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Heikkild, R. 1991. Moose browsing in a Scots pine plantation mixed with deciduous tree species. Tiivistelmi: Hirven
ravinnonkiyttd lehtipuusekoitteisessa mintytaimikossa. Acta Forestalia Fennica 224. 13 p.

The utilization of available food resources by the moose
was studied in a Scots pine (Pinus sylvestris) plantation
containing an admixture of deciduous species. Rowan
(Sorbus aucuparia) and aspen (Populus tremula) were
highly utilized compared to pine and both silver birch
(Betula pendula) and pubescent birch (B. pubescens).
However, they were not capable of withstanding contin-
uous browsing by moose owing to their diminished bio-
mass. In total, the browsing intensity (number of browsed
twigs/tree) on pine and birch was about double that on
rowan and aspen.

The number of browsed twigs per tree increased as the
amount of available main branches increased. The number
of bites per available branch, as well as the maximum
diameter of the bites, decreased as the density of the
plantation increased. Silver birch was more used by
moose than pubescent birch as well as planted silver
birch compared with naturally regenerated trees.

Main stem breakage was especially common in winter
1988, the average height of the pine and birch trees being
over two meters. The tops of broken stems were com-
monly utilized as food. The increase in moose density
and the relatively deep snow cover evidently promoted
the incidence of serious damage. The number of undam-
aged trees/ha was greater in dense than in sparse parts of
the stand.

Hirven ravinnonkiyttéd tutkittiin ménnyntaimikossa
(Pinus sylvestris), jossa kasvoi myds koivun (Betula
pendula, B. pubescens), pihlajan (Sorbus aucuparia) ja
haavan (Populus tremula) taimia. Hirvet soivit erityi-
sesti pihlajaa ja haapaa, jonka seurauksena niiden bio-
massa pysyi alhaisena. Hirven katkomien oksien luku-
miiiré tainta kohti laskettuna oli kuitenkin mannylli ja
koivulla noin kaksi kertaa suurempi kuin pihlajalla ja
haavalla.

Hirvet soivit sitd enemmin oksia, mitd enemmin niitd
oli saatavilla taimikossa. Kun taimikon tiheys kasvoi,
hirvet soivit suhteellisesti vihemmin oksia ja syodyt
oksat olivat pienempid kuin harvassa taimikossa.
Rauduskoivun taimia hirvet vioittivat enemmin kuin
hieskoivun taimia samoin kuin istutettuja rauduskoivun
taimia enemmin kuin luontaisesti syntyneiti.

Hirvet katkoivat minnyn ja koivuntaimia erityisen
yleisesti talvella 1988, jolloin taimet olivat hieman yli
kahden metrin pituisia. Tdmi johtui ilmeisesti pasasias-
sa hirvikannan runsastumisesta ja keskimaaraistd pak-
summasta lumipeitteesti. Katkottuja taimia kiytettiin
yleisesti myds ravinnoksi. Hehtaaria kohti laskettuna
vioittamattomia taimia oli enemmin tiheissi kuin har-
vassa taimikossa.
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1. Introduction

During the winter young forest plantations pro-
vide a considerable amount of food for the
moose. In the winter ranges of moose espe-
cially, continual browsing on young trees year
after year has an effect on food availability
(Bedard & al. 1978), as well as on the occur-
rence of damage in the plantations. Plantations
established with Scots pine (Pinus sylvestris) or
birch (Betula pendula, B. pubescens) often also
include other tree species, a high proportion of
which consists of the deciduous plants com-
monly utilized by moose. Pine is eaten almost
only during the winter, but birch, rowan (Sorbus
aucuparia) and aspen (Populus tremula) also
during the summer. The feeding preferences of
moose in relation to the quantity and quality of
the food resources can be expected to affect the
rate of consumption (Belovsky 1981).

Selective browsing by a dense moose popula-
tion influences the growth rate of forest tree
plants and alters the composition of plantations.

