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The effect of plantation characteristics on moose browsing intensity was studied in
82 Scots pine plantations in southern Finland. Moose browsing occurred most
commonly in plantations established on relatively fertile soil, and the degree of
damage was at highest in plantations with openings. A high amount of brush,
especially aspen, increased the risk of damage. Furthermore, damage was
intensified in plantations situated on hills, slopes or at a long distance from main
roads or settlements.

Minnyn istutustaimikoiden hirvituhoalttiuteen vaikuttavia tekijoitd tutkittiin 82 tai-
mikossa Eteld-Suomessa. Yleisimmin hirven syonnoksid tavattiin voimakkaasti
heinittyneissi, kasvupaikaltaan rehevissi taimikoissa. Tuhoja esiintyi eniten auk-
koisissa taimikoissa. Tuhot olivat siti suurempia, miti enemmiin taimikossa oli
muiden puulajien kuin koivun muodostamaa vesaikkoa. Tuhoja esiintyi keskimii-
riistd enemman taimikoissa, jotka sijaitsivat rinteissi, korkeissa maastokohdissa tai
etddlld teistd ja asumuksista.
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1. Introduction

Amount and quality of the food available for
moose in forest tree plantations is mainly
determined by the goals of wood production.
Scots pine (Pinus sylvestris) plantations
differ from each other as a result of the
variation in the growing sites, the
surroundings and in the silvicultural
measures applied. This evidently also affects
the feeding behaviour of moose and the
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damage they cause. The properties of
plantations can be regulated in accordance
with the expected risk of damage.

In studies on the areal pattern of moose
damage, silvicultural measures have been
found to have an effect on the extent of
damage in pine plantations (Yli-Vakkuri
1956, Westman 1958, Loyttyniemi and
Piisild 1983, Ladperi and Loyttyniemi 1988).
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The feeding behaviour of the moose is
regulated by the amount and quality of the
available food. According to Belovsky
(1981, 1986), the availability and energy
contents of the food plant are the major
factors as regards the optimal use of energy.
When presented with alternative food
sources, the moose has been found to prefer
well-growing pine plants (Niemeld and
Danell 1988, Niemeld, Hagman and Lehtila
1989). When the amount of available food
increased, the feeding concentrated on the
twigs with best quality (Vivas and Saether
1987). Certain tree species, e€.g. rowan
(Sorbus aucuparia) and aspen (Populus
tremula), that commonly occur in pine
plantations, are reported to be preferred by

moose to pine and birches (Betula pendula
and B. pubescens) (Bergstrom and Hjeljord
1987).

Moose are less active in the winter than
during other seasons and this obviously
affects the optimal use of food and energy.
The use of feeding areas in wintertime differs
from that in the summer. During the winter
the animals congregate in narrower forest
areas that provide food (Lykke 1964, Ahlén
1975, Matchett 1985).

The purpose of the present study was to
find out the dependence of moose damage on
the characteristics of pine plantations in order
to evaluate possibilities of reducing the
susceptibility of plantations.

2. Material and methods

The field data were collected in summer 1987
by surveying pine plantations established by
planting. The study was done in four rural
municipalities  in  southern  Finland:
Orimattila, Sysmi, Padasjoki and Lammi
(61" 30° N -60°40" N, 24" 30’'E — 26" 00’E).
The data consisted of all plantations reported
from the district forestry board as having
been scriously damaged during the previous
winter. A compensation was paid for the land
owners because of the damage occurred. The
comparative data consisted of the plantations
of the same age (seven years) situated as
close as possible to the damaged ones. There
was no opinion of the degree of damage in
these plantations when starting the study.
Thus the data consisted of a series of
plantations with damage of varying intensity.
Altogether 82 plantations were studied. The
average size of plantations was 1.6 ha.

