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Seasonal and nutritional effects on serum proteins and urea
concentration in the reindeer (Rangifer tarandus tarandus L.)

By H. HYVARINEN, T. HELLE, R. VAYRYNEN anp
P. VAYRYNEN

Department of Zoology, University of Oulu, goroo Oulu 10,
Finland

(Recerved 8 March 1974 — Accepied 15 May 1974)

1. The effects of seasonal conditions and nutrition on serum proteins and serum urea
concentrations were studied in female reindeer and reindeer calves in Finland. With the
exception of one group in winter, the reindeer were roaming wild in the forests. This one group
was kept in captivity, out of doors, on a comparatively high nutritional plane. One group
lived wild during the winter in very poor nutritional conditions.

2. A very clear seasonal variation in the serum protein and urea concentration was found.
The serum protein concentration was low in late winter and increased rapidly during the
summer, being high in the autumn. The serum urea concentration was also low in the winter
and high in the summer. In the autumn, however, the serum urea concentration was again low,

3. Changes in the serum protein concentration were normally associated with the serum
globulins. Only in the very poor-nutrition group did the albumin content decrease signifi-
cantly. As a result of the large changes in the concentration of serum globulins, there were
also considerable changes in the albumin:globulin ratio,

4. The serum protein concentration was much lower in the reindeer calves than in the
adult reindeer. The concentration of globulins in particular was much lower than in the adults.

The reindeer (Rangifer tarandus tarandus 1.) lives in the arctic, subarctic or boreal
areas of Finland in almost the same conditions as a wild animal. There are marked
seasonal variations in the environment of these animals. The period of snow cover
lasts about 180—210 d/year, and the depth and hardness of the snow are very important
factors in determining the reindeer’s chances of finding enough food during the winter.
The early spring is the most critical part of the year. In some years crusted snow and
ice sheets on the ground can cause the reindeer to suffer from severe malnutrition, and
in catastrophic years large numbers may die.

During the period of snow cover the reindeer eat lichens (Cladonia spp.), which they
must dig for in the snow. In the southern part of the reindeer husbandry area they
can also eat arboreal lichens, especially Alectoria spp., and frozen Deschampsia flexuosa
hay (Sulkava & Helle, 1972), but these are not available in the northern part. The
nutritive value of lichens, particularly the protein and mineral content, is very low
compared with that of the reindeer’s summer food (cf. Steen, 1968). However, there
is very little information about the factors most involved in causing the mortality of
reindeer in catastrophic years.

In this study we examined the changes in serum proteins and serum urea concen-
tration of female reindeer that occurred at a time of most severe conditions, just
before a catastrophe in which a large number of reindeer died, and compared these
results with those obtained for other seasons and those for the same time of the year
but under better nutritional conditions.

3-2

ssa.ld Aissanun abpuquied Ag suluo paysiignd 6000526 LNIG/6£01°01L/b10"10p//:sdny


https://doi.org/10.1079/BJN19750009

64 H. HYVARINEN AND OTHERS 1975

MATERIALS AND METHODS

Amnimals and diets. The reindeer were divided into five groups. Groups 1, 2 and 3
were adult female reindeer from which blood samples were taken within a period of a
month, March-early April.

Group 1 was reared in captivity out of doors in Kuusamo (66° 30" N) and was
maintained in a good nutritional state on dry hay, dry leaves of Betula pubescens and
lichens. This food was always available.

Group 2 was left to roam wild in the forests of Kuusamo with a comparatively good
food supply. They ate lichens (Alectoria spp.) from felled trees at timber-cutting sites.
The reindeer were captured using a foot noose.

Group 3 was living wild in Enontekid, in Finnish Lapland (68° 30" N). In this area
the reindeer had great difficulty in digging for lichens because of the hard crust on the
snow. Here there were no Alectoria spp. for them to feed on. At the time when the
blood samples were taken the reindeer were already in a poor nutritional state and soon
afterwards it became known that a large number had died in this area. In Enontekit
the reindeer were captured by lasso.

Group 4 consisted of wild roaming female reindeer (4A) and their 1-2-month-old
calves (4B). The blood samples were taken during the marking of the calves in the
summer in late June and early July in Kuusamo. These reindeer had been eating food
of high nutritional value for 1 month, e.g. leaves of Betula and Salix.

