High protein pastures in spring - effects on body composition in reindeer
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Abstract: In 1996 and 1997 three groups of reindeer from different nutritional origin and condition, (poor condition
groups n=15 in 1996, n=7 in 1997, good condition group n=10 in 1997), were used to investigate effects of high pro-
tein pastures on body condition for 3.5 weeks in spring. Mean body mass (BM) of reindeer in the poor condition
groups increased by 10% both in 1996 (P<0.05) and in 1997 (P<0.05), while there were no significant (NS) changes
in BM of reindeer in the good condition group in 1997. The mean carcass weight as % of BM increased from 48 to
51% in both the poor condition group in 1996 (NS), and in the good condition group in 1997 (£<0.05). The reticulo-
rumen wet weight in the poor condition group in 1996, tended to decrease from 15.1 to 11.9% of BM, while the
reticulo-rumen wet weight decreased from 14.2 to 13.0% of BM (2<0.05) in the good condition group in 1997. Mean
kidney fat decreased by 51% in the poor condition group in 1996 and by 40% in the good condition group in 1997
(P<0.05). Likewise, marrow fat decreased by 50% (£<0.05) in the good condition group in 1997. In both animal
groups muscle mass and carcass mass increased in the reindeer, while fat deposits decreased when eating as much
as 131 g dry matter/kg®” on a high protein spring pasture containing as much as 30% crude protein of dry matter
(DM). Much of the energy available from forage plants eaten and the body fat deposits therefore seem to support
body protein growth in spring.
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Introduction snow melts on the mountains. In years with

In northern-Norway semi-domesticated reindeer
(Rangifer. tarandus tarandus) are herded be-
tween seasonal pastures. In spring they migrate
to the coast, where the diet consists mainly of
grass and dicotyledonous plants. Meadows at sea
level, previously used as farmland are available
for grazing early in the spring, but the reindeer
follow the rapid initiation of plant growth as the

Rangifer, 21 (1), 2001

much snow or delayed snow melting, the rein-
deer are forced to remain on the coastal mead-
ows until the initiation of new plant growth in
the mountains. According to Eilertsen et al.
(1999) male reindeer yearlings consumed in June
up to 131 g DM/kg"”. Since food intake is much
reduced in winter (Nilssen et al., 1984; Larsen et
al, 1985), reindeer rely on the availability of
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good quality spring and summer pasture to gain
body mass and condition (Tyler et al., 1999). The
plant composition in abandoned coastal mead-
ows is reverted from timothy grass (Phleum
pratense) to a more heterogeneous species com-
position (Filertsen et al, 1999; unpubl).
According to Eilertsen et al. (2000), the chemical
composition of these meadows in spring is char-
acterised by high quality (e.g. crude protein as
high as 30% of dry matter). It is possible that
these areas could be used as interim grazing
lands for short periods in spring when snow cov-
ers the mountain pasture. A coastal meadow was
therefore used in a grazing experiment with male
reindeer yearlings in spring in 1996 and 1997
(Eilertsen et al, 1999). We investigated the
effects of high protein spring pasture on body
composition in reindeer with different initial
nutritional conditions.

Material and methods

Study area and grazing management

This investigation was carried out at Reingy,
Troms county in northern Norway. The site and
its vegetation are described in detail in Filertsen
et al. (1999). In each year, grazing commenced
as soon as the snow had melted (7 June 1996 and
14 June 1997). The grazing was ended after 25
days in 1996 (1 July) and 24 days in 1997 (7 July).

Animals and treatments

Fifteen male yearling reindeer (mean body mass
(BM) 45 kg) in 1996, and 7 reindeer (mean BM
42 kg) in 1997 were obtained from a private
herd. All the reindeer were in poor state of nutri-
tion (poor condition groups), and were brought
from winter pasture near Kautokeino in
Finnmark to Tromsg in April. In 1997, 10 other
male reindeer (mean BM 56 kg) from a private
herd were fed commercial reindeer feed (RF-80;
Sletten & Hove, 1990) during the winter until the
grazing experiment started. These reindeer were
therefore in a good state of nutrition (good con-
dition group). In both years, just prior to the
experimental periods, all the reindeer were held
in a large outdoor pen, and were fed commercial
feed. Three reindeer in 1996 (poor condition
group) and five reindeer in 1997 (good condition
group) were slaughtered immediately before the
grazing started. The remaining reindeer in 1996
(n=12) (poor condition group) were used in the
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grazing experiment. Likewise, in 1997 the re-
maining reindeer (#=12) were used, 5 from the
good condition group and 7 from the poor con-
dition group. After the grazing period in 1996,
animals (#=4) from the poor condition group
and in 1997 animals from the good condition
group (n=5) were subsequently slaughtered. All
animals slaughtered were matched on the basis
of BM within years. Remaining reindeer in both
years were subsequently released on mountain
pasture. The animals used are the same animals
used to measure food intake in Eilertsen et al.