The plantations, all potential sites for
moose browsing at the same time, were
assumed to represent winter ranges of about
the same average density of animals. The
average moose winter density per 1000 ha in
the study area was during the five- and three-
year periods preceding the investigation as
follows (Nygrén, T., Finnish Game and
Fisheries Research Institute, unpublished
data) :
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5 years 3 years
Orimattila 5.4 3.5
Lammi 4.0 3.8
Padasjoki 5.4 4.9
Sysmi 5.1 4.5
Average 5.0 4.2

Most of the damage had obviously occurred
during the three-year period. It was
impossible to determine the exact moose
density on each local forest area. It had
obviously been locally even significantly
greater than average owing to the gathering
of moose to winter ranges. It was thus
concluded that the plantations were situated
in areas where a higher than average degree
of damage could be expected. Because the
comparative data were collected in the
nearest plantations of the same age, it is
obvious that all plantations were equally
exposed to moose damage.

Each plantation was inspected by dividing
it in 3 to 8 parts of equal size, depending on
the area. Thus it was possible to collect the
data accurately in relation to the variation in
different parts of the plantations. The
classifications were made at first for each
small part and counted to represent the whole
plantation A map was made of each
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plantation, on which characteristics of the
surroundings and plantations were marked
after which their proportions were counted.
Measurings were made using 28 m” sample
plots with the distance of 15-30 m. Only
plants over 50 cm high were inspected,
because they can be assumed to represent the
main part of the food available for the moose
in the winter. The following classifications
were used when inspecting the plantations
and their surroundings:

Characteristics of plantations:

Area of plantation, ha.

Topography of plantation: | = even, 2 = uneven, hilly
3 = slope.

Plantation: 1 = on forest land, 2 = on abandoned field.

Height of the plants of different tree species.

Severity of moose damage on pine plants: 0 = no
browsing or very slight, 1 = abundant browsing
(2040% of plants), degree of damage light, 2 =
browsing more abundant (40-60% of plants),
average degree of damage, 3 = browsing most
abundant (>60% of plants), high degree of damage.

Edge effect (damage concentrated at the edge of the

plantation): 0 = no effect, 1 = slight, 2 = great.
Amount of openings: 0 = none, 1 = a few, 2 =
moderate, 3 = great.
Amount of brush trees: 1 = small, 2 = moderate

(coverége smaller than that of pine), 3 = coverage
the same as that of pine, 4 = great, 5 = very great.
Proportion of brush tree species out of total amount of the
brush (%).
Browsing degree on tree species other than pine (%).
Amount of grassy vegetation: 1 = small, coverage of tall
species negligible, 2 = moderate, 3 = great, 4 =
very great (a lot of tall species).
Cleaning of plantation: 1 = done, 2 = not done

Characteristics of surroundings:

Topography of surroundings: plantation 1 = at lower
level than the surroundings, 2 = at the same level, 3
= at higher level.

Surrounding forest: tree species, development class: 1 =
young plantation or regeneration area, 2 = young
thinning stand, 3 = old thinning stand, 4 = mature
thinning stand or mature stand.

Distance to nearest main road, settlement etc: 0-200 m,
200400 m, 400600 m, >600 m.

The severity of moose damage on pine
plants was evaluated using both the
proportion of browsed plants and the degree
of damage on the basis of the browsed twig
biomass. The occurrence of openings was
classified according to the total amount of
open areas, where planted pine plants had
been died as very young. The openings were
chosen as variable because it was considered
to be of importance as regards the behaviour
of the moose.

Because of the relatively small variation
between the forest site types in pine
plantations it was decided to divide the sites
more accurately using the ground vegetation.
The amount of grassy vegetation was
determined taking into account the overall
abundance and distribution of typical,
especially tall species indicating the variation
in site type quality (Kujala 1979).

Relationships between different variables
and the intensity of moose damage were
analysed with a stepwise logistic regression
model. If needed, for example because of the
small frequency of the variables, the classes
were combined. The dependence between the
damage and the combined effects of different
factors was analysed using a loglinear model.

3. Results

The distribution of plantations in the classes
of different characteristics is presented in
Table 1. Young plantations or regeneration
areas represented on average 13 % of the
surrounding forests of plantations, young
thinning stands 30 % , old thinning stands 37
% and mature thinning stands or mature
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forests 20 %. Pine forests other than young
plantations represented 18 % out of the total,
spruce forests 55 % and deciduous, mainly
birch forests 14 %, respectively.

The amount of grassy vegetation and
openings were found to have the greatest
effect on the occurrence of the damage. In
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Table 1. Distribution of plantations according to their
characteristics (classifications see p. 343).