Group 5 consisted of wild roaming female reindeer (5A) and their 4—5-month-old
calves (5B). The animals were captured and the blood samples taken during the mark-
ing of reindeer in the register at the beginning of October. At this time they were
beginning their winter feeding regimen but had been eating mostly Equisetum fluviatile,
Menyanthes trifoliata, Chamaenerion angustifolium and Boletus spp. in mid and late
summer. The crude-protein content of these foods was very high (Table 4).

Analytical methods. The blood samples were taken from the jugular vein immediately
after capture, and the reindeer were then weighed. The serum protein content was
determined using the Biuret method (Schlieper, 1965). The electrophoretic separation
of the serum proteins was done using cellulose acetate and polyacrylamide gels.
Polyacrylamide gel electrophoresis was done by the method of Pleuger (1969). Barbital
buffer, pH 8:6 and ionic strength o-075 # (Millipore Corp., 1968), was used for the
cellulose acetate gels. Serum urea concentration was determined using the Nessleriza-
tion method (Annino, 1964).

Statistical analysis. The t test was used to test the significance of differences between
group mean values.

RESULTS
Changes in body-weight
For the groups studied in the winter (groups 1-3) the body-weights were signifi-
cantly higher in each of the Kuusamo groups (groups 1 and 2) than in the Enonteki

group (group 3) (Table 1). The body-weights of the reindeer in Kuusamo decreased
during the spring, and at the end of June the values were about 109, lower than those
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Table 1. Body-weights (kg) of female reindeer over 4 years old and their calves maintained
in captivity or in the wild in different seasonal and nutritional conditions

(Mean values with their standard errors)

Body-wt
No. of - A N
Group* Time of year animals Mean SE
I 9 March-12 March 7 632 2°47
2 12 March~15 March 11 611 137
3 12 April-14 April 12 552 126
4A 27 June-2 July 32 562 111
4B 27 June—2 July 33 148 046
5A 1 October-6 October 24 663 1°42
5B 1 October-6 October 15 357 o082
Interaction P
Statistical significance of 1 v.2 NS
difference between 1 0.3 < o'o1
group means 1w 5A NS
2 v.3 < o'o1
2 v.4 < o'o1
2 v 5A < 005
4A v 5A < 0001

NS, non-significant.
* For details of groups, see p. 64.

obtained in March. This weight decrease may have been the result of calving, since
the newborn calves weigh about 4-6 kg (Varo, 1973). During the summer the weight
increased rapidly and in October it was about 20 %, higher than in the summer. The
weight of the reindeer calves increased by about 1309, during the three summer
months.

Seasonal changes in serum protein concentration and composition,
and in serum urea concentration

The serum protein concentration was highest in the samples taken in the autumn
(group 5A) and lowest in the samples taken in late winter (groups 2 and 3). During the
summer (group 4A) the serum protein concentration was higher than during the
winter (groups 1-3), and this pattern of increase continued from the summer into the
autumn (Fig. 1, Table 2). These changes were significant, and the results suggest
that they were mainly due to changes in serum globulins. The change in serum
albumin concentration was comparatively small. The albumin:globulin ratio was thus
found to be much higher in the winter (due to the low globulin content) than it was in
the summer and, especially, the autumn (Fig. 1, Table 2). Serum globulins also
increased in the reindeer calves from the summer to the autumn, but the total globu-
lin content was clearly lower than in the adults. This pattern was also suggested by
the results of serum electrophoresis (Fig. 2).

The serum urea concentration was low in the winter and the autumn compared
with that in the summer (Table 3). The values for serum urea concentrations in
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Fig. 1. Seasonal changes in the concentrations of serum proteins in groups of adult female
reindeer maintained in the wild in the forests of Kuusamo. @, Group z; M, group 4A; A,
group 5A; for details of groups see p. 64. Mean values with their standard errors repre-
sented by vertical bars. [J, Period of snow cover.

reindeer are very markedly affected by exercise or disturbance. During 2 d spent
impounded in an enclosure the serum urea concentration can increase 7-8 times
(Hyvirinen & Helle, 1974). Therefore only animals which had been disturbed very
little, less than 2 h in an enclosure for the groups studied in the summer and autumn,
were used for urea determination.

Effects of winter conditions and nutrition on serum protein concentration and composition
and on serum urea concentration

Total serum protein concentration was highest in the supplementary-feeding group
(group 1) and lowest in the group maintained under poor nutritional conditions
(group 3). In particular the serum globulin content of group 1 was higher than that of
groups 2 and 3, and this was the major part of the difference in total protein concen-~
tration between groups 1 and 2 (Table 2). In group 3 the serum albumin concentration
was also significantly lower than that in group 2, and the globulin concentration was
even lower than in group 2. The albumin:globulin ratio was lowest in group 1.

