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Abstract. Primitive horses are quite often kept in nature reserves with access to the forest, which they
sometimes penetrate to use the vegetation. Horses, as grazers, use specific foraging and anti-predator strategies
that differ from typical browsers. The aim of the study was to assess the factors influencing the pattern of forest
use by Bilgoraj horses. We hypothesized that the essential factors influencing their pattern of foraging are:
browse abundance, distance to pasture, and openness of the habitat. Data were collected at the Biłgoraj HorseBreeding Centre near Janów Lubelski, Poland. The horses browsed significantly more on woody vegetation
in parts of the forest more exposed to sunlight and more abundant in browse material (especially containing
preferred species). Distance to the main pasture had a significant effect upon browsing intensity only when an
interaction with the abundance of preferred browse was considered.
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Introduction
Grazing by horses is increasingly becoming
the preferred mode of natural maintenance of
meadows that are no longer under agricultural
practices. It controls the growth of woody
vegetation in grassland communities as it helps in
the delay or even prevention of the processes of
secondary succession (Borkowski, 2002). Due
to their adaptability primitive races of horses are
preferred for such tasks. These horses are kept
in reserves with access to the forest, which they
occasionally penetrate to forage on its vegetation
(Jaworski, 2003; Stachurska et al., 2006).
There have been no prior studies on patterns
of habitat use in forests. However, there were a
number of studies focusing on grazers in relation
to grassy environments (e.g. Coughenour,
1991; Bailey et al., 1996; Edouard et al.,
2009), woody species succession on meadows
(Green & Kauffman, 1995; Carmel &
Kadmon, 1999), and their impact on forest
undergrowth, and the growth of tree seedlings
(van Uytvanck & Hoffmann, 2009; Wassie
et al., 2009; Törn at al., 2010; Bobiec et al.,
2011). Some studies also considered the issue
of bark stripping by grazers (Kuiters et al.,

2006; Klich, 2009). Although woody vegetation
constitutes a marginal percentage in the diet of
horses (Cosyns et al., 2001), high density of
animals, which is common in reserve conditions,
may lead to a significant impact on tree stands
(Jorritsma et al., 1999). Better knowledge
regarding the factors influencing decisions by
horses regarding their foraging patterns would
be useful in the management of free ranging
animals and could help to minimize damage to
forest stands.
Both wild (King, 2002) and domestic horses
(Jorritsma et al., 1999; Cosyns et al., 2001;
Kuiters et al., 2006) use the forest habitat to a
limited degree. Horses do not enter forests only
to search for food (Cosyns et al., 2001; Kuiters
et al., 2006). Other motivations play a role such
as seeking protection against insects and high
temperatures, as well as looking for substrates to
rub against (Jezierski & Jaworski, 1995; King,
2002). The foraging pattern of horses in a forest
results from both the specific structure of patches
of woody vegetation and their specific foraging
strategy. There is a lack of knowledge regarding
the criteria the horses use when feeding upon
woody vegetation. Further, it is not clear whether
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abundance of browse and browse preference
play a role. Following optimal foraging theory,
one would expect horses – being bulk feeders –
to graze upon taller vegetation to take in more
food with minimized energy costs (Edouard
et al., 2009). Horses require higher amounts of
food than do ruminants, since they are hindgut
fermenters, digesting food more rapidly but
relatively less efficiently (Illius & Gordon,
1992). Quite opposite to this expectation, some
evidence indicates that horses tend to graze
on lower vegetation (Fleurance et al., 2001;
Lamoot et al., 2005) and have a strategy of
maintaining parts of the meadow in good quality
by permanent grazing just like other grazers
(Bakker et al., 1983; Fleurance et al., 2001).
Although horses are able to utilize low quality
herbage (Gudmundsson & Dyrmundsson,
1994; Chodkiewicz & Stypiński, 2011),
their selection of food of better quality based
on digestibility of energy aligns with optimal
foraging theory. Given the diversity of species in
grassland communities, even within an individual
patch there will be spatial diversity of food quality
resulting in selectivity of the grazers (Searle &
Shipley, 2010). With regard to browse material,
the quality may differ strongly between tree
species, individual trees, and even within a tree
(Suomella & Ayres, 1995; Touré et al., 1998).
This difference in quality seems to affect foraging
by browsers, but apparently grazers use woody
vegetation much more homogenously (Searle
& Shipley, 2010). As grazers, horses are less
selective with regard to browse quality relative
to browsers such as red deer (van Wieren,
1996). On the other hand, horses have a lower
ability to detoxify plant secondary compounds
than do browsers (McNab, 2002). There is even
some evidence for browse selectivity in horses
(Skiwski & Klich, 2012). Polish konik in the
Eastern Carpathians tend to browse on woody
vegetation characteristic of more open parts of
the forest (Skiwski & Klich, 2012). Massive
abundance of browse in the forest habitat
affects the amount of light available to lower
parts of the forest. In some cases, the presence
of undergrowth also fundamentally changes the
light conditions (Conway et al., 1997). Those

