Diets of freely grazing and captive reindeer during summer and winter
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Summary: The chemical composition and nutritive value of different forage plants and commercial feeds
of reindeer were studied by standard methods in the Finnish reindeer herding area during 1980-86. The
nutritive values, particularly the protein and mineral contents, of ground lichens (Cladina spp.) and arbo-
real lichens (Alectoria spp.) were very low compared to forest wiregrass (Deschampsia flexsuosa), summer
forage plants and commercial feeds. The crude protein and mineral content of reindeer summer food was
very high. The energy content of lichens and commercial feeds was high and they are an important sour-
ce of energy for reindeer in winter.
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Nieminen, M. & Heiskari, U. 1988. Vapaasti laiduntavien ja tarhaporojen ravinto kesi 113 ja
talvella.

Yhteenveto: Poron ravintokasvien ja kaupallisten rehujen kemiallista koostumusta ja ravintoarvoja tutkittiin
vakiomenetelmin Suomen poronhoitoalueella vuosina 1980-86. Poronjikilien (Cladina spp.) ja luppojen (Alec-
toria spp.) ravintoarvot ja valkuais- ja kivenniisainepitoisuudet olivat hyvin alhaiset verrattuna metsilauhaan
(Deschampsia flexuosa), kesdravintokasveihin ja kaupallisiin rehuihin. Poronjikilien ja kaupallisten rehujen
energiapitoisuus oli kuitenkin korkea ja niisti poro saa nopeasti tarvitsemaansa energiaa talvella.

Rangifer, 9 (1): 1734

Nieminen, M. & Heiskari, U. 1989. Fritt betande och inhidgnade renars matsedel under sommar
och vinter 1 Finland.

Sammandrag: Man har undersdkt den kemiska sammansittningen och niringsvirdet av olika foderplanter
och kommerciella fodermedel under dren 1980-86. Niringsvirdet, sirskilt innhdllet av protein i renlavar
(Cladina spp.) och tridlavar (Alectoria spp.) var mycket ligt sammanliknat med smyla (Deschampsia flexu-
0sa), sommarbetes-planter och kommerciella fodermedel. Raprotein och mineralinnehall i renenes som-
marbetes-foder var mycket hégt. Energiinnehillet av lavar och kommerciella fodermedel var hégt och
dessa ir viktiga energikillor fr renen i vintern.

Rangifer, 9 (1): 17-34

Introduction

Under natural conditions the diet of the semi-
domesticated reindeer (Rangifer tarandus ta-
randus L.) is comprised of about 250 different
plants, but an additional 200 may be acceptab-
le. A total of 106 species have been listed as
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the most important, including 13 lichens, 36
grasses, 29 herbs, 14 woody species, 8
mushrooms, 5 shrubs and 1 horsetail (Skunc-
ke 1958). In winter, the basic types of fodder
are lichens and some wintergreen plants. Li-
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chens are a food specific to the reindeer, and
in many arctic areas lichens constitute nearly
2/3 of the entire vegetable mass consumed by
the reindeer during the year. Reindeer prefer
fruticose lichens of the genus Cladina. The
most important wintergreen plants are forest
wiregrass (Deschampsia flexuosa), cottongrass
(Eriophorum spp.), horsetails (Equisetum spp.)
and sedges (Carex spp.). Arboreal lichens
(Alectoria and Bryoria sp.) are important in
the central and southern parts of the reindeer
herding area in Finland. Reindeer eat mush-
rooms towards the end of summer, the most
important being Boletus sp.

The snow-covered period is nutritionally
the most critical part of the year, and during
recent winters many reindeer in Finland have
been given supplementary rations of dry hay,
grains, molasses and commercial feeds. The
objective of this study was to compare the
chemical composition and nutritive values of
the most important forage plants and com-
mercial feeds of the reindeer.

Material and methods

The forage plants of reindeer were collected
during 1980-86 from different sampling areas
in the reindeer herding area in Finland. The
sampling was done during June and July. The

chemical composition of different important
forage plants were determined by standard
methods (AOAC 1980). The feed values (feed
units, energy values, digestible crude protein,
digestible organic matter and digestible ener-
gy values) were calculated according to Salo
et al. (1982).

Forage samples were collected from several
different plants of each species. Grasses and
forbs were cut at ground level. Only current
annual growth was collected from the shrubs
and live part from lichens.

Results

The dry matter (DM) (36-49 %), crude pro-
tein and crude fat contents of Cladina lichens
was very low. Slightly higher values, especial-
ly dry matter (84-89 %) and crude protein,
were measured in arboreal lichens (Alectoria
spp.) growing on pines and birches (Table 1).
Low crude fibre contents were measured in
Cetraria nivalis and in Alectoria lichens. Sugar
content was higher in ground than in arbore-
al lichens. The lowest sugar content was mea-
sured in Cetraria nivalis. N-free extract con-
tent of Cladina lichens was rather high.
Slightly higher values were measured in Alec-
toria lichens (Table 1).

Table 1. Crude protein, crude fat, crude fibre, sugar and N-free extract contents (% DM) in different li-
chens from the Finnish reindeer herding area.

Tabell 1. Rdprotein, rdfett, vixttrid, socker och kuvivefria extraktivimnen (% av torrsubstansen) i olika

lavarter inom Finlands renskétselomride.