Classes
0 1 2 3 4 5
Characteristic
No. of plantations

Topography 25 30 27
-"- of surroundings 7 44 3]
Forest/abandoned field 4 78
Degree of damage 23 28 21 10
Edge effect 59 17 6
Openings 24 29 15 14
Amount of brush 15 24 23 14 6
Amount of grasses 12 25 36 9
Cleaning 68 14
Distance to roads etc. 6 8 11 57
Plantations B Hiohly grassy
with damage
o, 9 L_—_] Slightly grassy
100
80T
60._
401
201
0_
No Small Great
Amount of openings

Figure 2. The occurrence of damage in relation to the
amount of openings and grassy vegetation.
Combined classes as in Figure | except openings
2+3. N = 82.

plantations with a large amount of grassy
vegetation, indicating good soil fertility, the
overall occurrence of moose browsing was
very common. On drier, slightly grassy sites
the occurrence of damage was more
dependent on the number of openings (Figs.
I and 2). These factors explained most
significantly the degree of damage in the final
models when analysing the data using linear
regression (p. 00-00).

Browsing was significantly dependent on

344

Plantations
% - Highly grassy
807 [ ] slightly grassy
407
20T
o

Intensive  Damage
class

No Light

Figure 1. The intensity of damage in different classes of
the grassy vegetation. Combined classes: damage
2+3, grassy 14+2,3+4. N = 82.

Plantations
%

80T [:] Light . Intensive
- Moderate

60T

40t

20T

No Small Great
Amount of openings

Figure 3. The intensity of damage in relation to the
occurrence of openings. Combined classes: damage
2+3, openings 2+3. N = 82.

the amount of openings in the plantations
(Fig. 3). In the greatest opening class the 14
plantations represented densities of pine
plants under 1560/ha and thus the openings
could be counted to cover at least 20 % of the
area. An increasing amount of grasses also
correlated with the increasing number of
openings in the plantations, the two factors
thus having a cumulative effect on damage. It
was not possible to determine the cause for
the openings. Obviously some of the small
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Plantations
%

60T

407

80+ - Intensive

[:] No damage

Small Great
Plenty of brush

Small Great Pfogonion
Slightly of brush of birch

Figure 4. The effect of the amount of the brush and the proportion of the birch (<>
75 %) on the intensity of damage in plantations on an average. Combined
classes: brush 1 +2+3 and 4+5. N = 82.

Plantations

6(;? - Intensive E] Light

40T

2071

0- L.

Birch>pine Birch<pine

Figure 5. The effect of the pine/birch height relationship
on the intensity of damage. N = 82.

transplants had died soon after planting.

The most common deciduous tree was the
birch (Betula sp) (64 %). Other commonly
occurred species were rowan (17 %) and
aspen (8%). Willows (Salix spp), gray alder
(Alnus incana) and juniper (Juniperus
communis) were relatively rare in the
plantations. The total amount of deciduous
brush did not explain the occurrence of the
damage. The intensity of the damage on
pines was dependent on the proportion of
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birch in the deciduous tree vegetation (Fig.
4). When the proportion of birch was over 75
% the degree of damage was light, even if the
plantations contained a lot of brush. Thus,
when the coverage of the birch was the same
or even greater than that of pine, the damage
on pine did not increase significantly.
However, when birches were taller than
pines, the occurrence of intensive damage
was common. Plantations with the birch
smaller than the pine contained a remarkably
high amount of light damage (Fig. 5).
Following models were found to explain the
relationships between brush and damage:

Model: PBH,DBH,DPH,DPB (D=damage,
P=proportion of birch, B=amount of brush, H=height
of birch/pine).

Likelihood-ratio

Df. Chi-square  probability
H.DPB. 11 21.43 0.029
Diff. due to delet. BP. ! 3.89 0.049
BH.PB,DB.DP. 12 24.97 0.015
Diff. due to delet. DPB 2 7.43 0.024

Best model found is D,P,.B,H,DPB. The
amount of brush being large and proportion
of birch <75%, degree of damage is high.

(93]
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Model: DGH,OGH,ODH,ODG (D=damage,
G=grasses, H=height of birch/height of pine).