changes may be connected with lower lateral
visibility (due to the density of twigs) or just
limit the amount of sunlight reaching the ground
vegetation. Horses are typical open-environment
species. This is an anti-predator strategy allowing
them to scan their surroundings for any predator.
Horses in captivity show a high plasticity to
artificial conditions while retaining most of their
natural reactions including the anti-predator
behaviour (Hansen et al., 2001; Estevez et
al., 2007). The possibility of an unexpected
attack makes ungulates vulnerable to predators,
resulting in avoidance of forest habitats by some
species (Pépin et al., 1996), and a quicker flight
reaction in highly risky habitats (LaGory,
1987; Taraborelli et al., 2012). Moreover,
horses need a relatively long time to adapt to
the dark when moving between extreme light
conditions (Hanngi & Ingersoll, 2009). The
distance to pasture is another factor relating to
the use of forest habitat by horses. Horses spend
more than half of the day grazing on pasture
(Duncan, 1992; Fleurance et al., 2001).
Their food choice is based upon quality of the
grassy vegetation, a factor that also determines
their level of woody vegetation use (Cosyns
et al., 2001). Horses were found to engage
in debarking of trees and shrubs of preferred
species, and foraging was much more intense
along the edge of a tree stand and at solitary trees
or shrubs in meadows (Klich, 2009). There have
been similar findings for other ungulate species
underlining the influence of spatial distribution
of vegetation upon foraging behaviour within
substitute habitats (Clarke et al., 1995; Hester
& Baillie, 1998). From optimal foraging theory,
a meadow as a main feeding site, may optimally
fulfill the requirements of horses regarding
food and safety. When foraging in woodlands,
horses expend energy for translocation and
spend more time in a less open and thus more
risky environment. On the other hand, there is
some evidence that for typical forest ungulates,
which perceive open areas as risky, the distance
to the forest edge is a factor that determines the
level of meadow use (e.g. Aulak & BabińskaWerka, 1990). Foraging and anti-predator
strategies may represent antagonistic needs and
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motivations in individuals, in both the wild and
captivity. Although there are other mechanisms
mitigating this antagonism (e.g. Clark &
Dukas, 1994), the predation risk usually
reduces the foraging efficiency (Brown, 1999;
Howery & DeLiberto, 2004; Guillemain
et al., 2007). We expect that in forests, which
for horses are a non-standard habitat, horses
adapt their foraging strategy and anti-predator
strategy. This study set out to assess the factors
influencing forest use pattern of Biłgoraj horses,
a race very closely related to Polish koniks. We
hypothesize that three factors have an influence
on forest habitat use by horses: (a) the abundance
of browse; (b) the distance to the pasture; and (c)
the light conditions that represent the openness
of habitat. Locations that are safe (opened and
close to pasture), and have an abundance of
attractive food sites, should be then used by
horses more frequently and for a longer time. By
contrast, any inconvenience related to the habitat
structure or any factor causing a decrease of food
quality should shorten the time spent there by
horses for grazing. We tested three factors that
could influence the horses’ choice in selecting
particular plots for feeding:
1. The abundance of browse – represented by
two variables: (a) Preferred browse – total
number of twigs of preferred woody species
(in each plot); we expected this variable to
reflect the strength of tendency in choice
of patch selection. (b) Other browse –total
number of other twigs available within each
plot (randomly taken and not preferred),
2. Distance to the pasture – represented by each
plot distance to forest edge,
3.	Openness of the habitat – represented by
Trans Total value in each plot.

