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Abstract
Forest reserves are the most common type of nature reserves in Poland. As a result of human impact they also underlie
adverse changes from the viewpoint of nature conservation. In this paper, the results of phytosociological studies
carried out in 14 selected nature reserves situated in the Silesian-Kraków Upland (southern Poland), with woodland
communities as the prevailing vegetation type, were presented. Eleven neophytes were encountered in the forest
interiors, of which three are very frequent and abundant: Impatiens parviﬂora, Quercus rubra and Padus serotina in the
comparison with other alien species.
These three species differ signiﬁcantly from each other in the phytosociological spectrum and habitat preferences
but there are no differences between species richness of the forest patches invaded by them. In spite of the presence
of alien species treated as a invasive, the forest communities are quite well preserved compared to invaded managed
forests, but in the future some efforts should be made to protect native vegetation from the threat of invasive alien
species.
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Nature reserves are created to protect remnants of the
natural ﬂora and fauna. The measure of the value of a
particular reserve is the inclusion of rare, endangered and
protected species. Thus, efforts are made to maximize
the number of such species per area unit (cf. Pyšek
2002). However, even as a result of human inﬂuence,
they are responsible for harmful changes in the ﬂora and
vegetation. The subject of synanthropization as deﬁned by
Faliński (1972) or human impact and disturbance in nature
reserves, has caught the attention of phytogeographers,
plant ecologists and conservationists for a long time
in both Poland (Krawiecowa 1972; Olaczek 1998) and
abroad (cf. Pyšek et al. 2002).
One of the threats to natural biodiversity is the increasing
role of plants of alien origin including those considered
as invasive species. There have been some quantitative
attempts to describe the degree of synanthropization of
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nature reserves ﬂora (Wika 1986). Besides in literature,
one can ﬁnd more proposals for an estimation of the
invasion into vegetation at the phytosociological level
(Faliński 1966; Olaczek 1974; cf. Łaska 2001). These
methods can be useful in a quick evaluation of the range
of biological invasion phenomenon in ﬂora and vegetation
in protected areas. Olaczek (1974) suggested the term
‘neophytization’, which is deﬁned as the penetration of
the neophytes into the community or artiﬁcial introduction
of geographically foreign species. In the following work, a
‘neophyte’ is deﬁned as an established alien plant species
introduced after 1500 (Pyšek et al. 2004). The Polish
equivalent term is ‘kenophyte’ whose deﬁnition coincides
with that of with ‘neophyte’ (Kornaś 1990).
The main objective of the study was to examine role
of invasive alien species in the forest vegetation of chosen
nature reserves, in the Silesian-Kraków Upland. In detail,
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the objectives were designed to answer to the following
questions; namely: (i) What is phytocoenotic spectrum of
invasive plants in forest communities in selected nature
reserves? (ii) What are the differences in invasion by
neophytes? (iii) What are the differences (if any) between
the degree of invasion in different nature reserves?
And (iv) ﬁnally, can one on the basis of contemporary
conditions, predict the future direction of invasions of
forest phytocoenoses in the habitats studied.
Study area and methods
The studies were carried out in six nature reserves in the
Silesian Upland and in eight nature reserves in the KrakówCzęstochowa Upland (Fig. 1, Table 1). The ﬁrst region,
covering an area of 3929 km2 is characterized by a diverse
relief and geological structure. The mean annual temperature
amounts to ca. 8°C and the mean precipitation per annum
amounts to between 665 and 859 mm (Kozyreva 2004).
The Kraków-Częstochowa Upland covers an area of about
2615 km2 and is mostly built from Jurassic dolomites. The
characteristic elements of the landscape are limestone rocks
of different shapes (relic mountains) and various caves as
well as numerous castles.
The mean elevation of the area is about 350 m a.s.l.
The soils of this area are rather poor, 60% of them are
podzolic soils, and more rarely, brown soils occur. The
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mean annual temperature is ca. 7.5°C and the mean annual
precipitation is ca. 700 mm but it increases to the south
(Urbisz 2004).
In 2004, a total of 121 phytosociological relevés, using
the commonly applied Braun-Blanquet method, were taken
in forests in plots of 100 m2. The relevés were collected in
the forest interiors, away from forest roads and other sites
of disturbance. Previous studies on the forest vegetation
of selected nature reserves were used to observe sites
occupied by neophytes (Wika, Cabała 1994; Sierka 2001;
Bąba 2002; Bąba, Michalik 2002; Chmura 2002). Sites
with the occurrence of alien species were mapped and
using the random sampling numbers method some of them
were selected for phytosociological research. The sites of
relevés were included on the map or identiﬁed by means of
GPS. The criterion for relevé selection was a presence of
particular alien species in different forest phytocoenoses,
independent of their various cover-abundance. The self
collected material was listed in a table using the computer
software JUICE 6.3 (Tichy 2002). For statistical purposes,
the values of Braun-Blanquet were transformed as follows:
r,+=1%; 1=2.5%; 2=15%; 3=38%; 4=63%, 5=88% and
in further analysis, using numerical methods (Ward
method, city block Manhattan), vegetation units were
distinguished. Furthermore, by means of this software,
values of the Shannon-Wiener index, average cover, and
percentage constancy were calculated. For the purpose of
estimation of the naturalization degree of invasive species,
based on Aleksandrowicz’s degree dominance (1951), the
percentage cover of neophytes in relevés was calculated
according to the following formula:

