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Abstract: The study was conducted in coniferous and deciduous old growth forests in two forest
complexes located in: i) the fenced area of the Popielno Research Station of the Polish Academy of
Sciences, with free-living Polish pony [Polish primitive horse (Equus ferus caballus)], and ii) open
Maskuliniskie Forest District managed (harvested) forest, without horses. The impact of forest
animals on ground cover layer as well as on understory shrub layer and undergrowth, in i) area
(horses and other forest animals) was compared with the results in ii) area (forest animals without
horses). Very significant differences in the understory and undergrowth (above 0,5 m) layer
vegetation communities structure between both areas and type of stands were found. The results
suggest that the presence of the Polish horse substantially changed the species composition and
increased the species diversity of the ground layer and shrub layer both on coniferous forest and in
the deciduous forest habitats. The height of the shrub layer trees was lower by 30% in the area with
the Polish horse.

Keywords: Polish primitive horse, forest site type, herb layer, undergrowth layer, understory layer,
biodiversity.

1. Introduction

Pro-ecological model of modern forestry in Poland, close-to-nature [1,2], provides locally usage
of natural forest farming methods, also with the use of livestock or a Polish horse or Tarpan. It is
assumed that adequate management of natural populations will support restoring rare habitats, e.g.
luminous oak stands, which occurred numerously in Poland in the past due to the existence of goats,
pigs and ponies in the forest. However, the impact of herbivorous megafauna on the biological
diversity of forests, including natural complexes, has been debated for many years, and is still open.
In the opinion of some authors [3,4,5], large herbivorous mammals were the factor affecting the
appearance of primary forest communities, as a result of their pressure, forests were formed as a
mosaic of a patches dominated by trees and open grass areas. According to Vera [4], along with the
development of farming, free-living aurochs (Bos primigenius) and tarpans (Equus gmelini) were
replaced by domesticated animals, such as cows, horses and pigs. Most studies describing the effect
of large herbivores on forests focus on ruminants — the red deer (Cervus elaphus), the roe deer
(Capreolus capreolus), the fallow deer (Dama dama), the European bison (Bison bonasus) or the elk (Alces
alces) [6]. However, little is known about the effect on free-living non-ruminant ungulate species,
such as Exmoor pony (Equus caballus Linnaeus 1758), the Eurasian wild horse Tarpan (Equus caballus
gmelini or Equus ferus ferus), the Przewalski’s Horse (Equus ferus przewalskii). To the above mentioned
group of non-ruminants belongs also the Polish primitive horse Konik Polski (Equus ferus caballus)
[7,8].
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In general, Equidae contains species mainly related to open land structures, where they stay for
most of the year (pastures and meadows), they may also use available tree stands [9], where there
can be seen mostly in winter and spring [10,11]. The diet of horses and cervids is significantly
different, since the woody species [shrubs and trees) account for 40% to 90% in the deer diet [12],
while primitive horses are first of all grass-eaters, only to an insignificant degree feeding on
arborescent species [9,10,13,14). As non-ruminants, horses obtain metabolic energy from both
enzymatic digestion and bacterial fermentation [15,16]. The alimentary tract of horses is both
anatomically and functionally adapted for small portions of woody plant food [11].

As mentioned before equids use forest habitats relatively seldom [10,17,18,19]. In case of the
Polish primitive horse, it may use the forest not only as a feeding place, but also as protection against
vexing insects or heat [17,20,21]. The grazing of the Polish primitive horse, like the Exmoor pony, is
increasingly more frequently used as a natural means to maintain the non-forested status of the
areas that are not agriculturally used. Free-living horses help to preserve vast meadow and pasture
or dune areas, contributing to preservation of semi-natural open communities, just like large
herbivorous mammals in the past [10,22,23,24,25]. Polish primitive horses were used, for instance,
not only to restrain the succession of forest species in grass areas and moors, but also to contribute to
maintaining their biodiversity [26,27]. Grazing on mid-forest meadows in extensive conditions
favours the diversity of the undergrowth structure and the dispersed dung left by horses contributes
to the herb layer diversification. This results in increasing the number of plant species [28,29].

Apparently, so far the only place from which the information has been provided concerning the
diversified effect of the herbivorous megafauna in Europe on the forest environment is New Forest
in England. However, this area, apart from the cervids and non-ruminants represented by the pony
is also inhabited by other mega-ruminants, i.e. cows [30]. In Poland, Polish primitive horses are bred
in two different systems, in stables and in nature reserves — in the wild. Breeding primitive horses in
reserves is currently popular not only in Poland, but also in Germany, the Netherlands and France
[7,21,31,32,33]. Reintroduction to the tree stands of the Polish primitive horse, a mammal which
lived in a wild state in the Bialowieza Primeval Forest until about 1780 [34], becomes a part of the
activities undertaken for preserving the endangered species ex situ, but it requires evaluation of its
impact on the environment, especially on plant communities.

At moderate level of invasive or late-succession plants occurrence, large herbivores stops their
expansion and consequently promotes increasing biodiversity and structural variability of the
landscape [3,35,36,37,38,39). According to Borkowski [40] and Klich [7], the Polish primitive horse
can affect trees and shrubs by nibbling shoots, browsing and debarking seedlings and branches.
However, the bark of trees and shrubs is a marginal component in the horse diet, used only in the
winter period [10, 18, 41] reported that horses can cause significant damages in tree stands while
feeding only with a large concentration of animals.

The aim of the present study was to evaluate the impact of the Polish primitive horse on forest
plants. We compared vegetation condition in two adjoining areas with ungulate communities
differing in the presence of the Polish primitive horse. The main hypothesis of the research
undertaken is an assumption that the presence of free-living Polish primitive horses in tree stands of
limited forest use in the Popielno Research Station (RS) will significantly change the plant
composition, and increase the degree of plant diversity in the forest ground cover layer (forest
vegetal cover, undergrowth and understory) in comparison to the tree stand that is used for
economic purposes in Maskulinskie Forest District (FD), depending on the tree species composition
in the stand (deciduous or coniferous).
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2. Materials and Methods
2.1. Research areas

The research was carried out in 2013 in two adjacent areas: i) the experimental forest of the
Popielno Research Station of the Polish Academy of Science (RS), and ii) managed [harvested) stands
of Maskulinskie FD. Both forest complexes located in the north-eastern part of Poland, in the area
managed by the Regional Directorate of State Forests in Olsztyn, belonging to the Land of the Great
Mazurian Lakes and Mazurian Plain mesoregions [42]. The examined areas are distinguished by a
high number of pine stands, unique on the European scale for the age of the pine trees, which are even
up to 230 years old.