Materials and methods
Data was collected in Szklarnia Village,
Biłgoraj Horse-Breeding Centre near Janów
Lubelski in the East of Poland between September
5 and 10, 2011. Horses in the breeding center
were kept in various conditions. Stallions were
stabled with daily access to pastures, while mares
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and yearlings were free ranging in enclosures.
Depending on the season, the group of mares with
yearlings had access to meadows during spring,
meadows with hay provided ad libitum during
winter, and meadows with access to forest during
summer and autumn. In the summer-autumn
enclosure, the meadow was bordered directly
by a forest patch about 100 m wide and 600 m
long. Two habitats were distinguished within
this forest: fresh mixed coniferous forest and
alder swamp forest. Both habitats were spatially
mixed and horses were interchangeably using
them. Two months after the release of 20 horses
into a summer-autumn enclosure, eight parallel
transects in 50 m intervals were delimited within
the forest habitat. Maximal transect length was
100 m but depended on the accessibility of the
area for horses. For instance, transects were
shorter if they reached the fence of the enclosure.
Consequently, transect length varied from 30 m to
100 m. Along the transects, 5 m x 2 m plots were
defined at 10 m intervals, starting from the edge of
the forest. The total number of plots equalled 72.
However, three plots were excluded from further
analyses because of low accessibility for horses.
This was due to felled trees or high level of water.
Within each plot that was browsed by horses, the
remaining twigs of trees and shrubs that were
up to 2 m above the ground were counted, and
categorized by tree or shrub species.
Based on the number of browsed and not
consumed twigs, the Jacobs’ selectivity index
was calculated for all tree and shrub species to
quantify the preference of horses for each species
(Jacobs, 1974). The statistical significance of
the Jacobs’ selectivity index was verified by
chi square test, comparing the number of twigs
browsed and not consumed for each plant species
separately (df = 1). To quantify the openness of
the habitat, a photo was taken in the center of
each plot with a fish-eye lens, directed vertically
upwards at 1 m above the ground. Pictures were
elaborated with Gap Light Analyzer. We used
Trans Total value, which represented the amount
of direct and diffused solar radiation passing
through the canopy and topographic mask
(Frazer et al., 1999). The Trans Total value
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represented the visual openness of the forest site
at the height of one meter.
Statistical analyses using Statistica 9.0
software were performed to identify the factors
that could influence the selective use of forest
by horses. The dependent variable representing
the browsing behaviour of the horses was the
number of browsed twigs within each plot. Plots
with less than 20 twigs of preferred browse or
other browse were excluded from the analyses
as it was assumed that low amounts of available
browse would not be sufficiently attractive
for horses. Out of 72 delimited plots along the
transects, data from 49 plots were compared
(after excluding plots with less than 20 twigs
of preferred browse or other browse, and low
accessibility for horses). In order to assess the
influence of each factor upon foraging pattern of
horses in the forest and to take mutual interactions
and nonlinear relationships into consideration,
we used a Response Surface Regression model
in GRM (General Regression Models).

Results
A total number of 29,777 browsed and not
browsed twigs from 22 tree and shrub species
were registered within all plots (Tab. 1). The
highest number of twigs belonged to Frangula
alnus, Salix sp., Abies alba and Alnus glutinosa.
Horses mainly browsed on Frangula alnus and
Abies alba. According to the Jacobs’ selectivity
index, horses preferred six tree species, mainly
deciduous and one coniferous – Abies alba.
Among shrubs, horses preferred Frangula alnus,
Rubus sp. and Crataegus sp. Other analyzed
species were avoided by horses. In the case
of Padus avium, the negative value was close
to zero, and an intake of its browse should be
regarded as random. Two other avoided species,
Populus tremula and Rosa canina, were present
in very low amounts and consequently the Jacobs’
index did not show their real preference status.
When both habitats in this study – i.e. fresh
mixed coniferous forest and alder swamp forest