where: DN = degree of neophytization, CNI – sum of
cover of all neophytes in relevé, CALL – sum of cover of all
species in relevé.
In order to estimate the role of a particular neophyte
in the neophytization of a community, its percentage
relative cover PN was computed according to the following
formula:

Fig. 1. Situation of the investigated nature reserves in the
Silesian-Kraków Upland. a – border of study area, b – nature
reserves, c – forests. 1 – Bukowica, 2 – Dolina Eliaszówki, 3
– Dolina Kluczwody, 4 – Dolina Racławki, 5 – Lipowiec, 6
– Ostra Góra, 7 – Skała Kmity, 8 – Wąwóz Bolechowicki, 9
– Hubert, 10 – Dolina Żabnika, 11 – Łężczok, 12 – Ochojec, 13
– Segiet, 14 – Las Murckowski.
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where: PN = participation in neophytization,
CN – cover of neophyte in relevé, CNI – the sum of cover of
all neophytes in a relevé.
In order to characterize the habitat preferences of
invasive species, the average values of Ellenberg (1992)
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Table 1. Characteristics of the investigated nature reserves. Abbreviations of the names of forest communities: see Fig 2.
No.

Name

Region

Area (ha)

Forest Communities

1

Bukowica

Krak-Częst.

22.76

2

Dolina Eliaszówki

Krak-Częst.

109.57

3

Dolina Kluczwody

Krak-Częst.

35.22

DF, AU, TC

4

Dolina Racławki

Krak-Częst.

473.9

QP, LF, FC, DF, TC, FA

5

Lipowiec

Krak-Częst.

12.44

QP, DF, LF, FC

6

Ostra Góra

Krak-Częst.

7.22

7

Skała Kmity

Krak-Częst.

19.36

QP, DF, TC

8

Wąwóz Bolechowicki

Krak-Częst.

22.44

QP, TC, DF

9

DF, LF, FC
QP, FC, DF, TC, FA

FC, DF

Hubert

Silesian

13.47

QP, TC

10

Dolina Żabnika

Silesian

42.33

LP, QP, FA

11

Łężczok

Silesian

396.21

12

Ochojec

Silesian

26.77

CP, QP, FA, TC

13

Segiet

Silesian

24.99

FC, DF

14

Las Murckowski

Silesian

100.67

indicators were calculated. During the computations,
only binary data (presence/absence of species) were
included and the values of invasive species studied were
excluded. Syntaxonomical nomenclature were given
after Matuszkiewicz (2001) and plant names followed
Mirek et al. (2002). For comparisons of differences in
DN, PN indexes and the values of Ellenberg indicators,
the non-parametric ANOVA Kruskal-Wallis test was
applied. The probability was called signiﬁcant for level
p<0.05 and lower.

FA, TC

LF

Results
In the forest patches of the nature reserves, a total 11
neophytes species were observed. The most frequent was
Impatiens parviﬂora, and the least represented were Padus
serotina, and Quercus rubra. These three species also
occur in the highest number of nature reserves compared
to the remaining ones (Table 2).
The nature reserves differ in the number of neophytes.
Hubert and Ochojec from the Silesian Upland were the

