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Ropstad E., 0. Johansen, K. Halse, H. Morberg and E. Dahl: Plasma magnesium, 
calcium and inorganic phosphorus in Norwegian semi-domestic female· reindeer 
(Rangifer tarandus tarandus) on winter pastures. Acta vet. scand.1997, 38, 299-313. 
- Altogether 1645 blood plasma samples were collected from 2 reindeer (Rangifer taran­
dus tarandus L) herds in northern Noiway (Magerey and S0rey), and from 2 herds in 
southern Noiway (Filefjell and Lorn) during the period from 1992 through 1995. Except 
for 2 subsets of samples from Lorn (N=5 l and 56) all samples were collected on winter 
pasture between January and early March. The herds were of varying nutritional status, 
the Lorn herd being regarded to be among the best in the country in this regard. 
Plasma levels of magnesium, calcium and inorganic phosphorus were measured. In ad­
dition, plasma progesterone was used as a pregnancy test, a discriminatory level of 7 
nmol I-1 being chosen as indicating pregnancy. For the investigated minerals, the ana­
lysis of variance included effects for year of sampling, herd, pregnancy status, age and 
mineral status. 
Average mineral concentrations varied considerably between herds and year of sam­
pling. The overall average (SD; min-max) concentrations of plasma Ca, Mg and P in 
samples collected on winter pastures were 2.42 (0.25; 0.9-3.6), 0.83 (0.17; 0.16-1.39) 
and 1.70 (0,47; 0.2-3.4) mrno11-1, respectively. The overall pregnancy rate was 79.8%. 
The frequency of subnormal plasma values within herds and years for magnesium (::>O. 7 
mrnol 1-1) and calcium (Q.2 rnmol 1- 1) varied between 0 - 61 .9% and 1.4 - 44.9% re­
spectively. Significant positive correlations between calcium and magnes·ium were 
found in all herds except in the Lorn herd where all animals had plasma Mg values 
above 0.8rnmot1- 1. Generally, the highest correlation coefficients were found in subsets 
of data with a high frequency of subnormal magnesium concentrations. Plasma magne­
sium showed the greatest contribution to plasma calcium variance when tested together 
with herd, year of sampling, pregnancy status, age and plasma inorganic phosphorus. A 
decrease in plasma magnesium from l 'to <0.5 mrnol t·1 was associated with a decrease 
in plasma calcium of approximately 15%. 
Mean plasma magnesium and calcium levels were significantly (p<O.O I) higher in preg­
nant animals than in barren females, a significant positive relationship being found 
between pregnancy rate and average concentrations of the same minerals when sets of 
observations from different herds and different years were compared. 
The positive correlation between plasma calcium and magnesium in herds with sub­
normal magnesium minima is consistent with evidence from other species reported in 
the literature of impaired calcium homeostasis in magnesium deficient animals. 

Minerals; nutrition; pasture; reproduction. 

Acta vet. scand. vol. 38 no. 4, 1997 



300 E. Ropstad et al. 

Introduction 
Normally, semi-domestic reindeer in Norway 
are subjected to extreme seasonal variations in 
climate and nutrition. Since no supplementary 
feeding is usually provided, the availability of 
winter grazing may be a limiting factor. In re­
cent years, overgrazing in winter due to increas­
ing animal populations has become a major 
problem, especially in Northern Norway. As a 
result, the nutritional status of many herds has 
declined, and some reports indicate that severe 
nutritional imbalances may occur. In this con­
nection it should also be borne in mind that the 
winter diet of reindeer is dominated by lichens 
which are low in protein and minerals but abun­
dant in complex carbohydrates (Nieminen & 
Heiskari 1988). 
Animals in the Kautokeino area in Finnmark 
(Hoff et al. 1993) with clinical symptoms of 
mineral disturbances, such as ataxia and pare­
sis, had extremely low serum magnesium levels 
(mean=0.19 mmo11-1) and moderately reduced 
levels of serum calcium (2.03 mmol 1·1). They 
were on winter pasture (February) in an area 
where animals had died, probably from malnu­
trition, in previous years. 
Hyviirinen et al. ( 1977) found that serum cal­
cium was very low (1.7 mmol 1·1) and serum 
magnesium moderately reduced in female rein­
deer living under very poor nutritional condi­
tions, cases of death from malnutrition occur­
ring in April. On the other hand, Ahman et al. 
(1986) found normal serum calcium levels in 
reindeer that were in poor condition during 
winter, whilst the serum magnesium average 
was very low (0.41 mmo11-1). The correspond­
ing figure in animals regarded to be in a normal 
bodily condition was slightly higher (0.58 
mmol 1·1). Even though half of the animals in 
poor condition had plasma magnesium <0.3 
mmo11·1, no symptoms of tetany were seen. 
Subnormal plasma magnesium concentrations 
were induced experimentally in reindeer calves 
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by Bjarghov et al. (1976). The concentration of 
the mineral decreased from 1 mmol 1"1 to 
around 0.4 mmol 1·1 when lichen was provided 
as the only feed for 1 !1 months. There were no 
tetany symptoms, and a very moderate drop in 
plasma calcium was interpreted as an adapta­
tion to a decrease in plasma proteins. The au­
thors drew attention to the low levels of both 
calcium and magnesium in lichen, and recom­
mended the use of plasma magnesium as an in­
dicator of the nutritional status of reindeer. 
The above mentioned studies indicate the excis­
tence of more or less interrelated disturbances 
of the calcium and magnesium metabolism in 
reindeer on winter pastures. In the present study 
the occurrence of hypomagnesaemia was stud­
ied in 4 reindeer herds on winter pastures based 
on a large number of sam[ples. Findings from 
correlation tests between plasma magnesium, 
calcium and inorganic phosphorus are reported. 
Comparison is made to evidence from the liter­
ature of disturbances in calcium homeostasis 
and the occurrence of hypocalcaemia in other 
species during magnesium deficiency. In addi­
tion, the relationships between plasma mineral 
values and other parameters, such as age of the 
animals and pregnancy status, were investi­
gated. 