– were treated separately, we found that the
preference towards browse in both habitats was
limited by site openness or exposure (Fig. 1).
The horses preferred Tilia cordata in the fresh
coniferous forest and avoided it in the alder
swamp forest, where that species was only
available in one plot with limited openness. In
the case of many other tree or shrub species, the
direction of the preference of horses for them
changed after excluding plots with low degree
of openness.
Among all 49 analyzed plots, horses browsed
unevenly. Two of the three tested factors had a
significant independent influence on foraging
pattern of horses (Tab. 2). There also occurred
significant interactions among variables; in
all cases preferred browse abundance (PB)
interacted with all other variables. E.g. distance
to the pasture (DP) interacted with PB, and had
then a significant influence on foraging pattern
of horses. Although, there are no statistically
significant correlations among variables,
a specific trend between them is apparent
(Fig. 2). The amount of preferred browse tends
to increase together with increasing distance to
the pasture. This interaction reflects a mutual
relationship between PB and DP, so the sole
significant influence of DP on foraging pattern
of horses was not found.
The interaction between habitat openness
(OH) and the amount of preferred browse
(PB) increased the joint role of both variables
in the horses’ feeding choices. However, no
relationship between the variables was found.
The third example of such interaction is one
between preferred browse (PB) and other browse
(OB). This interaction is a result of priorities in
the feeding behaviour of horses, as they first
search for preferred food and then tend to use
mostly the available composition of browse.
Total abundance of browse as well as preferred
browse and other browse determined most of the
spatial decisions, but the fraction of available
preferred browse was most important. This
contribution was also shown in the significant

99

Forest use by Biłgoraj horses

TABLE 1
Browse intake and its preference by Biłgoraj horses (Jacobs’ index) and statistical significance (Chi-square test
with Yates’ correction), * as a percentage of all browsed twigs or all twigs available.
Number of browsed twigs
N
[%]*

Number of available twigs
N
[%]*

Species
Trees

Jacobs’
Index

Chi
square

p

Abies alba
Acer platanoides
Alnus glutinosa
Betula pendula
Betula pubescens
Carpinus betulus
Malus sylvestris
Fagus sylvatica
Padus avium
Padus serotina
Picea abies
Pinus sylvestris
Populus tremula
Quercus robur
Salix sp.
Sorbus aucuparia
Tilia cordata
Shrubs

765
2
84
137
61
25
41
107
153
4
39
33
0
173
223
128
7

0.216
0.001
0.024
0.039
0.017
0.007
0.012
0.03
0.043
0.001
0.011
0.009
0
0.049
0.063
0.036
0.002

2922
36
3309
746
236
478
199
1700
1419
69
723
410
4
489
5285
578
37

0.098
0.001
0.111
0.025
0.008
0.016
0.007
0.057
0.048
0.002
0.024
0.014
0
0.016
0.177
0.019
0.001

0.433
-0.364
-0.675
0.22
0.373
-0.394
0.27
-0.321
-0.052
-0.346
-0.382
-0.196
-1
0.509
-0.526
0.308
0.228

444
0.66
264.05
22.11
29.81
16.69
9.87
44.28
1.34
1.54
24.45
4.48
0.01
168.71
300.96
41.7
0.79

0
0.416
0
0
0
0
0.002
0
0.247
0.214
0
0.034
0.904
0
0
0
0.374

Corylus avellana
Crataegus sp.
Euonymus europaeus
Frangula alnus
Rosa canina
Rubus sp.

33
57
0
1124
0
351

0.009
0.016
0
0.317
0
0.099

1133
305
107
7988
3
1601

0.038
0.01
0.004
0.268
0
0.054

-0.616
0.224
-1
0.117
-1
0.318

76.72
9.48
11.69
37.48
0.11
116.56

0
0.002
0.001
0
0.735
0

Fig. 1. – Jacobs’ index in both studied forest habitats.
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TABLE 2
Statistical summary of Response Surface Regression model using: distance to the pasture (DP), openness of the
habitat (OH), preferred browse (PB), other browse (OB) to predict the frequency of browsing by horses (number
of browsed twigs within each plot); R2 = 0.94, R2 (adjusted) = 0. 915, p = 0.000 for whole model.

variables

Beta (β)

