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Abstract 
The aim of this research was to answer the question of whether the floristic- 
phytosociological characteristics of the forest communities described in the 
mid-twentieth century in the Zielonka Experimental Forest (Poland) have 
changed, and if so, what were the reasons for these changes and what were 
their environmental and economic consequences. The basis of the research 
was a comparison of plant community descriptions drawn up in 1957-1961 to 
descriptions of the states of those communities in 2010-2017. The study 
showed a significant decrease in the number of plant species. The reasons for 
the disappearance of some plant communities are seen in the natural or ar-
tificial changes of pine in sandy habitats, which evolved towards richer com-
munities. The disappearance of xero-thermophile oak woods had two main 
causes: a natural cause, which was a consequence of regeneration towards 
oak-hornbeam woods after the anthropogenic phenomena responsible for 
their management, and anthropogenic disturbance related to the planting of 
Fagus sylvatica trees or Prunus serotina. The second case is described more 
broadly and considers both the positive and negative roles of changing the 
floristic compositions of forest ecosystems. 
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1. Introduction 

Under natural conditions, habitat factors (e.g., soil, climate, location) determine 
the growth and development of plants. These natural factors are superimposed 
on human activity, which is increasingly changing the plant cover. The pace of 
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these changes can be assessed in different ways. One method that documents the 
current floristic composition is a phytosociological plot (relevé), a basic element 
of description in the field called phytosociology. Phytosociology is a botanical 
science as well as being part of the discipline of ecology. It describes vegetation 
and individual communities [1]. The essence of phytosociological relevés is to 
compile a list of plants in a given area, including the degree of coverage for each 
species expressed either as a percentage [2] or by using the scale provided by 
Braun-Blanquet [3]. The value of phytosociological data grows over time pro-
vided that the locations of the plants are well documented to allow repeated stu-
dies in the same place. The juxtaposition of relevés taken at different intervals 
allows the capture of vegetation changes that are taking place and thus aids the 
interpreting these changes. This is also the purpose of this article, which is based 
on selected relevés describing the forest ecosystem that were conducted by No-
waczyk [4]. The directions and effects of the changes were investigated by con-
sidering the natural and economic consequences. 

There are many methods for studying plant cover transformation. They can 
be carried out at the species level and at the level of phytocoenoses [5]. However, 
it seems that a common feature should be observations carried out in well-defined 
research plots [6]. These types of observations have been carried out in different 
parts of the world and in different types of plant communities. In Canada, the 
results of a 40-year study of the alpine floor tundra were published by Danby et 
al. [7], pointing to an increase in the number of species in the studied communi-
ties and linking this fact to global warming. Holzinger et al. [8], Kullman [9], 
Vittoz et al. [10] and Odland et al. [11], obtained similar results for alpine and 
subarctic communities. Becker et al. [12] presented the results from 40 years of 
observations of vegetation changes in former coppice forests in the central part 
of Germany and indicated that the reasons for the changes were associated with 
the manner of development as well as with eutrophication with nitrogen com-
pounds. 

Despite the clear advantages of permanent experimental plots, their main 
disadvantages are their limited temporal and spatial extents [13]. Most field ob-
servations and experiments are short-term and yield quite limited knowledge 
regarding the dynamics of ecosystems operating under the influence of 
long-term factors [13]. The period of this type of research usually does not ex-
ceed several decades, with a few exceptions, e.g. [14]. Therefore, as an alternative 
to long-term observations of permanent research plots, Hedl et al. [13] reported 
retrospective studies. The concept underlying this type of research is not new. It 
was described in 1929 by Conard and Galligar [15]. In turn, the disadvantages of 
reproducing vegetation descriptions in a given area are mainly associated with 
possible shifts in the compared areas, as well as the subjectivity of the observer 
[16]. These two sources of undesirable variation between the first study and re-
peated studies cannot be completely removed, although their impacts can be es-
timated [17] [18]. 
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However, these restrictions do not affect the level of interest in the subject, as 
exemplified by the congress held in Brno (Czech Republic) in 2015, at which 
four papers on wetlands were presented [19] [20] [21] [22], four forest ecosys-
tems [12] [23] [24] [25], three grassland ecosystems [26] [27] [28]; one Arctic 
ecosystem [16] and one coastal vegetation ecosystem were addressed [29]. 