(1999).

Body mass, body composition and nutritional
Status

The following measurements were made in the
poor condition group in 1996 and in the good
condition group in 1997:

(1) Body and carcass mass: live BM was mea-
sured with a mobile electronic balance
(Hottinger Baldvin Messtechik, Germany) as
described by Bye (1986), and carcass mass (after
removal of the hide and evisceration) with a
spring balance.

(2) Viscera mass: after slaughter, the digestive
system was removed and the reticulo-rumen
including contents were weight. The reticulo-
rumen was emptied and the contents and tissue
were reweight. Liver and kidney were removed
and weight. All measurements were performed
with a Farmer Tronic electronic balance (Give,
Denmark).

(3) Muscle index: the femur, and M. gluteobiceps
and M. semitendinosus were dissected out from
the right hind leg of each the reindeer carcass.
Femur length was the longest distance from the
head to the distal extremity. M. gluteobiceps were
weighed and stored cold until one slice of about
1 cm thickness was cut crosswise from the mid-
dle of each muscle about 6 hours later the same
day. The slices were weighed, dried at 100 °C for
24 hours, and the muscle water content and dry
weight calculated. The muscle index for each of
the reindeer was calculated from dry weight of
M. gluteobiceps and the length of the femur as
described by Tyler (1987).

Five measurements of nutritional status were
made in the good condition group in 1997:

(1) Rumen neutral detergent fibre (NDF) concen-
tration (Brown ef al., 1995): rumen contents were
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Table 1. Body mass (BM) and growth data in male reindeer yearlings before (7 and 14 June) and after grazing (1
and 7 July) coastal old meadow in spring in 1996 (poor condition group) and 1997 (poor and good condi-
tion groups), respectively. Standard deviation in parentheses.

Condition BM (kg) Daily BM

group n Before After Growth (g)
1996 Poor 12 45.3 (5.34) 50.0 (4.88) P<0.05 188 (83.8)
1997 Poor 7 42.0 (4.41) 46.1 (4.22) P<0.05 180 (95.3)
1997 Good 5 55.5(5.27) 53.5 (6.21) NS -74 (242.1)

mixed, sampled and frozen. NDF was deter-
mined on thawed contents according to Goering
& Van Soest (1970).

(2) Faecal N (Brown et al., 1995): faeces were
collected post mortem from the rectum of the
reindeer slaughtered before the grazing period,
and by pooling 2 consecutive days samples col-
lected in faeces bags during the grazing period.
Faecal nitrogen (N) was determined using the
Kjeldahl method (Horwitz, 1980).

(3) Serum urea N: blood was obtained by jugular
venipuncture from the animals slaughtered after
the grazing period. The blood was allowed to
clot, then centrifuged and the serum collected
and frozen until urea nitrogen analysis (Tiffany ez
al., 1972).

(4) Kidney fat index (Anderson et al, 1972):
medsurements were made on  fresh tissue
obtained immediately after slaughter; both kid-
neys were used.

(5) Femur marrow fat (Torbit et al., 1988): femurs
were refrigerated (5 °C) until removal of marrow
from the shank of the femur for analysis. Fat con-
tent was estimated by drying (Nieland, 1970).

Statistical analyses

Significant differences (P<0.05) were calculated
within years by the Student t-test (two-tailed test
assuming unequal variances) (Bhattacharyya &
Johnson, 1977). To correct for differences in live
weight when analysing for live weight change
and body composition a covariance analysis was
used, with initial live weight as the covariate
(Kleinbaum et al., 1987).

