
Introduction

“Nature reserve” is one of 10 nature conservation des-
ignations in Poland, created to protect areas of importance
for wildlife, flora, fauna, and cultural or landscape features.
It can be afforded strict, active or landscape protection.
Only 2% of the total area of all Polish nature reserves is
strictly protected [1]. Nature reserves are set aside to protect
climax species or natural processes promoting their devel-
opment. Theoretically, phytocoenoses that develop within
the nature reserves and the respective flora should be
restored to their natural character with time. Sites afforded
this kind of protection should be a perfect place to observe
natural ecologic processes. However, in numerous cases the
impact from the neighborhood results in natural processes
being accompanied by degeneration [2-5]. The nature
reserve that is positively different here is the only strict
nature reserve in Świętokrzyskie Voivodeship, i.e. Świnia
Góra nature reserve.

Świnia Góra strict nature reserve is one of the most pre-
cious protected forest areas in Poland. Its forest plant com-
munities and flora are natural and the landscape is similar
to that of the primeval forests found in Świętokrzyska
Forest. It is located just a few kilometers from public roads
and dense development. Local vegetation has been strictly
protected for over 70 years. Due to this, Świnia Góra is the
perfect place for naturalists to conduct multidisciplinary
studies as its environment has not been influenced by
human activities [6-8]. 

Detailed botanical studies were prepared for Świnia
Góra nature reserve in the 1960s [9, 10]. After 40 years of
strict protection as a nature reserve, floristic studies of the
area were repeated to determine the dynamics of the vascu-
lar flora. Efficacy of the protection within the reserve also
was evaluated.

The nature reserve was established on the post-mining
area, when between the 17th and 19th centuries iron ores
were extracted using open-cut mining techniques [11, 12].
Numerous collapsed abandoned excavation sites and adits,
as well as the surrounding remains of infertile waste rock
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(dump), are signs of mining activities once carried out in
this area. As a result, soil types and moisture content differ
from place to place, and totally different types of vegetation
may occur within a relatively small area [13].
Phytosociological studies conducted in the 1960s con-
firmed the above relationship. Nineteen different vegetation
units were documented [9]. The area's flora is also very
rich. Floristic studies conducted between 1964 and 1969
revealed 357 species of vascular plants, many of them rare
and protected [10].

The nature reserve comprises three forest units: Nos.
162, 163, and 164. 

Unit No. 162 is the biggest one and its plant communi-
ties are most diverse. Fir and beech stands are the most
numerous, growing on the considerably damp acid sites.
The northeastern part of the unit is divided by a small
stream, along which a narrow strip of alder trees forms a
poor riparian forest. In the 1960s, within unit No. 162, at the
northern border of the nature reserve there were 3 small
glades with a total area of approximately 2 ha. The glades
were habitats to meadow, peat and rush communities with
species composition of considerable value.

Unit No. 163, the second largest, is home to the most
precious forest communities. Rich Carpathian beech forest
is the dominant element here. It has grown on a bed that
was largely changed due to the mining operations conduct-
ed here in the past [9]. The stand is varied in this unit
regarding the number of species and their age. Massive firs,
sycamore maples, beeches, oaks and larches can be found
here.

Upland mixed conifer forest dominates in unit No. 164.
In the southern part of the unit there is a small strip of
swamp conifer forest. 

Experimental Procedures

Studies were carried out during the 2008 and 2009
vegetation seasons using a route method. A floristic record
was made for each of the three forest units within the
nature reserve. Latin names of the plants were given after
Mirek et al. [14] and phytosociological affiliation was
determined according to Matuszkiewicz [15]. Species
protected by law were selected according to the Ordinance
on Protected Wild Floral Species of the Minister of
Environmental Protection of 9 July 2004 [16].
Disappearing and endangered taxa for Poland were listed
after Zarzycki and Szeląg [17]. The red list of vascular
plants in the Wyżyna Małopolska upland was given after
Bróż & Przemyski [18]. To determine the ecological spec-
trum of plant species and changes of habitat conditions,
average ecological indicators for vascular plants were
used [19]. Changes of light (L), moisture (M), trophy (Tr),
and acidity (R) indicators were analyzed. The average val-
ues of ecological indicators were calculated using an
arithmetical mean. The statistical relevance of the differ-
ences obtained was checked by Wilcoxon’s signed-ranks
test, at p<0.05 [20].