2. Material

The study area was situated at Lapinjirvi in
southern Finland (60°30'-60°40'N, 26°00'—
26°30'E). According to information provided by
the Uusimaa Game Management District, moose
utilize the area especially during the winter, the
summer ranges being located to the south near
the coast. The area of the plantation was ca. 5
ha, and it had originally been established by
planting with Scots pine, but later on with silver
birch during 1978-82. According to studies made
in southern Finland (L&yttyniemi & Piisild 1983,
Repo & Loyttyniemi 1985, Heikkild 1990), the
characteristics of the plantation were typical of
feeding sites preferred by moose: soil fertility
better than average for Scots pine, grassy veg-
etation, sloping terrain, high proportion of de-
ciduous saplings in the undergrowth and a high
proportion of mature spruce forests in the sur-
roundings.

The other tree species growing in the planta-
tion were naturally regenerated Betula pendula
and B. pubescens, Sorbus aucuparia and Popu-

Repeated browsing year after year may consid-
erably alter the forest community succession for
a long period (Snyder & Janke 1976, Risenhoo-
ver & Maass 1987). Utilization of the tree spe-
cies preferred by moose may also release the
less palatable conifers, such as Norway spruce,
from the strong competition caused by hard-
woods (Hjeljord & Groenvold 1988). When
subjected to a long-term, intensive browsing
pressure, a young pine stand is gradually con-
verted into a spruce-hardwoods mixed stand
(Kuznetsov 1987). On the other hand, in the
Nordic countries aspen and rowan are highly
preferred by the moose compared to pine
(Bergstrom & Hjeljord 1987). These two decid-
uous species occur commonly in pine plantations.
The aims of the study were to obtain informa-
tion about moose browsing patterns in Scots
pine plantation containing an admixture of de-
ciduous species, and to evaluate the short-term
effect of browsing on silvicultural practices.

and methods

lus tremula. The moose winter density in the
total land area of the municipality during 1985—
87 averaged 0.26/km? (T. Nygrén, Finnish Game
and Fisheries Institute, pers. commun.). In 1988
the density increased to 0.39/km?, which is an
increase of 33 % compared to the density in
1987. When calculated per forest land, the moose
density averaged 0.40/km? during 1985-87, and
0.62/km? in winter 1988. The density in the
experimental forest area was obviously higher
than the average due to concentration of the
moose population in winter after migration from
the coast (information from the Game Manage-
ment District). The maximum snow cover, 60—
70 cm, occurred in the study area in 1984 and
1988 (Monthly report... 1984—-1988). The snow
depth was generally at a level that is considered
to have no marked effect on the mobility of
moose (Coady 1974). Snow frequently decreas-
es the accessibility of low vegetation, e.g. dwarf
shrubs.

A total of 55 plots (50 m? in size) were sys-
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tematically marked out in the plantation at dis-
tances of 18-25 m. Five saplings of every tree
species on each plot were inspected, starting
systematically from the same direction and point
on each plot. Stand density (trees/ha) and tree
height (cm) were measured on each plot. The
total number of browsed twigs was counted per
tree. Moose biting was also recorded per main
branch growing from the stem. The maximum
diameter of bites per plant was recorded. The
maximum bite diameter has been found to cor-
relate significantly with the mean diameter of
bites (S. Hirkonen, Finnish Forest Research In-
stitute, unpublished), which has been reported
to be a good measure of browsing intensity
(Vivdas & Saether 1987). Broken main stems
were counted separately because the moose do
not always use them as food down to the breaking
point. Classification of the severity of stem
breakage was done according to the results of
Heikkila & Loyttyniemi (1991). The trees with
a breakage point of diameter > 1 cm on pine and
> (0.5 cm on birch, as well as repeatedly broken
stems, were considered as severely damaged.
Only plants over 50 cm high were included in
the sample.