Standard error (β)

t

R2

p

DP
DP2
OH
OH2
PB
PB2
OB
OB2
DP*OH
DP*PB
OH*PB
DP*OB
OH*OB
PB*OB

-0.084
-0.036
0.35
0,021
0.537
0.137
0.427
-0.051
-0.044
-0.189
0.399
0.014
-0.005
0,384

0.051
0.066
0.067
0.051
0.085
0.078
0.097
0.15
0.058
0.06
0.079
0.089
0.054
0.06

- 1.62
- 0.58
5.21
0.62
6.29
4.2
4.41
-1.15
- 0.81
- 2.52
4.17
0.27
-0.06
3.68

0.333
0.597
0.609
0.346
0.758
0.714
0.812
0.922
0.483
0.516
0.721
0.776
0.399
0.513

0.113
0.565
0.000
0.539
0.000
0.000
0.000
0.259
0.421
0.016
0.000
0.787
0.949
0.001

Fig. 2. – The scatter plot matrix of independent variables: distance to pasture and preferred browse abundance.
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interactions of preferred browse with habitat
openness and with presence of other woody
species. This suggests that horses were actively
looking for preferred woody species in open
habitat and that they foraged more intensively
in sites with a higher abundance of preferred
species. Although the distance to the main pasture
was not significant as a factor determining the
spatial use of the forest habitat, this variable in
combination with preferred browse, did show
a negative influence on foraging intensity. The
correlation between both parameters was low but
their interaction caused the variable “distance
to the pasture” to become significant in the
model due to the high correlation between the
parameter “preferred browse” and the dependent
variable “number of browsed twigs”. Although
sole DP influence on foraging pattern was not
statistically important, such interaction among
variables caused an obvious tendency of horses
to search for preferred twigs closer to pasture.

Discussion
Although the Jacobs’ index revealed a distinct
preference of horses for almost half of the
available tree and shrub species, the results
showed that horses exhibit a dietary spectrum
and food preferences dependent on local
conditions. Konik horses, which are closely
related to Bilgoraj horses, always showed a
preference for Rosa canina and Prunus spinosa,
and Fagus sylvatica and Salix sp. in conditions
of high density of horses in the Bieszczady
Mountains (Skiwski & Klich, 2012). Betula
sp., which was preferred in our study, was highly
avoided there. The differences are probably
not due to differences between races of horses
but to environmental factors. Konik horses
showed a high plasticity in woody and meadow
vegetation (van Wieren, 1996; Chodkiewicz
& Stypiński, 2011; Skiwski & Klich, 2012). In
other analyses, koniks were actively looking for
Betula sp., and they also avoided Salix sp. and
Alnus sp., as in our study (Borkowski, 1997).
The data indicate a wide dietary spectrum in
Polish konik as well as Biłgoraj horses. Although
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both races show high preferences towards some
woody species, they can also browse on many
other species of second order of preference.
The results indicate that browse consumption
of Biłgoraj horses is considerably dependent on
site openness since they significantly preferred
exposed sites. Where shrubs were abundant in
the nature reserves in Belgium, Koniks used
mainly shrubs, and their use of the forest habitat
was only marginal (Hoffmann, 2002). Leaves
and twigs exposed to sunlight contain more
proteins, but also higher amount of tannins and
other secondary plant metabolites (Hartley et
al., 1997; Karolewski et al., 2011). These limit
the nutritive value of plant tissues (Duncan
& Poppi, 2010), but higher biomass and
regeneration may induce ungulates to browse in
forest gaps exposed to the light (Kuijper et al.,
2009). According to these findings horses seem to
follow a similar behaviour, particularly since they
can feed on lower quality food (Gudmundsson
& Dyrmundsson, 1994; Chodkiewicz &
Stypiński, 2011) relative to donkeys (Cosyns
et al., 2001) and compensate for lower energy
intake by consuming higher quantities of food
(Illius & Gordon, 1992; Clauss et al., 2010).
Openness of habitat increases its importance
for foraging behavior because of interaction
with PB, which suggests an active search for
preferred twigs by horses in more open parts of
forest habitat.
The analysis of results has shown that, apart
from habitat openness, horses are guided by the
abundance of preferred woody species. Looking
for patches of preferred browse, they choose a
feeding station and forage there for a longer time.
At these feeding stations they will indulge in bulk
feeding with low selectivity, specific for grazer
type feeding. This results in consumption of a
high amount of twigs from other woody species
normally randomly taken or even avoided. In
consequence, horses attracted to a patch of
preferred woody species also consume twigs of
other species once there. Probably, the presence
of PB in particular parts of the forest plays the
initial role in choice, then the total abundance of
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food (usually connected with habitat openness)
is the factor that decides whether the animal will
remain within the selected site. In this regard, the
interaction among variables that may strengthen
or diminish the attractiveness of a given habitat
patch is important.
This foraging strategy overlaps with the
antipredator strategy. Open sites in the forest
offer better visibility, allowing for more time
for retreat from or defense against eventual
predators. For large herbivores living in
grasslands, defense in such places would only
imply flight (e.g. FitzGibbon & Lazarus,
1995). Although horses notice small stimuli
better on overcast days than on sunny days
(Saslow, 1999), and maintain good visibility in
the dim light, they require a relatively long time
to adapt to the dark when moving from bright
light conditions (Hanggi & Ingersoll, 2009).
This explains their tendency to avoid dark parts
of the forest. Individuals that have lower energy
demands due to reduced energy loss and a wellbalanced food base, which is usually the case in
captivity, have no reason to take risks and will
probably tend to shift their foraging from risky to
safe microhabitats (Brown, 1999). The choice
of more safe habitats results in foraging in open
sites of the forest, higher amounts of food intake,
occasionally also including not-preferred woody
species. Further, monocotyledonous vegetation,
which constitutes the main food base for horses,
occurs mostly in parts of the forest exposed to
sunlight (e.g. Vospernik & Reimoser, 2008).
Thus, the use of open forest makes possible
the use of abundant and fast recovering browse
while allowing access of sunlight to the ground
vegetation thereby promoting the growth of
graminoids.
According to the results we obtained, browsing
intensity depended on distance to the main feeding
ground (pasture), but this relationship was only
significant when considered as an interaction
with PB. This can possibly be explained by the
spatial distribution of the plots in different light
conditions. Plots in the alder swamp forest were
mostly much darker than those in fresh mixed