Serum urea concentration (Table 3) was significantly higher in group 1 than in
group 2, and even in group 3 it was significantly higher than in group 2. In group 3
the serum urea concentration was highest in those animals whose serum protein
concentration was lowest (v 0-87).
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Fig. z. Pattern of serum proteins separated by electrophoresis on polyacrylamide gel (A) and
densitometric curves for serum proteins separated by electrophoresis on cellulose acetate (B}
for (a) an adult female reindeer and () her calf aged 1 month. The proportion of y-globulins
in the calf was very low compared with that in the adult, but the corresponding proportion of
possible a-globulins was comparatively higher than that in the adult.
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Table 3. Serum urea (SU) concentrations (mmol|l) in undisturbed* female reindeer over
4 years old and their calves, maintained in captivity or in the wild in different seasonal and

nutritional conditions
(Mean values with their standard errors)

SU
No. of — A ~
Groupt animals Mean SE
1 14 330 022
2 9 1-66 030
3 13 282 033
4A 5 480 o030
4B 4 3-88 013
5A 5 1-81 021
5B 2 133 —
Interaction P
Statistical significance of 1 v.2 < o'o1
difference between 1 2.3 NS
group means 2 0.3 < 0'05
2 . 4A < o001
2 wv.35A NS
4A v. 5A < o'001
4A v. 4B NS

NS, non-significant.
* For details, see p. 66.
1 For details of groups, see p. 64.

DISCUSSION

There are clear seasonal changes in serum proteins and serum urea concentration
in reindeer. Similar changes have also been found by workers in the USSR and Canada
(Afanas’ev, 1963; McEwan, 19685), although values for seasonal variations in serum
protein concentration were not as high as those found here. These changes are
presumably associated with changes in available nutrients. It is well known that the
normal winter food of reindeer and caribou is very poor in proteins and minerals
(Kelsall, 1968; Steen, 1968; Westerling, 1969; McEwan & Whitehead, 1970). The
reindeer have adapted to this situation, however, and in normal years when digging
conditions are good, wintering and reproduction are quite successful. The energy
value of lichens is comparatively high because of their high carbohydrate content,
although their protein and mineral content is low (Isotalo, 1971 ; Westerling, 1973). A
clear seasonal variation has also been observed in glucose metabolism of the reindeer
(Cameron & Luick, 1972; Luick, Person, Cameron & White, 1973), and it has been
found that hydrocortisone secretion is more intensive during winter than during
summer (Yousef, Cameron & Luick, 1971).

During the summer the reindeer are eating food of high nutritive value (Steen,
1968), and it is during this time that the animals grow and gather body reserves for
winter use (Klein, 1968; McEwan, 1968 ). This can be seen in the seasonal changes in
the body-weights of the animals and also in the changes in serum protein concentration
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Table 4. Crude-protein content of the most important food sources of the reindeer in
Finland (Isotalo, 1971; SITRA (Suomen Itsendisyyden Rahasto) investigation team,
Finland, unpublished results)

Crude protein (nitrogen x 6-25)

Plant species (g/kg dry weight)
Alectoria spp. 29-75
Cladonia spp. 20-44
Phleum pratense 67—106
Deschampsia flexuosa 67—107
Betula 127224
Salix 129—260
Menyanthes trifoliata 103-229
Equisetum spp. 135-182
Chamaenerion angustifolium 143-253
Boletus spp. 184-256

and composition and in serum urea concentration. The crude-protein content of
lichens, of the hay and dry leaves used in this study as supplementary feed, and
also that of the most important food sources of the reindeer during the summer
months (Menyanthes trifoliata, Equisetum fluviatile, Chamaenerion angustifolium,
Boletus spp.), shown in Table 4, are values reported by Isotalo (1971) and the un-
published results of the SITRA (Suomen Itsendisyyden Rahasto) investigation team in
Finland.