The first inventory was made in May 1987,
when all signs of browsing were recorded. The
work was continued the following September
and again in May 1988 in order to evaluate the
progress of moose browsing. Only new bites
were recorded in the last two inventories. New
bites were recognized on the basis of the position
of the shoots on branches and changes in the
breakage point. The total number of plants in-
spected was 821; 204 Scots pine (Pinus sylves-
tris), 212 silver birch (Betula pendula), 110 pu-
bescent birch (B. pubescens), 65 aspen (Populus
tremula) and 230 rowan (Sorbus aucuparia). The
average density of the plantation was 6300 trees/
ha, the figures for pine being 1120, silver birch
1580, pubescent birch 760, aspen 280 and row-
an 2560/ha. Pellet group counting was done in
spring 1987. Only pellets lying on ground vege-
tation that had withered during the previous
autumn were counted. Only new pellet groups
were included in subsequent countings. Statisti-
cal analysis was done using the Kruskal-Wallis
one-way analysis of variance, the Mann-Whit-
ney (rank sum) test, the Wilcoxon test, the Pear-
son chi-square test, and linear regression analy-
sis.

3. Results

During the initial development of the plantation
up to spring 1987, the proportion of browsed
stems of aspen and rowan was higher than that
on any of the other tree species (Fig. 1). Brows-
ing, including stripping off the leaves, was less
common on pubescent birch than on the other
deciduous tree species during the following
summer.

In 1988 the proportion of browsed pubescent
birch saplings was significantly lower than that
of the other species. In total, the average propor-
tion of browsed trees for spring 1987 was 62 %
(+ 2 S.E.), summer 1987 17 % (+ 1 S.E.) and
winter 1988 53 % (+ 2 S.E.).

A high proportion of the rowan and aspen
saplings had been repeatedly browsed and be-
come bushy with no clear main stem. In autumn
1987 the average height of the pine saplings was
189 cm (+ 6 S.E.), silver birch 256 cm (+ 7
S.E.), pubescent birch 210 cm (+ 6 S.E.), aspen
144 cm (+ 6 S.E.) and rowan 115 cm (£ 3 S.E.).

In winter 1988 the browsing pressure on the
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plantation was intensive because of the increased
number of moose in the area. The number of
pellet groups (476/ha) found on the sample plots
in spring 1988 was about three times greater
than that during the previous spring (164/ha).

Up to spring 1987 the total number of twigs
utilized per sapling on aspen and rowan was 1.5
—2 times greater than that on the other tree spe-
cies (Fig. 2). Twigs of silver birch were also
significantly more utilized than those of pubes-
cent birch. In summer silver birch was more
browsed per sapling than either pubescent birch
or rowan. In addition to biting, leaf stripping
occurred commonly and its proportion out of
the total number of browsing cases was 40 % for
silver birch, 42 % for pubescens birch, 38 % for
aspen and 21 % for rowan. Leaf stripping done
in the early summer is not easy to detect in the
autumn, and thus the recorded cases mainly
represent browsing on the new shoots.

During the following winter, when moose
browsing in the study area intensified, the number
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Figure 1. Average proportion of browsed saplings out of the total (n = 821, p < 0.05, Kruskal-Wallis-
test = 77.86, 69.29 and 51.10). Different letters = significant difference.
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Figure 2. Number of bites per sapling in successive inspections (n = 821, p < 0.05, Kruskal-Wallis-
test = 80.77, 62.87 and 53.45). Further explanation in Fig. 1.

of bites was highest on pine and silver birch.
The number of bites per pubescent birch sapling
was lower than that for any other tree species.
The average total number of bites per sapling
was 4.0 (+ 0.2 S.E.) in spring 1987 and 6.9 (+
0.5 S.E.) in 1988, the increase being significant
(n= 821, p<0.05, Wilcoxon).