2. Material and Methods 

The basis of this study was a comparison of plant community descriptions made 
by Nowaczyk [4] in 1957-1961 with the current states of those plant communities. 

The reconstruction of research plots consisted of converting a copy of the au-
thor’s manuscript map into digital form and creating a numeric map layer in the 
ArcGIS 10 software. This procedure allowed the determination of geographical 
coordinates for the research plots described by Nowaczyk to mark field loca-
tions, which provided the basis for comparative studies. The GPSmap 62st device 
was used to locate the plots in the field using geographical coordinates, and the 
measurement accuracies for the conditions of the research area varied up to sev-
eral meters. 

The size of the research areas established by Nowaczyk ranged from 200 - 400 
m2 and was occasionally as large as 500 m2. For the comparative studies, the size 
of the research areas was standardized to 400 m2, and this approach combined 
with the abovementioned accuracy in determining the locations in the field re-
sulted in no additional significant impacts on the test results. However, consi-
dering the above information, the comparative studies focused more on qualita-
tive changes in the composition of the undergrowth than on quantitative 
changes within the described plant species. 

The descriptions of the phytosociological relevés, similar to those prepared by 
Nowaczyk, were prepared in accordance with the Braun-Blanquet method, 
which is commonly used in this respect. 

All of the initial phytosociological plots described by Nowaczyk, after com-
paring them with the present state, were grouped into pairs, which enabled cap-
ture of the differences between the individual research areas. These differences 
were determined by compiling, for each relevé, a list of species that had disap-
peared in a given place, a list of species that had entered over the past several 
decades, and a list of species that had been recorded by both Nowaczyk and that 
are currently present. 

The nomenclature of plant associations follows Matuszkiewicz [30]. 

3. Results 

To highlight past and future human impacts on plants and forest ecosystems, 
two pairs of phytosociological relevés with similar habitat condition characteris-
tics were selected in the experimental forests belonging to the Poznań University 
of Life Sciences (Poland). The soils of the studied areas were created from loose 
outwash sands with acidic reactions and are in a climate with current relatively 
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low average annual rainfall, are in a zone that is typical for a moderate climate, 
and have an average annual temperature oscillating at approximately 8˚C (Figure 
1). In such conditions, in the lowland part of Poland, the forest-forming species 
are pine (Pinus sylvestris), oak (Quercus petraea & Q. robur), hornbeam (Carpi-
nus betulus) and beech (Fagus sylvatica). For several dozen years, Prunus seroti-
na, introduced to Poland in 1813 [31] [32], has been growing increasingly inten-
sively, and in the area of the Zielonka Experimental Forest, where the research 
was conducted, it appeared in 1949 [33]. Depending on the species compositions 
of the stands, which is affected not only by habitat conditions but also by forest 
management, the following plant communities may exist: Leucobryo-Pinetum, 
Querco roboris-Pinetum, Calamagrostio arundinaceae-Quercetum petraeae, Po-
tentillo albae-Quercetum, Galio sylvatici-Carpinetum, Luzulo pilosae-Fagetum, 
and Fago-Quercetum, and where the bird cherry dominates, substitute communi-
ties with bird cherry participation form (Figure 1). Some of the communities 
play a special role in the European nature protection system (Natura 2000), re-
quiring proper care of their conditions. These communities are marked in bold 
and have a darker background in Figure 1. 

The communities used as examples are marked in this paper by the letters A 
and B. In 1952, community A consisted of pine with ages of 75 - 80 years. Occa-
sionally, an oak tree with the same age range was present. For 20% of the area, oaks 
with ages of 8 - 12 years were planted. In the phytosociological relevé performed in 
1960 by Nowaczyk [4], this location was described as the Pino-Quercetum plant 
association (according to the current nomenclature of Querco roboris-Pinetum). 
The author of the description noted 32 species of vascular plants and 3 species of 
mosses. 

 

 
Abbreviations: P.s.—Pinus sylvestris; Q.p.—Quercus petraea; Q.r.—Q. robur; C.b.—Carpinus betu-
lus; F.s.—Fagus sylvatica; Pr.se.—Prunus serotina; L.-P.—Leucobryo-Pinetum; Q.r.-P.—Querco ro-
boris-Pinetum; C.a.-Q—Calamagrostio arundinaceae-Quercetum; P.a.-Q.—Potentillo al-
bae-Quercetum; G.s.-C—Galio sylvatici-Carpinetum; L.p.-F.—Luzulo pilosae-Fagetum; 
F.-Q.—Fago-Quercetum; CPr.se.—plant community formed by Prunus serotina. 

