
and + 8 . 3 ° C . 

Body mass 

Body mass was measured before feeding in the 
morning , four times during the feeding period 

and daily dur ing starvation, using an electronic 
weight (Sauter com-systems typ . A Z / N Z E no. 
0101834). 

Ruminal dry matter content and rumen content 

weight 

Samples of rumen contents were taken by aspi
ration through the rumen cannula f rom five w i 
dely separated parts of the rumen, bulked and 
sub sampled in the morning , just before feed
ing, and at the same time of the day, after one 
and four days of starvation. 

The rumen content was dried for 17 h at 
1 0 6 ° C . R u m e n wet content weight was calcula
ted based on rumen fluid volume and rumen 
dry matter content. 

Rumen fluid volume and fluid turnover time 

R u m e n f luid volume, and rumen fluid turnover 
time were measured, according to H y d e n 
(1961). In ad libitum fed animals a 300 m l dose 
of a liquid-phase c h r o m i u m - E D T A marker (Bin-
nerts et al, 1968) w i t h a k n o w n concentration 
was introduced into the rumen i n the morning , 
just before feeding. R u m e n samples were taken 
regularly f rom 2 h t i l l 58 h after dosing. F o r 
measurements during the starvation period a 50 
or 100 m l dose of the same c h r o m i u m - E D T A 
was infused daily in each animal and rumen 
samples were taken for up to 9 h after dosing. 
The rumen samples were centrifuged (40.000 g 
for 10 min) , and the supernatant collected and 
stored at - 2 0 ° C . After thawing, the c h r o m i u m 
concentration in the supernatant was determi
ned by atomic absorption spectroscopy w i t h ni
trous oxide-acetylene combustion (Binnerts et 

al., 1968). C h r o m i u m concentration at zero 
time was calculated f rom a semi-logarithmic re
gression line model using the least squares met
hod. Corre la t ion cofficients (r) of the wash out 
of c h r o m i u m from the rumen exceeded 0.96 in 
all cases. R u m e n f luid volume, and rumen f luid 
turnover time were calculated according to H y 
den (1961). 

Statistical methods 

The results are given as median values and 
range. Changes in rumen f luid volume, rumen 
f luid turnover t ime, rumen dry matter content 
and rumen wet content weight during ad libi

tum feeding and subsequently during the starva
t ion period were examined using Fr iedman 
two-way analysis of variance (Siegel, 1956). 

34 Rangifer, 14 (1), 1994 



Results 
Body mass and food intake 

The median body mass declined f rom 67.5 kg 
(range 62.5-69.5 kg) to 63.5 kg (range 60.5-68.5 
kg) when the animals were fed l ichen, and fell 
further to 62.5 kg (range 57.5-66.0- kg) after 
four days of starvation (Fig. 1.). The median 
daily dry matter l ichen intake pr io r to the star
vation period was 15.7 g /kg (range 12.2-19.9 
g/kg). The water content of the l ichen was 56% 
w h i c h implies a median daily water intake of 
18.0 g /kg (range 18.1-24.9 g/kg). The median 
snow intake was only 0.6 g /kg (range 0-3.3 
g/kg) w h e n the animals were eating l ichen (Fig. 
1.). W h e n feeding was discontinued the median 
snow intake increased conspicuously to 25.3 
g /kg (range 20.9-35.8 g/kg) on the fourth day 
of starvation (Fig. 1.). 

Rumen dry matter content and rumen content 

weight 

The median ruminal dry matter content was 
14.0 % (range 10.9-14.8 %) w h e n the animals 
were fed l ichen ad l ib i tum. After one and four 
days of starvation it had decreased significantly 
(P<0.05) to 9.2 % (range 8.2-10.0 %) and 3.4 % 
(range 1.8-4.5 %), respectively. Median wet rumen 
content weight was 7.3 kg (range 5.1-10.2 kg) 

when the animals were fed lichen, and 5.6 kg 
(range 3.9-6.9 kg) and 5.7 kg (range 5.0-9.1 kg) 
after one and four days of starvation, respecti
vely. The values obtained after one and four 
days of starvation were not significantly diffe
rent ( P > 0.05). 

Rumen fluid volume and turnover time 

B o t h rumen f luid volume and turnover time 
were fairly constant in individual animals fed l i 
chen, but varied considerably between individu
als (Table 1.). There was no significant correla
t ion between the rumen f luid volume and body 
mass (P>0.05) . The correlation coefficients (r) 
was 0.23. In response to starvation, there was 
an ini t ia l drop both i n rumen fluid volume and 
turnover time, whereafter both parameters were 
fairly stable (Table 1). However , w h e n the data 
for all animals were grouped, the values obtai
ned during starvation d id not differ significantly 
(P>0.05) f rom those of the l ichen feeding pe
r iod. 