The Popielno RS covered an area of 1628 ha (including 57 ha of meadows, pastures and hunting
grounds). This is a reserve, inhabited by four herds (46 animals) of free-living Polish primitive horses
[43http://popielno.pl/koniki-polskie/]. The density of horses is about 3 animals per 100 ha. Control
areas were established in the Maskulinskie FD, where the Polish primitive horse does not occur. The
area of the Maskuliniskie FD is characterized by similar natural and forest conditions. The objects
under examination are inhabited by a natural community of ungulates, including cervids and in the
area of Popielno additionally by the Polish primitive horse.

A habitat of mixed coniferous forest (over 61%) prevails in the Popielno RS, with the Scots pine
Pinus sylvestris L. as the dominant species (about 89%), of the average age of 131 years, with an
addition of the European white birch Betula peudula Roth. and the European larch Larix decidua Miller.
Other species growing here include the Norway spruce Picea abies (L.) Karst.,, the European oak
Quercus robur L., the European beech Fagus sylvatica L. and a young generation of pine. The Popielno
forest, with soil of higher fertility rate, is occupied by fresh mixed forest [16% share) and fresh forest
[2% share of the habitat). The neighbouring Maskulinskie FD occupies similar habitats, with prevailing
fresh coniferous (47%) and mixed coniferous stands (25%), while fresh mixed forests occupy 15% of
the forest division area. The species composition is dominated by the pine [85%) with an average age
of 116 years, and the share of other species (spruce, birch, alder, oak) does not exceed several percent.

Both areas are inhabited by red and roe deer. In both areas the deer are controlled and their
density (estimated on the basis of pellet group counts) is around 7 ind. and 2 ind. of red and roe deer,
respectively (Borkowski, personal communication).

2.2. Methods

In 38 sub-compartments in the Popielno RS, and in 29 in the Maskulinskie FD, both in coniferous
and in deciduous habitats, 67 sample plots were established, 40 x 40 m size (the area of 1,600 m?). In
each case the inventory of understory and undergrowth (higher 0.5 m) was carried out, describing
number and species composition. Additionally, five round plots, each of an area of 0.5 m?, in each of
the 67 sub-compartments were distributed, with at least 5 m distance from large gaps (about 1,000 m?)
in the tree stand canopy, where the inventory of undergrowth (lower 0.5 m) and the herb layer were
carried out. All plants in the undergrowth were counted, specifying their species composition and
height (to an accuracy of 1 mm). In case of grasses, the percentage of surface coverage was specified
instead of individual’s numbers.

The Shannon-Wiener index of plant biodiversity [H=-X(pi In p);; where pi is the relative coverage
of species i] was calculated for each sample plot with the use of the BioDiversity Pro software [44]. The
mean values of the index, as well as the height of plants for the research areas were compared using
Anova Two-way analysis of variance, after testing the normality of distribution and evaluating the
insignificance of differences for variances between the compared groups. In two cases, where
differences between means were significant, the comparison was carried out using a post-hoc Tukey’s
test, taking into account two fertility groups of habitats and the presence or absence of the Polish
primitive horse. Additionally, a Bray and Curtis [45] coefficient of qualitative and quantitative
similarity of the community of plants was evaluated. Dendrograms which compared individual
branches for each of the two layers of plants, taking into account plants of the herb layer and
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undergrowth, as well as the plants of the shrub and herb layer, were constructed in the BioDiversity
Pro software.

3. Results

3.1. The herb layer and undergrowth (lower 0.5 m)

For the herb layer species, a certain variability of occurrence was observed, related to the type of

the forest habitat and presence or absence, of the Polish primitive horse (Table 1).

3.1.1. Deciduous forests (DF)

In habitats with a higher fertility rate, where the Polish primitive horse did not occur [No H
DF), 42 species in the layer of undergrowth and undergrowth were observed. The most numerous
(with the share of over 6%) included: Carpinus betulus L., Oxalis acetosella L., Pleurozium schreberi
(Willd.) Mitten. In more fertile habitats, despite the absence of the horses, the least numerous (below
3%) included: Asarum europaeum L., Equisetum sylvaticum L. Luzula pilosa (L.) Willd. It should be
emphasized that the above mentioned species were not found with the presence of the Polish
primitive horse.

In deciduous forests with the presence of Polish horses (H DF), 51 species were observed, with
the most numerous being Dryopteris carthusiana (Vill.) H. P. Fuchs, Mycelis muralis L. and Oxalis
acetosella L. In the absence of Polish horses, the following species were not observed: Dryopteris
filix-mas (L.) Schott, Hylocomium splendens (Hedw.) Schimp. in Bruch, Schimp. and W.Giimbel, Poa
nemoralis L., Prunus serotina (Ehrh.) Borkh. (the above mentioned species scarcely occurred), Viola

reichenbachiana Jordan ex Bor. (the species was numerous, above 6%).

3.1.2. Coniferous forests (CF)

In poor habitats, without the presence of Polish horses (No H CF), 30 species were observed in
the herb and undergrowth layer, including the most numerous: Deschampsia flexuosa L., Pleurozium
schreberi (Willd.) Mitten., Vaccinium myrtillus L. Species occurring in poor habitats without the Polish
horses [and absent where the Polish horse occurred), included: Dryopteris filix-mas (L.) Schott, Luzula
pilosa (L.) Willd., Poa nemoralis L., and Urtica dioica L.

Poor habitats where the Polish horse was present [H con) were characterized by the
occurrence of 40 species, including the following species observed in great numbers: Deschampsia
flexuosa L., Hylocomium splendens (Hedw.) Schimp. in Bruch, Schimp. and W.Giimbel, Pleurozium
schreberi (Willd.) Mitten. The species growing in sub-compartments where the Polish horse was
present [and non-occurring with the absence of Polish horse) include: Calamagrostis arundinacea L.
Roth., Juniperus communis L., Potentilla erecta [L.) Raeusch.