Species Crude Crude Crude Sugar N-free
protein (%) fat (%) fibre (%) (%) extract (%)

Cladina spp. 2.9-4.5 3.3-3.9 20.0-34.9 1.2-2.0 54.6-69.6
Cladina rangiferina 1.7-3.3 1.4 38.3 1.2 56.2
Cladina arbuscula 3.4 2.9 30.1 1.8 62.4
Cladina mitis 2.3-2.9
Cladina stellaris ~ 2.6-3.0 33 39.8 1.7 52.7
Cetraria nivalis 2.6 2.9 6.4 0.4 84.8
Stereocanlon spp.  6.2-7.1
Parmelia spp. 7.0
Alectoria spp.

on pine 5.8 2.0 8.1 0.8 82

on birch 6.3 2.6 7.6 0.5 83
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Mn
mg/kg
165.0
100.5
70.8
119.9
90

66

24.3-27.1 47.2-112.3

Zn
mg/kg
38.0
40.2
28.6
39.1
41

82

Fe
mg/kg
296-770
98.6
107.2
112.1
163.2
172
295

mg/kg
3.1-9.7

49
8.2

39
33
3.8
6.0

Cu

g/kg
0.14-1.4
0.30
0.20
0.17
0.40
0.3

0.7

Na

g/'kg
0.6-3.7
1.7
1.4
1.4
1.8
3.8
2.8

K

g/'kg
0.2-0.4
0.6
0.3
0.3
0.6
0.3
0.5

Mg

0.3-0.7
1.1
0.9

P
g/ksg
0.9
0.6
0.7
0.4

Ash Ca
(%) g/kg
2.2-5.8 0.7-1.6
Cladina rangiferina 0.9 1.1
1.3 1.0
1.2 0.7
3.2
1.

22
1.6

Cladina spp.
Cladina arbuscula
Cladina stellaris
Cetraria nivalis
Alectoria spp.

on pine

on birch

Species

Table 2. Ash (% DM), mineral (g/kg DM) and trace element contents (mg/kg DM) in different lichens from the Finnish reindeer herding area.

Tabell 2. Aska (% av torrsubstans), mineraler (g/kg) och sparelementer (mg/kg) i olika lavarter inom Finlands renskétselomride.
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The ash, Ca, Mg, P, Na, K, Cu and Zn con-
tents in Cladina lichens were very low com-
pared to other food plants (Tables 2 and 4).
Similar low values were measured in arboreal
lichens. Fe and Mn contents were higher in
Cladina lichens than in Alectoria lichens.

The feed unit values of Cladina lichens
were on average 3.9 kg/feed unit (NKF) and
1.4 kg DM/feed unit. The digestible organic
matter in lichens was 691 g/kg DM and the
crude energy content on average 18.8 M]/kg
DM. Slightly lower feed unit values were
measured in Alectoria lichens growing on pi-
nes and birches (1.21 and 1.13 kg/feed unit,
and 1.01 and 1.01 kg DM/feed unit, respecti-
vely). The digestible crude protein (DCP)
content was virtually zero in Cladina lichens.
Slightly higher values were measured in Alec-
toria lichens. The crude energy content in
Alectoria lichens growing on pines and bir-
ches were on average 19.2 and 20.1 M]/kg
DM.

The crude protein content of reindeer sum-
mer forage plants varied slightly in different
sampling areas and was 7.1-16.3 % DM in D.
flexuosa, 8.5-18.2 % in Equisetum fluviatile,
9.3-21.7 % DM in E. sylvaticum, 8.9-14.7 %
DM in Carex spp., 10.6-16.2 % DM in Epilo-
bium angustifolium, 9.4-15.2 % DM in Meny-
anthes trifoliata, 10.3-25.5 % DM in Potentilla
palustris, 11.3-23.0 % DM in leaves of Betula
pubescens, 10.1-14.7 % DM in B. nana, 15.2-
19.3 % DM in B. tortuosa, 9.3-20.2 % DM in
Salix phylicifolia and 6.6-14.9 % DM in §. lap-
ponum (Table 3).

The digestible crude protein values were
high in reindeer forage plants during summer
and values varied between 50 and 200 g/feed
unit. The highest values were measured in Po-
tentilla palustris, B. pubescens, Equisetum spp.
and S. phylicifolia (Table 3). The crude fibre
content varied between 3.1-41.2 % DM in
different plants. The crude fat content varied
between 0.7-15.5 % DM. The highest crude
fat values were measured in E. angustifolium
and M. trifoliata. The content of N-free ex-
tract varied between different plants (range
43.6~71% DM). The sugar content varied be-
tween 0.1-24.4 % DM, and the highest values
were measured in D. flexuosa, S. lapponum, B.
nana, Carex spp. and Equisetum spp. during
summer.

