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ROINE, K., M. NIEMINEN and J. TIMISJARVI: Foetal growth in
the reindeer. Acta vet. scand. 1982, 23, 107—117. — In connection with
reindeer slaughter 348 foetuses were collected at different foetal de-
velopmental stages and studied together with 20 full-term newborn
calves with respect to weight, crown-rump length, metacarpal bone
length and appearance of ossification foci. On the basis of these
measurements polynomial growth curves were constructed. Weight
gain was most rapid during the last trimester of gestation, but total
and metacarpal bone length gain showed only minor acceleration to-
wards the end of pregnancy. Ossification was apparent at an age of
about 6 weeks. Undernutrition during late winter was observed to
retard the foetal growth.
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In the scope of biological investigations the reindeer is re-
garded rather as a wild ruminant, but on the other hand it is also
subject to economic activities. Hence, it is difficult to obtain an
adequate series of samples for investigative purposes, especially
if the foetal growth is being considered. The only possibility
is to sample at commercial slaughter of the animals. Nevertheless,
some descriptions of foetal weight and length gain have been
published (Gavrilova 1973, Dauphine & McClure 1974, Krog et al.
1980). Ossification in the bovine foetus has been found to corre-
late well with foetal age (Winters et al. 1942, Gjesdal 1969) and
has been studied also in the reindeer (Gavrilova). In the present
paper, the foetal weight and length gain as well as the metacarpal
growth of the reindeer foetus were investigated and on the basis
of the actual measurements some growth curves were constructed
by computer calculation. The onset of ossification was also noted.
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MATERIAL AND METHODS

Altogether 348 excised foetuses were collected from slaugh-
tered reindeer hinds (Rangifer tarandus tarandus L.) during 3
winters within the Finnish reindeer rearing area (Fig. 1). The
time of sampling, the estimated mean age of the foetuses studied
and the depth of the snow cover are given in Table 1 and Fig. 1,
respectively. The estimates of the foetal age are based on ob-
servations made on the mating season of the reindeer (Roine
1974). The material also included 20 full-term newborn reindeer
calves.
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Figure 1. Map of the Finnish reindeer rearing area. Sites of sam-
pling are indicated by the names of the parishes, under which are
given the group numbers, numbers of the animals in the given group
and also the depth of the snow at the time of sampling. The black bars
indicate the estimated total number of reindeer in the given area.

In foetuses measuring less than 10 cm, the crown-rump length
was recorded with a precision of 1 mm, and in the larger spe-
cimens in an identical manner with a precision of 1 c¢m, avoid-
ing stretching of the foetuses. Thereafter weighing was performed
on ordinary laboratory scales with a precision of 1 g. The full-
term newborn calves were measured as the larger foetuses and
weighed with a precision of 100 g.
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After measurement of the length and weight, the foetuses
were frozen and cut in the median plane into 2 symmetrical
halves. X-ray filming was done with the section surface against
the casette. The length of the metacarpal bone was measured to
the nearest 1 mm. Measurements were taken from both halves of
the foetuses and the results given as the mean of the two.

The appearance of ossification foci was studied by staining
the foetuses (length less than 10 cm) with Alizarin Red S solu-
tion (Hafez & Rajakoski 1964). Before staining, the foetuses were
fixed in 10 % formalin and cleared in 2 % KOH solution.

The function fittings used were obtained from least square
solutions calculated from the actual group mean values with a
computer (PDP 11). In this respect the foetal age was calculated
as days and the estimate was based on October 10 as a conception
time. This age estimate is used in the figures.

RESULTS

Reliable measurements of the length of the foetus could be
made at an age of about 1 month. The length increased rapidly
from about 6 mm up to 613 mm (Table 1) in a curvilinear man-
ner (Fig. 2). A downward deviation from the calculated growth

Table 1. Foetal growth in reindeer estimated from Finnish slaughterhouse

samples.
Group Sampling Estimated n Foetal weight n Foetal length n  Metacarpus length
date age (g) (mm) (mm)
(weeks) (X *s) (x £ 9) (x £ %)
1 6.11.1969 4 13 6.5+ 1.6
2 12.11.1969 5 21 11.0 = 3.7
3 24.11.1969 6 19 228+ 5.8
4 3.12.1969 8 7 13.3+ 7.7 7 68.3 = 11.5 6 25+x11
5 11.12.1970 9 34 209+ 85 34 78.7 =123 34 3.6 1.2
6 16.12.1970 10 32 248+ 9.6 32 82.3 124 32 42+13
7 31.12.1970 12 10 95.3 = 34.6 10 133.7 = 19.2 10 11.7 225
8 11.1.1971 13 43 130.9 = 40.9 43 150.0 =184 40 134+ 28
9 16.1.1971 14 68 251.4 +94.7 68 181.8 +25.4 68 18.8 = 4.6
10 31.1.1971 16 16 409.1 1139 16 213.1+21.2 16 251 +4.0
11 12.2.1971 18 32 613.6 = 210.6 32 2425+ 285 32 30.3 54
12 27.2.1970 20 23  952.6 = 2424 23  287.0 = 26.6 23 40.2 = 6.2
13 3.3.1970 21 8 1117.5 + 161.6 8 3088=+113 8 434x32
14 13.3.1970 22 13 1267.3 1759 13  326.9 + 16.0 13 495+ 45
15 2.4.1970 25 9 1517.8 + 506.7 9 341.1 +48.1 9 584129

