
Introduction

Phytosociological relevés provide an important source of 
information on vegetation, as they contain basic data on spe-
cies co-occurrence in a particular time and space. Owing to 
the simple standard procedure of data acquisition and a long-
standing tradition of phytosociology in Western and Central 
Europe, it was possible for those regions to collect resources 
estimated at approximately 4300000 records [1]. The dynamic 
development of software for archiving and analyzing large 
phytosociological data-sets in the early 1990s, made it increas-
ingly common to gather information in the form of electronic 
databases. At the turn of 20th and 21st centuries the number of 
digitalized relevés was assessed as 1 million, out of which 750000 
came from Central and Western Europe [2]. As the amount 
of data in vegetation-plot databases is constantly growing, 
the Global Index of Vegetation-Plot Databases (GIVD) – an 
online portal containing meta-data on existing databases – was 
created on the initiative of German botanists in August 2010, 

which has substantially facilitated the flow of information and 
the transfer of data [3,4].

Vegetation-plot databases are used, above all, in studies 
concerning the variability of species and habitats, as well as 
their relationships with environmental conditions [5,6], the 
assessment of biodiversity, macro-scale studies in vegetation 
ecology and global change research [3,7]. However, they are 
mostly designed for vegetation classification, especially on a 
large spatial scale [8–11].

The number of relevés from Poland has been estimated as 
180000 [1]. In the Polish Vegetation Database [12,13], developed 
in the University of Wrocław since 2007, 39170 relevés have 
been digitalized using TURBOVEG software [14]. The majority 
of relevés come from southwestern and western Poland. The 
Carpathians are mainly represented by the data from classic 
phytosociological studies from the Beskid Śląski and Beskid 
Żywiecki Mts., the Babia Góra Range, the Gorce Mts., Pieniny 
Klippen Belt and the Beskid Sądecki Mts. [14].

The idea of creating a regional database covering the data 
concerning the vegetation of Carpathian grasslands was con-
ceived in the Institute of Nature Conservation of the Polish 
Academy of Sciences in Kraków, independently and at approxi-
mately the same time as the similar initiative undertaken by the 
University of Wrocław. It stemmed from the need to supplement 
and update the data concerning mesic semi-natural grassland 
vegetation, very susceptible to land-use changes. Over the last 
few decades, land abandonment and decline in traditional 
farming practices have been recognized as the main threat to 
biodiversity, particularly marked in mountain areas of Europe 
[15]. Disappearance of thermophilic and oligotrophic grassland 
associations, as well as small, light demanding plant species as 
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a consequence of deep decline of agriculture in less productive 
areas at the higher altitudes, and developing of species-poor 
communities associated with more fertile and moist habitats 
are reported also from the Polish Carpathians [16–18].

The classification system of mountain grassland communities 
in Poland originates from regional phytosociological studies 
dating back to 1960s and 1970s and remains largely unaltered 
to this day [19]. Unlike in the Czech Republic or Slovakia 
[8–10,20], the system has not been validated by numerical 
methods. Furthermore, the knowledge of the current preserva-
tion state of these phytocoenoses is fragmentary, and results 
of Natura 2000 habitat monitoring indicate the deterioration 
in their condition [21].

The objective of this article is to present the phytosociologi-
cal database of grassland vegetation in the Polish Carpathians, 
to describe its resources, and to discuss the quality of data, as 
well as the usability of the database in the research on grassland 
vegetation.

Storing up and collecting vegetation data

Phytosociological relevés are stored in a TURBOVEG 
database, recognized as a binding standard in the European 
Vegetation Survey [22,23] and compatible with software used 
in vegetation data analysis [24]. The database resources mainly 
comprise relevés from semi-natural mesic meadows of Ar-
rhenatherion elatioris, Molinia meadows (Molinion caeruleae), 
as well as the formerly widespread but currently declining 
mat-grass swards of the order Nardetalia.