Materials and methods 
Animals 
Blood samples were taken from female reindeer 
(Rangifer tarandus tarandus) in 2 herds in 
Finnmark county n=325 and Magerny, 
n=706), during the winter season from 1992 un­
til 1994 (S0rey) and from 1992 until 1995 
(Magerny). All samples were collected in late 
January except those from Magerey 1992, 
which were collected in early March. The herds 
had their summer pastures on 2 islands located 
on the northern coast of Finnmark (72 °N). The 
animal density on Magerny was 10 reindeer per 
km2 as compared to 4 per !km2 at S0rny. Thus, 
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greater competition for pasture resources on 
Magerey could explain the lower autumn live 
body mass usually found in the autumn in the 
Magerny herd compared to the Serey animals 
(unpublished results). 
In the autumn, the Magerey herd was made to 
swim from the island pasture to the mainland in 
mid-September, while the Serey animals were 
ferried to the mainland in the middle of Octo­
ber. The migration to the winter pastures in the 
central part of the Finnmark mountain plateau 
took about 1 to 2 months, both herds covering a 
distance of about 250 km. During this migra­
tion, pasture quality varied considerably, but 
was generally regarded to be satisfactory. Dur­
ing winter the 2 herds were kept on adjacent 
pastures. The winter pasture was generally re­
garded to be of moderate quality, consisting 
predominantly of lichen. 
Animals of varying age in a herd from the 
mountain districts of central southern Norway 
(Filefjell, n=391, 62 °N) were blood sampled in 
January, 1995. The quality of both winter and 
summer pastures in this area was regarded to be 
good. The migration route from summer to 
winter pastures was approximately 60 km. 
In Lorn, a neighbouring area to the north of Fi­
lefjell, young reindeer, all of the same age 
group years old) were blood sampled in 
July (n=56) and September (n=51), 1991, and 
in January 1992 (n=67). The Lorn animals were 
on very good pastures regarded to be among the 
best in the country. Also in Lorn, lichens consti­
tute a major part of the winter feed. Animals 
from this herd were included because they were 
assumed to represent a well managed herd liv­
ing under optimal nutritional conditions. The 
analytical data from this herd were used as con­
trol data for comparison with that for animals 
living under more variable environmental con­
ditions. 
Most of the animals carried ear tags with an in­
dividual code indicating year of birth. Live 

body mass was recorded shortly after blood 
sampling in the Magerny and Filefjell herds. 

Blood sampling 
Blood samples were collected when animals 
were corralled for slaughtering or counting. 
Groups of about 20 animals were taken from 
the large herd into smaller corals for sampling. 
The animals were caught and restrained. Jugu­
lar venous blood was drawn with heparinized 
vaccuum tubes (Venoject®, Leuven, Belgium) 
within 2 minutes of capture and plasma was 
produced from fresh blood by centrifugation in 
the field (20000, 15 minutes). Plasma was pre­
ferred because it was easier to produce than 
serum under outdoor sampling conditions. The 
plasma was stored at - 70°C until analysis. 