Aspen and rowan were heavily used and the
number of bites per available branch was con-

Summer 1987

Winter 1988

siderably high at the first inspection, compared
with the other species (Fig. 3). These species
had remained relatively small and the number of
main branches growing from the main stem was
low. Differences in the number of bites per
branch were not significant between pine and
the two birch species. In summer pubescent birch
was less browsed than other tree species. No
other differences were found. No difference was
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Figure 3. Number of bites per branch in successive inspections. Stripping off the leaves in summer
included (n = 821, p < 0.05, Kruskal-Wallis-test = 215.70, 70.22 and 60.20). Further explanation

in Fig. 1.

found in summer between naturally regenerated
saplings of the two birch species. In 1988 the
number of bites per branch for aspen and rowan
was at about the same level as for pine and silver
birch. No marked difference was found between
pine and silver birch; consumption of these
species intensified as a result of stronger
browsing pressure. Only pubescent birch, which
was browsed to a small extent, differed signifi-
cantly from the other species. The total average
number of bites per branch was 0.4 (£ 0.03 S.E.)
in spring 1987 and 0.3 (+ 0.02 S.E.) in 1988.
The significant decrease (n = 821, p < 0.05,
Wilcoxon) was evidently due to the diminished
utilization of aspen and rowan.

The difference between the two birch species
was not significant up to 1987. However, the
planted silver birch saplings were more browsed
(0.17 + 0.02 S.E. bites/branch) than naturally
regenerated pubescent birch saplings (0.09 *
0.02 S.E. bites/branch) (n=197,p <0.01, Mann-
Whitney-test =3195.0). The difference in height
was also considerable (254 cm (x 9 S.E.) and
182 c¢cm (+ 8 S.E.) in spring 1987.

Overall the naturally regenerated silver birch
saplings were browsed (0.42 + 0.04 S.E. bites/
branch) to a significantly greater extent than
those of pubescent birch (0.16 + 0.02 S.E. bites/
branch)(n=235, p <0.01, Mann-Whitney-test =
9182.0). However, the difference was not sig-
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Figure 4. Number of bites per branch in naturally regen-
erated saplings of silver birch and pubescent birch (n
= 235, Mann-Whitney-test = 7423.00, 6942.50 and
8814.50). Significance of results: * =p <0.05, ** =
p<0.01.

nificant until 1988 (Fig. 4). The height of both
species was about the same (216 cm + 9 S.E.
and 211 cm + 8 S.E.), and there was no marked
difference in the height distributions (63 % of
the former and 69 % of the latter species were
less than 250 cm high). Stem breakages occurred
commonly especially on silver birch; 71 % of
the tops of browsed natural silver birch and 46
% of pubescent birch saplings were broken.
Planted silver birch saplings were significant-
ly more browsed than naturally regenerated ones
at all inspections (Fig. 5). The difference in
height (in spring 1987 254 cm + 9 S.E. and 190
cm + 8 S.E., respectively) was considerable. In
summer 1987 the annual height growth of natu-
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Figure 5. Number of bites per branch in natural and
planted silver birch (n = 212, Mann-Whitney-test =
2952.00, 3307.50 and 3190.50). Further explanation
in Fig. 4.
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Figure 6. Number of bites per sapling in relation to
branches available.
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Figure 7. Number of bites per branch in relation to stand
density.

rally regenerated saplings was 78% that of the
planted ones.

When the results of the two successive in-
spections in spring 1987 and 1988 were summa-
rized, the average number of bites per tree was
greatest on pine (14.2 + 1.4 S.E) and silver
birch (15.7 + 1.3 S.E.). The number was also
considerable on aspen (9.9 + 1.0 S.E.) and row-
an (7.8 £ 0.5 S.E.). Only pubescent birch (2.9 +
0.5 S.E.) differed significantly from the other
tree species (n = 821, p < 0.05, Kruskal-Wallis-
test="75.75). Aspen (0.8 + 0.07 S.E.) and rowan
(1.3+0.1 S.E) were clearly the most intensively
utilized tree species per available branch, pu-
bescent birch (0.2 + 0.03 S.E) being browsed to
asignificantly lower extent than the other species.
No difference was found between pine (0.5 +
0.05 S.E. and silver birch (0.5 + 0.04 S.E.) (n =
821, p <0.05, Kruskal-Wallis-test = 117.13).