Results

294 representatives of vascular plants were identified as
a result of the floristic studies conducted. From among
them, 38 belong to protected or endangered categories
(Table 1). Compared to the situation back in the 1960s, the
nature reserve’s flora has been depleted by 74 species.
Among the species which have not been found in the nature
reserve there are 17 protected or endangered taxa – the
number of valuable species decreased from 52 to 35 (Table
1). At the same time, 11 new taxa have been found in the
nature reserve's flora. Among them are three protected
plants (Aruncus sylvestris, Primula veris, and Vinca minor)
(Table 1.) and two foreign species (Aesculus hippocas-
tanum, Prunus cerasifera). The remaining 283 species were
recorded again after 40 years.

Analysis of the phytosociological affiliation demon-
strated a particular decrease in the number of species
belonging to Molinio-Arrhenatheretea, Nardo-Callunetea,
and Vaccinio-Piceetea (Fig. 1). As regards Molinio-
Arrhenatheretea, the biggest decrease was noted in the
number of Arrhenatheretalia (Fig. 2). 

Detailed comparative analysis demonstrated that there
were significant changes in the floristic composition of the
nature reserve’s individual forest units. Considerable
decrease in the number of species was observed in Unit
Nos. 162 and 163. Compared with 1964-69, in Unit No.
162 there were 88 fewer species of vascular plant. Some of
the species (22) were found in other parts of the nature
reserve. Additionally, 36 new taxa were reported. In the part
of the nature reserve in question the species that particular-
ly decreased in number were those belonging to Molinio-
Arrhenatheretea, Vaccinio-Piceetea, and Nardo-Callunetea
(Fig. 1). Within unit No. 163 species associated with com-
munities of non-conifer forest and conifer forest disap-
peared. A slight decrease in the number of species associat-
ed with peat and rush communities was noted (Fig. 1). The
number of vascular plant species was observed to have
risen in unit No. 164. Compared with research conducted
40 years ago, 48 new taxa were observed and 19 taxa were
not found. It should be stressed that the number of plants
from the dynamic eutrophic circle of non-conifer forest
doubled. At the same time, the number of species charac-
teristic of the dynamic circle of conifer forests on poor and
acid sites decreased (Fig. 1). In the next stage average val-
ues of indicators for the whole nature reserve and individ-
ual values for each of the units were compared. As regards
light indicator, there was a slight decrease in the number of
species preferring higher solar radiation intensity. The value
of the following indicators was observed to have risen:
moisture, trophy, and acidity. However, the results do not
reflect the changes that occurred in individual forest units
which differ as regards the dynamics and nature of changes.
In unit No. 162 a smaller intensity of solar radiation was
observed, while the moisture, trophy, and acidity increased.
Statistically relevant differences were demonstrated for the
last two indicators (Table 2). A slight increase of light, tro-
phy, and bed pH indicators were observed (statistically rel-
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Table 1. List of protected and endangered vascular plants in Świnia Góra nature reserve. 

No. Species
Risk categories Conservation

status

Unit 162 Unit 163 Unit 164

Region Country 1969 2009 1969 2009 1969 2009

1 Allium ursinum NT [V] Chr.cz. + + + +

2 Aquilegia vulgaris Chr. +

3 Aruncus sylvestris NT Chr. +

4 Asarum europaeum Chr.cz. + + + + + +

5 Blechnum spicant CR Chr. +

6 Botrychium lunaria CR V Chr. +

7 Cephalanthera longifolia VU V Chr. + +

8 Convallaria majalis Chr.cz. + + + +

9 Corallorhiza trifida EN V Chr. +

10 Crepis mollis VU + +

11 Dactylis polygama EN +

12 Dactylorhiza maculata VU V Chr. +

13 Dactylorhiza majalis Chr. + +

14 Daphne mezereum Chr. + + + + +

15 Dentaria enneaphyllos VU + +

16 Epipactis helleborine Chr. + + +

17 Epipactis palustris VU V Chr. +

18 Frangula alnus Chr.cz. + + + + + +

19 Galium odoratum Chr.cz. + + + +

20 Gentiana pneumonanthe VU V Chr. + +

21 Gladiolus imbricatus VU Chr. + +

22 Gymnocarpium robertianum EN + + +

23 Hedera helix Chr.cz. + + + + +

24 Hieracium racemosum VU R +

25 Huperzia selago VU [V] Chr. + +

26 Iris sibirica VU V Chr. + +

27 Ledum palustre Chr. + +

28 Leucorchis albida Chr. +

29 Lilium martagon Chr. + + +

30 Listera ovata VU Chr. + + +

31 Lycopodium annotinum Chr. + + + + +

32 Lycopodium clavatum Chr. + + +

33 Lysimachia nemorum VU +

34 Melittis melissophyllum Chr. + + +

35 Neottia nidus-avis Chr. + + + +

36 Ononis arvensis Chr.cz. +

37 Ophioglossum vulgatum VU V Chr. + +

38 Orchis mascula EN V Chr. +

39 Parnassia palustris NT +



evant difference) in Unit 163, with a decrease in the num-
ber of hygrophilous species noted at the same time. Unit
No. 164 is better lit and its moisture content increased.
Furthermore, the number of acidophilic species and those
preferring sites of higher trophic status was observed to
have increased. Statistically relevant differences were
obtained for bed pH and light indicator.