16 10.5.1977 31 20 5345.0 = 880.5 2  613.5=x524 2 104.9 =204
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Figure 2. The total length, body weight and metacarpal bone
length of the reindeer foetus as plotted against the age of the foetus.
The age is estimated as days with October 10th as a zero point. Curves
are least square solutions based on actual mean values of the given
groups. 2 polynoms are fitted for body weight, namely between days
0 and 67 and between days 82 and 220. The equations are: Body weight
(0 to 67) = —0.00036x® + 0.053x2 — 1.58x — 0.000096; R = 0.9999,
F = 2500; Body weight (82 to 220) = 0.000065x* — 0.035x3 + 6.8x2
— 567.6x + 17029.9; R = 9986, F = 3387; Total length (27 to 220)
= 0.00000178x1 — 0.000797x3 4+ 0.122x2 — 4.83x + 64.7; R = 0.9978,
F = 2422; Metacarpus length (27 to 220) = 0.000000316x* — 0.000162x3
+ 0.031x2 — 2.09x + 47.69; R = 0.9992, F = 4823.

curve was noted at the point of 25 weeks (about 5% months)
(Fig. 2). The growth rate accelerated steadily during the whole
gestation period when represented mathematically by the first
order time derivative of the growth curve (Fig. 3). The second
order time derivative of the growth curve was rather constant.
Reliable records of total body weight of the foetus could be
made at an age of about 8 weeks. The total body weight increased
from 13 g up to 1500 g during the subsequent 4 months (Table 1,
Fig. 2) whereafter it tripled and was about 5300 g at birth. A
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Figure 3. First order time derivates of the curves represented in
Fig. 2. The curves indicate the daily weight and length gain. The equa-
tions are calculated for the same time domains as in Fig. 2. The equa-
tions are: body weight (0 to 67) = — 0.0011x2 4 0.106x — 1.58; body
weight (82 to 220) = 0.00026x3 — 0.105x2 + 13.6x — 567.6; total length
(27 to 220) = 0.00000712x3 — 0.00239x2 4 0.244x — 4.83; Metacarpus
length (27 to 220) = 0.00000126x3 — 0.000486x2 + 0.062x — 2.09.

downward deviation from the calculated growth curve was ob-
served at an age of about 25 weeks. The first order time deriva-
tive of the growth curve showed an initial increase in the daily
weight gain followed by a decrease. During the last 2 months of
gestation the daily weight gain increased rapidly (Fig. 3). When
plotted against the total body length the body weight showed a
curvilinear increase (Fig. 4).

The metacarpal bone was discernible at an age of ca. 7 weeks.
At an age of 8 weeks the length of the metacarpus was about
2.5 mm. At birth it was on average 104 mm (Table 1, Fig. 2).
The growth was curvilinear (Fig. 2). The first order time deriva-
tive showed a steady increase in growth rate (Fig. 3) and the
second one was constant. In actual measurements a slight devia-
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Figure 4. Body weight and metacarpal bone length as plotted
against total length of the foetus. Equations are: Body weight (27 to
220 days) = -—0.000000037x¢ + 0.000035x3 + 0.009x2 — 1.54x + 69;
R = 0.9998, F = 31400; Metacarpus length (27 to 220 days) =
0.000014x%—0.0019x2 4 0.035x2 + 6.63x + 53.9; R = 0.9997, F = 12900.

tion downward from the calculated curve was observed at an age
of 25 weeks (Fig. 2). If plotted against the total body length the
length of the metacarpal bone showed a slightly sigmoid curve
(Fig. 4).

Ossification began when the foetus had reached a crown-rump
length of about 40 mm (age about 6 weeks). The first bones to
ossify were those of the skull, thoracal and cervical vertebrae,
scapulae and ribs. Ossification of humerus, radius and ulna be-
gan some days later, that of metacarpus at an age of 7 weeks and
phalanges 2-—3 weeks later. Carpus ossified at an age of 5 months
(CRL 32—35 cm). Ossification of femur and tibia began at an
age of 7 weeks, that of metacarpus appr. at the same time and
phalanges 2-—-3 weeks later. Calcaneus ossified at an age of 3
months and tarsus 6—8 weeks later. As a whole, it seemed that
the ossification processes of the fore limbs preceded the corres-
ponding events of the hind limbs. Length growth was relatively
uniform in the bones of the extremities. Figs. 5 and 6 give x-ray
views of reindeer foetuses.



Foetal growth in the reindeer

Figure 5. An X-ray view of a reindeer foetus, estimated age about
10 weeks.