The feed unit values of different plants var-
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1.36-1.53
3.13-6.77 0.90-2.17
3.09-5.91 1.21-1.67
2.45
297
271

4.0-4.5
3.21
3.96
3.62

12.4

7.3
8.6

53.4-62.1 1.2
45.5-71.0 8.8-20.2
50.4-56.1 6.6-24.0

61.4
51.4
59.0

2.0-9.0

14.1-31.7 2.6-43
5.9
5.4

14.4-21.2 3.0-3.2
3.1-30.2
6.0

13.7
18.7
16.0

61-165
61-134
112
175
125

14.2
18.4
14.3

49.7-79.7 9.3-20.2
57.7-73.2 6.6-14.9

Enontekid 66.0-66.1 15.3-17.4 108-137
239
25.0
25.3

Kemijirvi
Kemijirvi
Narkaus
Jokijirvi
Lohijirvi

Salix
phylicifolia
Salix

lapponum
Betula and Salix
dry leaves
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ied between 2.6 and 11.2 kg/feed unit depen-
ding mainly on water content (range 50-84
%). The range of feed unit values calculated
by dry matter weight was from 0.9-2.2 kg
DM/feed unit (Table 3).

The ash content of the different forage
plants was very high during summer and var-
ied between 2.0-18.3 % in DM. The mineral
and trace element values also were high, Ca
ranging from 1.1-18.0 g/kg DM, P from 0.6~
4.1 g/kg DM, Mg from 0.5-6.9 g/kg DM, K
from 3.4-29.6 g/kg DM, Na from 0.02-7.45
g/kg DM, Cu from 0.7-13.1 mg/kg DM, Fe
from 41-1852 mg/kg DM, Zn from 8-425
mg/kg DM and Mn from 72-2423 mg/kg
DM (Table 4).

The crude protein content of dry leaves,
harvested for winter feed, of Betula and Salix
varied between 14.2-18.4 % DM (Table 3).
The digestible crude protein content was
high, ranging from 112-175 g/feed unit. The
crude fibre content varied between 13.7-18.7
% DM, crude fat between 5.4-6 % DM, N-
free extract between 51.4-61.4 % DM and su-
gar between 7.3-12.4 % DM. The feed unit
values of dried leaves ranged from 2.45-2.97
kg DM/feed unit. The ash (range from 4.7-
5.6 % DM), mineral and trace element con-
tents of dry Betula and Salix leaves were very
high (Table 4).

The commercial reindeer fodders used in
Finland during winter contain mainly cereals,
molasses, dry molasses pulp, grass meal, mine-
rals and vitamins (Table 5). The crude protein
content varies between 8.0-16.7 % DM, crude
fibre between 14.7-23.3 % DM, ether extract
between 2.2-6.9 % DM and N-free extract
between 47.9-58.0 % DM (Table 6).

The feed unit values of commercial fodders
vary between 1.3-1.76 kg/feed unit and bet-
ween 1.2-1.53 kg DM/feed unit. The digesti-
ble organic matter content varies between
523-643 g/kg DM and the digestible crude
protein content between 97-187 g/feed unit.
The crude energy value of commercial fod-
ders is on average 18 MJ/kg DM. The mine-
ral and trace element values of commercial
fodders are high compared to both lichens
and green plants except for Mn which is hig-
her in the latter (Tables 2, 4 and 7).

The feed components and chemical compo-
sition of the concentrates used for the feeding
of the reindeer during summer in Kaamanen
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Table 5. The feed components (% fresh weight) of the commercial reindeer fodders used in Finland du-
ring winter (Poroelo and Poroelo S produced by Suomen Rehu Oy, Poro-Ennitys by Rehumes-
tari Oy, Poro-Rehu and Valtti by Hankkija Oy, Poro-Evis by Linnen Tehtaat Oy and Poron-
Herkku and Poron-Herkku 2 (year 1986) by Raision Tehtaat Oy).

Tabell 5. Sammansitining (% av firskvikten) av olika renfoder pd vintern i Finland.

Components Poroelo Poroelo Poro- Poro- Valtti Poro- Poron- Poron-

S Ennitys Rehu Evis  Herkku Herkku
2

Wheat 6 8

Oat 17 5 15 10 15

Barley 11.6 5 3 0.5

Barley bran 40

Wheat bran 5 13 33.9 5 24 11 16

Oat bran 29 58 34 33 29 10 29 33

Molasses 5 5 4 6 25 6 6

Dry molasses pulp 23 375 24 5 20 25

Potato pulp 23

Grassmeal 5 5 5 5

Fat 4

Rapeseedoil 1

Rapeseed meal 5 1

Soybean meal 2

Hay (ground) 5 25

Brewery grains 5.2

Vegetable oil 1.0 2.5 3

Seaweed concentrate 0.2

Minerals 2.4 1.9 435 53 5.5 3.5 22

Vitamins 1 0.9 1 1 0.5 0.8

- Reindeer Research Station in Finland are gi-
" ven in Table 8. The crude protein, crude fat,
crude fibre, N-free extract and sugar contents
in the concentrates are high. ‘The ash content
and mineral and trace element values are also
high as compared with commercial winter

fodder.

Discussion

The diet of freely grazing reindeer varies gre-
atly through the seasons. Energy-rich lichens
usually form the major component of rein-
deer’s diet during winter and early spring. Li-
chens, however, are poor in protein and mi-

Rangifer, 9 (1), 1989

nerals, so that other foods, such as wintergre-
en grass (e.g. D. flexuosa), is essential to
maintaining the condition of reindeer during
winter. Under very good lichen grazing con-
ditions the reindeer gain fat, which means
that there is surplus energy for its produc-
tion. At the same time the lack of protein in
the diet causes a breakdown of muscle (e.g.
Nieminen 1980). Protein and minerals must
therefore be stored by the reindeer during
summer and autumn for the needs of the win-
ter. During summer reindeer feed highly se-
lectively. The chemical data presented here
may therefore underestimate the quality of
their summer diet.
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Table 6. Dry matter (%), crude protein, ether extract, crude fibre and N-free extract contents (% DM) in
different commercial reindeer fodders used in Finland during winter.