Plasma minerals 
Plasma minerals were analysed at the Central 
Laboratory, Norwegian College of Veterinary 
Medicine, Oslo. The minerals determined were 
magnesium (Mg), calcium (Ca) and inorganic 
phosphorus (P). The analyses were performed 
on a Technichon Axon™ System (Miles Inc., 
Diagnostic Division, Tarrytown, NY, USA). 
Plasma magnesium was analysed by an enzy­
matic method (UV), Sera Pak (Bayer, Ger­
many). Plasma calcium and inorganic phos­
phorus were analysed by colorimetric methods 
utilising o-cresolphthalein complexone (Ca) 
and phosphomolybdate (P), respectively. Re­
agents for both assays were manufactured by 
Technicon (Bayer Corp., Diagnostic Division, 
Tarrytown, NY, USA). Internal controls were 
assayed before and after each series of 30 sam­
ples. The control sera were Test Point™ l and 
Test Point™ 2 (Technicon Axon®, Miles lnc., 
Diagnostic Division, Tarrytown, NY, USA) and 
Seronorm® (Nycomed, Oslo, Norway). 
In the discussion of the results suceptibility to 
hypocalceamia and hypomagnesaemia has been 
estimated by counting animals with plasma 
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Figure 1. Frequency distribution (%) of plasma 
magnesium concentrations in blood samples from fe­
male reindeer collected from 1992 until 1995 on win­
ter pastures between January and early March. The 
frequency distribution of all animals (a) is compared 
with those in herds with normal (b) and low (c) lev­
els. A lower normal limit of0.7mmol1·1 is indicated 
(broken lines). 
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Figure 2. Frequency distribution (%) of plasma 
calcium concentrations in blood samples from fe­
male reindeer collected from 1992 through 1995 on 
winter pastures between January and early March. 
The frequency distribution of all animals (a) is com­
pared with those in herds with normal (b) and low (c) 
levels. A lower normal limit of 2.2 mmol 1·1 is indi­
cated (broken lines). 
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Figure 3. Average calcium concentrations (a) and 
percentage of subnormal (:52.2 mmol 1·1) calcium 
concentrations (a) as related to magnesium concen­
trations (b). Magnesium values are grouped into 
seven concentration ranges. Numbers of observa­
tions within herd and magnesium range (total= l539) 
are indicated. 

calcium values :5;2 rnmo 1-1 and plasma magne­
sium :5;0.7 mmoI 1·1 (Table I, Figs. 1-4). These 
borderline values were chosen as approxima­
tions to renal threshold levels for the 2 elements 
for species with normal averages around 2.5 
mmo11-1 for calcium and 1.0 mmol 1-1 for mag­
nesium in plasma (reindeer: Hyviirine11 et al. 
1977; Ahman et al. 1986). Reference is made to 
threshold estimates for calcium in cattle (Hove 
et al. 1983; Halse 1984) and for magnesium in 
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Figure 4. Average plasma phosphorus concentra­
tions related to magnesium (a) and calcium (b) con­
centrations. Magnesium and calcium values were 
grouped into seven and five concentration ranges, re­
spectively. Numbers of observations within herd and 
mineral range (total= l539) are indicated. 

reindeer (Halse et al. 1976), cattle (Ender et al. 
1957) and rats (Averill & Heaton l 966). Fur­
thermore, in good agreement with these authors 
the lower limit of a statistically determined nor­
mal plasma magnesium range has been found 
to be 0.75 mmol 1-1 both in cattle (Allcroft & 
Green 1934) and in man (Elin 1988). The term 
hypomagnesaemia was used by Blaxter et al. 
(1954) when plasma magnesium was 
mmol l-1 (hypomagnesaemic tetany <0.4 mmol 
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Table 2. Least squares means for plasma minerals 
(calcium, magnesium and phosphorus) in female 
reindeer by herd, year of sampling, pregnancy status, 
and age group. Least squares means with different 
superscript differ significantly (p<0.05). The level of 
significance for each variable used in the models is 
indicated. 

Least squares means, mmolll 
Parameter Category Calcium Magnesium Phosphorus 

Flock 
Mager0)' 2.34• 0.8• 1.73• 
S0r0)' 2.34• 0.9lb l.86b 
Filefjell 2.4lb 0.11• 1.44• 

Year 
1992 2.35' 0.11• l .62•b 
1993 2.33• 0.83b l .59b 
1994 2.35• 0.8lb 1.82• 
1995 2.42b 0.88• 1.67' 

Pregnancy status 
Pregnant 2.4• 0.82• 1.66 
Barren 2.33b 0.79h 1.69 

Age Group 
>2 years 2.34' 0.8 1.67 
2-9 years 2.39b 0.81 1.68 
>9 years 2.35' 0.81 1.67 

Significance tests Level of significance, (p) 

Flock <0.01 <0.001 <0.001 
Year <0.001 <0.001 <0.00 1 
Pregnancy status <0.001 <0.01 n.s. 
Age group <0.001 D.S. n.s. 
Calcium <0.001 n.s. 
Magnesium <0.001 <0.001 
Phosphorus n.s. <0.001 

R2-Model 0.3 0.44 0.29 

1-1) in bovine calves. Evidently, the classifica­
tion of analytical findings in relation to thresh­
old levels permits the identification of animals 
with low rates of excretion of minerals with the 
urine and a mineral-sparing adaptation of ho­
meostatic mechanisms. 