DH,DG,0G.

Likelihood-ratio
Df. Chi-square  probability
23 32.51 0.090

Diff. due to delet. OD. 4 9.89 0.042

DH,DG,OD.

21 29.59 0.101

Diff. due to delet. OG. 2 6.97 0.031
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Plantations
%

DH.OG.OD. 21 38.21 0.012
Diff. due to delet. DG. 2 15.59 0.001
H,DG,0G,0OD. 21 29.41 0.105
Diff. due todelet. DH. 2 6.79 0.034

Best model found is D,H,G,0,DH,DG,0G.
Degree of damage is explained by grasses,
openings and relationship between the height
of birch and height of pine with combined
effects.

80T

- Intensive
60- b lont
[ ] Nodamage

40

Small Great
Plenty of brush

Small Great Proponion
Slightly of brush ! Dirch

Figure 6. The effect of the amount of the brush and proportion of the birch (<>75
%) on the degree of damage in fully stocked plantations. Combined classes as

in Figure 4. N = 53.

Plantations

%
80T

- Intensive
! Bl Lo
40+ No damage

207 No obs.
0 _ .
Small Great Small Great  Proportion
Plenty of brush Slightly of brush Ot Birch

Figure 7. The effect of the amount of the brush and proportion of the birch (<>
75%) on the degree of damage in plantations with openings. Combined classes

as in Figure 4. N = 29.

Risto Heikkili

In fully stocked plantations without
openings (ca. 2000 plants/ha) the damage
caused by the moose was also most intensive
in those ones with the highest proportion of
deciduous tree species other than birch (Fig.
6). Intensive damage occurred in plantations
with a large number of openings regardless of
whether the amount of brush was small or not
(Fig. 7).

The average proportion of brush tree
species, aspen, rowan, and willows, was 20
% in plantations with no damage and 31 % in
the other ones. When the occurrence of aspen
increased, also the degree of damage on pine
plants increased (Pearson Chisquare 4.59,
Df. 1, p < 0.05). Occurrence of rowan was
more even in both plantations and no
difference was found by that species alone.

The average browsing degree of all brush
tree species was high, especially in
plantations suffering from serious damage
(Table 2). The browsing degree of rowan and
aspen was commonly over 60 % in
plantations with serious damage. On an
average, the degree of browsing over 60 %
occurred for rowan in 72 % and for aspen in
68 % of plantations, were these tree species
were found. Also the average height of those
tree species was relatively low as a result of
the browsing (aspen 86*14 cm, rowan
100£8 cm, willows 4919 c¢m) as compared
with the pine (208+17 cm).

In plantations where silvicultural cleaning
was made the degree of damage was smaller
than in the uncleaned ones (Pearson
Chisquare 4.03, Df 1, p < 0.05) (Fig. 8). In
all 10 plantations with most intensive degree
of damage cleaning was not done. Because
cleaned plantations contain small amount of
aspen and rowan, the result also supports the
idea that the moose chooses its feeding
habitat accordingly with the preferred tree
species. However, when the amount of
grassy vegetation was high, damage was
severe despite cleaning. Because the
plantations were only seven years old, the
time period from the cleaning was evidently
too short for the new sprouts to grow up
intensively.

The topography of the terrain affected the
occurrence of damage, that being most
common in plantations situated on hills or
slopes. The amount of openings in the
plantations, combined with the topography,
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Table 2. Moose browsing degree on deciduous plants in
different damage classes of pine.

Degree of damage on pine

Degree of 0+1 243
browsing Birch Rowan Aspen  Birch Rowan Aspen
% of plantations

0-60 % 46 28 26 25 0 6
61-100 % 8 36 37 21 36 31
In total 54 64 63 46 36 37
Plantations
with damage

%

100

- No cleaning
80
D Cleaned

401

207

Slight Moderate Great
Amount of grasses

Figure 8. The effect of the cleaning on the occurence of
damage in different classes of the grassy vegetation.
Combined classes: grasses 3+4. N = 82.

strongly increased the damage in both hilly
and slopy plantations (Fig. 9). The
proportion of spruce (Picea abies) forest
around the plantations averaged for the
seriously damaged plantations 57 % and for
slightly or not at all damaged ones 52 %,
respectively. A proportion of less than 50%
had no effect on the degree of damage. The
number of cases where the proportion of
spruce forest was higher, was too small to
make any comparisons. Any concentration of
the damage at the edges of plantations was
not found.