Tabell 6. Torrsubstans (%), rdprotein, ether extraktivimnen, vixttrid och kvivefria extraktivimnen (% av
torrsubstans) i olika renfoder pd vintern i Finland,

% of dry matter

Fodder Dry Crude Ether Crude N-free
matter % protein  extract  fibre extract
Poroelo 86.8 10.9 4.4 18.3 58.0
Poroelo S 88.0 8.0 3.4 233 57.3
Poro-Ennitys 90.0 16.7 4.3 19.9 47.9
Poro-Rehu 88.0 10.9 4.5 19.2 56.6
Valtti 89.5 10.3 5.6 14.7 56.0
Poro-Evis 90.0 10.5 2.2 17.8 52.8
Poron-Herkku 88.2 13.1 6.9 13.5 57.7
Poron-Herkku 2 88.4 9.7 6.1 17.0 58.0

Table 7. Mineral (g/kg DM) and trace element contents (mg/kg DM) in different commercial reindeer
fodders used in Finland during winter.

Tabell 7. Mineraler (g/kg i torrsubstansen) och spdrelementer (mg/kg) i olika renfoder pd vintern i Finland,

Fodder Ash Ca P Mg K Na Cu Fe Zn Mn
(%) g'kg g/kg g/kg g/kg g/kg mg/kg mg/kg mg/kg mg/kg

Poroelo 84 125 75 2.6 342 36 19.6 457 327 98
Poroelo S 8.0 70 57 22 82 35 12.4 271 215 109
Poro-

Ennitys 11.2 207 75 5.2 455 3.0 100.5 516 383 215
Poro-Rehu 8.8 139 73 3.0 346 37 211 423 396 103
Valtt 134 399 73 4.1 7.6 2.1 27.0 456 216 118
Poro-Evis 16.7 33 4.8 2.8 213 2.2 7.4 183 67 99
Poron-

Herkku 8.8 155 94 8.5 28.7 3.6 37.9 654 386 115
Poron-

Herkku 2 9.2 123 6.6 2.2 13.8 4.1 30.0 461 257 9%

The crude protein content of ground li- spp. had a somewhat higher crude protein

chens (Cladina spp., Cetraria nivalis) was
very low (1.4-4.5 % DM) consistent with pre-
vious observations (see Table 9). Pulliainen
(1971) found a crude protein content of 3.5 %
in the upper and 1.6 % in the lower sections
of Cladina alpestris. Arboreal lichens (Alecto-
ria spp. and Bryoria spp.) and Stereocaulon

24

content. According to Garmo (1986) Stereo-
caulon spp. also has higher levels of P, S, Cu
and Mo compared to Cetraria spp. In the pre-
sent study Cetraria nivalis contained more N-
free extract, ash, Ca and Mg, but less crude fi-
bre than Cladina lichens. Ca content of Ce-
traria nivalis was much higher than that of
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Table 8. The feed component and chemical composition of the concentrates (produced by Raision Teh-
taat Oy) used for the feeding of reindeer during summer in Kaamanen Reindeer Research Sta-

tion in Finland.

Tabell 8. Sammanséittning av renfoder pd sommaren i Kaamanen Forskningstation i Finland.

Components % in fresh weight % in dry matter

Soybean meal 22 Crude protein  20.7  Calcium 16.5 g/kg DM
Rapeseed meal 25.0 Crude fat 6.1  Phosphorus 7.3 g¢/kg DM
Mixed cereals 21.4 Crude fibre 13.9  Magnesium 3.6 g/kg DM
Oat bran 1.6 N-frec extract  48.6  Potassium  15.3 g/kg DM
Grassmeal 25.0 Sugar 7.9 Sodium 3.5 g/’kg DM
Fodder yeast 5.0 Ash 10.7  Copper 34 mg/kg DM
Fodder fat 2.6 Iron 468 mg/kg DM
Dry molasses pulp 11.4 Zinc 223 mg/kg DM
Wheat molasses 34 Manganese 120 mg/kg DM
Limestone 1.2

Salt 0.2

Selenium 0.2

Trace elements 0.4

Vitamins 0.4

Cladina spp. (see table 10). This is consistent
with the results of Garmo (1986). According
to Lenvik (1980) Ca and P content of C. stel-
laris is 0.11 and 0.05 %. These values are
slightly lower than ours. Cetraria nivalis and
Cladina lichens have similar levels of crude
fat. This disagrees with the results of Prest-
hegge (1954) and Garmo (1986). According to
Holleman and Luick (1977) reindeer prefer-
red C. alpestris above all other lichen species
and in no case did they select another species
when C. alpestris was available. Reindeer con-
sistently preferred C. rangiferina and Stereo-
canlon spp. over Cetraria spp. and Peltigera
spp- Lichens contain low levels of most nutri-
ents compared to grasses, except for crude fat,
N-free extract, Fe and Se (see Garmo 1986).
The digestible crude protein content of li-
chens is usually very low.