coniferous forest, or than plots situated at the
edge of the forest. Horses first had to cross the
alder forest in order to reach the more open
coniferous stand. The width of a strip of alder
swamp forest varied along particular transects
and this could have caused a trend towards
higher abundance of PB with increasing distance
to pasture. Moreover, transects often ended near
the forest road where the degree of openness
was very high and where the site was abundant
with graminoids. Horses could spend a little
more time in these places grazing and browsing,
treating this area as a “supplementary pasture”.
This aspect could explain the weak significance
of the factor “distance to the pasture” on the
overall foraging pattern of horses, which was
modified by specific local conditions. Therefore,
we determined that horses were looking for
preferred browse closer to the pasture, and the
amount of PB was the main variable influencing
their choice in the pattern of forest use.

Conclusions
We found a tendency of Biłgoraj horses to
search for feeding sites abundant in browse
(especially preferred species), more exposed to
sunlight and close to the pasture. Using more
open sites ensures their sense of security, gives
access to fast-recovering browse, and stimulates
the
development
of
monocotyledonous
species. They also follow a foraging strategy
of maintaining good quality forage in selected
patches. They forage on high amounts of food in
open, quickly recovering sites. This suggests that
in spite of some selectivity towards available
food resources, their preference is more oriented
towards patches in specific conditions (openness
and browse abundance) than to singular woody
species. Such selectivity has already been shown
in grazers in grassy environments (Searle &
Shipley, 2010). We speculate that the more
open are the available sites in the forest, the
greater would be their penetration by horses and
the longer would be the time spent there. Such
pattern of habitat use would lead to uneven
forest growth, and may stimulate changes in
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undergrowth and ground flora towards shrub
reduction and massive occurrence of grasses.
Such process indeed occurred in the areas of
Roztoczański National Park where Polish koniks
roam, specifically in the more exposed tree
stands (Wlizło & Szwed, 2007).
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