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Abstract – Long term effect of seedling browsing as examined in the pole stage. According to our hypothesis browsing of seedlings and saplings by large herbivores causes
long term negative changes in quantity and quality of forest stands, trees and timber.
Data was collected in the Bükk mountains of North Hungary. Sample territory was
marked out in sessile oak (Quercus petraea, Mattuschka – Lieblein) pole stand previously having been browsed the seedling stage by large herbivores. Similarly to the sample area a control territory was also marked out in an unbrowsed forest stand. The
number of sample territories in each stand was 10, each of which measured 10×10m
in size. We recorded the number of trees, measured the diameter at breast height
(1.3 m) of the stems, the height of the trees and the malformations of the stems which
occurred lower than 2m, such as tortuosity and fork growth. Data was evaluated by the
Student’s t-test and Mann-Whitney U test.
1. Browsing caused a slight but signiﬁcant, 50 cm decrease in the height of trees and
a high ratio of fork growth.
2. We concluded that despite heavy browsing activity which lasted several years
timber quality at harvesting does not decrease.
3. At the same time a slight decrease in timber output occurs.
4. Browsing raises the costs of regeneration due to the expenses of increased
weeding.
Keywords: red deer, roe deer, mouﬂon, pole stand, browsing by game, forest damage,
sessile oak

Introduction
Browsing caused by large herbivors became the single biggest inhibiting factor of forest
renewal efforts in many temperate countries (GILL 1992; P UTMAN 1996). Prolonged
browsing of vegetation by ungulates reduces foliage cover and diversity of vegetation,
changes the nutrient cycle of nitrogen and carbon, and inﬂuences energy ﬂow (HOBBS
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1996; COTÉ et al. 2004). In natural ecosystems ungulates’ moderate browsing of vegetation stabilizes species composition of the forest by slowing of succession of various
plant species; however, intensive browsing destabilizes this balance by accelerating the
succession process (HOBBS 1996). Moderate feeding on deciduous species with higher
N (protein) promotes shoot development and leaf mass which slows the successive
dominance of coniferous species. Intensive browsing on the other hand reduces canopy
cover and renewal which gives room for coniferous species to thrive. Browsing can also
inﬂuence species composition of economically important forests. For example negative
economic impact may be seen if oak is selectively consumed in turkey oak–sessile oak
forests which then gives way to the expansion of turkey oak (MURÁNYI 1988). Furthermore, those plant species that are preferentially selected by ungulates but represented
in the species composition in a lower precentage become more intensively browsed upon
as they become rarer. This however leads to the extinction from the community of such
tree species as the sycamore maple, common ash and the rowanberries (ČERMÁK et al.
2009).
Browsing can also promote the colonization of herbivorous insect species on plant
seedlings (HJÄLTÉN – PRICE 1996, OLOFSSON – STRENGBOM 2000). In other cases herbivorous
insect density may decrease as a result of reduced available habitat or colonization speciﬁc niches due to the extent of browsing damage; or as a result of a reduction in available
food sources; or perhaps greater resistance of the plant against invaders which develops
in response to the browsing damage (HJÄLTÉN 1999; BERGSTROM et al. 2000). It appears
that the ecological impact of browsing caused by ungulates may be many times greater
depending on the affected species or ecosystem composition. At the same time any impact on the ecology can obviously negatively inﬂuence economic factors as well such as
changes in plant community composition (REIMOSER et al. 1999; DIDION et al. 2009) or the
synergistic effects of pests (OLOFSSON – STRENGBOM 2000).
The economic impact of ungulate-caused browsing becomes apparent in the increased
costs associated with forest restocking and beating up, increased weeding costs and loss
of growth potential or in the decrease of timber quality upon utilization (REIMOSER et al.
1999; NÁHLIK et al. 2007). It is also a concern that plants which have been damaged by
browsing are more exposed to further browsing by ungulates (KINNAIRD 1974; KULLBERG
– WELANDER 2003; PEPIN et al. 2006) and repeated browsing can result in development of
several leading shoots (KULLBERG – WELANDER 2003). Browsing by roe deer and red deer
have proven negative effects on birch, beech and oak seedling mortality and growth
(VAN HEES et al. 1996).
In order to consider the extent of damage caused by browsing we also need to take into
account the associated costs of forest protection, which on a national scale add up to
be signiﬁcantly higher than the actual loss due to browsing (NÁHLIK 2012). When we
talk about ungulate-caused browsing damage we must not forget about the associated
administrative costs such as forest protection penalties or inspection sanctions (NÁHLIK
et al. 2007).
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There have been numerous studies, mostly simulated experiments, which examined
the short term effects of browsing on seedling growth. In many cases a one-off browsing
incident does not have any impact on height or biomass of the plant (EIBERLE 1975;
HOOGESTER – KARLSSON 1992), in other cases however we see a compensation effect where
the slightly browsed plant grows taller than its undamaged counterparts (POLLANSCHÜTZ
1988; NÁHLIK – WALTER-ILLÉS 1998; KULLBERG – WELANDER 2003). It is also known that in
areas where the soil is of poor nutritional quality the damaged seedlings are less able to
compensate with increased growth rate in the following year or years (DANELL et al. 1991).
Repeated or intensive browsing damage of seedlings can result in signiﬁcant retardation
in growth or mortality of the plant (EIBERLE 1975; POLLANSCHÜTZ 1988; SIEGEL 1988; NÁHLIK – WALTER-ILLÉS 1998).