Progesterone 
Plasma progesterone was measured by ELISA-

kits utilising an enhanced chemiluminescense 
technique (Amerlite®, Kodak Clinical Diagnos­
tics, Amersham, UK). The assay was validated 
with reindeer plasma by demonstrating par­
allelism between dilutions of plasma samples 
and the standard curve. The detection limit of 
the assay was 0.2 nmo11-1• The intraassay coef­
ficient of variation was 8.3% in the concentra­
tion range 1.9- 158 nmol J-1• The interassay co­
efficient of variation was 6.5% for samples in 
the concentration range between 14.8 and 47.8 
nmoJJ-1• 

Plasma progesterone was used as a pregnancy 
test. Based on simultaneous measurements of 
plasma progesterone and rectal ultrasono­
graphic investigation of the uterus, a discrimi­
natory level of 7 nmol 1- l was chosen to indi­
cate pregnancy (unpublished results). 

Statistical analyses 
Statistical analyses were performed using SAS 
( 1988) software programmes. The General Lin­
ear Models procedure was used. For the inves­
tigated minerals (Ca, Mg and P) the models 
included effects of year of sampling, herd, preg­
nancy status, age and mineral status. Three age 
groups were defined: yearlings, adults and old 
animals (>9 years of age). Lorn-animals were 
excluded from the analysis of variance. The 
variance contribution was calculated for inde­
pendent variables from its sum of squares (SS; 
Type III) divided by total SS. 
Correlation and linear regression analyses were 
used to assess relationships between mineral 
parameters. 

Results 
Average levels of plasma minerals varied 
between herds and year of sampling (Tables I 
and 2; Figs. I and 2). The overall average (SD; 
min-max) concentrations of plasma Ca, Mg and 
P in samples collected on winter pastures were 
2.42 (0.25; 0.9-3.6), 0.83 (0.17; 0.16-1.39) and 
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Table 3. Correlation coefficients for the levels of plasma magnesium, calcium and inorganic phosphorus in 4 
herds of female reindeer. The samples were collected on winter pasture between January and early March, from 
1992 through 1995. 

Flock N Parameter 

Magerey 706 Calcium 
Magnesium 

S0rey 375 Calcium 
Magnesium 

Filefjell 391 Calcium 
Magnesium 

Lorn 67 Calcium 
Magnesium 

All 1539 Calcium 
Magnesium 

1.70 (0,47; 0.2-3.4) mmol l-1, respectively. The 
overall pregnancy rate was 79.8%. 

Magnesium 
As shown in Table 1, hypomagnesaemia (Mg 
?.0.7 mmo11-1) was detected in 3 out of 4 herds. 
The lowest average magnesium concentration 
(0.63 mmol 1·1) was found in 1992 among 
Magerey-animals (Table 1). That year61.9% of 
the samples showed Mg concentrations 
mmol 1·1 (Fig. le). The magnesium status in 
Magerey and S0rey animals gradually im­
proved from 1992 until 199411995 (Table 1 ). In 
Lorn animals average levels around 1.0 mmol 
1· 1 were found at 3 different times of year (Table 
1; Fig. 1 b ). The Filefjell herd had the second 

Correlation matrix 
Magnesium Phosphorus p 

0.53 0.28 <0.0001 
0.37 <0.0101 

0.31 0.1 9 <0.0001 
0.29 <0.0002 

0.37 -0.25 <0.0001 
0.06 n.s. 

0.08 0.06 n.s. 
0.08 n.s. 

0.45 0.09 <0.001 
0.37 <0.0001 

lowest magnesium average (SD) of 0.79 mmol 
1·1 (0.15) and a frequency of low magnesium 
values as high as 28.l % (Table 1 ). 
A total of26 samples (1.7%) 21 of which were 
from the 1992 Magerny material, had magne­
sium concentrations mmo11-1• Altogether 
273 samples (19.4%), contained magnesium in 
the range from 0.4-0.7mmol1·1. 

Calcium 
The frequency distribution patterns for calcium 
were generally narrower than for the other min­
erals (Figs. 1-2). As was the case for magne­
sium, the lowest herd calcium average was 
found in the 1992 Magerny material (mean = 
2.23 mmol 1·1; Table 1). Altogether 79 (44.9%) 

Table 4. Mean plasma mineral values (SD) and ranges in samples with herd minima for magnesium and cal­
cium, respectively. 

Calcium, mmol 1·1 Magnesium, mmo11·• Phosphorus, mmol 1·1 

Mean(SD) Mean(SD) Mean (SD) 
Flock Year Category N Min-Max Min-Max Min-Max 
Magerey 1992 Low Mg 7 1.89 (0.4) 0.23 (0.04) 1.3 (0.26) 

1.2 - 2.3 0.16-0.27 0.9 - 1.6 
Magerey 1993 Low Ca 9 1.3 (0.19) 0.57 (0.05) 0.85 (0.28) 

0.9 - 1.6 0.52 - 0.66 0.4 - 1.3 
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samples from this herd contained calcium lev­
els of S2.2 mmol 1·1, extremely low calcium 
concentrations (<1.8 mmol 1"1) being found in 
17 samples (9.7%). A majority of these (n=lO) 
were from 1993. In the other herds, plasma con­
centrations of S2.0 mmol t·• were rarely found. 
The high calcium averages in Lorn animals (Ta­
ble 1) can be illustrated by the fact that in only 
one winter sample from this herd was a level of 
S2.2 mmol t·• measured (Fig. 2b). 