The differences between number of species observed in the herb layer on both habitats are

presented in Figure 1.

Table 1. The share of species in the herb layer and undergrowth lower 0.5 m in the areas of various

fertility, with the presence or absence of the Polish primitive horse. The ‘+' symbol denotes a
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percentage share of the entire number of existing species not lower than 3%, the ++ symbol denotes
the share between 3% and 6%, and the “+++ symbol denotes the number of the species exceeding 6%.

The absence of the symbol - absence of the species. All species in the column account for 100%.

Deciduous forest Coniferous forest

Species

Nohorse Horse  No horse Horse
Acer campestre L. +
Acer platanoides L. + ++
Acer pseudoplatanus L. +
Aegopodium podagraria L. + +
Anthericum ramosum L. + +
Asarum europaeum L. +
Athyrium filix-femina (L.) Roth +
Betula pendula Roth. + + + +
Calamagrostis arundinacea L. Roth +
Calluna vulgaris L. + +
Campanula rotundifolia L. + +
Carex digitata L. + + + ++
Carpinus betulus L. ++ ++ +
Convallaria majalis L. + ++ + ++
Corylus avellana L. +
Crataegus monogyna Jacq. +
Dactylis polygama Horv. ++ +
Daphne mezereum L. + +
Deschampsia flexuosa L. + + ++ +++
Dicranum polysetum Sw. + +++
Dicranum scoparium (L.) Hedw. + + ++ +
Dryopteris carthusiana (Vill.) H. P. Fuchs + ++ ++
Dryopteris filix-mas (L.) Schott + +
Equisetum sylvaticum L. +
Fagus sylvatica L. + +
Ficaria verna Huds. + +
Fragaria vesca L. + + + +
Fraxinus excelsior L. +
Geranium robertianum L. + + +
Hepatica nobilis Mill. ++ ++ +
Hylocomium  splendens (Hedw.) Schin Bruch, . .
Schimp. & W.Giimbel
Impatiens noli-tangere L. ++ +
Juniperus communis L. +
Larix decidua Mill. +
Luzula pilosa (L.) Willd. + ++

Table 1. Cont.

Species Deciduous forest Coniferous forest
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No horse Horse  No horse Horse
Lycopodium clavatum L. +
Maianthemum bifolium (L.) E. W. Schmidt +++ ++ + +
Melampyrum pratense L. + + + +
Milium effusum L. + +
Mnium undulatum (L.) Hedw. + ++
Mycelis muralis L. F++ 4t +
Oxalis acetosella L. +++ +++ 4+ ++
Paris quadrifolia L. + +
Picea abies L. +
Pinus sylvestris L. + + +
Pleurozium schreberi (Willd.) Mitten. +++ ++ +++ +++
Poa nemoralis L. + +
Polygonatum multiflorum (L.) All. +
Polygonatum odoratum (Mill) Druce + + +
Polypodium vulgare L. +
Polytrichum commune Hedw. + +
Populus tremula L. +
Potentilla erecta (L.) Raeusch +
Prunus serotina (Ehrh.) Borkh. +
Pteridium aquilinum (L.) Kuhn + + +
Quercus robur L. + + T +
Quercus rubra L. + +
Rubus caesius L. +
Rubus chamaemorus L. +
Rubus idaeus L. ++ + +++ +
Rubus saxatilis L. ++ + ++
Sorbus aucuparia L. + + + +
Tilia cordata Mill. + + +
Tilia platyphyllos L. +
Trientalis europaea L. + + ++ +
Ulmus minor Mill. + +
Urtica dioica L. + + +
Vaccinium myrtillus L. ++ +++ +++ +++
Vaccinium vitis-idaea L. + +++ ++
Veronica officinalis L. +
Vinca minor L. +
Viola hirta L. +
Viola reichenbachiana Jordan ex Bor. +++
Total 42 51 30 40

The evaluation of qualitative floristic similarity dendrogram indicates higher similarities for

this layer of divisions according to the fertility groups of habitats than in relation to the presence
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and feeding of the Polish primitive horse. The upper part of the dendrogram shows more
sub-compartments occupying deciduous sites, which means that more sub-compartments in those
sites demonstrated a relatively low similarity of the species composition, while the lower part of the
dendrogram tends to present sub-compartments with coniferous forests, which proves a higher

similarity between these areas as regards the species composition (Figure 1).
Bray-Curtis Cluster Analysis (Single Link)
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Figure 1. The similarity for clusters of species in herb layer and undergrowth lower than 0.5 m
growing in all areas under examination; (H — horse present, No H — horse absent, con— coniferous
forests (CF), dec — deciduous forests (DF); 7c, 54g — codes of the forest sub-compartment.

The average height of the herb layer depended on the habitat (Fi.es = 5.249, p = 0.025), while the
herb layer growing in poorer habitats [coniferous sites) was 20% taller than the herb layer occurring
in deciduous habitats (Table 2). The presence of the Polish primitive horse did not affect the height of
the herb layer (F1.e: = 2.678, p = 0.106) and the effect of integration of those two factors was also
insignificant (F1.6¢ = 0.006, p = 0.934).
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Table 2. The values of the Shannon-Wiener index (+SE) and average heights [+SE) calculated for the

lower layers of forest vegetation (undergrowth higher than 0.5 m, and understory layers), in relation

to the habitat fertility group and the presence of the Polish primitive horse. The means with

statistically significant differences (p<0.05) are marked with a different letter. The ns abbreviation

means that statistically significant differences were not observed

Shannon-Wiener

Average height of

Effect N
index (xSE) the layer (SE) [cm]
The herb layer and undergrowth (lower 0.5 m)
Horse effect
NoH 29 0.823 + 0.038ns 14.28 £ 0.98ns
H 39 0.855 + 0.031ns 17.07 £1.19ns
Habitat effect
DF 34 0.878 + 0.035ns 13.95 + 0.94b
CF 34 0.805 + 0.033ns 17.70 £ 1.24a
Interaction horse x
habitat
No H x DF 18 0.879 + 0.043ns 12.46 +1.26ns
H x DF 15 0.865 + 0.058ns 15.18 £ 1.32ns
No H x CF 21 0.835 + 0.045ns 16.22 + 1.35ns
HxCF 14 0.779 + 0.047ns 18.69 £ 1.86ns
Understory and undergrowth (higher 0.5 m) layer
Horse effect
No H 25 0.441 + 0.034ns 80.02 + 4.49a
H 39 0.517 + 0.036ns 56.35+7.21b
Habitat effect
DF 32 0.414 +0.033a 68.96 + 6.40ns
CF 32 0.561 + 0.036b 62.23 + 5.33ns
Interaction horse x habitat
No H x DF 12 0.441 + 0.053b 75.72 +12.19ns
H x DF 19 0.397 + 0.043b 64.91 + 7.29ns
No H x CF 12 0.441 + 0.045b 83.99 + 8.46ns
Hx CF 19 0.640 + 0.045a 47.34 + 4.41ns