While there is sufficient data available on the short term effects of browsing on seedlings there is only limited data available on the long term effects of ungulate-caused
browsing damage on a forest scale. In the present research we examined the long term
effects of ungulate-caused browsing in sessile oak forest compartments where we compared one affected area with an unaffected area 16 years after reforestation took place.
We examined whether there were any differences in either output or morphology of trees
in areas affected by browsing versus unaffected forest compartments.

Materials and Methods
We selected our study sites in two compartments of a sessile oak pole stand on the
Egererdő ZRt. Szilvásváradi Erdészet’s property where both compartments showed
similarities in all aspects except for the browsing caused by ungulates.
The two selected study compartments were the Szilvásvárad 11I and 11F. Both compartments had brown soil type with a growing layer of medium-deep loam, free from excess water inﬁltration, situated 400m above sea level, facing to the west, sloping at 15°.
The future study plan includes turkey oak – sessile oak forests. The total area of the
Szilvásvárad 11I forest compartment is 5.5 ha from which 1.5 ha of encroaching black locust was clear-cut in 1995; in the same year reforestation began and 2-year-old oak seedlings germinated from acorn were replanted in 100% of the area. In 1996 protective measures against damage by cockchafer (Melolontha spp.), and protection with Cervacol against
browsing damage by ungulates were initiated on four separate occasions at a cost of
300,000 HUF. Despite these measures there was considerable damage caused by deer,
mouﬂon and roe deer in each year which accounted for 44% in 1996, 45% in 1997, 75% in
1998, 75% in 1999, 50% in 2000, 80% in 2001 and 20% in 2002 qualitative oak stand damage. Complete regeneration was achieved in 2002, 7 years post-commencement of reforestation. In response to sparse foliage cover, beating up was done on 4 separate occasions
(2003, 2004, 2005, 2006) at a total cost of 94,000 HUF/hectare. The total area of Szilvásvárad 11F forest compartment (control) is 7.3 ha from which 7.0 ha of encroaching turkey-
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sessile oak-black locust was clear-cut in 1995; in the same year reforestation began and
2-year-old sessile oak seedlings germinated from acorn were replanted in 100% of the
area. There were no reports of damage due to wild game feeding in the area. In 1996 there
were protection measures taken against cockchafer (Melolontha spp.); also in 1996 protective fencing was installed around the clear-cut area to keep ungulates away, which was
removed in 2003. Reforestation measures were ended in 2000, the new forested site was
released at the age of 5 years. In response to sparse foliage cover, beating up was done on
3 separate occasions (2003, 2004, 2005) for a total cost of 40,428 HUF/hectare.
Estimation of damage was done in the usual manner at the end of summer by the forest
inspector via visual estimation. Therefore, the above-mentioned extent of damages is
somewhat inaccurate; however, the exact numbers are irrelevant as those ﬁgures are only
informative in nature. They do, however, clearly show that there was considerable damage done by ungulates in the study site whereas no damage occurred in the protected control site.
In terms of growth factors no differences were detected between the two study sites.
The expected growth ability of the two areas is categorized as “medium” (SALI 1975;
BÉKY 1989).
In both of our study sites we systematically selected 10 sample quadrants, each of
which measured 10×10m; the trees were observed in these sample areas. We measured
the diameter of each tree at breast height. We estimated tree height by individual height
curves (FEKETE 1951; VEPERDI 2002). We recorded any malformations of the tree trunk
(tortuosity and forking) as well as the number of stems. In terms of “tortuosity” and
“forking” only those seen below 2m were recorded as those would most likely be the result of early damage of end buds due to browsing by ungulates; this would be apparent if
there were marked differences in this regard between our study site and the control site.
Data was recorded, sorted and analysed by Microsoft Excel software. We calculated the
average diameter of tree trunks at breast height, the average height of trees, and we also
counted the number of those trees that showed forking below 2 m and those that had tortuosity below 2 m as a result of bud damage. We examined our data from different aspects
and we discussed these results in detail.
First we compared our data between the study compartment affected by ungulate
browsing damage versus the control site. In the next step we categorized the study compartments into crop categories based on our data and crop tables (SOPP 1974), then we
compared our results with crop data from old growth forests of this area, and with other
research works (SALI 1975; BÉKY 1989) detailing parameters of this study site. In terms of
discussion on the two forest compartments we used stem data from old growth forests
of the area; we used actual data from our crop categories for breast height diameter. The
reason for this was that we could compare and relate our observations to the highest
possible number of stems and greatest possible trunk diameter.
We used Past software to statistically analyse our data. Normality of the distribution
was analysed with the Kolmogorov-Szmirnov test. When normal distribution was de-
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tected we used t-test, in all other cases we used the Mann-Whitney U-test to compare
means.