Results

Mean BM in the poor condition group in 1996
grazing high protein pasture increased by 10%
(P<0.05) during the spring grazing period (Table
1. Likewise, mean BM of the 7 reindeer of poor
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condition group in 1997 increased by 10%
(P<0.05) on these pastures. In contrast, mean BM
in the good condition group in 1997 did not
change (Table 1).

Carcass weight as % of BM tended to increase
(P=0.08) in the poor condition group during the
spring grazing periods in 1996, while the
increased carcass weight in the good condition
group in 1997 was significant (Table 2).

Mean weight of reticulo-rumen (tissue plus
contents) tended to decrease (P=0.06) during the
grazing period in the poor condition group in
1996, while the mean weight decreased in the
good condition group in 1997 (P<0.05) (Table 2).
As percent of carcass weight the reticulo-rumen
wet weight contents in the poor condition group
in 1996 tended to decrease (P=0.09), while the
relative decrease in ruminal wet weight content
in the good condition group in 1997 was signifi-
cant.

Mean wet weights of M. gluteobiceps and M.
semitendinosus tended to increase both in the
poor and good condition group (Table 3).
Likewise, the mean relative muscle index of the
reindeer investigated tended to increase with 7%
both in 1996 and 1997 (Table 3).

There were no significant changes in kidney
fat in the poor condition group in 1996, while the
decreased kidney fat in the good condition group
during the grazing period in 1997 was significant
(Table 3, 4). Furthermore, mean marrow fat (%
fresh weight) decreased in the good condition
group in 1997 (P<0.05) (Table 4). Conversely, liv-
er weights increased during the grazing periods
with 20% in both 1997, (P<0.05) and 1996 (Table
3.

In 1997, faecal N in reindeer offered commer-
cial reindeer feed (containing 11% crude protein)
before the experiment started increased signifi-
cantly during the grazing experiment (Table 4).
The mean concentration of blood serum urea
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Table 2. Carcass weight, weight of reticulo-rumen (R-R) and femur length of male reindeer yearlings before (#=3,
n=5) and after (n=4, n=5) a grazing period in spring on meadow in 1996 (poor condition group) and 1997
(good condition group), respectively. Standard deviation in parentheses.

Attribute Before grazing After grazing

1996, poor condition group

Live body mass (kg) 44.6 (6.99) 47.7 (5.38) NS
Carcass weight (kg) 21.5 (4.49) 24.3 (3.16) NS
Carcass weight (%% of live weight) 47.9 (3.10) 51.2 (2.10) NS
Total reticulo-rumen (kg) 7.83 (0.669) 7.12 (0.311) NS
R-R contents (kg) 6.58 (0.726) 5.62 (0.288) NS
R-R contents (% of live weight) 15.1 (3.29) 11.9 1.7D NS
R-R contents (% of carcass weight) 31.8(8.85) 23.5(4.19) NS
Femur length (cm) 233 (1.20) 235 (1.10) NS
1997, good condition group

Live body mass (kg) 55.5 (5.27) 53.5 (6.21) NS
Carcass weight (kg) 26.8 (2.38) 27.53.37) NS
Carcass weight (% of live weight) 48.4 (3.10) 51.4 (1.60) *
Total reticulo-rumen (kg) 9.92 (1.621) 8.15 (0.902) *
R-R contents (kg) 7.90 (1.345) 6.96 (0.808) NS
R-R contents (% of live weight) 14.2 (1.460) 13.0 (0.41) NS
R-R contents (% of carcass weight) 30.3 (3.64) 263 (1.73) *
Femur length (cm) 24.9 (0.80) 25.1 (0.98) NS
NS: not significant.

* P<0.05.

Table 3. Body composition and indices of nutritional] status (mean with standard deviation in parentheses) of male
reindeer yearlings slaughtered before (1n=3, #=5) and after (#1=4, n=5) a grazing period in spring on mead-
ow in 1996 (poor condition group) and 1997 (good condition group), respectively.