32 % of the pines browsed earlier were re-
browsed in winter 1988, the proportion of un-
browsed ones being 18 %. The proportion of

Max. diameter of bites mm

3
0 3000 6000 9000 12000 15000

Trees/ha

Figure 8. Maximum diameter of bites in relation to stand
density.

earlier unbrowsed, but browsed in 1988, was 21
% and that of totally unbrowsed pines 29 %.
Thus rebrowsing of pine occurred significantly
(n = 204, Pearson Chisquare 10.5, p < 0.01).
Especially those pines intensively (> 10 bites)
browsed earlier, were commonly browsed again
(79 % of saplings). Rebrowsing did not occur
significantly on silver birch. However, 42 % of
the intensively browsed saplings were affected
again.

The number of bites per tree increased as the
number of available branches increased (Fig. 6).
Thus the degree of browsing was the higher, the
greater was the amount of food available. With
an increase in stand density, the number of bites
per branch as well as the maximum diameter of
bites decreased (Figs. 7 and 8), showing selective
utilization of the food resource.

The average maximum diameter of the bites
was highest in pine (Fig. 9); even the young
shoots of this species are relatively thick. The
differences in maximum diameter in deciduous
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species correlated better with the number of
twigs consumed than in pine. The highest val-
ues occurred on rowan, the difference between
rowan and aspen being insignificant. Silver birch
and aspen no longer differed to any great extent
in 1988, browsing having increased on silver
birch and aspen already having been heavily
utilized. The values were lowest for pubescent
birch. When the browsing pressure intensified,
the differences in maximum diameter tended to
decrease. Compared with spring 1987, the moose
appeared to continue using twigs of rowan and
silver birch of relatively thick diameter in 1988.

The intensified browsing pressure in 1988 also
resulted in a higher value for the average maxi-
mum diameter of bites (1987 4.7mm + 0.1 S.E.,
1988 49 mm * 0.1 S.E,, n = 278, p < 0.01,
Wilcoxon). As the number of bites per available
branch increased, the moose utilized twigs of
thicker maximum diameter (Fig. 10).

The number of main stem breakages increased
considerably in winter 1988; 17 % of the pines,
32 % of the silver birch and 9 % of pubescent
birch saplings were broken. Obviously the thick
snow cover in 1988 promoted the frequency of
stem breakage by reducing the mobility of
moose. In total 37 % of the pines, 50 % of the
silver birch and 17 % of the pubescent birch
saplings had been broken at least once by moose.
Thus the number of saplings with unbroken main
stems for pine was 706/ha, for silver birch 790/
ha and for pubescens birch 631/ha. In 1988, 34
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Figure 9. Maximum diameter of bites in different tree species (p < 0.05, Kruskal-Wallis-test = 191.12,
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Figure 10. Maximum diameter of bites in spring 1987
(A) and winter 1988 (B) in relation to the number of
bites per available branch.
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Figure 11. Diameter of main stem breakages of different
tree species (p < 0.05, Kruskal-Wallis-test = 52.56,
8.61 and 52.57).

% of all stem breakages occurred in the saplings
over 250 cm high, which is a height that moose
rarely exceeds while feeding (cf. Telfer & Cairns
1978). 41 % of the stem breakages in browsed
trees occurred in those over 250 cm high. In the
case of silver birch, 77 % of the broken saplings
over 250 cm high and used for feeding were
browsed intensively (> 10 bites). The respective
proportions for pine and pubescent birch were
33 % and 0 %. The average diameter of the
breakage point was in 1988 significantly greater
than in 1987 especially on pine (8.0 mm + 0.5
S.E.and 5.5mm+0.2 S.E., p<0.05, Wilcoxon)
(Fig. 11).