Results
In the forest compartment where signiﬁcant browsing damage had been reported in the
past, we could clearly observe the long term effects on the current state of the area.
In the affected forest compartment we counted 3570±330 seedlings whereas in the
control area we counted 4660±542. There was signiﬁcant difference detected (p=0.000;
df=18). Since we do not know the original number of seedlings, it would be ill-advised to
draw any major conclusions based on this; however, it was interesting to see that at
present there were isolated patches where distance between stems appeared larger, which
may point to ungulate caused browsing damage.
In terms of trunk diameter measured at breast height, our results showed somewhat
lower average values in browsing-affected woodlots; however, statistically this proved to
be insigniﬁcant (p>0.05). On the other hand, we measured signiﬁcantly shorter trees in
the affected study site versus the control site (p<0.01). Since there were no differences
in habitat characteristics and site quality between the two study sites, and no differences
were noted in applied forest management techniques; differences could only be explained
as browsing damage caused by ungulates (Table 1).
TABLE 1. Comparison of growth characteristics of sessile oak stands (* p<0.05; ** p<0.01; *** p<0.001; NS not signiﬁcant)

Trunk diameter
1.3 (cm)

Height
(m)

Browsed by ungulates

5.7

6.5

SD

2.33

1.1456

Total measured tree

357

357

Forked
(%)
27.23
5.6202
357

Control

5.9

7

8.1

SD

2.4117

1.4185

4.0057

Total measured tree
df
p

466
821
0.0996 NS

466
821
0.0001***

466
18
0.0001***

Tortuosity
(%)
39.79
12.6941
357
37.33
8.9233
466
18
0.6171 NS

We could show that the incidence of trees with some degree of damage, that is greater
measurable tortuosity and fork growth below 2m, was more signiﬁcant (p<0.01) in areas
affected by browsing damage caused by ungulates. Forked trunk development was observable since pruning to a single branch form did not take place. In the affected study site the
average height of forked trunks was 6.0±1.35; whereas, non-forked trunks averaged
6.6±1.0.
However, no notable differences (p>0.05) could be detected between the browsing-affected area versus the control site in respect of the percentage of trunk forking under
2m which occurred as a result of early seedling damage.
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Discussion
There are several difficulties associated with objectively analysing the browsing damage caused by ungulates (GILL 1992; R EIMOSER et al. 1997). The effects of browsing are
greatly inﬂuenced by the tree species in question, the quality of the habitat, the time
when the damage occurs and its intensity (CANHAM et al. 1994; NÁHLIK – WALTER-ILLÉS
1998), the age of the seedling and its maturity, as well as whether the damage has
affected a leading shoot or not (NÁHLIK – WALTER-ILLÉS 1998; H AMMER 2001; JONES et
al., 2009). Although the quality of the habitats and the reforestation techniques were
not totally identical we can still draw careful conclusions based on our data.
In regards to stem numbers we were unable to locate speciﬁc data about the starting
number of the colonies but since replantation was artiﬁcially done, however, we can
assume that the starting number of seedlings was close to 10 000 individuals in both locations. It is a fact that we found signiﬁcant differences in the number of stems between
the two sites with the affected site having lower values which also coincides with other
previous observations (VAN HEES et al. 1996). Seedling mortality in the browsed study site
may be inferred based on an earlier experiment where simulated damage to sessile oak
seedlings was studied over four years. The leading shoots were not necessarily affected
but depending on the degree of pruning, mortality of seedlings was 30-60% (NÁHLIK –WALTER-ILLÉS 1998). In the affected study site heavy browsing damage had been recorded in
the past 6 years and a further 1 year of moderate browsing damage. If we consider that
damaged seedlings are more prone to further browsing damage in the following years
(KINNAIRD 1974; KULLBERG – WELANDER 2003; PEPIN et al. 2006) then we can safely assume
that the observed difference in seedling numbers between the affected study site and
the control area is the result of browsing damage by ungulates.
It is evident that in both sessile oak forest sites the actual stem number is less than the
optimal expected number; and this difference is signiﬁcantly larger in the browsing damaged study site (BÉKY 1981). In the affected oak forest site the actual stem number was
3570 pcs/ha instead of the desired 7000; whereas in the control area the actual stem
number was 4660 versus the optimal which would be 6000.