Table 2. Frequency of neophytes in selected nature reserves.
No. of object

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Total

Species/no. of relevés

4

13

4

16

5

3

7

18

11

14

7

8

2

9

121

Acer negundo

1

Aesculus hippocastanum

1

2

1

Bidens frondosa

1

1

Impatiens glandulifera
Impatiens parviﬂora

2

1

1

1
4

13

4

Padus serotina

16

5

1

7

18

3

5

2

4

2

2

5

87

1

1

3

4

1

3

17

8

11

Parthenocissus quinquefolia

1

Quercus rubra

1

Reynoutria japonica

1

Robinia pseudoacacia
Total

1

2

1

1
4
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14

4

17

6

3

8

19

17

4
2

2

Solidago gigantea

1
23

3

16

7

12

3

11

141

5
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Fig. 2. Dendogram of the similarity of forest communities in the Kraków-Częstochowa Upland (A) and the Silesian Upland (B)
using the Manhattan city block distance and Ward method. Leucobryo-Pinetum (LP), Querco roboris-Pinetum (QP), community
Fagus sylvatica-Cruciata glabra (FC), Luzulo pilosae-Fagetum (LF), Dentario glandulosae-Fagetum (DF), Fraxino-Alnetum (FA),
two subassociations Tilio-Carpinetum stachyteosum (TC-S), Tilio-Carpinetum typicum (TC-T), disturbed community of TilioCarpinetum (TC-Z), transitional phase between LF and TC (T) and one community of alliance Alno-Ulmion (AU).

6
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most abundant. However, the highest number of records
of neophytes was noted in Dolina Eliaszówki, Dolina
Racławki, and Wawóz Bolechowicki on the KrakówCzęstochowa Upland, and on the Silesian Upland: Hubert
and Dolina Żabnika (Table 2).
Numerical analysis led to 12 syntaxonomical units
being distinguished in the forest communities of the
Kraków-Częstochowa Upland and the Silesian Upland
as follows: from the Vaccinio-Piceetea class: LeucobryoPinetum W. Mat. (1962) 1973, Querco roboris-Pinetum W.
Mat. (1981) J. Mat 1988; from the Querco-Fagetea class:
Fraxino-Alnetum W. Mat. 1952, two sub-associations
of Tilio cordatae-Carpinetum betuli Tracz. 1962: T-C
stachyetosum, T-C typicum, disturbed community of
Tilio-Carpinetum, Luzulo pilosae-Fagetum W. Mat. et.
A. Mat. 1973, Dentario glandulosae-Fagetum Oberd.
et Müller, community Fagus sylvatica-Cruciata glabra,
transitional phase between Luzulo pilosae-Fagetum and
Tilio-Carpinetum and one community of alliance AlnoUlmion Br.-Bl. et R.Tx. 1943 (Fig. 2A, 2B).
Table 3 comprises data on invaded forest communities.
In the analysis, the phytocoenoses of oak-hornbeam
forests Tilio-Carpinetum and its disturbed phases as well
as transitional patches between it and the beech forests
Luzulo pilosae-Fagetum, were treated together. The
highest number of aliens was found in Fraxino-Alnetum,
but in forest communities as Querco roboris-Pinetum,
Tilio-Carpinetum typicum, and Luzulo pilosae-Fagetum –

4 species (Table 3). Of the neophytes observed, Impatiens
parviﬂora has the widest phytocoenotic spectrum and it
was noted in eight of nine vegetation units. In the relevés
with the presence of neophytes, this species has a 100%
frequency in Tilio-Carpinetum stachyetosum, as well as in
alder carrs (Alno-Ulmion) and the Fagus sylvatica-Cruciata
glabra community. In the remaining plant communities,
the species also scores high percentage constancy (from
32% to 86%). However, its highest cover-abundance
was noted in mixed pine forest Querco roboris-Pinetum,
oak-hornbeam forest Tilio-Carpinetum, and beech
forest Dentario glandulosae-Fagetum. Other frequent
species are: Padus serotina (six forest communities), and
Quercus rubra (four). Of the three, the most common and
abundant species I. parviﬂora, contributes signiﬁcantly
more to the neophytization of forest vegetation both
in the complete data set (Table 4) and in speciﬁc forest
communities (Table 5). However, there are no statistical
signiﬁcant differences between Q. rubra, and P. serotina
in relation to neophytization. The forest phytocoenoses
differ signiﬁcantly in degree of neophytization, with the
highest percentage cover of neophytes concerning TilioCarpinetum typicum and beech forests Luzulo pilosaeFagetum, and Dentario glandulosae-Fagetum as well as
alder forest Fraxino-Alnetum (Table 5).
The above mentioned species i.e. I. parviﬂora,
Q. rubra, and P. serotina differ in their habitat preferences,
mostly with respect to light tolerance (L index). The small