Figure 1. Impacts of habitat factors on the species compositions of stands and plant 
communities. 
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The phytosociological relevé, repeated in 2018 by Konatowska [34], found 
only 8 species, including 7 vascular plants and one moss, with only 4 species 
showing a permanent presence (Betula pendula, Picea abies, Pinus sylvestris and 
Quercus petraea). Between 1960-2018, 31 species disappeared, and 4 new ones 
appeared in this area, including Prunus serotina (Figure 2). 

The appearance of Prunus serotina played a key role in the history of changes 
to plant cover in relevé area A. This species was not noted in 1960 in this area, 
while in 2018, it formed a layer of shrubs with a coverage of 75% - 100% (grade 5 
on the Braun-Blanquet scale) and had displaced most species from the forest 
floor by shading or through allelopathic interaction (or both factors combined). 

In 1952, the B plant community was formed by pine with ages of 101 - 105 
years. The pine was occasionally accompanied by oak and birch. In some places, 
a hornbeam was present. Beech (Fagus sylvatica) had also been planted in the 
past, and its age was 18 years in 1952. 

The phytosociological studies repeated in 2017 [34] showed the presence of 
only 15 species (Figure 3). 

The growth of Fagus sylvatica, planted in approximately 1935 and forming a 
dense second layer of stand in 2017, played a key role in the history of changes in 
vegetation cover by shading the forest floor. This led to the elimination of 46 
species that were recorded in 1957. However, the beech also played other roles. 
In part of the forest, 50 m away, where a beech stand had been cut down, Prunus 
serotina entered and completely displaced all other species. The floristic com-
parison for the locations with bird cherry was as follows: 1957 − n = 55; 2017 − n 
= 1. Although the presence of bird cherry under beech stands was also noted in 
2017, its proportions were sporadic and were only in the form of seedlings, with 
no further growth to the next stage of the stand. 

In Figure 4, for the final stage of changes noted in research plot A (2018), 8  
 

 
Disappeared: Achillea millefolium, Anthoxanthum odoratum, Betula pubescens, Calamagrostis 
arundinacea, Chimaphila umbellata, Dicranum polysetum, Euphorbia cyparissias, Festuca hetero-
phylla, Festuca ovina, Fragaria vesca, Galium mollugo, Hieracium murorum, Hieracium pilosella, 
Hylocomium splendens, Hypericum perforatum, Luzula pilosa, Melampyrum pratense, Melica nu-
tans, Mycelis muralis, Orthilia secunda, Pleurozium schreberi, Poa pratensis, Pseudoscleropodium 
purum, Rubus idaeus, Rumex acetosella, Senecio sylvaticus, Sorbus aucuparia, Vaccinium myrtillus, 
Veronica chamaedrys, Veronica officinalis, Viola reichenbachiana. 
Appeared: Dryopteris carthusiana, Moehringia trinervia, Prunus serotina, Sciuro-hypnum oedipo-
dium. 
Permanent species: Betula pendula, Picea abies, Pinus sylvestris and Quercus petraea. 

Figure 2. Differences in species compositions in relevé area A between 1960 and 2018. 
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Disappeared: Ajuga reptans, Anthoxanthum odoratum, Asperula tinctoria, Astragalus glycyphyllos, 
Brachypodium sylvaticum, Briza media, Campanula persicifolia, Carex digitata, Convallaria majalis, 
Dicranum scoparium, Euphorbia cyparissias, Festuca heterophylla, Fragaria vesca, Frangula alnus, 
Galium boreale, Galium mollugo, Galium verum, Geranium sanguineum, Hieracium murorum, 
Hypericum montanum, Hypericum perforatum, Knautia arvensis, Lathyrus niger, Lathyrus vernus, 
Melampyrum pretense, Pimpinella saxifraga, Plagiomnium affine, Pleurozium schreberi, Poa nemo-
ralis, Poa pratensis, Polygonatum odoratum, Potentilla alba, Pyrus communis, Quercus robur, Ra-
nunculus polyanthemos, Rubus saxatilis, Sedum maximum, Sorbus aucuparia, Stachys officinalis, 
Thalictrum minus, Trifolium alpestre, Vaccinium myrtillus, Vaccinium vitis-idaea, Veronica cha-
maedrys, Vicia cassubica, Viola canina. 
Appeared: Crataegus monogyna, Fagus sylvatica, Galeopsis tetrahit, Impatiens parviflora, Prunus 
serotina, Viola riviniana. 
Permanent species: Melica nutans, Moehringia trinervia, Mycelis muralis, Pinus sylvestris, Rubus 
idaeus, Quercus petraea, Silene nutans, Urtica dioica, Veronica officinalis. 