Phosphorus 
Average plasma phosphorus levels were highest 
in the Lorn animals and lowest in the Filefjell 
animals (Table I). In the latter herd a total of 
223 (57%) samples had phosphorus concentra­
tions mmol 1·1. Generally, phosphorus 
concentrations showed greater standard devia­
tions than the two other minerals within as well 
as between herds (Table l ). 

Mineral interrelationships 
Significant positive correlations between plas­
ma calcium and magnesium (Table 3) were 
found in the 3 herds where hypomagnesaemia 
(Mg was detected (Table 1). The regres­
sion curves for the affected herds (Fig. 3a) show 
a mean decline in calcium of about 15% asso­
ciated with a decrease in magnesium from 1 to 
<0.5 mmol 1·1• In the magnesium range >0.6 
mmol 1·1 Magerey and Serey animals gave 
nearly identical calcium averages which were 
consistently about 0.15 mmol 1·1 below corre­
sponding levels in the Filefjell herd. The repro­
ducibility within herds of a common pattern of 
magnesium-related calcium variations is fur­
ther illustrated by the subnormal calcium val­
ues (S2.2 mmol 1"1) which increased gradually 
to 60% - 78% when magnesium decreased to 
<0.5 mmo11-1. Pooled observations from the 3 
herds in the same figure showed that the low­
calcium frequency increased significantly 
(p<0.02) to 15.2% at moderately reduced mag-

nesium levels (0.7 - 0.8 mmo11-1) compared to 
4.5% in the magnesium range >0.9 mmo 1·1• 

When tested together with the independent 
variables listed in Table 2, plasma magnesium 
gave a contribution as high as 12.2% to the 
variance of calcium. Conversely, the effect of 
calcium on magnesium variance was 9.7%. 
Table 4 shows, respectively, calcium and phos­
phorus levels corresponding to extremely low 
magnesium values (Mager0)' 1992) and magne­
sium and phosphorus levels in animals with 
minimal calcium levels (Magerey 1993). Con­
trary to the correlation tests in Table 3, the cal­
cium and magnesium values appear inversely 
related. Very low phosphorus levels (p<0.05) 
were found in the lowest calcium category. 
In general, the correlation between magnesium 
and phosphorus was stronger than that between 
calcium and phosphorus (Table 3, Fig 4). Al­
most identical positive correlation coefficients 
were found in successive years in the Magerny 
herd. In contrast, phosphorus was unrelated to 
magnesium in the Filefjell herd (Table 3; Fig. 
4a). In spite of varying within-year correlation 
coefficients, the pooled Serey-material gave a 
positive regression curve for phosphorus 
against magnesium, similar to that for Mager0y 
(Fig. 4a; Table 3). The tests for calcium I phos­
phorus interrelationships gave inconsistent re­
sults, the 2 minerals appearing alternatively 
positively (r=0.28) and negatively (r=-0.25) 
correlated in different groups of animals (Table 
3). 
According to Table 3 magnesium and inorganic 
phosphorus were significantly positively corre­
lated in the Magerey and S0rey herds. Nearly 
linear magnesium-related phoshorus incre­
ments were observed both in the hypomagne­
saernic mmol t·1) and the normal magne­
sium range (Fig. 4a). In cattle an apparent 
phosphorus-depressant effect of moderate de­
creases in magnesium was found to be statisti­
cally significant (p<0.001) for these 2 herds by 
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Figure 5 . Pregnancy rate within herd and year as a 
function of average plkasma magnesium (a) and cal­
cium (b) concentrations. Identification of herd and of 
year of sampling are given in abbreviated form (M=­
Magerny; S=S0wy; F= Filetjell; -92= 1992 etc.) 

comparing the frequencies of low phosphorus 
values (:::;I .4 mmo11-1) in the magnesium ranges 
0.81-0.9 and >0.9, respectively Kaneko (1989). 
The 2 variables appeared unrelated in the third 
herd with hypomagnesaemia (Filefjell, Table 3, 
Fig. 4a). 
A curved regression for inorganic phosphorus 
and calcium (Fig. 4b) can explain a lower cor­
relation coefficient for these 2 parameters than 
between magnesium and phosphorus (Table 3). 
Above the renal calcium threshold (>2.2 mmol 
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1·1) phosphorus either remained unaffected by 
calcium (2 herds) or showed a decrease with in­
creasing calcium levels (Filefjell; Fig. 4b ) . 
However, at subthreshold levels, phosphorus 
averages decreased together with calcium con­
sistently to < 1.5 mmo11·1 in all 3 herds . 

Pregnancy 
Pregnant animals had significantly (p<0.01) 
higher plasma magnesium and calcium least 
squares means than barren females (Table 2). 
Similarly, a significant relationship was found 
between pregnancy rate and average concentra­
tions of the same minerals (Fig. 5). The coeffi­
cients of correlation between mineral averages 
and pregnancy rate were 0.79 and 0.84 for mag­
nesium and calcium, respectively (p<0.01). 
Average phosphorus concentration was not sig­
nificantly related to pregnancy rate. 