Disturbing factors such as main roads and
settlements reduced the occurrence of
damage when the distance to the plantations
was under 200 m. The effect was only slight
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Plantations
with damage

éo [ ] pain Il Stope
B

60T
401
20<-
0 4
No Small Great
Amount of openings

Figure 9. The effect of the plantation topography on the
occurence of the intensive damage in different
classes of openings. N = 82.

at a distance of 400 m. There was little
variation in the area of the plantations (on
average under 2 ha), and no correlation with
the degree of damage was found.

In the model consisting of the factors
having an overall effect on moose damage,
the amount of grasses, openings and
proportion of the birch explained
significantly the occurrence of the damage:

Summary of stepwise results:

Logt Improvement Goodness of fit
Step Df likelihood Chi-sq. P-val.  Chi-sq. P-val.
no:
0 —48.660 49.240 0.000
I Grasses 2 —33.129 31.062 0.000 18.178 0.020
2 Openings I —30.340 5.577 0.018 12.601 0.082
3 Prop.of 1 —28.139 4.404 0.036 8.197 0.224

birch

Hosmer-Lemeshow test: Goodness of fit Chi-sq.=
12.767, Df.= 7, P-value = 0.078.

In cases with most intensive damage the
amount of openings and plantation
topography had the strongest effect:

Summary of stepwise results:

Log Improvement Goodness of fit
Step Df likelihood Chi-sq. P-val.  Chi-sq. P-val.
no:
0 —56.838 39.734 0.0011

| Openings 3 —48.240 17.196 0.001 22.538 0.068
2 Topography | —45.526 5.428 0.020 17.110 0.194

Hosmer-Lemeshow test: Goodness of fit Chi-sq. = 3.864,

Df. = 6, P-value = 0.695.

4. Discussion

A high coverage of grassy vegetation, indicating
better soil fertility (Kujala 1979), seems to
significantly explain the overall susceptibility of
pine plantations to damage caused by moose.
High soil fertility makes the food material easier
to digest, resulting in the reduced proportion of
difficully digestible resin compounds owing to
the low C/N ratio (Freeland and Janzen 1974,
Bryant and Kuropat 1980, Bryant, Chapin and
Klein 1983).

In food preference experiments moose have
been shown to consume more biomass of well-
growing plants compared with poorly growing
ones (Niemeld and Danell 1988). Fertilized
plantations have been damaged to a greater extent
than unfertilized ones (Laine and Mannerkoski
1980, Loyttyniemi 1981). Moose damage
was more commonly found in plantations
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with good soil fertility than in those with poor
soil fertility (Rautiainen and Résdnen 1980,
Heikurainen 1982).

A high coverage of grasses inhibits
seedling growth through shading and
increases the risk of vole damage. This leads
to the appearance of openings (Hansson and
Hansson 1980, Rautiainen and Résdnen
1980). The damage caused by moose is
reported to be less serious in dense than in
sparse plantations (Westman 1958, Padaiga
1986). The susceptibility of patchy
plantations to moose damage might increase
due to the fact that moose stay longer in such
habitats. As feeding sites, sparse plantations
are not so resistant against moose browsing
as the dense ones. Vivas and Saether (1987)
have shown that moose consume thicker parts
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of the twigs in sparse birch plantations as
opposed to the dense ones. The thin parts of
the twigs are more easily digestible by the
moose (Hjeljord, Sundstoel and Haagenrud
1982).

The moose can be expected to attempt to
optimize the use of energy in relation to time
(Pyke, Pulliam and Charnov 1977, Owen-
Smith and Novellie 1982, Engen and
Stenseth 1984, Belovsky 1984). In that sense
the most digestible component of the
available food is chosen. Consequently, the
use of pine would become less, the greater
the amount of preferred deciduous trees
available. The costs needed for changing the
feeding site are also to take into account.