Table 3. Percentage constancy and median cover of neophytes in forest communities
Species/syntaxon

LP[5]

QP[25] TC-S[7] TC-T[30]

FC[2]

LF[13]

DF[21]

AU[9]

Acer negundo

22(3)

Aesculus hippocastanum

3(2)

11(3)

Bidens frondosa

11(3)

Impatiens glandulifera

1(3)

Impatiens parviﬂora

32(17)

Padus serotina b

16(14)

100(2)

90(18)

100(8)

69(8)

13(2)

50(2)

15(20)

Parthenocissus quinquefolia

100(5)

78(7)

14(5)

11(13)

8(2)

Quercus rubra a

24(3)
60(13)

Quercus rubra c

32(10)
16(3)

Reynoutria japonica
Robinia pseudoacacia a

86(18)

8(3)

Padus serotina c

Quercus rubra b

FA[9]

3(2)

11(2)

4(2)

15(13)

11(3)

40(2)

Solidago gigantea
Total
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11(2)
2

4

1

4

2

5

3

2

7

7
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Tab. 4. Comparison of habitat preferences, expressed by Ellenberg indicator values, and values of the Shannon diversity H’ and
average participation in neophytization PN of three of the most common species. Values with different letters differ at a level of
p <0.05. L-light, T-temperature, F-moisture, R-soil reaction, N-nitrogen.
Species/indicator value

L

T

F

R

N

H’

PN

I. parviﬂora

4.6a

5.2a

5.6a

5.7a

5.6a

2.15

67.7a

Q. rubra

5.6

5.3

5.7

4.4

4.5

b

2.13

13.6b

P. serotina

5.7c

5.3b

7.3b

6.1a

6.0a

2.14

10.8b

b

b

b

b

Tab. 5. Comparison of the participation in “neophytization” of the three most common species and degree of neophytization”,
expressed by the percentage of neophytes DN of particular forest communities. Values with different letters differ at a level of
p <0.05
Species/syntaxon