In total, 55 % of the pines, 73 % of the silver
birch and 62 % of the pubescent birch saplings
browsed by moose had main stem breakage.
Browsing of twigs occurred in all cases of stem
breakage on pine and both of the birch species
in 1988. 49 % of the 114 silver birch saplings
affected by moose in 1988 had stem breakage
and also were browsed intensively (> 10 bites),
whereas only 18 % was browsed to a lesser
extent. Respectively, 12 % were unbroken and
browsed intensively, 20 % to a lesser extent.
The difference was significant (n =114, Pearson
Chisquare 12.8, p < 0.01) thus indicating con-
centration of browsing on broken trees.
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Figure 12. Number of undamaged saplings/ha in relation
to stand density (p < 0.05, Kruskal-Wallis-test =
42.56).

-2000

Table 1. Occurrence of stem defects in different stand
density classes (n = 55, p < 0.05, Kruskal-Wallis-
test = 42.56). Different letters = significant differ-
ence.

Stand density Trees with stem Proportion of damaged
trees’ha defect (+ S.E.)/ha pine and silver birch %
<2000 500+ 81 a 43
2001-3000 757 + 134 ab 29
> 3000 1058 £ 130 b 23

The number of undamaged or slightly dam-
aged pine saplings was 952/ha and for silver
birch 1343/ha. The number of pine and silver
birch saplings with a stem defect increased with
increasing stand density (Table 1). However,
the proportion of damaged saplings decreased.
Thus the number of undamaged saplings per ha
was significantly greater in the dense part of the
stand compared with the sparse one (Fig. 12).
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4. Discussion and conclusions

Feeding behaviour. According to the optimal
foraging strategy of large generalist herbivores,
browsing intensity is highly affected by the di-
gestibility, size and availability of the food item
(Westoby 1974, Belovsky 1981). The digest-
ibility of the tree species available in the present
study has been reported as the best for rowan
and aspen, relatively good for pine and at a
lower, similar level for the birch species (Hjeljord
et al. 1982, Salonen 1982, Bergstrom & Danell
1987). According to the present results, the uti-
lization of the best digestible species in mixed
young stands is intensive leading to a consider-
able reduce in their availability during the initial
development of young stands. To what extent
this leads to an increased use of other tree species
evidently depends on moose density.

The browsing pattern observed in the present
study shows that selective behaviour is pro-
nounced when the amount of available food
increases. The result is in accordance with the
pattern of resource utilization by the moose found
in experimental studies in which pubescent birch
was used (Vivas & Saether 1987, Lundberg &
Danell 1990). In addition, the mobility of moose
in highly productive winter ranges has been
reported to be greater than that on relatively
unproductive ones, which is also associated with
differences in the exploitation of food resources
(Saether, Engen & Andersen 1989). The daily
length of the moose track has been found to be
smaller in conditions where mainly pine sap-
lings are available, compared with mixed stands
with great number of deciduous species
(K. Nygrén, Finnish Game and Fisheries Insti-
tute, unpublished).

In the present study silver birch was found to
be significantly more browsed than pubescent
birch. Such a result has also been reported earli-
er (Danell et al. 1985, Danell & Ericson 1986),
but not by Loyttyniemi & Piisild (1983). One
possible reason for the differences between the
birch species is the higher growth rate of silver
birch, which increases the palatability and
physical accessibility of plants (Bryant et al.
1983, Danell 1983, Danell et al. 1985). The
difference in the present study was significant
especially during the last winter. According to
Danell & Ericson (1986), the preference of
moose for silver birch is more distinct in the
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case of relatively tall saplings. The reason for
the preference for planted saplings compared
with naturally regenerated ones may also lie in
their different growth rate.