The reindeer’ s summer food contains abo-
ut 22 % crude fibre, 15 % crude protein, 0.75
% Ca, 0.25 % P and 0.2 % Mg in DM. Accor-
ding to Steen (1966) the crude protein con-
tent of horsetail (Equisetum fluviatile) avera-
ges 15.4 % while the corresponding figure for
sedges (Carex spp.) is 16.2 % in DM. Growing
timothy (Phlewm pratense) has 20.4 % crude
protein in DM. Other grasslike plants or
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grass and herb pastures contain on average
15.4 % crude protein in DM. One of the best
of these is bogbean (Menyantbes trifoliata), the
crude protein of which is about 22 % in DM.
It is higher than measured in the present stu-
dy (Table 11). The leaves of trees and bushes
usually contain a higher proportion of crude
protein than herbs and grasses. According to
Isotalo (1971) the crude protein content is
highest in grey alder (Alnus incana) (44.8 %)
and white willow (8. 4lba) (38.3 %).
Mushrooms are a valuable nutritive and vi-
tamin-rich fodder for reindeer during autumn
and sometimes early winter. The crude pro-
tein content is on average 23 % in DM.
Mushrooms consist mainly of water (90 to 93
%), but the dry matter is rich in proteins and
enzymes according to Kreula et al. (1976).
Their ash contains 3.1 % K and 0.47 % P (Iso-
talo 1971, Tables 12 and 13). Mushrooms con-
tain much sugar, fat, and numerous vitamins,
especially A, B, B,, C and D. The cellular
tissue of mushrooms is rather indigestible,
and its presence reduces the nutrient value of
this fodder (see Karaev 1961). According to
Staaland and Saebo (1987) the fibre content of
mushrooms is, however, very low and it is as-
sumed that easily digestible mushrooms could
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Table 9. Comparison of crude protein, digestible crude protein, crude fibre, crude fat, N-free extract and
sugar contents (% DM) in different lichens. Results are collected from different studies.

Tabell 9. Jimforing med rdprotein, sméltbar rdprotein, vixtirdd, rafets, kvivefria extraktivimnen och socker
i olika lavarter. Resultaterna bar samlats frén olika forskningar.

Species Crude Crude Crude N-free Sugar Reference
protein fibre fat extract (%)
(%) (%) (%) (%)
Cladina spp. 28 7 341 2.6 56.9 Poijirvi 1945
2.6 411 2.0 52.8 Heye & Tilrem 1951
2.4 339 2.1 52.9 Gultsjak 1954
2.6 35.3 25 55.7 0.03 Statens Husdjur-
forsgk 1957-1960
25 41.8 20 52.0 Rydberg 1960
3.1 34.6 57.9 Holt 1961
2.9 40.6 Rantanen 1963
2.6 38.4 1.3 56.8 Scotter 1965
3.0 323 4.2 57.9 0.08 Isotalo 1971
4.5 34.9 3.9 69.6 2.0 Present study
Cladina 2.9 40.7 0.7 54.8 Scotter 1965
rangiferina 2.8 31.7 Solberg 1967
2.2 423 1.6 51.4 Kelsall 1969
2.8 28.3 0.6 66.9 Pegau 1969
2.0 38.3 1.1 Pulliainen 1971
1.7 61.7 0.7 35.0 Scotter 1972
4.4 36.9 4.4 51.2 0.08 Isotalo 1971
33 38.3 1.4 56.2 1.2 Present study
Cladina 3.1 18.7 Solberg 1967
arbuscula 1.9 44.0 1.2 50.8 Kelsall 1969
2.3 23.6 0.9 721 Pegau 1969
1.9 23.4 38 68.9 0.08 Isotalo 1971
34 30.1 2.9 62.4 1.8 Present study
Cladina 1.8 28.2 Solberg 1967
mitis 25 28.0 1.7 65.6 Kelsall 1969
1.5 54.7 1.5 41.4 Scotter 1972
2.9 Present study
Cladina 2.4 339 2.1 52.9 Presthegge 1944
stellaris 2.4 36.8 1.6 58.2 Scotter 1965
2.4 29.3 Solberg 1967
2.3 37.1 2.2 Pulliainen 1971
1.7 57.1 2.4 38.1 Scotter 1972
2.8 36.5 4.6 53.7 0.08 Isotalo 1971
2.8 44.5 1.5 49.1 Luick 1979
3.0 39.8 33 52.7 1.7 Present study
Cetraria 20 6.4 42 85.4 Rydberg 1960
nivalis 2.5 7.5 2.1 85.3 Scotter 1965
1.6 21 Solberg 1967
2.5 51 4.0 86.4 Kelsall 1969
1.4 11.2 2.2 83.7 Scotter 1972
2.2 7.6 2.8 83.6 0.1 Isotalo 1971
2.6 6.4 29 84.8 0.4 Present study

(Table 9 continues on next page)
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(Table 9 continued)

Species Crude Crude Crude N-free Sugar  Reference
protein fibre fat extract (%)
(%) (%) (%) (%)

Stereocanlon 7.0 22.2 29 65.8 Rydberg 1960

spp- 7.3 26.4 1.1 63.2 Scotter 1965
6.7 18.1 Solberg 1967
8.0 24.6 1.8 63.1 Kelsall 1969
7.6 20.8 3.8 63.9 0.09 Isotalo 1971
7.1 Present study

Alectoria 6.3 8.1 2.6 83.0 0.8 Present study

spp-

Alectoria 39 1.9 Solberg 1967

Sarmentosa 35 34 10.9 Pulliainen 1971
5.5 13.1 6.4 73.1 0.07 Isotalo 1971

Bryoria 4.9 5.9 0.6 87.4 Scotter 1965

fuscescens 6.4 2.0 Solberg 1967
4.8 39.7 2.6 Pulliainen 1971
7.1 11.4 35 75.9 0.08 Isotalo 1971

be consumed without being detected in sam-
ples of rumen content.