3.2. Understory and undergrowth layer higher than 0.5 m

The highest species diversity (21 species) was observed in deciduous forests where the Polish

primitive horse was present and the lowest (13 species) was in coniferous sites without the presence

of the horse (Table 3).
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Table 3. The share of species in the understory and undergrowth higher 0.5 m layer with the

presence or absence of the Polish primitive horse. Abbreviations — see Table 1.

Deciduous forests (DF)

Coniferous forests (CF)

Species
No horse Horse No horse Horse

Acer campestre L. +
Acer platanoides L. ++ ++ + +
Acer pseudoplatanus L. +
Alnus glutinosa [L.) Gaertn. +
Betula pendula Roth. ++ ++ i+
Carpinus betulus L. +++ +++ +++ ++
Corylus avellana L. +++ +++ +++ +
Crataegus monogyna Jacq. +
Daphne mezereum L. +
Euonymus verrucosus Scop. +
Fagus sylvatica L. + ++ ++
Frangula alnus Mill. + + + +
Juniperus communis L. + +
Larix decidua Mill. + + +
Picea abies [L.) H. Karst ++ + T 4+
Pinus sylvestris L. + + + T+
Populus tremula L. + + +
Prunus cerasifera Ehrh. + +
Prunus domestica L. +
Quercus robur L. ++ ++ T+ 4+
Quercus rubra L. + + +
Robinia pseudoacacia L. + +
Rubus idaeus L. + + + +
Sorbus aucuparia L. ++ ++ ++ T+
Tilia cordata Mill. ++ +++ ++ +
Ulmus glabra Huds. +
Total 17 21 13 18

3.2.1. Deciduous forests (DF)

In fertile habitats, where the Polish primitive horse did not occur (No H DF), 17 species were

observed in the shrub and undergrowth layer, two of which were found in high numbers (above 6%

of all the species occurring in this site and in this variant). These were: Carpinus betulus L., and

Corylus avellana L. Three species occurred sparsely with the absence of the Polish primitive horse:

Acer pseudoplatanus L., Euonymus verrucosus Scop., Prunus domestica L.

In fertile sites, where the Polish primitive horse was present (H DF), 21 species in the shrub and

understory layer were observed, with Carpinus betulus L., Corylus avellana L., Tilia cordata Mill
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occurring in the highest numbers. Species related only to the occurrence of the Polish primitive horse
in this site included: Acer campestre L., Alnus glutinosa (L.) Gaertn., Betula pendula Roth., Daphne
mezereum L., Prunus cerasifera Ehrh, Robinia pseudoacacia L., Ulmus glabra Huds (all of them in small

numbers).

3.2.2. Coniferous forests (CF)

In poorer habitats, where the presence of the Polish primitive horse was not observed (No H
CF), 13 species were recorded in the shrub and understory layer, of which: Carpinus betulus L.,
Corylus avellana L., Picea abies (L.) H. Karst, Quercus robur L. occurred in high numbers. Only one
species in these habitats was exclusively related to the absence of the Polish primitive horse and it
was Quercus rubra L.

In poorer sites with the presence of the Polish primitive horse (H CF), 18 species were found in
the shrub and understory layer. The following species were observed in great numbers: Betula
pendula Roth., Corylus avellana L., Picea abies (L.) H. Karst, Quercus robur L., Sorbus aucuparia L. Five
species occurred in sites inhabited by the Polish primitive horse [and did not exist when the horse
was absent): Crataegus monogyna Jacq, Fagus sylvatica L., Populus tremula L., Prunus cerasifera Ehrh.,
Robinia pseudoacacia L.

The dendrogram of qualitative floristic similarity (Figure 2) shows higher similarities of the
shrub and undergrowth layer in tested habitats (CF or DF) than in relation to the presence or lack of
feeding by the Polish primitive horse. The upper part of the dendrogram shows more areas
occupying more fertile habitats (DF), and characterized by a relatively lower similarity of the species
composition of the shrub and understory layer. On the other hand, the lower part of the dendrogram
tends to show areas with poorer habitats (CF), which proves a higher similarity of the species
composition between those areas (Figure 2). In this dendrogram four larger groups of similarities
can be distinguished: 1) groups of stands in more fertile habitats with the presence of the Polish
primitive horse (the upper part), 2) groups of stands in more fertile habitats without the occurrence
of the Polish primitive horse (the upper and the central part), 3) groups of stands in poorer habitats,
without the presence of the Polish primitive horse (the central part), 4) a group of stands in poorer
sites, with the presence of the Polish primitive horse (most often in the lower and the central part of
the dendrogram). However, it should be noted that a certain irregularity as regards the cluster

occurrence in the dendrogram was observed for some areas.
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Bray-Curtis Cluster Analysis (Single Link)
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Figure 2. The similarity for clusters of shrub and understory layer species growing in all areas under
examination; (H — horse present, No H — horse absent, con — coniferous forests (CF), dec — deciduous
forests (DF); 7c, 54g — codes of the forest sub-compartment.

The average height of the woody understorey vegetation >0.5 m was by 30% lower in the stands
with the horse, than in those without horse (F1.58 = 8.913, p = 0.004) (Table 2). The quality of the
habitat did not affect the height of the plant layer (F1.5ss=0.341, p = 0.561) and the interaction between
the effect of the habitat and the effect of the presence of the horse was not significant (Fi.ss =2.644, p =
0.109).