Attribute Before grazing After grazing

1996, poor condition group

Liver, wetweight (g) 803 (183.0) 960 (166.4) NS
Kidneys without fat (g) 140 (22.1) 174 (36.0) NS
Kidneyfat (g) 47 (31.0) 23 (11.0) NS
M. gluteobiceps (g) 436 (85.9) 497 (69.7) NS
M. semitendinosus (g) 142 (46.9) 154 (20.4) NS
Muscle index (mg/cm?) 8.15 (0.497) 8.73 (0.749) NS
1997, good condition group

Liver, wetweight (g) 776 (207.6) 947 (138.0) *
Kidneys without fat (g) 148 (25.6) 183 (22.9) *
Kidneyfat (g) 32(2.3) 19 (11.2) *
M. gluteobiceps (g) 573 (44.8) 609 (109.3) NS
M. semitendinosus (g) 205 (26.0) 216 (38.9) NS
Muscle index (mg/cm?) 8.83 (0.434) 9.48 (0.987) NS
NS: not significant.

* P<0.05.

was 13.0, standard deviation (s) = 2.26, mMol in ~ Discussion
reindeer from the good condition group slaugh-  The observed difference in BM growth during
tered after the grazing period in 1997. the spring grazing between the poor condition
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Table 4. Marrow fat, rumen NDF content (%), faecal N (% of DM) and kidney fat index in reindeer (good condition
group) slaughtered before (#=5) and after (#=5) a grazing period in spring on old meadow at Reingya 1997

(mean with standard deviation in parenthesis).

Before grazing

After grazing

Marrow fat (% fresh weight) 61.4 (21.13) 29.7 (8.95) *
Rumen NDF content (%) 61.7 (3.68) 40.4 (2.42) *
Faecal N (% of DM) 2.68 (0.202) 3.54 (0.142) *
Kidney fat index 0.21 (0.029) 0.09 (0.050) *

* P<0.05.

group of reindeer in 1996 and 1997 and the good
condition reindeer in 1997 may be explained by
compensatory growth. According to Jacobsen et
al. (1977), reindeer yearlings grazing on natural
winter pasture grew 114-180 g/day between April
and September, while reindeer previously fed
concentrates ad lib. in winter grew at only 96-114
g/day during the same period in spring and sum-
mer. As shown in the results, the reindeer from
the good condition group (1997) did not increase
their BM. In contrast, animals of the poor condi-
tion group in 1997 and 1996 increased their BM.
Compensatory growth of previously undernour-
ished animals has also been reported in reindeer
by Ryg & Jacobsen (1982) and Espmark (1980)
and in wapiti (C. elaphus canadensis) by Watkins
et al. (1990).

In both groups animals were eating as much
as 131 g DM/kg®™ per day of highly digestible
plants with a low fibre content and thus reticulo-
rumen wet weight content in these reindeer were
much reduced (Table 2) (Eilertsen et al., 1999).
The reticulo-rumen wet weight content of rein-
deer calves fed baled timothy silage comprised
12.9% of BM when eating as much as 1.11 kg
(DM) high quality timothy silage per day, and as
much as 32.8% of BM when eating 0.69 kg (DM)
poor quality timothy silage per day (Aagnes &
Mathiesen, 1996; Aagnes et al., 1996). In reindeer
grazing on high protein meadow pastures in
spring, reticulo-rumen wet weight content (12-
13% of BM) was slightly lower than the relative
reticulo-rumen wet weight content (13.5% of BM)
in reindeer feeding on natural summer pastures
(Staaland et al, 1979). Reticulo-rumen wet
weight fill therefore seem to have a powerful
influence on BM of the reindeer, and explain
why the reindeer in the good condition group in
1997 did not increase their BM.