Discussion of Results

More than 40 years ago, Świnia Góra strict nature
reserve was an outstanding place because of the diversity of
its vegetation that had developed partly as a result of human
activity. Now, without any human activity for more than 50
years, changes have taken place that can be described as
secondary succession and regeneration leading to a climax
stage [21]. The effects are, among others, partial depletion
of the nature reserve's flora, and less habitat heterogeneity
[22] with the nature reserve being more natural at the same
time. As a result, the number of vulnerable and protected
species in the reserve has decreased from 52 to 35. The
biggest decrease was observed in unit No. 162, where their
number has fallen from 39 to 30.

The main processes in the nature reserve involve a sec-
ondary succession of glades, eutrophication of forest habi-
tats and aging of stands.

In many cases, nature reserve conservation failed to
protect precious non-forest ecosystems [23, 24]. Strict pro-
tection implemented over recent years has resulted in the
disappearance of some of the glades and many precious
species, which due to the lack of light gave way to species
more accustomed to being poorly-lit. The species that most
quickly disappeared from the glades were those related to
fresh meadows and Nardetalia grassland. Those that have
remained are species related with Molinion meadows, and
can be quite numerous in juvenile forms of riparian, alder,
and oak-hornbean forests. Use must be quickly resumed in
the reserve as it is the only way to preserve precious non-
forest communities, i.e. a large number of vulnerable and
protected species of vascular plants. However, in the
authors' opinion, the process of succession which has been
going on for several years should be allowed to continue in
the nature reserve, and should not be stopped even if pre-
cious species of vascular plants are to be lost. Molinion
meadows that are still present in the nature reserve, and
which will disappear as a result of succession, are relative-
ly abundant in the Suchedniowski Sub-Plateu and
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Table 1. Continued.

Risk categories: Region – according to Bróż and Przemyski [18]: CR – critically endangered, EN – endangered, VU – vulnerable, 
NT – near threatened, LC – least concern.
Country – according to Zarzycki and Szeląg [17]: V – vulnerable, [V] – vulnerable (at isolated sites outside of the main area of occur-
rence) in Poland, R – rare (potentially endangered).
Conservation status – pursuant to the Ordinance on Protected Wild Floral Species of the Minister of Environmental Protection of 9
July 2004: Chr. – strictly protected, Chr. cz. – partially protected.

No. Species
Risk categories Conservation

status

Unit 162 Unit 163 Unit 164

Region Country 1969 2009 1969 2009 1969 2009

40 Pedicularis sylvatica VU Chr. +

41 Platanthera bifolia Chr. +

42 Platanthera chlorantha Chr. + + +

43 Polygonatum verticillatum NT + + + + +

44 Primula elatior Chr.cz. + + + +

45 Primula veris Chr.cz. +

46 Pyrola rotundifolia NT +

47 Senecio nemorensis VU + + + + + +

48 Streptopus amplexifolius CR Chr. + + + +

49 Taxus baccata VU Chr. + +

50 Thalictrum aquilegifolium LC + +

51 Thalictrum flavum NT +

52 Trollius europaeus NT Chr. + +

53 Veronica montana VU + + + +

54 Viburnum opulus Chr.cz. + + + + + +

55 Vinca minor Chr.cz. +



Gielniowski Hill [25, 26], and should be protected in the
course of farm use.

Within the whole nature reserve, forest community
eutrophication can be observed. This is evidenced by the