After inventorying the available phytosociological data, 
the insufficiently explored areas of grassland vegetation were 
identified. In order to achieve a more even distribution of 
data and record the present stage of grasslands, a field survey 
has being carried out since 2009. The relevés were performed 
in plots exceeding 16 m2 [25], usually 25 m2, and the species 
cover-abundance was evaluated using the extended, 9-point, 
Braun-Blanquet scale [26]. Apart from the standard data, any 
available information on the land use (the way of use, intensity, 
frequency, past use, and the duration of out-of-use periods) 
was also recorded.

Resources – basic statistics

Until January 2013, 4620 relevés recorded by 57 authors at 
an altitude range of 195 to 2000 m above sea level have been 
archived in the base. The oldest relevés date back to 1923, and 
represent mat-grass communities and mountain mesic meadows 
in the Western Tatra Mts. [27]. The authorship of as many as 
two thirds of the relevés is attributed to no more than 17 people 
(Tab. 1). The published relevés constitute 60% of the data col-
lected and come from 52 studies. The most significant amount 
of data was obtained from the following journals: Fragmenta 
Floristica et Geobotanica (606 relevés), Zeszyty Naukowe UJ 
(246), Prace Botaniczne (234), Zeszyty Naukowe Uniwersytetu 
Rolniczego im. H. Kołłątaja w Krakowie (236) and Studia 
Naturae (231). Approximately 5% of the database resources are 
relevés from doctoral dissertation manuscripts, studies on the 
vegetation cover in protected areas and natural science expert 
reports prepared as part of the agri-environmental program. 
The quality of the latter is fairly varied. The rest of the data are 
unpublished relevés from 1996–2012. More than half of them 

(1146 relevés) were recorded recently, mostly in the regions that 
lacked data: the foothill belt, the Western and Central Beskidy 
Mts. and the Orawa-Podhale Depression (Fig. 1).

Temporal coverage of relevés stored in the database varies 
considerably (Fig. 2) and reflects the history of research on 
grassland vegetation in this part of Poland. The main body of 
the archival material dates back to 1960s and 1970s and refers to 
the mountain areas of the greatest natural value, namely: Tatra 
Mts. and Sub-Tatra region [28,29], Polica Range [30], Gorce Mts. 
[31] and the Bieszczady Mts. [32]. Numerous studies were also 
carried out at the same period by grassland scientists: R. Kostuch 
and M. Nowak in the Western and Central Beskidy Mts., and 
the Western Bieszczady Mts., although, their quality does not 
match the classic phytosociological accounts. The 1990s and the 
first decade of the 21th century brought studies of non-forest 
vegetation in national parks [33–36], as well as the Gorce Mts. 
[17], Radziejowa Range [18], Beskid Śląski Mts. [37], Beskid 
Mały Mts. [38] and Żywiec Basin [39]. Given the existence 
of high quality contemporary and historic data concerning 
the Gorce Mts., Pieniny Klippen Belt, and the highest part of 
the Bieszczady Mts., they can be considered to be thoroughly 
explored, whereas the grasslands of the submontane zone are 
only sparsely covered in the phytosociological studies.

The most frequent relevés in the database are these as-
signed by authors to Arrhenatheretum elatioris (1076 relevés) 
and Gladiolo-Agrostietum (900 relevés). More than half of the 
mesic meadow relevés has no affiliation to any association of 
the current classification system used in Poland (Tab. 2). The 
small number of relevés from the Molinion alliance (23) results 
from its scarcity in the Polish Carpathians. Mat-grass swards 
(858 relevés) are mainly represented by phytocoenoses from the 
montane and subalpine zone, and have been only sporadically 
noted at the lower altitudes.