Age 
Adult females had slightly higher (p<0.05) 
plasma calcium least squares means than year­
lings and old females. Magnesium and phos­
phorus concentrations were not influenced by 
age group (Table 2). 

Discussion 
It is difficult to specify environmental factors as 
the causes of significant (Table 2) differences in 
plasma minerals between groups in Table 1. 
Differences in the availability of dietary miner­
als could be the reason why the Magerey herd 
gave consistently lower mineral averages than 
the S0r0y animals (Tables l and 2) for 3 years. 
The significance of year on all 3 minerals (Ta­
ble 2) could be due to climatic variations affect­
ing the well-being of the animals. Direct com­
parison of averages in TabEe 1 futher suggests 
that the Filefjell herd was better supplied with 
calcium than with magnesium, while the Lorn 
diet apparently was well balanced with respect 
to both elements. As controls the Lorn samples 
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are of interest (Table I), since it appears that 
reindeer can survive on frozen winter pastures 
without the susceptibility to hypocalceamia and 
hypomagesaemia seen in the other herds. 
The finding of significantly higher calcium and 
magnesium values in pregnant than in barren 
animals (Table 2) was unexpected. Possibly, fe­
cundity can be influenced by subtle variations 
in mineral metabolism. It would be of interest 
to compare the present findings with measure­
ments towards the end of the gestation period 
when the demands for minerals is at a maxi­
mum. 
Seemingly, plasma calcium was better main­
tained in middle-aged than in young and old an­
imals (Table 2). Logically, the finding reflects 
age-dependent variations in the ability to toler­
ate the stresses on mid-winter pastures. It is of 
interest that the positive correlation between 
calcium and magnesium in other tests (Table 3) 
was influenced by age-dependent magnesium 
variations (Table 2). 
The nature of the relationship between calcium 
and magnesium is illustrated by the within herd 
correlation tests (Table 3). Seemingly, the cor­
relation coefficient increased with the frequen­
cies of subnormal magnesium concentrations 
given in Table l. Actually, the correlation was 
not significant in the Lorn-herd where all mag­
nesium values were within a range considered 
to be normal. 
According to Table l and Fig 1 b, in only the 
Lorn herd were magnesium values consistently 
normal (minimum 0.83 mmol 1·1). In the 3 other 
herds, cases of hypomagnesaemia were de­
tected even in years when herd averages for 
magnesium were above 0.9 mmol 1·1• The ex­
ceptionally high frequency of hypomagnesae­
mia in Magerey in 1992 (Fig le) may partly be 
a seasonal effect since the actual sampling 
month was March as against January for the 
rest of the material. A frequency of subnormal 
magnesium concentrations as high as 28. l % in 