increase of trophy and acidity index (Table 3). These ten-
dencies have been observed across Poland in different forest
units [27-31] and the process becomes more and more com-
mon, even in relatively well preserved forest biocenoses.
There is much evidence that productivity of forest habitats
in European forests has been noted to have increased during
the last century [32]. Therefore, changes noted in Świnia
Góra might result from the regeneration of forest communi-
ties and global changes. Climate changes and air pollution
have a large impact on the processes observed [33-35].
Climate fluctuations facilitate the growth of species with
higher thermal requirements (for example Fagus sylvatica
and Carpinus betulus) and their expansion into coniferous
forest habitats [36, 37]. In natural forests, these effects can
be strengthened by tree fall gaps and dead wood. In Świnia
Góra nature reserve numerous gaps in stands have been
observed as a result of the disappearance of old trees of
Abies alba and Fagus sylvatica. This results in improvement
of light conditions and facilitates decomposition of organic
matter. The factors discussed provide a good base for the
growth of nitrophilous, gap-dependent species. Another rea-
son behind the increased trophic status of habitats in ques-
tion is the invasion of non-conifer trees to conifer forest
habitats. Apart from soil trophy increase as a result of plant
litter activity, the above results in a considerable decrease of
available light, which in turn leads to the disappearance of
acidophilic, oligotrophic species of groundcover. However,
as demonstrated by research conducted in Roztocze
National Park, it is not certain if the observed changes are
directional and will result in transformation of Abietetum
polonicum phytocenoses into Tilio-Carpinetum abietosum,
or if they are fluctuating in nature [38, 39]. 

Aging of stands is particularly visible in unit No. 163,
where the late terminal phase covers a relatively large area.
It is characterised by uneven/or dispersed stand structure.
The decomposition phase is observed in a few places too.
This tendency is confirmed by improvement of light condi-
tions as shown by ecological indicators. The death of old
trees (mainly Fagus sylvatica and Abies alba) is too fast a
process to make self-sowing possible. This results in the
occurrence of sites that are almost totally devoid of trees
and inhabited mainly by herbaceous plants and bushes. The
phase breaks the continuity of the forest in a given area,
thus resulting in a loss of characteristics of the forest envi-
ronment [40]. The increased death of old firs may be a
result of the above-mentioned climate changes, because
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Fig. 1. Number of species characteristic of individual phytoso-
ciological classes in the years 1964-69 and 2008-09. 
Mol-Arr – Molinio-Arrhenatheretea: seminatural grassland and
pasture community with varying degrees of humidity
Que-Fag – Querco-Fagetea: eutrophic broadleaved forests
Vac-Pic – Vaccinio-Piceetea: coniferous forests on acid and
poor habitat
Nar-Cal – Nardo-Callunetea: seminatural and antropogenic
community of Nardus stricta swards and heathland
Phr. – Phragmitetea: rash community
Sch-Car – Scheuchzerio-Caricetea: lowmoor and transitional
moor communities
Art.vul – Arthemisietea vulgaris: community of perennial plant
on ruderal habitats
Epi.ang – Epilobietea angustifolii: clearing communities
Tri-Ger – Trifolio-Geranietea: ecotone habitats with ter-
mophilous community
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Fig. 2. Number of species characteristic of Molinio-
Arrhenatheretea in the years 1964-69 and 2008-09.



they have grown in different ecological conditions [41]. In
places where forest regeneration is visible, there is a slight
domination of Fagus sylvatica. Fir regeneration and growth
processes may be hindered by the changed chemical com-
position of soils, which is a consequence of air pollution
[42].

The results indicate that strict protection does not con-
tribute to conserving fir habitat or upland fir forest, and
therefore confirms that the community is not a climax one
[43]. It was concluded that passive protection extended over
a longer period results in the failure to maintain the commu-
nity’s proper condition. Nevertheless, no active protection
whatsoever should be extended to fir habitat in Świnia Góra
nature reserve. The only thing that is allowed is to observe
natural processes at work left to their own devices.

This form of protection, however, is in conflict with the
goals of protection of Natura 2000 Suchedniów Forests
habitat (code: PLH 260010), which also covers the nature
reserve and aims at conserving the Świętokrzyski fir forest.
Yet, it is most important to preserve the continuity of natur-
al processes occurring in phytocoenoses in this relatively
small area, even if the area of legally protected habitats was
to decrease.

Conclusions

During the last 40 years 74 species of the flora have dis-
appeared from the strict nature reserve, 12 of them being
endangered or protected and at the same time 11 new taxa
were noted. Based on the type of changes observed within
the reserve, the authors have found the following processes

to occur within the reserve: secondary succession of glades,
eutrophication of forest habitats and aging of stands.

Strict protection implemented over recent years result-
ed in the disappearance of some of the glades and many
precious species, which due to the lack of light gave way to
species more accustomed to being poorly-lit. The species
that most quickly disappeared from the glades were those
related with fresh meadows and Nardetalia meadows.

Forest community eutrophication can be observed with-
in the whole nature reserve. This is evidenced by the
increase of trophy and acidity index.

The changes are probably caused by two reasons, i.e.
forest communities regeneration and global changes
observed across Europe.
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