The commercial reindeer feed (RF-80) con-
tained 10.9% (of DM) crude protein. In contrast,
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crude protein concentration of herbage contents
varied between 20 and 30% of DM during the
grazing period (Eilertsen et al., 2000). Faecal N
(Table 4) in reindeer slaughtered after the graz-
ing period were significantly higher compared to
reindeer fed commercial reindeer feed. This indi-
cates that the grazed diet may have had higher
protein concentrations compared to the commer-
cial feed (Bahnak et al, 1979; Brown et al,
1995). Furthermore, the serum urea values (13.0
mMoD) in the animals grazing coastal meadow
was significantly higher than the wvalues (3.9,
s=0.72 mMoD) in reindeer of equal age, sex and
size fed commercial reindeer feed before the
grazing experiment started in 1997. This also
indicates that the reindeer ate high-protein pas-
ture dietary plants in 1997. In rusa yearlings (C.
timorensis), consuming diets with 20 and 12%
protein, blood ureas of 32 and 21 mMol were
measured, respectively (Puttoo et al., 1998).
Reduced marrow fat contents and kidney fat
indexes (Table 3, 4) indicate that body fat stores
decreased during the grazing period. This finding
was unexpected since the forage (consuming up
to 131 g DM/kg®™ per day (Eilertsen et al., 1999))
eaten by the reindeer contained highly digestible
energy (as much as 26% water soluble carbohy-
drates (Eilertsen et al, 2000)). According to
Torbit et al. (1988) and Hewison et al. (1996),
kidney fat and marrow fat correlate to body fat
storage’s. The high intake of protein and energy
rich dietary plants was confirmed by the increase
in muscle protein mass during the experiment.
Likewise, in domestic ruminants muscle mass
may continue to increase when ruminants are fed
a protein rich, energy restricted diet (e.g. Fattet et
al., 1984; Chowdhuty et al, 1997). It seems
therefore that much of the available energy from
feed and body reserves are utilised in a way to
optimise muscle growth on the expense of fat
deposits when the protein content in the diet eat-
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en is very high. We therefore conclude that the
body composition of male reindeer yearlings
changes during a short grazing period in spring
by decreasing the gut contents and fat tissues
and increasing body protein.

Acknowledgements

This investigation was supported by the Norwegian
Council for Research and the Norwegian Reindeer
Research Council under the auspices of the Norwegian
Ministry of Agriculture. We also acknowledge assistance
given by the reindeer herders in the Turi family in
Kautokeino. We would like to thank John Ness, Mikjel
Motzfeld, Hans Lian, Kirsti Johnsen, Turid Keino, Heidi
R. Bendiksen, @yvind E. Haga, Carter Neal and Kristin
Mesteig for skilful technical support.

References

Aagnes, T. H. & Mathiesen, S. D. 1996. Gross
anatomy of the gastrointestinal tract in reindeer,
free-living and fed baled timothy silage in sum-
mer and winter. — Rangifer 16: 31-39.

Aagnes, T. H,, Blix, A. S. & Mathiesen, S. D.
1996. Food intake, digestibility and rumen fer-
mentation in reindeer fed baled timothy silage
in summer and winter. — J. Agric. Sci. Camb.
127: 517-523.

Anderson, A. E., Medin, D. E. & Bowden, D. C.
1972. Indices of carcass fat in a Colorado mule
deer population. — J. Wildl. Manage. 30:
579-594.

Bahnak, B. R., Holland, J. C., Verme, L. J. &
Ozoga, J. J. 1979. Seasonal and nutritional
effects on serum nitrogen constituents in white-
tailed deer. — J. Wildl. Manage. 43: 454-460.

Bhattacharyya, G. K. & Johnson, R. A. 1977.
Statistical consepts and methods. John Wiley &
Sons. Inc. USA, 639 pp.

Brown, R. D., Hellgren, E. C., Abbott, M.,
Ruthven, D. C. & Bingham, R. L. 1995. Effects
of dietary energy and protein restriction on
nutritional indices of female white-tailed deer. —
J. Wildl. Manage. 59 (3): 595-609.

Bye, K. 1986. Mobile equipment for weighing live
reindeer. — Rangifer 6 (1): 44-47.

Chowdry, S. A., @rskov, E. R. Hovell, F. D.
DeB., Scaife, J. R. & Mollison, G. 1997. Protein
utilization during energy undernutrition in
sheep sustained by intragastric infusion. -
British Journal of Nutrition 78: 273-282.

Eilertsen, S. M., Schjelderup, 1. & Mathiesen, S.
D. 1999. Utilization of old meadow by reindeer
in spring in northern Norway. ~ Rangifer 19:
3-11.

18

Eilertsen, S. M., Schjelderup, I. & Mathiesen, S.
D. 2000. Plant quality and harvest in old mead-
ows grazed by reindeer in spring. — Journal of
the Science of Food and Agriculture 80:
329-334.

Espmark, Y. 1980. Effects on maternal pre-partum
undernutrition on early mother-calf relationship.
— In: Proc. 2nd Int. Reindeer/Caribou Symp.,
Raros, Norway, 1979: 485—496.