Species that occurred in areas with the Polish primitive horse affected an increase the the
biodiversity of the shrub and understory layer, including: Acer campestre L., Alnus glutinosa (L.)
Gaertn., Crataegus monogyna Jacq., Daphne mezereum, Prunus cerasifera Ehrh., Robinia pseudoacacia L.
and Ulmus glabra Huds. (Table 3).

3.3. Evaluation of the biodiversity in plant communities

The evaluation of floristic complexes did not show the negative impact of the Polish primitive
horse on the layer of herb and undergrowth (lower 0.5 m). The results of the two-way analysis of the
Shannon-Wiener biodiversity index (5-W index) variance (Fies= 0.523, p = 0.472) did not reveal
significant differences between the areas (Table 2). The presence of the Polish primitive horse did not
affect the biodiversity of the herbs and undergrowth (below 0.5 m) between habitats (Fres=1.718, p =
0.194), as well as interaction between these two factors was not significant (Fr.es= 0.826, p = 0.367).

In the understory and undergrowth (higher 0.5 m) layer, both in deciduous and coniferous
habitats where the Polish primitive horse was present, a higher species diversity in comparison to
the control areas was found. S-W index for understory and undergrowth was significantly higher in

deciduous stands than in coniferous ones (Fiss= 6.221, p = 0.015). The interaction “habitat x horse



presence” was also statistically significant (F1.s8= 6.195, p = 0.016), and the higher value of the S-W
index was calculated for coniferous sites with the presence of the Polish primitive horse (Table 2).
The values of the Shannon — Wiener index for the shrub layer ranged from 0.2 to 0.8 in the
Popielno RS area, and from 0.2 to 0.6 in the Maskulinskie FD. In this layer, the S-W index values
were higher in the area inhabited by the Polish primitive horse (Figure 3). The spatial analysis of this
index indicated that in the area inhabited by the horse is (insignificantly) higher than in the control

area, with the absence of the horse impact (Table 2).

[_IBorders of forest compartments.

Figure 3. The location of evaluated forest sub-compartments and the graphical interpretation of
Shannon-Wiener coefficient for undergrowth below 0.5 m, and herb layer a), and undergrowth
higher than 0.5 m shrub layer b); description in the legend.

4. Discussion

The obtained results indicate some differences in the species composition as regards the
vegetation in the herb layer and the undergrowth both below 0.5 m and higher 0.5 m and understory
layer in the areas where the Polish primitive horse was present, in comparison to the tree stand
without the horse. For the herb and undergrowth (below 0.5 m) layer in deciduous forests, the
species diversity in areas with the horse was by 9 species higher, and in coniferous forests — by 10.
Free-living horses, with forest and meadow communities situated within the boundaries of their
habitat, do not demonstrate a negative pressure on natural restoration (undergrowth below 0.5 m),
as they treat it first of all as the place of protection and rest. Since horses do not feed in a dense forest,
they prefer habitats as well as forest edges and areas of little density of trees. Skiwski and Klich [46]
also show that the spatial use of forest by the Polish primitive horses is limited not only by the food
base quality. Pépin et al. [47], Hanggi and Ingersoll [48], and Taraborelli et al. [49] indicated that a
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dense tree stands does not provide an attractive environment for them also in view of the strategy of
avoiding predators and difficult escape and due to a longer period of adaptation to the dense forest
conditions. In Popielno RS this situation did not take place due to loose old trees.

Chodkiewicz and Stypinski [33] reported that by biting the species forming the shrub and
understory layer, the cervids create an opportunity for less numerous, often protected species to
grow. As their food, horses use species of plants that are typically avoided by other species or breeds
of animals. The alimentary tract of animals contributes to the distribution of diaspores of many
species of plants. This can affect the maintenance of species diversity in ecosystems of meadows and
forest clearings. Sobczak et al. [50] found that in the period of full vegetation of plants (April-July),
the Polish primitive horses take up 28.5-34.6 kg of plants a day. Although they inhibit the succession
of forest plants, they also enrich the soil bank of meadow plant seeds. Dynowski [51] claims that in
natural and semi-natural ecosystems, the Polish primitive horse can have a positive effect on the
occurrence of many species of plants, both as regards herbaceous and woody plants. In forest
ecosystems, these animals can affect the development and dynamics of the forest. The obtained
results confirm this thesis, as it was found that the presence of the horses corresponded to the
occurrence of species that were absent from comparative tree stands, e.g. Acer campestre L.,
Hylocomium splendens (Hedw.) Schimp. This was also determined by the environment and tree stand
conditions, for example, the Ulmus glabra Hunds. occurred only in the areas with the horse in fertile
habitats, and Crataegus monogyna Jacq. — only in coniferous forests in the presence of the horse.

Species of bushes and trees, such as Betula, Salix, Alnus, Sorbus, found in the ecotone zone of
meadows and forests are trampled and frequently used by horses [51]. Horses often use woody
plants — willows, mountain ashes, maples, poplars and alder trees [7,46]. The results showed the
presence of aspen seedlings only in fertile habitats in the absence of the horse. Acer platanoides L.
seedlings occurred in areas both with and without the horse, while A.campestre L. (both seedlings
and shrub layers) and A. pseudoplatanus L. — only in areas with the horse. Mountain ash occurred in
great numbers, regardless of the presence or absence of the horse and the habitat. The shrub layer of
alder trees occurred only in deciduous forests in the presence of the horse. Wounds created on trees
as a result of bark damage, biting or breaking can facilitate the penetration of pathogens or insects,
resulting in deterioration of wood quality or inhibition of growth [18,40,52]. In the presented
research, no occurrence of any symptoms of infectious diseases was found.