The total number of bites was greatest in pine
and silver birch. The difference in biomass con-
sumed was not estimated on the basis of weight.
If it had been, the difference would evidently
have been even more distinct. This is because
the dry weight of pine and birch twigs of the
same diameter has been estimated to weigh 2—
2.5 times that of aspen and rowan (Bergstrom &
Danell 1987, S. Harkénen, Finnish Forest Re-
search Institute, unpublished). However, the
number of bites well explains the biomass uti-
lized within a single species (Vivas & Saether
1987).

The decrease in maximum bite diameter along
with increasing food availability means that the
digestibility of food eaten is correspondingly
higher. The digestibility of e.g. rowan twigs of
relatively thick diameter has been estimated to
be better than that of silver birch twigs of very
small bite diameter, which explains differences
in the use of tree species (Hjeljord et al. 1982).

Rebrowsing of saplings occurred significant-
ly on pine, but not on the birch species. Accord-
ing to Loyttyniemi (1985), rebrowsing on pine
can be explained by induced lusher growth as
well as by improved accessibility during the
recovery, which presumably increase the prob-
ability of browsing. According to several years’
monitoring in a moose pen, both of the birch
species are significantly rebrowsed (Bergstrom
1984). The intensified growth rate after brows-
ing leads to a greater likelihood of rebrowsing
and B. pendula especially has a strong capacity
for reproductive growth (Danell 1983). The ob-
servations made in the present study covered
only a short period and the tendency of moose to
break the main stems before or after starting to
feed was prominent. Thus it was not possible to
evaluate rebrowsing on birch using criteria to-
tally comparable with earlier studies.

When the food supply on a winter range is
abundant, the selective feeding behaviour by
moose is pronounced. In this sense the removal
of preferred broadleaved species from planta-
tions in order to avoid intensive damage on pine
or birch appears to be detrimental if it is not
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compensated by a higher density of other spe-
cies. However, considerable pine damage has
been reported in plantations containing admix-
tures of preferred broadleaved trees (Liziperi &
Loyttyniemi 1988, Heikkild 1991). The presence
of aspen has been reported to increase browsing
intensity at the edges of planted areas (Edenius
1990). In conditions where there is abundant
alternative food in mature forests, moose
browsing in plantation areas is smaller (Thomp-
son & Vukelich 1981).

Stem breakage. The habit of the moose to
break off main stems of a relatively large diam-
eter was a common occurrence in the present
study. The moose also utilized to a great extent
the twigs of saplings with earlier stem breakage.
This phenomenon has been reported to be espe-
cially common during late winter, when the
moose gather on winter ranges and their mobil-
ity is low (Sweanor & Sandegren 1989). Stem
breakage is common even when a lot of smaller
saplings are available. By breaking taller sap-
lings the moose can considerably increase the
availability of food and the breaking behaviour
is probably innative or at least quickly learnt by
the young calves ((Telfer & Cairns 1978). Bry-
ant & Kuropat (1980) assume that moose have
adapted to utilizing the tops of taller trees because

of their low concentration of relatively indigest-
ible secondary compounds.

Reducing the incidence of main stem break-
age is an important goal from the silvicultural
point of view. According to extensive inspection
in young stands (Loyttyniemi & Piisild 1983)
the stem of every second pine browsed by moose
is broken. In the present study the correspond-
ing proportion on both pine and birches was
over 60 %, showing relatively great browsing
pressure. The distribution of breakage was related
to stand density. The possibility of attaining a
relatively large number of undamaged saplings
is thus evident in a dense stand. The average
number of pine and silver birch saplings without
any serious damage in the present study was
over 2200/ha. Continuing damage in subsequent
years was, however, likely. According to Di-
nesman (1957), serious damage is to be expect-
ed if the area of available young and older
plantations is below 30 ha/moose. In the present
study the amount of plantations in the munici-
pality in question was about 30 ha/moose during
the last year of the study. Congregation of the
moose population in their winter ranges, where
the density may considerably exceed the average,
was evidently the reason for the high level of
damage.
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