About two thirds of the reindeer in Finland
get their food on natural pastures during win-
ter. The remainder seek out arboreal lichens
in the cutting areas in the forests or are fed in
corrals or in the field. Forests which are rich
in arboreal lichens constitute mostly the re-
stricting factor of carrying capacity in these
areas, when ground lichens are reported to be
a limiting factor in northern areas (see e.g.
Nieminen 1980). Consequently many reinde-
er have been supplemented with dry hay, dry
birch and willow twigs and leaves, grains, dry
molasses pulp and commercial fodders during
recent winters. During the snow-free period
(about 160 days) the reindeer has usually
small problems in fulfilling its nutritional re-
quirements. However, it is suggested that the
high level of K in reindeer summer forage
increases Na excretion and drains the body
reserves of this mineral. According to Staa-
land and Saebo (1987) the body reserves of
Na are apparently rebuilt through autumn
and winter.
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The crude protein content of commercial
fodders used for supplementing reindeer vari-
es between 8-16.7 % DM. The mean of crude
protein content in the most of common fod-
ders is 10.5 % in DM. This is lower than the
crude protein content in fodders given to
reindeer and other cervids in the zoos and
game farms, but equal with that of the reinde-
er commercial fodders used in Sweden (8 %),
Norway (10.9 %) and Alaska (11 % min) (see
Luick 1979b). Commercial reindeer fodders
in Finland contain much molasses and for
that reason, are rich in digestible energy. Di-
gestibility of those fodders is good (Heiskari
and Nieminen 1987). According to White and
Cau (1975) lichens are also highly digested be-
cause reindeer/caribou both are able to in-
crease their rumen retention time and to fer-
ment lichens. That high digestibility, combi-
ned with a high carbohydrate content, makes
lichens extremely high in digestible energy
compared with other natural winter foods
(see Russell and Martell 1984). Boertje (1981)
concluded that energy was probably the limi-
ting factor for reindeer in winter.
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Table 10. Comparison of ash (% DM) and mineral contents (g/kg DM) in different lichens. Results are
collected from different studies.

Tabell 10. Jimforing med aska (% av torrsubstansen) och mineraler (g/kg) i olika lavarter. Resultaterna har
samlats fran olika forskningar.

Species Ash  Ca P Ca/P Mg K Na Reference
(%)  g’kg g/kg g’kg  g/kg  g/kg
Cladina spp. 2.8 1.3 0.6 2.2 Renbetes-
markerna 1966
3.9 0.4 0.2 2.0 Statens Husdjur-
forsek 1957-60
2.5 1.0 0.6 1.6 0.5 2.0 Isotalo 1971
1.1-2.6 0.8-1.6 0.4-09 1.7-2.0 0.3-1.0 1.9-5.0 SITRA, unpub-
lished
2.2-5.8 0.7-1.6 0.3-C.7 2.3 0.2-0.4 0.6-3.7 0.14-1.4 Present study
Cladina 1.0 3.1 1.4 2.2 0.9 Egorov 1958
rangiferina 1.0 1.2 1.1 1.1 Rydberg 1960
1.4 0.5 0.6 0.8 0.8 Drury 1963
2.8 0.8 0.8 1.0 Persson 1963
0.8 0.6 0.5 1.2 0.2 1.3 Solberg 1967
1.9 14 1.1 1.3 Rydberg 1968
0.8 1.1 0.7 1.6 0.2 1.0 Pulliainen 1971
0.9 1.2 0.4 3.0 Scotter 1972
0.3 0.7 Scotter &
Miltimore 1973
3.1 1.4 0.7 2.0 0.3 25 Isotalo 1971
2.1 1.0 0.9 1.1 0.4 2.0 Wielgolaski et
al. 1975

1.4 0.8 0.1 8.0 0.1 0.7 0.06 Luick 1979
0.9 1.1 0.9 1.2 0.6 1.7 0.3 Present study

Cladina 1.1 1.4 0.9 1.6 Rydberg 1960
arbuscula 0.4 0.9 0.4 1.2 .. Drury 1963
1.8 0.8 0.7 1.1 Persson 1963
0.7 0.6 0.1 6.0 1.2 Solberg 1967
1.7 0.9 0.6 1.5 Rydberg 1968
2.0 0.6 0.4 1.5 0.8 1.9 Isotalo 1971
0.8 0.3 0.4 0.8 0.2 1.4 Pakarinen 1981
1.3 1.0 0.6 1.7 0.3 1.4 0.2 Present study
Cladina mitis 1.6 0.5 Solberg 1967
0.8 1.2 0.3 4.0 Scotter 1972
0.3 0.6 Scotter &
Miltimore 1973
0.9 0.6 0.5 1.2 0.3 1.4 Pakarinen 1981
Cladina 0.6 1.4 0.6 2.3 0.6 Egorov 1958
stellaris 3.0 1.0 0.8 1.3 Persson 1963
1.1 0.7 0.4 1.8 1.2 Drury 1963
1.0 1.0 0.6 1.7 Scotter 1965
1.0 0.4 0.3 1.3 0.1 0.6 Solberg 1967
23 1.0 0.7 1.4 Rydberg 1968