the Filefjell herd is of special interest, since it 
shows that hypomagnesaemia on winter pas­
tures may be a problem which is not necessarily 
limited to animals exposed to extreme environ­
mental conditions such as those prevailing in 
northern Norway. 
Quite severe, long-lasting hypomagnesaemia 
has been reported frequently in cattle not show­
ing signs of tetany (review: Hemingway & 
Ritchie, 1965). Of special interest in the context 
of the present study are the findings of Al/croft 
et al. ( 1938) in a large herd of cows which was 
managed in much the same way as Norwegian 
reindeer, at a ranch in southern England. The 
"semi-wild" beef animals were kept at pasture 
all the year around. Without showing signs of 
tetany the cows had December magnesium 
minima which were comparable to those found 
among the Magerey reindeer in 1992. At the 
time, grass growth was at its poorest and the 
cows were non-lactating and in mid-gestation. 
When not in lactation, reindeer, like cattle can 
apparently remain in a subclinical condition 
with plasma magnesium levels well below 0.7 
mmot 1·1.The reduction of plasma mineral con­
centrations to below renal threshold concentra­
tions in the winter can thus be looked upon as a 
strategy for survival in periods of deficient 
mineral feeding. It should, however, not be for­
gotten that grass tetany in cattle is a lactation 
disease. Therefore, it is logical to assume that 
the susceptibility to such disorders is at a maxi­
mum in the spring calving season when the ho­
meostatic mechanisms are stressed by utilisa­
tion of body minerals for milk production. 
A positive relationship between plasma cal­
cium and magnesium (Table l and 2; Fig. 3) is 
consistent with the demonstration in many spe­
cies of susceptibility to hypocalcaemia in hypo­
magnesaemic animals (Anast & Forte, 1983). 
In cattle (Hemmingway & Ritchie 1965) and in 
humans (Shils 1969) an effect of magnesium on 
calcium metabolism is evidenced by the fact 
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that low calcium levels can be normalised by 
magnesium supplementation. According to 
Reinhart ( 1988), postulated causal mechanisms 
by which calcium homeostasis can be disturbed 
by a magnesium deficiency are controversial. 
Effects of magnesium on parathyroid hormone 
and calcitriol ( l,25-(0H)2-vit D3) and direct 
magnesium effects on bone metabolism are dis­
cussed in the literature. 
The evidence of hormonal involvement re­
ferred to does not preclude variations in the se­
verity of hypomagnesaemic hypocalcaemia re­
lated to the level of dietary calcium. Thus, it is 
possible that higher calcium averages in the 
Filefell herd than in other herds at identical 
magnesium concentrations (Fig. 3) can be due 
to differences in the supply of minerals. Botan­
ical diversity and the level of competition 
between animals for pasture resources may be 
important sources of variation in this respect. 
Fig. 3 shows that the frequency of animals with 
seemingly magnesium-related decreases in cal­
cium began to increase as soon as magnesium 
levels fell below 0.8-0.9 mmol 1·1• Analogies to 
this apparent magnesium sensitivity are found 
in the literature. Contreras et al. (1982) re­
ported a 35% decrease in the rate of calcium 
mobilisation in bulls and dairy cows on a mag­
nesium deficient diet which lead to a drop in 
plasma magnesium from 0.9-1.0 mmol 1-1 to, 
respectively, 0.72 and 0.54 mrnol 1·1• And in di­
abetic children an increase in plasma calcium 
from 2.12 to 2.39 mmo11·1 was found when the 
magnesium level increased from 0.67 to 0.86 
mmo11·1 as a result of dietary magnesium sup­
plementation (Saggese et al. 1991 ). The effect 
of such supplementation on plasma levels of the 
2 minerals was accompanied by a 30-40% in­
crease in plasma parathyroid hormone and cal­
citriol. 
In discussing the correlation between calcium 
and magnesium it should be borne in mind that 
the 2 minerals may also vary inversely, as is the 
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case in hypocalcaemic periparturient dairy 
cows and in cows in which hypercalcaemia is 
induced with calcitriol and related compounds 
(Hove et al. 1983, Moate et al. 1987). An expla­
nation could be competition for some common 
transport mechanism, for instance in the kid­
neys (rats: Quamme, 1982; dairy cows: Halse, 
1984). Actually, the severity of the hypocalcae­
mia in reindeer can be inversely related to the 
decrease in magnesium, as shown by the aver­
ages from different years in Table 4. Similar 
differences in the magnesium/calcium ratio are 
found by comparing mineral measurements 
from different reindeer studies referred to (see: 
Introduction). Plasma magnesium may be an 
inaccurate indicator of the severity of a magne­
sium deficiency when plasma calcium levels 
are low. As an example, reference is made to 
Bohman et al. (1983) who observed a transient 
increment in plasma magnesium in hypomag­
nesaemic dairy cows when they developed hy­
pocalcaemia and tetany. 
Adaptation to hypoproteinaemia may have con­
tributed to the variability of plasma calcium in 
the present study. It should be noted, however, 
that the hypocalcaemic reindeer studied by Hoff 
et al. (1993) had normal plasma protein levels. 
In future studies, measurement of plasma po­
tassium may contribute to a better understand­
ing of the metabolic relationships between min­
erals, since hypokalaemia has been observed 
during experimental hypomagnesaemia both in 
reindeer calves (Bjarghov et al. 1976) and in 
human volunteers (Shils 1969). The finding of 
interest is that plasma potassium levels also re­
turn to normal together with calcium levels, as 
a result of replenishment with magnesium 
(Shils 1969). 
Variations in plasma inorganic phosphorus are 
difficult to interpret since the parameter is influ­
enced both by variations in mineral metabolism 
and the metabolism of carbohydrates and 
energy. As far as we know, a normal concentra-
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tion range has not been established for reindeer. 
Consequently, for the discussion of the present 
results, a lower normal limit corresponding to 
findings for domestic ruminants (1.4 mmol 1-1) 

was used (Kaneko 1989). 
Measurements by Karns & Crichton (1978) in­
dicate that plasma inorganic phosphorus levels 
in reindeer are more sensitive than plasma cal­
cium and magnesium to the stresses of captur­
ing and blood sampling. Stress effects may thus 
explain some of the variability of the findings 
with regard to phosphorus, and to some extent 
the seemingly erratic behaviour of this compo­
nent in the present study (Table 3). 
The reproducibility of a positive relationship 
between phosphorus and magnesium is evi­
denced by measurements from 4 and 3 succes­
sive years in the Magerey and Serey herds 
(Table 3, Fig. 4a). The absence of magnesium 
related variations in phosphorus in the Filefjell 
herd (Fig 4a) is therefore somewhat enigmatic. 
This latter finding may possibly reflect differ­
ences in mineral nutrition, since Filefjell ani­
mals distinguished themselves by showing 
higher plasma calcium levels than the Magerey 
and Serey animals (Fig 3). 
Low plasma phosphorus in severely hypocal­
caemic animals (Table 4) could be due to in­
creased parathyroid hormone secretion. Vari­
able parathyroid inhibition by hypomagne­
saemia at moderately decreased calcium levels 
could be the reason why the correlation tests of 
inorganic phosphorus against calcium gave in­
consistent results (Table 3). In the discussion of 
the multiple factors believed to be involved 
when calcium homeostasis is influenced by 
magnesium, it has been maintained that a low 
level of plasma magnesium can both inhibit and 
stimulate parathyroid hormone secretion (Ebel 
& Giinther 1980), dependent on the severity of 
the hypomagnesaemia (Anast & Forte 1983). It 
has been suggested recently that the affinity for 
calcium of inhibitory receptors in the parathy-