The Polish primitive horse, in comparison to other ungulate herbivores, e.g. the red deer, to a
significantly lower degree affects the tree stand. The main food base for the horse is meadow and
vegetation in the forest, while the diet of the red deer typically consists of about 64% of tree and bush
shoots [10, 21, 53]. The Polish primitive horses also use shoots and bark of trees and shrubs as a food
supplement, but only in winter [10, 51]. They prefer deciduous trees and shrubs, willingly bite plant
shoots of the Quercus and Corylus genera [54,55]. This is indirectly proven by the results of this
research, since the height of the shrub and understory layers in areas with the horse was up to 30%
lower than in the areas where the horse was absent. In winter, Polish primitive horses also nibble
plants in the herb layer of the forest - mostly the blueberry, the reed grass or rush vegetation, i.e.
plants that are of no interest to other animals [10,56]. The results presented in the study show that
reed grass (Calamagrostis arundinacea L. Roth.) occurred only in poor habitats in the presence of the
horse. The European blueberry (Vaccinium myrtillus L.) occurred in great numbers regardless of the

habitat and the presence of the horse, while the partridgeberry (Vaccinium vitis-idaea L.) occurred
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both at the presence and the absence of the horse in coniferous forests, but only in the presence of the
horse in deciduous forests.

The lack of differences between the values of the Shannon-Wiener index for the herb and
undergrowth [below 0.5 m) layer between the tree stands with the presence or absence of the Polish
primitive horses observed in this study corresponds to the results of other authors. This suggests
that forest vegetation, both in Popielno RS and in Maskulinskie FD, was consumed to a similar
degree also by cervids. Cosyns et al. [10], and Dynowski [51] reported that in full vegetation period,
meadow and pasture plants are available for the horse diet and more willingly visited than the
forest. Dynowski [personal communication] provides that the dung of the Polish primitive horses
includes 20 species of plants, none of which occurred in the evaluated forest areas. It should be
concluded that the absence of a significant effect of the Polish primitive horse on the forest
undergrowth and understory is a natural phenomenon. It results from the food preferences of this
mammal, oriented rather towards meadow than forest species. A higher plant diversity evaluated
on the basis of the Shannon-Wiener index was found for the shrub and understory layer in the areas
inhabited by the Polish primitive horse.

The value of the Shannon-Wiener index obtained for the undergrowth higher than 0.5 m, and
understory layer — both in the control areas and in the areas with the Polish primitive horse — were
rather low, when compare to Spanish Pinus radiata forests, where the grazing of horses took place
[57]. According to Magurran [58], the so-called “good” level of the Shannon index ranges from about
3 to 4, while in the pastures in Galicia it was 2.8 and 2.9 [59]. In the presented research, for the areas
with the absence of the horse, the value of the Shannon-Wiener index was 0.441 + 0.034 and for the
areas with the horse it was 0.517 + 0.036. Stefariska-Krzaczek [60] provides at the same time that the

value of the Shannon-Wiener index decreases with the age of the tree stand.

5. Conclusions

The presence of the Polish primitive horse for similar habitat did not affect the biodiversity of
the herbs and undergrowth below 0.5 m. A significant effect of the habitat quality on species
diversity in the undergrowth higher than 0.5 m, and understory layer was found. The presence of
the Polish primitive horse had a significant impact on the increase of species diversity index for the
undergrowth higher than 0.5 m, and understory layer. The average height of this layers was by 30%
shorter in the forest stands presence of the horse. The average height of herb and undergrowth lower
than 0.5 m was 20% higher on coniferous forests, and did not depend on the presence of a Polish

horse.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure S1: title, Table
S1: title, Video S1.: title.

Author Contributions: SB carried out the field measurements and draft the manuscript, EB performed the
statistical analysis, ZS conceived the study and draft the manuscript, AZ draft the manuscript, MN performed
the maps, JB formulated the idea and conceived the study; all authors wrote parts of the manuscript and
provided editorial advice.

Funding: This paper was partially supported from the statutory funds of the Warmia and Mazury University in
Olsztyn, Poland (Project No.20.610.028-300). A field part of this study was carried out during the student’s
research camp supported by the own Fund of Scientific Association of Foresters of the Warmia and Mazury
University in Olsztyn, kindly donated by many Forest Districts in Poland.

Acknowledgments: The Authors extend sincere thanks to Mr. Jarostaw Hubert Zyskowski, Director of the
Research Station of the Polish Academy of Sciences in Popielno and to Mr. Hubert Donderowicz, Head forester,



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2019

chef of Maskulinskie Forest District for their support in the research, and to students - members of the Scientific
Association of Foresters of the University of Warmia and Mazury: D. Banach, E. Parzyszek, M. Artymowycz, M.
Nowicki, J. Prelewicz, M. Walejewska, E. Bednarczyk, M. Orzotek, M. Sasin, K. Wasiak, A. Wysocki, K.
Skrodzki for their participation in field measurements.

Conlflicts of Interest: Authors declare any personal circumstances or interest that may be perceived as
inappropriately influencing the representation or interpretation of reported research results.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Brzeziecki, B. Podejscie ekosystemowe i poinaturalna hodowla lasu (w kontekscie 564 zasady
wielofunkcyjnosci [Ecosystem approach and close-to-nature silviculture (in 565 context of forest
multifunctionality principle)]. Studia i Materiaty CEPL 2008, 3(10), 566, 41-54.

Brang, P.; Spathelf, P.; Larsen, Bo J.; Bauhus, J.; Bonc¢ina, A.; Chauvin, Ch.; 568 Drossler, L.;
Garcia-Giiemes, C.; Heiri, C.; Kerr, G.; et al. Suitability of close-to-nature 569 silviculture for adapting
temperate European forests to climate change. Forestry, 2014, 570 87(4), 492-503.
https://doi.org/10.1093/forestry/cpu018

Olff, H.; Vera, FFW.M.; Bokdam, ].; Bakker, E.S.; Gleichman, ].M.; de Mayer, K.; Smit, R. Shifting mosaics in
grazed woodlands driven by the alternation of plant facilitation and competition. Plant Biol. 1999, 1, 127-
137.

Vera, F.W.M. Grazing Ecology and Forest History. CABI, Oxford, 2000; 506 pp.

Bakker, E.S.; Olff, H.; Vandenberghe, C.; De Maeyer, K.; Smit, R.; Gleichman, J.; Vera F.W.M. Ecological
anachronisms the recruitment of temperate light-demanding tree species in wooded pastures. ]. Appl. Ecol.
2004, 41, 571-582.

Weisberg, P.J.,, Bugmann, H. Forest dynamics and ungulate herbivory: from leaf to landscape. Forest Ecol.
Manag. 2003, 181(1), 1-12.