Figure 3. Differences in species compositions in relevé area B between 1957 and 2017. 
 

 
Figure 4. Stages of transformation of the plant cover between 1957-1960 and 2017-2018 
and the effects of these changes. 

 
plant species are recorded and an additional 4 species are noted in brackets. The 
number in brackets is noted because 4 species occurred in the upper layers of the 
stand (e.g., Betula pendula, Picea abies, Pinus sylvestris and Quercus petraea), 
without any influence from Prunus serotina on these species. However, the ab-
sence of a young generation of these four tree species suggests that they will sub-
side in the coming years. 
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4. Discussion 

The changes shown in Figure 5 are only some of the consequences resulting 
from the changes in plant cover over the documented 60 years. They do not re-
flect, among other factors, the impact of species disappearances on the fauna. It 
is enough to mention that among the species that have disappeared, there are a 
number of plants that are important for forest bees and bumblebees, which are 
showing a global decreasing trend. Additionally, the expansion of Prunus sero-
tina, which is not consumed by herbivores in Poland, can lead to concentrations 
of damage in other parts of forests, where species attractive to deer and other 
animals remain. 

From a natural point of view, a significant negative effect of the changes in 
vegetation is the loss of natural plant communities, some of which have the sta-
tus of natural habitats and are protected in the EU under the Natura 2000 net-
work. Restoration of these habitats, if such attempts were made, would need to 
be associated with the restoration of species providing strong shading, of which, 
for the described habitat conditions, Carpinus betulus would be the most appro-
priate. The problem with this species, however, is that it has always been of low 
value in Polish forestry. Hence, its long-term elimination is related to forest 
management systems and the replacement of the hornbeam by pines and oaks, 
which was influenced by the higher economic value of the pines and oaks. This 
type of forest management created an ecological niche after the elimination of 
hornbeam in its habitats, and this niche was filled by Prunus serotina. At 
present, the costs of fighting the bird cherry should be added to economic calcu-
lations. Analysis of the complex environmental and economic consequences 
could be the subject of a separate study. This publication focuses only on de-
monstrating what types of information phytosociological work provides when 
comparing data obtained at different times. The authors are also aware of the 
labor intensity of this type of study, which in some regions of the world, may be 
difficult to carry out in a traditional, terrestrial manner with descriptions made 
directly by a researcher. Hence, there is a need to improve the techniques of  

 

 
Figure 5. Consequences of the changes that occurred in the locations described by the A 
and B relevés. 
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telemetric evaluations of plant cover. Regardless of the methodological aspect of 
taking a phytosociological relevé, the value of such surveys is of enormous envi-
ronmental and economic significance and increases with the time between the 
first and last studies in a given area. 

5. Conclusion 

Comparisons of phytosociological relevés conducted at different times with long 
intervals between them have significant scientific and practical meaning. From a 
scientific point of view, they provide information on the dynamics of plant cover 
as related to human activity, climate change and all other factors affecting plant 
development. From a nature protection point of view, phytosociological data 
provide information on the dynamics of endangered and invasive species. From 
an economic point of view, the analysis of phytosociological relevés allows as-
sessments of the effects of human activities. The example presented in this pa-
per, which shows the effects of forest management on floristic changes over 60 
years, can be treated as a case study, but considering how data are used and in-
terpreted, this example is universal. For this example, one mistake made in the 
past, as part of forest management, has led to the disappearance of over 80% of 
the plant species in a given research area. The consequences of the disappear-
ance of each species could be considered separately both in terms of nature as 
well as economically. In this context, phytosociology provides the opportunity to 
link to a number of additional studies, e.g., entomological or mycological, as well 
as social aspects in the field of human usage of natural resources. This shows 
that phytosociology is a tool that still has great and untapped potential. 
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