Fattet, 1., Hovell, F. D. DeB., @rskow, E. R,,
Kyle, D. J., Pennie, K. & Smart, R. 1. 1984,
Undernutrition in sheep. The effect of supple-
mentation with protein on protein accretion. —
British Journal of Nutrition 52: 561-574.

Goering, H. K. & Van Soest, P. J. 1970. Forage
fibre analyses (Apparatus, Reagents, Procedu-
res, and some Applications). Agriculture Hand-
book, no 379, Agricultural Research Service,
United States Department of Agriculture, Wash-
ington D.C.

Hewison, A. J. M., Angibault, J. M., Boutin, J.,
Bideau, E., Vincent, J. P. & Sempéré, A. 1996.
Annual variation in body composition of roe
deer (Capreolus capreolus) in moderate envi-
ronmental conditions. — Can. J. Zool. 74:
245-253.

Horwitz, W. 1980. Official methods of analysis of
the association of analytical chemists, 13th ed.
AOAC, Washington.

Jacobsen, E., Bjarghov, R. S. & Skjenneberg, S.
1977. Nutritional effect on weight gain and win-
ter survival of reindeer. — Meldinger fra Norges
Landbrukshggskole [Scientific reports of the
Agricultural University of Norway] 56 (8): 1-12.

Kleinbaum, D. G., Kupper, L. L. & Miiller, K. E.
1987. Applied regression analysis and other
multivariable methods. 2nd ed. California: Dux-
bury Press, 718 pp.

Larsen, T. S., Nilsson, N. O. & Blix, A. S. 1985.
Seasonal changes in lipogenesis and lipolysis in
isolated adipocytes from Svalbard and Nor-
wegian reindeer. — Acta Physiologica Scandi-
navica 123: 97-104.

Nieland, K. A. 1970. Weight of dried marrow as
indicator of fat in caribou femurs. — J. Wildl.
Manage. 34: 904-907.

Nilssen, K. J., Sundsfjord, J. A. & Blix, A. S.
1984. Regulation of metabolic rate in Svalbard
and Norwegian reindeer. — American journal of
Physiology 247 R837-R841.

Puttoo, M., Dryden, G. McL. & McCosker, R. E.
1988. Performance of weaned rusa (Cervus tim-
orensis) deer given concentrates of varying pro-
tein content with sorghum hay. — Australian
Journal of Experimental Agriculture 38: 33-39.

Rangifer, 21 (1), 2001



Rygh, M. & Jacobsen, E. 1982. Seasonal changes
in growth rate, feed intake, growth hormone
and thyriod hormones in young male reindeer
(Rangifer tarandus tarandus). — Can. J. Zool.
60: 15-23.

Sletten, H. & Hove, K. 1990. Digestitive studies
with a feed developed for realimentation of
starving reindeer. — Rangifer 10: 31-37.

Staaland, H., Jacobsen, E. & White, R. G. 1979.
Comparison of the digestive tract in Svalbard

and Norwegian reindeer. — Arctic and Alpine
Research 11: 457-466.

Tiffany, T. O., Jansen, J. M., Burtis, C. A,,
Overton, J. B. & Scott C. D. 1972. Clin. Chem.
18, 829 pp.

Rangifer, 21 (1), 2001

Torbit, S. C., Carpenter, L. H., Bartmann, R. M.,
Alldrege, A. W. & White, G. C. 1988,
Calibration of carcass fat indicies in wintering
mule deer. — J. Wildl. Manage. 52: 582-588.

Tyler, N. J. C. 1987. Body composition and energy
balance of pregnant and non-pregnant Svalbard
reindeer during winter. ~ Zool. Soc. London
Symp. 57: 203-229.

Tyler, N. J. C., Fauchald, P., Johansen, O. &
Christiansen, H. R. 1999. Seasonal inap-
petance and weight loss in female reindeer in
winter. — Ecological Bulletins 47: 105-116.

Watkins, W. G., Hudson, R. J. & Fargey, P. L. J.
1990. Compensatory growth of wapiti (Cervus
elapbus) on aspen parkland ranges. — Can. J.
Zool. 69: 1682-1688.

Manuscript received 8 November, 1999
accepted 21 September, 2000

19