Data quality

The database is a collection of all available relevés, re-
corded by authors with different skill sets, aimed at various and 

Author
Number of relevés

Published Unpublished Total

J. Zarzycki 321 456 777
J. Korzeniak 185 157 342
A. Koczur 27 301 328
M. Kozak 228 41 269
J. Korzeniak & A. Kalemba 0 248 248
M. Nowak & R. Kostuch 239 0 239
D. Suder 0 222 222
R. Kaźmierczakowa, J. 
Zarzycki, I. Wróbel & G. 
Vončina

148 0 148

J. Kornaś & A. Medwecka-
Kornaś

115 0 115

S. Kucharzyk 0 103 103
E. Dubiel, A. Stachurska & S. 
Gawroński

102 0 102

Tab. 1	 Most frequently represented authors of the relevés stored in 
the base.
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individual scientific purposes, during a 90-year period, which 
involved altering the taxonomic affiliation of numerous species. 
The data quality is therefore inevitably variable throughout the 
database, which is intrinsic to this type of project [40]. Accord-
ing to the commonly accepted standards [41], any simplified 
relevés with incomplete lists of species, or the ones covering very 
small plots for this type of vegetation (below 4 m2), as well as 
those where strong doubts persist as to whether the species were 
correctly identified, have not been entered into the database. A 
batch containing 3681 relevés (85%) has a specified date, plot 
area, georeferences and altitude (Tab. 3). The exact location 
measured with a GPS receiver is provided for 2348 relevés from 
the last few years (54%). Based on maps and site descriptions, 
georeferences were determined a posteriori for 36% of relevés. 
These values are usually accurate to 0.5–1 km. The data most 
frequently missing in the headers of relevés concerns the vertical 
and horizontal vegetation structure.

Data from phytosociological databases are typically charac-
terized by uneven spatial distribution, hence the need to use 
special tools during the analyses, e.g. geographic stratification 
[42]. In the Polish part of the Carpathians, the areas of the 
highest natural value are intensively sampled. The oversampling 
effect was reduced by actively supplementing the database with 
the material from the most under-represented mesoregions, e.g. 
submontane zone and the less explored parts of the Beskidy Mts.

Fig. 1	 Distribution of relevés stored in the phytosociological database “Grasslands in the Polish Carpathians”. Black circles indicate unpublished 
data collected in 2009–2012.

Fig. 2	 Percentage share of relevés from subsequent decades stored 
in the database.

Molinio-Arrhenatheretea: Junco-Molinietum, Molinietum caeruleae, 
Deschampsia caespitosa community, Alopecuretum pratensis, Holcetum 
lanati (Holcus lanatus community)*, Arrhenatheretum elatioris, Gladiolo-
Agrostietum capillaris, Anthyllidi-Trifolietum montani, Campanula patula-
Trisetum flavescens community*, Anthriscus sylvestris community*, 
Agrostis capillaris community*, Leontodon hispidus-Anthoxanthum 
odoratum community*, Holcus mollis community*, Alchemilletum 
pastoralis*, Phyteumo (orbicularis)-Trifolietum pratensis, Poo-Festucetum 
rubrae (Poa pratensis-Festuca rubra community)*, Festucetum rubrae 
(Festuca rubra community)*, Trisetum flavescens community*, Lolio-
Cynosuretum, Festuco-Cynosuretum, Anthoxantho-Agrostietum* 
Nardo-Callunetea: Hieracio vulgati-Nardetum, Leonotodono autumnalis-
Nardetum*, Hypochoeridi-Nardetum*, Geo montani-Nardetum*, Hieracio 
alpini-Nardetum, Festuca picta community*, Deschampsia flexuosa 
community*, Polygalo-Nardetum, Calluno-Nardetum strictae, Nardo-
Juncetum squarrosi, Carlino-Dianthetum deltoidis*

Tab. 2	 Syntaxonomical units included in the database.

* Plant associations not mentioned in the classification system of 
vegetation units in Poland [19].

No. Variable % of missing values

1 Date (at least month and year) 3
2 Relevé area 6
3 Georeferences 10
4 Altitude 7
5 Cover of herb layer 10
6 Average height of herb layer 35

1 or 2 or 3 or 4 15

Tab. 3	 Percentage of basic information missing.
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A remediable, and therefore a less essential drawback, is the 
plethora of syntaxa. Approximately 35% of the relevés in the da-
tabase represent associations and communities not included in 
the classification system currently used in Poland (Tab. 2). Some 
of them certainly reflect the arbitrary views of the authors who 
tended to put associations into very narrow categories; another 
may illustrate the actual temporal and spatial variability of the 
vegetation. To clear up the relationships among these syntaxa, 
a comparison of traditional classification system with results 
of numerical or supervised classification is needed [9–11].