Klich, D. Analysis of bark damage caused by Polish horse in farm conditions in Bieszczady. Bieszczady
Yearbooks 2009, 17:,307-317.

Borkowski, J. Jak wygladaty lasy pierwotne Europy pod presja duzych roslinozercow? [What did
European primeval forests under high herbivore pressure look like?], Le$ne Prace Badawcze 2011, 72(2),
183-190.

Hoffmann, M. Experiences with grazing in Flemish nature reserves (N. Belgium). In: Bokdam, J., van
Braeckel, A., Werpachowski, C., Znaniecka, M. (eds.): "Grazing as a conservation management tool in peatland".
Wageningen University, Biebrza National Park, WWF, Wageningen — Osowiec-Twierdza — Biatystok,
2002, 49-53.

Cosyns E., Degezelle T., Demeulenaere E. and Hoffmann M. Feeding ecology of Konik horses and donkeys
in Belgian coastal dunes and its implications for nature management. Belg. J. Zool. 2001, 131 (2): 111-118.
Lamoot, L; Meert, C.; Hoffmann, M. Habitat use of ponies and cattle foraging together in a coastal dune
area. Biol. Conserv. 2005, 122(4), 523-536.

Gebert, C., Verheyden-Tixier, H. Variations of diet composition of Red Deer (Cervus elaphus L.) in Europe.
Mammal Rev. 2001, 31(3), 189-201.

Duncan, P. Horses and grasses: the nutritional ecology of equids and their impact on the Camargue.
(Ecological studies 87), Springer, Berlin Heidelberg New York, 1992, 287 pp.

Vulink, J.T. Hungry herds: Management of temperate lowland wetlands by grazing. In: Ministerie van
Verkeer en Waterstaat. Wageningen University, Biebrza National Park, WWEF, Wageningen—
Osowiec-Twierdza—Bialystok, 2001, 49-53.

Ralston, S.L. Controls of feeding in horses. ]. Anim. Sci. 1984, 59(5), 1354-1361.

Hintz, H.F. Equine nutrition update. AAEP Proceedings 46, San Antonio, Texas, USA, 2000, 62-79.

King, S.R.B. Home range and habitat use of free-ranging Przewalski horses at Hustai National Park,
Mongolia. Appl. Anim. Behav. Sci. 2002, 78, 103-113.

Jorritsma, .T.M.; van Hees, A.F.M; Mohren, G.M.]. Forest development in relation to ungulate grazing: a
modeling approach. Forest Ecol. Manag. 1999, 120, 23-34.

Kuiters, A.T.; van der Sluijs, L.A.M; Wytema, G.A. Selective bark-stripping of beech, Fagus silvatica, by
free-ranging horses. Forest Ecol. Manag. 2006, 222, 1-8.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2019

20.

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Jezierski T., Jaworski Z. Reakcje obronne przed owadami u konikéw w warunkach pastwiska i rezerwatu
lesnego [Defense reactions against insects of Polish horse in the conditions of a pasture and a forest
reserve] In: "Conservative biology and breeding of a Polish horse" Jaczewski, Z., Zurkowski, M. and Jaworski, Z.
(eds): Research Station of Organic Farming and Animal Conservation Breeding of the Polish Academy of
Sciences in Popielno, 1995, 29-34.

Jaworski, Z. Ocena warunkéw etologiczno — hodowlanych konikéw polskich utrzymywanych w systemie
rezerwatowym [Evaluation of the ethological and breeding conditions of Polish ponies kept in the reserve
system], Dissertations and Monographs UWM, Olsztyn, 2003. 79: 89 pp.

Westhoff, V. Nature management in coastal areas of Western Europe. Vegetatio 1985, 62, 523-532.

Hewett, D.G. Grazing and mowing as management tools on dunes. Vegetatio 1985, 62, 441-447.

Van Deursen, M.; Cornelissen P.; Vulink, J.T; Esselink, P. Jaarrondbegrazing in de Lauwersmeer:
zelfredzaamheidvan grote grazers en effecten op de vegetatie. De Levende Natuur 1993, 94(6), 196-204.
Ebrahimi, A.; Miloti¢, T.; Hoffmann, M. A herbivore specific grazing capacity model accounting for
spatio-temporal environmental variation: A tool for a more sustainable nature conservation and rangeland
Management, Ecol.l Model. 2010, 221(6), 900-910.

Helmer, W. Natural grazing versus seasonal grazing. Vakblad Natuurbeheer. Special issue Grazing and
Grazing animals. Ponsen and Looijen BV, Wageningen, 2002, pp. 31-33.

Josten, D. Large grazing animals in Flanders. Vakblad Natuurbeheer. Special issue Grazing and Grazing
animals. Ponsen and Looijen BV, Wageningen, 2002, pp. 16-18.

Warda M.; Rogalski M. Zwierzeta na pastwisku jako element krajobrazu przyrodniczego. [Grazing
animals as an element of natural landscape]. Annales UMCS. Sect. E. 2004, 59(4), 1985-1991,
Ptawska-Olejniczak, J.; Zywiczka, A. Wptyw wypasu konikéw polskich i szkockiego bydta gérskiego na
flore naczyniowa ekstensywnie uzytkowanych Lak Skoszewskich [The effect of Polish Koniks and
Scottish Highland Cattle grazing on the vascular flora of extensively used Skoszewskie Meadows].
Lakarstwo w Polsce 2009, 12, 131-140.

Putman, R.J. Foraging by roe deer in agricultural areas and impact on arable crops. | Appl. Eco. 1986, 23(1),
91-99.

Kownacki, M. Koniki polskie [Polish horses]. PAN, PWN, Warszawa, 1984 78 pp.

Rykowski, K. Ecological and economic aspects of the ecosystem approach (EA) and sustainable forest
management (SFM) on the example of the Tuszyma Forest District (RDLP Krosno). Information Center of
State Forests, Warsaw, 2008.

Chodkiewicz A.; Stypinski P. Preferencje pokarmowe konikéw polskich wypasanych w biebrzanskim
parku narodowym [Food preferences of Konik horses grazing in the Biebrza National Park].
Wodu—grodowisko—Obszary Wiejskie 2011, 2(34), , 33-42.