Figure 6. An X-ray view of a reindeer foetus, estimated age about
3% months. Sternum has been sectioned away during the preparation
process.
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DISCUSSION

The reindeer breeding season begins in September and Octo-
ber and by mid-October over 90 % of the hinds have ovulated
(Roine 1974). Under favorable conditions the conception rate is
90—95 % (Skjenneberg & Slagsvold 1968). The gestation period
lasts about 220 days (Varo 1964, Dott & Utsi 1973). Parturition
commences in mid-May (Espmark 1971, Nieminen et al. 1978,
1980a) and hence, pregnancy in the reindeer occurs in winter.

The allantochorion reaches the ends of both uterine horns in
about the 5th week of gestation and in the 6th week there exist
clear signs of placental attachement (Roine). In the white-tailed
deer (Odocoileus virginianus) placentation begins at a foetal
length of 4—13 mm (Sinha et al. 1969) and in the moose (Alces
alces) when foetal length is about 20 mm (Markgren 1969). Im-
plantation is reported to be delayed in the roe deer (Capreolus
capreolus) (Bischoff 1854). In this species the blastocyst is said
to be in a stale of diapause from August until the end of Decem-
ber (Aitken 1974, Sempere 1977).

In the present study, the mean foetal length was about 6—7
mm in the early November, and if the majority of hinds had con-
ceived by October 10th, the average age of the foetus was about
1 month. The corresponding foetal length in the white-tailed deer
(Cheatum & Morton 1946) and moose (Markgren) is slightly
greater (8 and 7—9 mm, respectively). During the second month
of gestation the foetal length of the reindeer increased tenfold.
The weight of the reindeer foetus increased slowly in December
and early January but thereafter (foetal age about 3 months)
the weight gain was more marked and rather curvilinear up to
early April, as observed also by Krog et al. (1980), and in the
white-tailed deer by Verme (1963). The weight gain showed a
rapid acceleration during the last months of gestation when the
weight increased from about 1.5—2 kg to the birth weight of
about 5 kg, but the length gain at the same time showed a linear
increase (Fig. 3). This increase in the reindeer growth rate is
observed also by Gavrilova (1973) and Krog et al..

Ossification begins more or less simultaneously throughout
the forthcoming large bones at an age of 6 weeks but 4—16 weeks
later in the forthcoming smaller ones. Ossification is rather uni-
form in both fore- and hindlegs although it begins slightly earlier
in the forelegs. In the white-tailed deer ossification begins at an
age of 2 months and the skeleton will be complete within 4
months (Short 1970), while in cattle the ossification foci become
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x-ray positive about a week earlier (Gjesdal 1969). The sequence
of ossification is similar in these 3 species.

The nutritional requirements of the developing foetus are
reflected in the hind’s energy balance and result in an increased
total food intake (Moustgaard 1959). At first, the demand for
nutrients is rather small but increases progressively towards the
end of the gestation (Maynard & Loosli 1962). In the reindeer,
the growing foetus, when it triples its weight during the last 6
weeks of gestation, can increase the hind’s energy demand by
only 15 % (McEwan 1970, McEwan & Whitehead 1971, Roine
1974, Nieminen 1980). According to Preobrazhenskii (1961) the
reindeer hind uses only 30 kg of additional lichen for the growth
and development of her foetus.

Although the reports on the relation between nutritional condi-
tions and duration of gestation are contradictory (Thomson &
Thomson 1949, Verme 1965, Forbes 1967) it seems that under-
nutrition will retard the foetal growth and increase perinatal
mortality (Thomson & Thomson 1949). If the reindeer is taken
into consideration, the nutritionally critical time is the snow-
covered period, especially the late winter since the availability
of food is limited by the deep and encrusted snow. Although the
reindeer has good adaptive mechanisms and metabolism is ad-
justed to a lower level (Klein 1970, Nieminen et al. 1977) the
present results suggest a slightly retarted foetal growth at this
time as judged from the first order time derivatives of the growth
curve.

Calving commences usually in late April and reaches its peak
in mid-May (Espmark 1971, Nieminen et al. 1978). The newborn
calf is well developed, can walk and begins to suck about %2 h
after birth. Its thermoregulation (Nieminen et al. 1980b) and
cardiovascular system (Hirvonen et al. 1979) are well developed.
The growth is rapid (Nieminen et al. 1980a), and under favor-
able conditions the calves may reach sexual maturity at an age
of 6 months (Roine 1974).
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SAMMANFATTNING
Den fetale tillvdxten hos ren.

I samband med renslaktning tillvaratogs 348 foster fran olika
perioder och undersdktes samtidigt med 20 fullgAngna nyfédda kalvar.
Man mitte vikten, lingden av balen frin stuss till krona samt fore-
komsten av ossifikationsfoci. P4 basen av dessa métningar berdknades
polynomvixtkurvor. Viktékningen var snabbast under den sista tredje-
delen av driktighetstiden. Diaremot visade den totala och metakarpala
tillvixten av lingden av benstommens ben endast mindre 6kning mot
slutet av driktighetstiden. Ossifikation kunde konstateras vid en alder
av 6 veckor. Underniring i en sen period av vintern konstaterades
verka retarderande pd fostrets tillvixt.
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