Application of the database to the vegetation studies

The main role of the database is to supply researchers 
with information adequate for the synthetic evaluation of the 
grassland plant communities and can be used as a data source 
for investigating the main spatial and temporal environmental 
gradients. For example, in oligothrophic grasslands with Nardus 
stricta results of detrended correspondence analysis (DCA) per-
formed for 442 relevés showed two main gradients in vegetation 
diversity (Fig. 3). The first axis (eigenvalue 0.3348) correlates 
mostly with altitude (r = −0.9346), the second axis (eigen value 
0.2329) correlates mostly with continentality (r = −0.2817) and 
light (r = 0.2550). The initial data set contained 822 relevés, 
originally assigned to Nardetalia order or with Nardus stricta 
cover >20%. But to reduce the oversampling effect on the 
analyses, relevés were geographically stratified [42] within the 
main association types.

In order to determine temporal changes in the species 
composition, the analyzed dataset was divided into two time 
periods related to land use changes in Poland in the 1990s. 
Only four plant associations were represented by historical 
and current relevés (Fig. 4). In oligotrophic grasslands, after 
the changes in land-use, increasing of species with higher 
nutrient and moisture Ellenberg indicator value occurred. 
Similarly to mesic meadows [16–18], the data showed decrease 
of light demanding species. Relatively high number of species 
in Hypochoeridi uniflorae-Nardetum and Hieracio-Nardetum 
after 1994 is probably the result of secondary succession and 
encroachement of species associated with other habitats.

Fig. 3	 Detrended correspondence analysis (DCA) of mat-grass communities (Nardetalia) based on square-root transformed cover data. 
Supplementary environmental variables represent unweighted average Ellenberg indicator values and altitude.

Fig. 4	 Temporal changes in the species richness and Ellenberg in-
dicator values in four Nardetalia associations: Hyp-N – Hypochoeridi 
uniflorae-Nardetum; Hv-N – Hieracio vulgati-Nardetum; N-J – Nardo-
Juncetum squarrosi; Call-N – Calluno-Nardetum. Median, quartiles 
and ranges are shown. 1 – 1923–1988; 2 – 1994–2012.
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Conclusions

Given its rich resources and the active acquisition of data 
from the least sampled areas, the phytosociological database 
of grasslands in the Polish Carpathians provides historical and 
contemporary information. The quality of data is relatively 
high, comparable with the Czech database [40], or the Slova-
kian resources concerning the grassland [43] and mountain 
[44] vegetation. Our database can serve as a starting point for 
comprehensive analysis of the grassland communities vari-
ability and development of the classification system adequate 
to profound land-use changes during the last 50 years. It also 
presents an important supplement to the national database. As 
of January 2013, the Polish Vegetation Database comprised 6818 
relevés of the Molinio-Arrhenathereatea class meadows and 495 
relevés of the Nardo-Callunetea class mat-grass communities 
[14]. The Carpathian grassland database contains 3601 and 
858 relevés respectively.

Our intention was to develop the database that may be used 
for investigations of spatial and temporal changes in vegeta-
tion diversity of Polish Carpathian meadows and pastures. 
These habitats are vulnerable to changes in agriculture prac-
tices, therefore the database can also serve as a tool for their 
monitoring and conservation (inter alia, to identify indicator 
species for Natura 2000 habitats, determine the “hot spots” for 
endangered species and syntaxa, and to assess the degree of 
syntaxa transformation).

The database is planned to be operated and made available 
from GIVD, which should facilitate the further syntaxonomical 
synthesis of grassland ecosystems in the whole Carpathians (cf. 
[9,10]). As a long-term prospect it may become a part of the 
information system of European projects aimed at the large-
scale assessment of biodiversity, such as SynBioSys Europe [45].
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