The results of the present study show that
the amount and composition of the brush tree
vegetation affects the use of pine plantations
as feeding sites by the moose. The
occurrence of preferred tree species as
available food thus also increases the use of
less preferred pine, evidently increasing the
value of habitat suitability. The proportion of
aspen has also previously been reported to
correlate with the damage to pine (Laiperi
and Loyttyniemi 1988). In food preference
experiments, pines grouped with aspen have
been more intensively browsed than those
with gray alder or only pine (Danell
unpublished data). The preferred brush tree
species were browsed to a great extent,
evidently owing to their suitability as an
easily digestible food source (Hjeljord,
Sundstoel and Haagenrud 1982, Salonen
1982).

The total amount of available food, rather
than the occurrence of preferred tree species,
seems to effect the habitat use of moose
during the winter (Pierce and Peak 1984).
Plantations dominated by aspen and pine
have also been shown to be browsed more
than average, depending on the severity of
the winter (Peek, Ulrich and Mackie 1976).

The sporadic occurrence of preferred
deciduous trees, due to natural reason or as a
result of cleaning, seems to affect the choise
of feeding habitat by the moose. If cleaning
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is postponed or not at all done the plantations
would be more equal. This might reduce the
concentration of moose at attractive sites.
However, the composition of the plantations
is evidently not the only reason for the
gathering of moose in plantations in the
winter and for the patchy use of the food
available. Owing to their tendency to move to
winter ranges and to change their movement
activity as a consequence of variations in
snow depth (Coady 1974) gathering can be
expected at feeding habitats.

If the supply of preferred food available is
great in a forest area, the damage in pine
plantations will be relatively low (Padaiga
1986, Ord and Tonisson 1986). Taking into
account the attractive effect of preferred
brush trees, it is however recommended that
the amount of suitable food be increased,
especially outside the plantations.

Silvicultural cleaning also reduces the food
resources available at least for the first years
after it is done. This should probably be taken
into account in highly consumed winter
ranges. In order to keep the total supply of
available food at high level in plantations, the
density of the plantations should be increased
using mainly pine. According to the results
birch can be used to a great extent, if the
competition with pine could be avoided.
Rowan, which commonly forms low growing
units, could possibly be suitable as
alternative food resource for the moose in
pine plantations. Total destruction of the
brush vegetation for longer periods leads to a
reduction in the amount of brush available for
the moose after the pines have passed the
risky period.

According to Repo and Loyttyniemi
(1985) the pine plantations surrounded by
spruce forest are vulnerable to moose
damage. In present study the proportion of
spruce forest up to 50 % around the
plantations did not increase the risk. Probably
a pine plantation should be more completely
surrounded by spruce forest in order to have
any effect.
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5. Conclusions

The results of the present study show the
characteristics of pine plantations to affect
the intensity of the damage caused by moose
browsing. Consequently, in order to avoid
the most serious damage, the main results can
be taken into account in planning silvicultural
measures as well as in predicting the feeding
habitats.

The damage could obviously be reduced
using  plantation  management  which
corresponds the use of food resources by the
moose. Planting of the pine on fertile soil
leads to an uncertain initial development,
resulting an increased risk of severe damage.
Evidently, an increase in growing density
will make the effect of the browsing less
severe.

The composition of broad-leaved tree
species can be taken into account when
cleaning the pine plantations since it affects
the feeding habitat of the moose. By reducing
the amount of preferred trees, especially
aspen, occurring sporadically in pine
plantations, the attractive effect will be
diminished. The total removal of preferred

tree species may, however, also reduce the
amount of food available in permanently
utilized winter ranges and thus increase the
use of the pine. It would probably be
advantageous to use rowan as alternative
food at least if no compensative food
resource is available outside plantations. It
was not possible to demonstrate this in the
present study.

Both pine and birch are important tree
species as the winter food of the moose. Pine
plantations can be grown together with a
moderate proportion of brush trees consisting
mainly of the birch, without any serious risk
of damage. Obviously the birch vegetation
also means an alternative food for the moose.
Thus it would be better to postpone the
removal of birch undergrowth in such
plantations, if it does not disturb growing of
the pine.

Plantations situated on slopes or small hills
seem to be preferred by moose, as well as
those lying outside the disturbance of human
activities, which should be taken into account
when predicting the risk of damage.
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