The crude-protein content of lichens of the Cladonia spp. is very low while that of
Alectoria spp. is higher, and that of young, dry leaves of Betula and Salix is especially
high. The summer food contains many times more protein than the winter food.
The reindeer in group 1 were receiving food of comparatively high crude-protein
content during the winter and this was reflected in the higher serum protein concen-
tration and also in the comparatively high serum urea concentration. It is known that
in protein malnutrition the total serum protein concentration decreases (Grimble,
Sawyer & Whitehead, 1969). Under normal circumstances this is achieved by a
decrease in the serum albumin concentration, resulting in a decrease in the albumin:
globulin ratio. In the reindeer studied here and also in those studied by Afanas’ev
(1963), the decrease in serum protein is at first associated with a decrease in serum
globulin concentration, and the albumin:globulin ratio thus increases. It is obvious
that reindeer are comparatively well adapted to seasonal variations in food composition,
and the high concentration of globulins in autumn may represent reserve protein for
the winter. The serum albumin content was also lower in group 3, which must be
occasioned by protein malnutrition. Grimble et al. (1969) have shown that in rats and
pigs reductions in the concentration of the total serum protein and albumin are closely
related to primary protein malnutrition but not to undernutrition. In group 3 the
reindeer have suffered both from protein malnutrition and from undernutrition.
Hence the body-weight of these reindeer was also low compared with that of the
animals in groups 1 and 2.

The increase in the serum urea concentration in group 3, although there was a
decrease in the total serum protein concentration, is not in agreement with the finding
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that the serum urea concentration reflects to a certain extent the protein content of the
food (Preston, Schnakenberg & Pfander, 1965; Maloiy, Kay, Goodall & Topps, 1970).
It has been reported also that blood urea recycling occurs in ruminants (Schmidt-
Nielsen, Schmidt-Nielsen, Houpt & Jarnum, 1957; Houpt, 1959; Packett & Groves,
1965). Klein & Schénheyder (1970) suggested that the reindeer also seems to be able
to compensate for low nitrogen levels in forage by recycling N through the saliva.
Hyppéls, Kiiskinen & Hannila (1973) have assumed that in reindeer this recycling of
urea must be especially important because of the very low protein content of the food
in winter. The high value for serum urea in group 3 under extremely poor nutritional
conditions may be connected with lowered microbial activity in the rumen. This
assumption is in agreement with the higher serum urea concentration in those rein-
deer which had the lowest serum protein concentrations. In this group (group 3)
severe mineral nutrient deficiencies have also been found (Hyvirinen & Helle, 1973),
which in connexion with general undernutrition might have been one important reason
for the catastrophe in Enonteki during the spring of 1973. Bones of dead animals
were very thin and, apparently as a result of severe undernutrition, all fat in the
medullas of the long bones had been consumed. It seems, however, that the reindeer
cannot use their muscles as energy reservoirs because the activity of creatine phospho-
kinase (CPK) in the serum of the reindeer of group 3 was not higher than that in
groups 1 and 2 (Hyvirinen & Helle, 1973) and clearly lower than that of group 4A
and 5 A (Hyvirinen & Helle, unpublished results). CPK in the serum is derived from
the muscles. Luick e al. (1973) found that the glucose entry rate and plasma glucose
concentration was greatly reduced when food was scarce. We measured blood glucose
levels in the reindeer groups studied. There were no significant differences between
the groups 1—3 (mean + s (mmol/l whole blood): 3-62, o-12; 3-82, 0-24; 370, 0-24
respectively) (Hyvirinen & Helle, 1973). We suppose, therefore, that the importance
of glucogenic amino acids as a source of glucose is not significant. During summer
(groups 4 A and B) and autumn (groups 5 A and B), however, we found higher glucose
levels than during winter (group 4 A, 468 + 0-24 mmol/l whole blood and group 35A,
4'53 + 024 mmol/l whole blood, Hyvirinen & Helle, unpublished results), but we
assume that these high values are for the most part caused by the stronger handling
stress of these groups as compared to the winter groups (1-3).

Undernutrition in late winter is known to be serious for reproduction in caribou
and reindeer (Pruitt, 1961; McEwan & Whitehead, 1972). This was clearly also the
situation in Enontekid, for hardly any reindeer calves were to be found in the area that
sumimer.

It is therefore necessary to organize an effective supplementary feeding system for
reindeer during severe winters to avoid such catastrophes. This is now one of the most
pressing problems for reindeer husbandry in Finland.

We are very grateful to the Academia Scientarum Fennica and to The Foundation
for Research into Natural Resources in Finland for financial support. Thanks are
extended to LuK Mauri Nieminen, Mrs Riitta Harjula and to members of the Rein-
deer Herding Association of Ala-Kitka for their valuable help.
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