1.9 0.5 0.2 25 0.3 0.7 0.05 Luick 1971

(Table 10 continues on next page)
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(Table 10 continued)

Species Ash Ca P Ca/P Mg K Na Reference
(%) g’kg g/kg g’kg g’kg g/kg
0.8 1.0 0.8 1.3 0.2 1.0 Pulliainen 1971
0.7 1.0 0.2 5.0 Scotter 1972
24 1.1 0.8 1.4 0.3 1.8 Isotalo 1971
0.9 0.2 0.4 0.5 0.2 14 Pakarinen 1981
1.2 0.7 0.7 1.0 0.3 1.4 0.17 Present study
Cetraria 1.6 1.4 0.7 2.0 Presthegge 1954
nivalis 1.4 0.1 0.6 0.2 2.0 Drury 1963

2.1 34 0.6 5.7

Scotter 1965

1.2 0.8 0.2 4.0 0.1 1.0 Solberg 1967
1.5 1.4 0.7 2.0 Rydberg 1968
1.0 0.3 33 0.5 1.5 0.02 Luick 1971
1.5 3.1 0.4 7.8 Scotter 1972
0.7 1.0 Scotter &
Miltimore 1973
3.8 2.0 0.5 4.0 0.6 49 Isotalo 1971
2.2 3.2 0.4 8.0 0.6 1.8 0.4 Present study
Stereocanlon 2.7 0.9 0.4 2.3 1.6 Drury 1963
spp. 33 0.5 0.9 0.6 Persson 1963
2.1 0.6 1.2 0.5 Scotter 1965
3.9 1.0 0.7 1.4 0.3 33 Isotalo 1971
Alectoria and 1.2 1.1 0.8 1.4 Rydberg 1968
Bryoria spp. 1.1-2.9 0.7-3.3 0.4-1.7 0.3-0.4 1.3-6.6 SITRA, unpub-
lished
1.6 0.7-1.1 09-1.1 0.8-1.0 0.3-0.5 2.8-3.8 0.3-0.7 Present study
Alectoria 1.2 21 0.5 4.2 Persson 1963
sarmentosa 1.1 0.7 1.6 0.2 1.0 Pulliainen 1971
1.9 20 0.7 29 0.2 23 Isotalo 1971
Bryoria 1.6 1.2 1.4 0.9 Rydberg 1960
fuscescens 1.1 1.3 0.9 1.4 Scotter 1965
1.5 1.0 0.6 1.7 0.3 3.6 Solberg 1967
1.0 1.0 1.0 0.3 2.3 Pulliainen 1971
2.1 1.3 0.6 22 0.3 24 Isotalo 1971
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Table 11. Comparison of chemical composition (% DM) in different plants. Results are collected from
different studies.

Tabell 11. Jimforing med kemiska sammansitining i olika betesvixter. Resultaterna har samlats frin olika

forskningar.
Species Crude Crude Crude  Ash (%) Ca/P  Reference
protein  fibre fat
(%) (%) (%)
Betula spp. 4.6-239 - - 1.4-7.7 1.5-2.0 SITRA, unpublished

6.4-20.3 16.8-32.0 - 2.8-9.6 1.4-3.9 Isotalo 1971
10.4-12.1 12.7-15.8 7.3-7.9 3.1-3.9 3.4-4.2 Scotter 1972

18.0 16.0 8.0 4.0 - Ahman & Ahman 1984

B. pubescens 4.9-22.4 - - 1.4-7.7 1.1-3.3 SITRA, unpublished
20.3 16.8 10.0 6.1 2.0 Isotalo 1971
11.3-23.3 3.2-24 3.4-95 2.6-13 0.9-2.6 Present study

B. tortuosa 12.5 17.8 8.8 4.5 25 Isotalo 1971
15.2-19.3 14.0-18.0 3.0-5.0 2.9-44 1.9-3.9 Present study

B. nana 23.9 - - 4.6 0.9 SITRA, unpublished
14.6 18.4 4.9 5.7 - Isotalo 1971
10.1-14.7 11.7-27.0 3.5-8.2 2.3-5.7 2.4-3.6 Present study
15.6 16.2 7.2 3.3 - Kelsall 1969
16.0-26.0 13.2-16.3 2.2-3.5 2.8-4.6 - Pegau 1969

Salix spp. 6.3-26.0 - - 2.1-9.4 1.9-3.3 SITRA, unpublished

12.6-38.3 17.9-27.0 - 4.5-6.1 1.0-2.0 Isotalo 1971
9.7-109 12.4-135 2.9-4.1 53-6.2 29-5.5 Scotter 1972