Discussion 
This study has confirmed previous findings of 
Jacobsen and Skjenneberg (1975), Bøe and Ja
cobsen (1981), and R y g and Jacobsen (1982) 
that reindeer calves eating only l ichen loose 

Table 1. Rumen fluid volume and rumen fluid turnover time in four reindeer over 3-day periods at day 1-3, 7-9 
and 11-13 of a 14 day period when the animals were fed lichen ad libitum, and at 3 intervals during a subse
quent starvation period. 

F l u i d volume ( l ) F l u i d turnover time (h) 

Reindeer Reindeer 

A B C D A B C D 

L ichen fed 
day 1-3 5.7 7.2 5.3 10.8 26.0 23.9 26.4 69.0 

L ichen fed 
day 7-9 5.7 6.2 3.8 9.9 33.9 24.9 23.4 64.7 

L ichen fed 
11-13 7.0 5.9 3.9 6.7 40.2 22.5 24.2 49.3 

Starved 
24-48 h 5.3 6.2 3.6 5.0 30.3 40.3 24.2 31.6 

Starved 
48-72 h 5.7 6.0 3.8 8.1 36.6 21.0 26.4 39.1 

Starved 
72-96 h - 5.5 4.9 8.9 - 31.5 27.9 39.7 

-: not measured. 
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Fig. 1. Body mass, daily lichen (dry matter) and snoe in

take of four reindeer fed lichen ad libitum (day 
1-14) and during 4 days of starvation (day 15-18). 
Animal A ( » ) ; B(T); C(B) and D(A). 

body mass even when lichen is offered ad libi

tum. This is mainly due to the fact that l ichen 
is very l o w i n nitrogen. It is k n o w n that rein
deer are able to some extent to recycle nitrogen 
(Hove and Jacobsen, 1975), w h i c h mitigate the 
loss of nitrogen and hence reduce the loss of 
lean body mass. St i l l , reindeer do loose body 
mass, and it is questionable if reindeer are able 
to maintain themselves o n l ichen alone for an 
extended period. It follows that the val idi ty of 
the «fact» that reindeer depend o n l ichen during 
the long N o r w e g i a n winter night is also ques
tionable. In fact, the present study has shown 
that the loss of body mass dur ing acute starva
t ion (not including the first day) is not signifi-
antly different (P>0.05) f rom the loss of body 
mass when the animals are eating l ichen ad libi

tum. It is to be expected, however, that the loss 
of body mass w o u l d have been significantly dif
ferent if the starvation period had continued, 
but obviously there is a l imit to h o w long ex
perimental animals should be subjects to starva
t ion . Even so, our results strongly suggest that 
reindeer are l ike ly to depend o n supplements of 
plant items other than l ichen during winter . It 

is even possible that an important role of the l i 
chen in addition to its contr ibut ion to the ani
mals energy budget, is to maintain the integrity 
of the rumina l microbia l system w h e n more 
nutritious plants are i n short supply during 
winter . Th i s aspect is clearly suggested by the 
f inding of Mathiesen et al. (1984) that the num
ber of rumen bacteria i n reindeer is drastically 
reduced f r o m 4.7 x 101° ± 2 . 7 / m l rumen f luid 
to 5.5 x 10 8 ± 2 . 0 / m l rumen fluid after 3 days 
of starvation. 

In the present study we have failed to expose 
any obvious adaptations aimed at the protection 
of the rumen bacteria during acute starvation. 
Thus, rumen f luid volume and turnover time 
differed between animals, but were fairly con
stant in indiv idual animals eating l ichen ad libi

tum, and d id not change significantly (P>0.05) 
i n response to starvation, main ly due to a con
spicuous increase in snow intake. Th i s intake of 
snow did not exceed, but matched by and large 
the water intake caused by the previous intake 
of wet l ichen during the ad l ib i tum l ichen inta
ke period. Th i s naturally reduced rumen dry 
matter content during starvation. The reasons 
for the animals desire to maintain rumina l volu
me by intake of water, o n the expense of the 
maintenance of the populat ion of rumina l mic
robes is presently u n k n o w n . It is possible, how
ever, that the stretching of the rumina l wa l l 
w h i c h fol lows the intake of water stimulates ru
minal contractions (Reid, 1963) and, hence, mi
tigate the sense of hunger. 
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