Pasicka, E. Polish Konik horse — characteristics and historical background of native descendants of tarpan.
Acta Scientarum Polonorum Medicina Veterinaria 2013, 12(2-4), 25-38.

Nieppola, J. Long term vegetation changes in stands of Pinus sylvestris in southern Finland. J. Veg. Sci. 1992,
3, 475-484.

Graae, B.J.; Heskeer, V.S. A comparison of understory vegetation between untouched and managed
deciduous forest in Denmark. Forest Ecol. Manag. 1997, 96, 111-123.

Van Oene, H.; van Deursen, M.; Berendse, F.. Plant-herbivore interaction and its consequences for
succession in wetland ecosystems: a modeling approach. Ecosystems 1999, 2, 122-138.

Courchamp, F.; Chapuis J.L.; Pascal M. Mammal invaders on islands: impact, control and control impact.
Biol. Rev. 2003, 78(3), 347-383.

Czerepko, J. Rola drzewostanu sosnowego w rozwoju fitocenozy na siedlisku lasu gradowego [The role of
Scots pine stand in the development of the phytocoenosis in an oak-lime-hornbeam forest habitat], Lesne
Prace Badawcze 2004, 4, 77-102 .

Borkowski M. Limiting bush encroachment at Biebrza marsh by Konik/Tarpan grazing. In: "Grazing as a
conservation management tool in peatland" Bokdam J., van Braeckel A., Werpachowski C., Znaniecka M.
(eds). Wageningen University, Biebrza National Park, WWF; Wageningen — Osowiec-Twierdza —
Biatystok, 2002, pp. 96-98.

Crassous, C.; Karas F. Guide de gestion des tourbicres et marais alcalins des vallées alluviales de France
septentrionale. Fédération des Conservatoires d’Espaces Naturels, Pole-relais tourbicres, Paris, 2007, pp.
203.

Kondracki, J. Geografia regionalna polski [Regional geography of Poland]. PWN, Warszawa,2000, 440 pp.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2019

43.
44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

Web site. URL: http://popielno.pl/koniki-polskie/ [online 2 March 2018]

Begossi A. Use of ecological methods in ethnobotany: diversity indices. Econ. Bot. 1996, 50(3), 280-289.
Bray J.R.; Curtis J.T. An ordination of upland forest communities of southern Wisconsin. Ecol. Monogr.
1957, 27, 325-349.

Skiwski, M.; Klich, D. Wiosenne i letnie zgryzanie zeru pedowego przez konika polskiego w warunkach
hodowli zagrodowej i otwartej w Bieszczadach [Spring and summer browsing by Polish konik in
enclosures and free ranging conditions in the Bieszczady Mts]. Sylwan 2012, 156(10), 792-800.

Pépin, D.; Lamerenx, F.; Chadelaud, H. ]-M. Human-related disturbance risk and distance to cover affect
use of montane pastures by Pyrenean chamois. Appl. Anim. Behav. Sci. 1996, 46(3-4), 217-228.

Hanggi, E.B.; Ingersoll, J.F. Long-term memory for categories and concepts in horses (Equus caballus).
Anim. Cogn. 2009, 12(3), 451-462.

Taraborelli, P.; Gregorio, P.; Moreno, P.; Novaro, A.; Carmanchahi, P. Cooperative vigilance: the guanaco’s
(Lama guanicoe) key antipredator mechanism. Behav. Process. 2012, 91(1), 82-89.

Sobczak, Z.; Andrzejewski, A., Nowakowska, A.; Rebkowska, A. Badania nad pokryciem
zapotrzebowania pokarmowego przez koniki polskie palikowane na tace naturalnej [Research on the
coverage of nutritional needs by Polish ponies tucked on a natural meadow], Scientific Papers of the
University of Agriculture in Wroclaw 1998, 30(169), 179-188.

Dynowski, P. 2006. Roslinnos¢ pédtwyspu popielnianiskiego jako baza pokarmowa konika polskiego.
Uniwersytet Warminisko-Mazurski, Katedra Botaniki [Vegetation of the Popielno Peninsula as a food base
for the Polish horse]. PhD thesis, Botany and Nature Protection Department, University of Warmia and
Mazury in Olsztyn, Olsztyn, Poland, 2006, pp. 117.

Shibata, E.I; Torazawa, Y. Effects of bark stripping by sika deer, Cervus nippon, on wind damage to
coniferous trees in subalpine forest of central Japan. J. Forest Res. 2008, 13(5), 296-301.

Jamrozy, G. Winter food resources and food preferences of red deer in Carpathian forests. Acta Theriol.
1980, 25(17), 221-238.

Matrai, K.; Kabai, P. Winter plant selection by red and roe deer in a forest habitat in Hungary. Acta
Theriol. 1989, 34(15), 227-234.

Vera, EW.M. A park-like landscape rather than closed forest. Vakblad Natuurbeheer. Special Issue
Grazing And Grazing Animals, Ponsen and Looijen BV, Wageningen, 2002, pp. 13-14.

Rigueiro-Rodriguez, A.; Mouhbi, R.; Santiago-Freijanes, ].J.; Gonzalez-Hernandez, M.; Mosquera-Losada,
M.R. Horse grazing systems: understory biomass and plant biodiversity of a Pinus radaiata stands. Sci. Agr.
2012, 69(1), 38-46.

Zawislak, J.; Ogiriska, M.; Drewka. M.; Swigcicka, N. Utilization of horses in forestry economy. Wiadomosci
Zootechniczne 2014, 52(1), 61-65.

Magurran, A. E. Measuring biological diversity, 2nd ed. Blackwell Science Ltd, Oxford, U.K, 2004.

Calvo LR.; Gonzalez A ; Fraga M.I. A survey of forage quality in relation to floristic composition on
lowlands pastures in NW of Galicia (NW Spain). In: "Lowland and grasslands of Europe: Utilization and
Development", FAO, Rome, Italy, 2002 [online September 2016] URL:

http://www .fao.org/docrep/006/AD236E/ad236e18. htm#bm44

Stefaniska-Krzaczek, E. Species diversity across the successional gradient of managed Scots pine stands in
oligotrophic sites (SW Poland). J. Forest Sci. 2012, 58(8), 345-356.


http://popielno.pl/koniki-polskie/
http://popielno.pl/koniki-polskie/