S. phylicifolia 6.3-26.0 - - 2.1-5.0 0.9-3.3 SITRA, unpublished
22.7 27.0 2.4 5.0 25 Isotalo 1971
9.3-20.2 3.1-30.2 2.0-9.0 2.4-15.6 1.9-3.9 Present study
21.9 - 1.6 4.3 - Kelsall 1969
21.0 16.7 3.1 6.5 - Pegau 1969

S. lapponum 6.6-149 14.1-31.7 2.6-43 3.8-18.3 1.0-1.1 Present study

Populus tremula  14.9-34.9 - - 45-83 - Present study

Sorbus aucubaria 11.3-20.2 - - 6.3-86 - Present study
42-15.0 - - 6.5 0.6-1.2 SITRA, unpublished

Carex spp. 8.3-19.8 23.3-50.1 - 3.7-8.0 1.5-1.8 Isotalo 1971
8.3-8.7 - 1.5 Warenberg 1982

12.9-16.6 24.5-18.5 13-18 4.0-43 - Kelsall 1969
8.9-14.7 11.3-24.2 0.7-1.2 2.0-4.2 1.8-2.2 Present study

Equisetum spp.  8.4-14.0 - - 12.3-19.5 4.2-6.0  SITRA, unpublished
13.2-21.5 21.9-30.0 - 13.2-15.9 3.1-3.3 Isotalo 1971
11.4 18.8 3.3 - - Kelsall 1969

E. fluviatile 13.5-15.7 - - 12.3-14.5 3.2-7.5 SITRA, unpublished
13.2 21.9 2.8 14.8 4.5 Isotalo 1971

8.5-18.2 8.2-27.1 1.9-44 6.4-17.9 2.7-3.5 Present study

E. sylvaticum 9.3-21.7 8.6-25.4 3.2-11.0 3.7-14.6 1.4-4.2 Present study
17.2 20.1 2.1 15.9 35 Isotalo 1971

(Table 11 continues on next page)
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(Table 11 continued)

Species Crude Crude Crude  Ash (%) Ca/P  Reference

protein  fibre fat

(%) (%) (%)
Menyanthes 12.6-22.9 - - 8.4-10.3 3.3-4.1 SITRA, unpublished
trifoliata 21.5 23.9 2.1 8.2 4.5 Isotalo 1971

18.2 - - - 1.6 Warenberg 1982

9.4-15.2 10.8-23.7 1.2-15.5 2.5-9.1 4.2-4.5 Present study
Epilobium 25.3 - - 5.4-10.3 1.4-1.7 SITRA, unpublished
angustifolium 16.2 17.4 7.0 6.7 3.2 Isotalo 1971

13.4 271 3.1 6.6 - Kelsall 1969

10.6-16.2 9.9-26.8 2.9-15.0 3.7-16.2 3.0-6.9 Present study
Potentilla 10.3-25.5 8.9-25.8 1.8-5.0 2.7-13.2 2.3-4.1 Present study
palustris 18.8 17.5 3.1 5.1 - Pegau 1969
Deschampsia 6.7-10.7 - - 4.1-5.3 0.9-1.1 SITRA, unpublished
flexuosa 10.3 33.9 - 8.5 1.5 Isotalo 1971

9.4-10.9 - - - - Warenberg 1982

7.1-16.3 8.9-41.2 1.2-9.2 2.3-9.2 1.4-5.2 Present study
Vaccinium 7.6 30.0 3.0 5.5 5 Isotalo 1971
meyrtillus 6.6 - - - 4 Warenberg 1982
Boletus spp. 18.4-24.7 - - 6.3-7.8 0.1-0.2 SITRA, unpublished

24.6 13.1-23.1 - 8.1 0.5 Isotalo 1971
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Table 12. Comparison of chemical composition (% DM) of different mushrooms. Results are collected
from different studies.

Tabell 12. [imféring med kemiska sammansittning i olika svampar. Resultaterna har samlats frin olika fors-

kningar.

Species Crude Crude Crude fat Sugar  Reference

protein  fibre (%) (%)

(%) (%)
Boletus sp. 24.6 17.1 7.2 0.16 Isotalo 1971
Leccinum scabrum 21.9 18.1 7.4 0.15 Isotalo 1971

45.0 - 5.9 - Karaev 1961
Suillus luteus 19.2 17.4 8.3 0.10 Isotalo 1971

22.0 - 3.0 - Kurkela 1972

20.9 - - 0.15 SITRA, unpublished
Leccinum versipelle 25.0 23.1 5.9 0.31 Isotalo 1971
B. edulis 37.0 - 2.0 - Kurkela 1972

439 - 6.2 - Karaev 1961

32.0 - 1.6 - Aalto & Kreula 1972
S. variegatus 18.4 - - - SITRA, unpublished
Lactarius sp. 20.7 13.4 6.9 0.06 Isotalo 1971
L. rufus 21.5 13.1 6.9 0.04 Isotalo 1971
L. torminosus 20.0 15.3 6.9 0.08 Isotalo 1971

19-21 - 2-3 - Kurkela 1972

22.0 - 1.9 - Aalto & Kreula 1972
L. trivialis 21.1 11.6 6.9 0.07 Isotalo 1971

28.0 - 2.1 - Aalto & Kreula 1972
L. deterrimus 38.0 - 7.0 - Kurkela 1972
Russula sp. 20.5 16.0 3.8 0.05 Isotalo 1971
R. paludosa 235 13.5 9.8 0.06 Isotalo 1971
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