roids increases when plasma magnesium is low 
(Mori et al. 1992). In further studies of hypo­
magnesaemia in reindeer levels of parathyroid 
hormone and other calcium-regulating hor­
mones should therefore be determined. 
In the Scandinavian studies mentioned previ­
ously (Ahman et al. 1986, Hyviirinen et al. 1977 
and Hoff et al. 1993) the severely hypomagne­
saemic and/or hypocalcaemic animals were 
evidently in a poor condition. It is likely that 
poor nutrition also played a role in the develop­
ment ofhypomagnesaemia also in the herds in­
vestigated in the present study, but no system­
atic recording of live body mass was per­
formed. The highly significant relationships 
between pregnancy rate and herd averages of 
calcium and magnesium (Fig. 5) should be 
interpreted with care. Further studies are 
needed to determine the effects of mineral 
status at different stages of the reproductive 
cycle on fecundity in reindeer. 
In conclusion, reindeer are likely to suffer from 
mineral deficiencies during winter although 
great variations in mineral concentrations can 
be found between herds and year of sampling. 
The practical importance of such imbalances in 
terms of health, fecundity and possible produc­
tion losses needs further evaluation. Significant 
interrelationships were found between miner­
als, particularly between calcium and magne­
sium. The results indicated that calcium ho­
meostasis was sensitive to changes in blood 
magnesium concentrations. 
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Sammeodrag 
Plasma magnesium, kalsium og uorganiskfosfor hos 
norsk tamrein (Rangifer tarandus tarandus) pd vin­
terbeite. 

I alt 1645 prever av blodplasma ble samlet fra 2 rein­
flokker (Rengifer tarandus tarandus) i Nord-Norge 
(Mager0y- og Sereyflokkene) og fra 2 flokker i Ser­
Norge (Lorn- og Filefjellflokkene) i perioden fra 
1992 til 1995. Med unntak av 2 preveserier fra Lom­
tlokken (N=5 I og 56) ble alle pr0ver tatt enten i ja­
nuar eller mars mAnded. Flokkenes ema:ringsmes­
sige tilstand varierte. Lomflokken hadde de beste 
vinterbeitene. 
PlasmanivAene av magnesum (Mg), kalsium (Ca) og 
uorganisk fosfor (P) ble mAlt. I tillegg ble plasma 
progesteron brukt som drektighetstest. Verdier > 7 
nmol 1·1 ble tolket som tegn pA drektighet. 
Gjennemsnittlige mineralkonsentrasjoner varierte 
betydlig mellom flokk og Ar. Den gjennomsnittlige 
(SD; min-max) konsentrasjon av Ca, Mg and P i 
prever samlet pA vinterbeite var henholdsvis 2.42 
(0.25; 0.9-3.6), 0 .83 (0.17; 0.16-1.39) og 1.70 (0,47; 

0.2-3.4) mmol t·1• Drektighetsprosenten for hele ma­
t.erialet var 79.8%. Frekvensen av subnonnale mag­
nesiumverdier av magnesium (S 0. 7 mmol 1·1) og kal­
sium (:5 2.2 mmol 1"1) innen flokk og Ar varierte 
henholdsvis fra 0-61.9% og 1.4-44.9%. Signifikante 
positive korrelasjoner ble funnel mellom kalsium og 
magnesium i alle flokker unntatt i Lomflokken hvor 
alle dyr hadde Mg-verdier > 0.8 mmol 1·1• De heyeste 
korrelasjoner mellom Ca og Mg ble funnel nAr Mg 
var Javt. Plasma Mg ga det st0rste variansbidraget til 
Ca nAr den statistiske analysen omfattet effekter av 
flokk, prBVeAr, drektighetsstatus, alder og plasma­
konsentrasjon P. En nedgang i plasma Mg fra I til 
< 0.5 mmol 1·1 var forbundet med en nedgang i 
plasma kalsium pA omkring I 5%. 
Gjennomsnittlig plasma Mg og Ca var signifikant 
h0yere (p<0.01) hos drektige enn hos ikke drektige 
dyr. En positiv sammenheng ble funnet mellom drek­
tighetsprosent og de to nevnte mineraler. 
Den positive korrelasjonen mellom Ca og Mg i fiok­
ker med subnonnale Mg minima er i overensstem­
melse med funn hos andre arter som indikerer at 
Ca-homeostasen hemmes ved magnesiummangel. 
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