In terms of trunk diameter measured at breast height we could not show any signiﬁcant negative effect in the case of browsing affected oak trees. Based on the 2005 census of the replanted trees in the browsed oak forest and the old growth forest the area is
classiﬁed as crop class III. However, based on our current data we suggest that the replanted area should be classiﬁed as crop class I if we consider BÉKY ’s (1981) nomogram
which describes the age and average height of the trees. Our study site had a higher diameter reading (5.7 cm) than the nomogram-suggested value of 4.8 cm.
In the case of the control oak site we also have a similar situation where the forest
compartment was classiﬁed as crop class IV in 2003 just as the other old growth trees had
been before based on the forestry database. Based on our measurements and BÉKY ’s (1981)
nomogram we classiﬁed the forest site as crop class I. In this case as well we had a higher
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breast height trunk diameter (5.9 cm) than the nomogram-suggested 5 cm. It can safely
be suggested that browsing damage by ungulates does not inﬂuence breast height
trunk diameter of oak in any signiﬁcant manner either in actual numbers or statistically
speaking.
We did however ﬁnd moderately signiﬁcant differences in the height of sessile oak in
response to browsing-caused damages. Our earlier simulated experiments showed that
seedlings were able to compensate for 2 years’ repeated damages by increased growth
rate; however, from the third year on the sessile oak is sensitive to pruning of the leading
shoots which results in retarded growth and height of the affected trees (NÁHLIK – WALTER-ILLÉS 1998).

Similar observations were made in other experiments as well which studied the effects
in the longer term, over 12-13 years of browsing of different tree species. In the case of
extreme browsing seedlings cannot even surpass the 20-30 cm height (GILL – BEARDALL
2001; HORSLEY et al. 2003; KUMAR et al. 2006). In our case we did not ﬁnd such extreme
browsing pressure in our study area; however, the height of seedlings in the affected study
site was lower compared to the seedlings of the control site.
There was no signiﬁcant difference found in the proportion of tortuous trunks between
the browsing damaged study site and the unaffected control site. In terms of forking
growth of the trunk, there was signiﬁcant difference seen between the two study sites.
It is known and also supported by our observations that browsing changes the morphological characteristics of plants which not only inﬂuences plant growth but may also
cause mortality as it reduces the plant’s competitive edge (PEINETTI – MENEZES 2001).
The question is whether a relatively intensive browsing that may occur repeatedly over
several years can cause any signiﬁcant economic loss at the time of logging either due to
the changes in morphology or quality of the timber or due to the overall decrease of available wood mass.
In the case of the affected oak the expected maturity for logging is 80 years (SALI 1975;
BÉKY 1989). According to the forest maturation classiﬁcation scheme (III) at this age the
optimal stem number is 459 pcs/ha. If we subtract all tortuous and fork shaped trees from
the 3570 pcs/ha of stems counted by us then we get 1177 pcs/ha which is more than
double the desired stem number at age 80.
Even though there was statistically signiﬁcant difference seen in the height of sessile
oak, the degree of this difference doesn’t appear to be high. Nevertheless, the smaller
number of stems, which is signiﬁcantly less than the desired number as described by BÉKY
(1981), resulted in the prolonged recovery period that lasted 2 years longer than that
of the control site. Fewer stems and shorter height of trees may increase the number of
weedings which can result in increased cultivation costs.
In addition, costs are also increased by the expenses of protection measures against
browsing damage which in case of the cheaper chemical treatment, depending on seedling height and number of stems, for every single treatment (over 4 years, annually 1-1
treatment) amounts to 3,500-7,000 HUF per hectare. In such a case the forest manager
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would need to consider whether this expanse is returned with the earlier closing time
which in turn reduces costs that would be associated with a longer cultivation period.
In this study we found that the later closing time due to browsing by ungulates results
in an increased number of weedings and higher cultivation costs.
Acknowledgements: This research was supported by the TÁMOP-4.2.1/B-09/1
KONV-2010-0006 “Intellectual, organizational and R & D infrastructure development in
the West-Hungarian University” competition.
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