LP

QP

TC-S

TC-T

FC

LF

DF

AU

FA

0

32a

100

90a

75

59.4

83.3

89

64.3a

60

53.7a

0

0.07b

0

0

0

0

0.2b

0

b

10.3

0

9.4

c

25

19.2

14.2

0

11.1b

4.56

6.93

0.93

9.05

4.36

7.3

7.65

2.58

6.74

I. parviﬂora
Q. rubra
P. serotina
DN

balsam I. parviﬂora, prefers sites more shaded, whereas
P. serotina prefers sites with the highest light availability.
Both species occur in habitats less acid and with higher
content of nitrogen compared to red oak Q. rubra. There
are no statistical differences in the Shannon-Wiener index
concerning relevés with the occurrence of these three
species, although particular forest communities differ in
relation to the value of H’ (χ2= 25, df=8, p<0.01).
Discussion and conclusions
Results of the studies carried out conﬁrm that the most
invasive species in the scale of the country (Impatiens
parviﬂora, Padus serotina, Quercus rubra) (TokarskaGuzik 2003b), are also very invasive in terms of the scale
of the region including protected areas, i.e. in habitats
which are relatively well preserved. These species are
troublesome, from an environmental and conservation
point of view, as they can compete and even exclude native
woodland species (Pyšek et al. 1998; Vor 2004; Godefroid
et al. 2005). It is a known fact that species which occur
more frequently in a speciﬁc area, can usually easily spread
in natural habitats as well (Kühn, Klotz 2004; Urbisz,
Chmura 2005). Therefore, one can expect that species
common in country ﬂora are also more frequent in natural
habitats. Another predictor of invasiveness and ability
to enter natural communities, but of less importance, is
the number of habitats occupied by a given species. The
species found in forest interiors in the reserves studied are
usually to be found in many types of habitats (Tokarska-
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Guzik 2003a) e.g. Acer negundo, Impatiens parviﬂora,
Quercus rubra, Reynoutria japonica, and Solidago sp.
Some of them i.e. R. japonica and Solidago gigantea are
frequent but restricted to a smaller number of biotopes
in terms of the country and Impatiens glandulifera are
of less importance in forest vegetation. Parthenocissus
quinquefolia is a casual alien, not established in the Polish
ﬂora (Mirek et al. 2002). Some species were encountered
only on forest paths, roads and in the vicinity of nature
reserves as archaeophytes: Capsella bursa-pastoris, Malva
neglecta, Senecio vulgaris, Lamium album but they occur
scarcely and not abundantly. Of the neophytes, the species
to be found only in ruderal habitats are: Oxalis fontana,
Chamomilla suaveolens, and Juncus tenuis. Also some
species were found in forest interiors, more frequently
they were encountered in semi-natural and ruderal habitats
(forest paths). The forest stands with the occurrence of
aliens do not differ signiﬁcantly from those deprived of
them; they also are characterized by a high species richness
index (Table 4). This is due to the fact that invasive alien
plant species in the reserves studied occur in quite well
preserved phytocoenoses and their abundance is lower
than in managed forests. There is considerable body of
literature data indicating that logging, soil disturbance, the
thinning of tree stands and above all the system of forest
roads, promote invasions into forest interiors (MedweckaKornaś 1994; cf. Noss 2001; Watkins et al. 2001). In
nature reserves forest management activities are limited or
have completely ceased, dependent on conservation plans.
Therefore, in the forest reserves studied, the number and
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abundance of neophytes is lower than in the managed
forests of this region, especially for the Silesian Upland
(Chmura 2004; Chmura, Sierka 2005). As the other
studies show, the earlier establishment of nature reserves
lead to smaller proportions of aliens in ﬂora (Pyšek et al.
2003). Native resident vegetation also plays a role in the
naturalization of non-native species. Pyšek et al. (2002) in
the studies on the invasion in the reserves reported, that
in lowland ﬂora the proportions of aliens are biggest in
beech and hornbeam forests compared to pine and oak
forests. This is consistent with our data in spite of very
small group of samples. The exception is pine-oak forest,
phytosociologically Querco roboris-Pinetum, which
in the objects studied is very abundant in aliens. This
forest community is of an anthropogenic origin and is a
degenerative phase of deciduous forests that was suggested
by Bąba (2002), in the Dolina Eliaszówki and by Cabała
(1990) for forest vegetation in the Silesian Upland.
Olaczek (1998) in his review work of ﬂoristic and
phytosociological studies on 50 nature reserves mentions 13
of the most aggressively invasive and common neophytes,
including: Acer negundo, Padus serotina, Aesculus
hippocastanum, Quercus rubra, Reynoutria japonica,
Impatiens parviﬂora and I. glandulifera, Solidago sp. and
Juncus tenuis. The presence of all of them were conﬁrmed
in the forest reserves of the study area.
In our preliminary study we focused on the
phytosociological approach and we omitted the
relationships between invasions and both abiotic
characteristics of nature reserves i.e. area, shape, vicinity,
land use and biotic: the number and percentage of particular
habitats and plant communities.
It is possible and reasonable for a larger pool of
samples as in the review work by Pyšek et al. (2002,
2003), who analyzed data from 302 nature reserves. To
assess the degree of invasion and its impact on indigenous
plants, one should map localities and the range of the
occurrence of invasive alien species and further analyze
the obtained data. There is a debate as to whether native
species richness and diversity hampers (Tilman 1999)
or enhances invasions (Meiners et al. 2004). At present
there are no literature data for forest communities, only
for grasslands and abandoned ﬁelds in relation to invasion
resistance. Preliminary studies on the permanent plots
devoted to the relationships between native species
richness and abundance of aliens, showed that some species
e.g. Impatiens parviﬂora occur in sites characterized
by higher numbers of native species, but it affects the
cover of resident species (Chmura, Sierka 2005). At the
phytosociological level, it is possible to determine negative
or positive correlation between cover-abundance of alien
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and native species (Godefroid et al. 2005; Chmura, Sierka
2005; Chmura 2005). In the comparison with the other
phytosociological results (Cabała 1990; Sierka, Chmura
2004), one can say that invaded forest communities
occurring in nature reserves are better preserved than
those which are exploited by forest management. They
are also easier to classify phytosociologically in spite of
the higher abundance of aliens in some relevés. One can
predict that the vegetation of nature reserves without any
control can be changed similarly as managed forests. Some
species such as Acer negundo, Padus serotina, Quercus
rubra, Reynoutria japonica, Impatiens parviﬂora and I.
glandulifera, and Solidago sp. are considered as species
which are still expanding their range and abundance
(Zarzycki et al. 2002) and pose a serious threat to biological
diversity, landscape and protected areas (Tokarska-Guzik
2005). Therefore some efforts should be made to prevent
the remnants of native vegetation and ﬂora from the threat
of invasive species.
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