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Abstract: The Czech Vegetation Database (formerly Czech National Phytosociological Data-
base) was founded in 1996 as a national electronic archive of vegetation-plot data. Throughout
its history, it has provided data for research and applications to multiple users. In 2026, the
entire database was published online as an open resource. This article describes the published
open datasets. The dataset CzechVeg-Open 1 contains 117,739 vegetation-plot observations
(i.e., records of species composition from vegetation plots, also called relevés) from the terri-
tory of the Czech Republic. It is provided in two formats, as Turboveg 2 files and CSV files.
This dataset can be explored in the CzechVeg-DataViewer, an interactive online application
developed with the shiny package in R. The dataset CzechVeg-OpenStrat 1 contains a subset of
61,282 vegetation-plot observations, which is more balanced in terms of plot density in differ-
ent areas and habitat types and is better suited for national-level statistical analyses. It was pre-
pared using an original resampling method that applies thresholds on spatial distance and spe-
cies-compositional similarity between plot observations. Resampling was applied within strata
defined based on principal component analysis (PCA) of 18 environmental variables. Both
datasets are published and described on the database website at https://czechveg.github.io and
in the Zenodo repository. In addition, the database has been published in GBIF (Global
Biodiversity Information Facility), where it currently includes 2,481,138 species records. Spe-
cies records from individual plot observations are grouped as Sampling events as defined by the
Darwin Core standards for sharing biodiversity data. In addition to the data, the database
website includes instructions for data digitization using the Turboveg 2 program and a tutorial
on data handling and analysis in R with code chunks. These resources can be used to train the
analysis of vegetation-plot data and to prepare open and stratified-resampled versions of other
vegetation-plot databases.
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Introduction

There is a long tradition in vegetation science of sampling species composition with
abundance estimates for each species in vegetation plots (Braun-Blanquet 1964,
Westhoff & van der Maarel 1978). These plot-based records were traditionally called
‘relevés’ and, more recently, ‘vegetation-plot observations’ (Dengler et al. 2011). They
are used for vegetation classification, assessment of diversity patterns, study of ecologi-
cal processes at the plant community level, and monitoring of vegetation and environ-
mental changes (Schaminée et al. 2009, Jandt et al. 2022, Sperandii et al. 2022). To facili-
tate their use, single-time vegetation-plot observations or repeated observations from the
same vegetation plot have been collected and organized in national or thematic databases
(Schaminée et al. 2009, Dengler et al. 2011, Chytry et al. 2016, Bruelheide et al. 2019,
Knollova et al. 2024).

In the Czech Republic, a national database of vegetation-plot data was established in
1996 (Chytry 1997, Chytry & Rafajova 2003), primarily to support the development of
the national vegetation classification (Chytry 2007-2013, Chytry & Tichy 2018). How-
ever, this database also served as one of the first examples of the use of large collections
of phytosociological data to address ecological questions (Chytry 2008) and as test data
for developing analytical methods included in the JUICE program (Tichy 2002). Later,
this database became part of international databases at the European scale (European
Vegetation Archive; Chytry et al. 2016) and the global scale (sPlot; Bruelheide et al. 2019).

The Czech Vegetation Database has always been understood as a resource shared by
the scientific community. Many people have contributed their data, and, conversely, data
from the database have been provided free of charge upon request to researchers and con-
servationists, both in the Czech Republic and internationally. The species occurrence data
from the database were provided to the Pladias Database of the Czech Flora and Vegetation
(Wild et al. 2019, Chytry et al. 2021) and to the Species Occurrence Database of the Nature
Conservation Agency of the Czech Republic (NDOP; https://portal23.nature.cz/nd).

Most recently, the Czech Vegetation Database adopted the FAIR Guiding Principles
for scientific data management and stewardship (Wilkinson et al. 2016) and became an
open resource available online under the CC-BY license, allowing data to be shared and
adapted, as long as the source is cited and any changes are indicated. In this article, we
describe the open version of the database and introduce related resources we created to
facilitate the use of vegetation-plot data for science, nature conservation, ecological
restoration, and education.

History of the Czech Vegetation Database

The development of the Czech Vegetation Database (formerly Czech National Phyto-
sociological Database) was stimulated by the activities of the European Vegetation Sur-
vey Working Group of the International Association for Vegetation Science, founded in
1992. One of the aims of this group was to support national vegetation survey programs
in European countries (Mucina et al. 1993) and the creation of national vegetation data-
bases. To support database establishment, Stephan Hennekens developed the database
management program Turboveg and provided it to various vegetation researchers and
research groups in Europe (Schaminée & Hennekens 1995).
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John Rodwell from Lancaster University, UK, proposed a project to train vegetation
scientists from five central and eastern European countries, including the Czech Repub-
lic, in modern methods of vegetation survey, including the management of vegetation
databases. In 19951998, this project, entitled “Safeguarding the Biodiversity of Eastern
Europe”, received funding from the British Government’s Darwin Initiative (Chytry
2026). The Czech team in this project included Milan Chytry as a coordinator and Martin
Duchoslav, Handrij Hartel, Tomas Kucera, Katefina Sumberové, and Lubomir Tichy as
team members. This group of early-career vegetation scientists was trained at Lancaster
University in 1996, in close collaboration with Stephan Hennekens. As a result of this
project, the Turboveg program was prepared for implementation in the Czech Republic
with the newly compiled standard species list and initial versions of the databases of
bibliographic references and authors of vegetation-plot observations.

Thanks to this training and further support from John Rodwell and Stephan Hennekens,
as well as cooperation on the development of the common Austrian-Czech-Slovak spe-
cies list with experts from the University of Vienna (Harald Niklfeld, Walter Gutermann,
and Ladislav Mucina) and the Slovak Academy of Sciences (Ivan Jarolimek and Milan
Valachovic), the Czech National Phytosociological Database was established at Masaryk
University in Brno in 1996 (Chytry 1996, 1997). The database was founded by Milan
Chytry, who digitized the first few thousand vegetation-plot observations, partly by con-
verting them, with the help of Lubomir Tichy, from an older electronic format of the FYT
program, developed by Eduard Brabec at the Institute of Botany of the Czechoslovak
Academy of Sciences in Prihonice in the late 1980s. The training course on vegetation
databanking using Turboveg for the Czech Republic and Slovakia took place in Brno in
February 1997, organized by Milan Chytry with John Rodwell and his database assistant,
Julian Dring. The course was attended by 41 participants from the Czech Republic and 8
from Slovakia. It helped to develop an organizational structure for the national vegetation
database, with a central database at Masaryk University in Brno, managed by M. Chytry,
and a network of local collaborators in other important botanical institutions across the
country, most notably the Institute of Botany of the Czech Academy of Sciences, Charles
University in Prague, Palacky University in Olomouc, University of South Bohemia in
Ceské Budgjovice, and the Czech University of Life Sciences in Prague (Chytry 1997).

Through the collective effort of several collaborators (initially mainly David Ciganek,
Jitfi Danihelka, Radim Hédl, Martin Koc¢i, Tomas Kucera, Zdenika Lososova, Katefina
Sumberova, and Jana Tkagikova), the database grew rapidly. One source of data was
imports of vegetation tables created earlier in the FYT program, but most data were
newly digitized from the literature and field notebooks (Fig. 1). Despite the failure of two
grant applications for database funding, the database contained 6,408 vegetation-plot
observations by October 1997 (Chytry 1997). The funding was eventually secured from
the Czech Science Foundation by M. Chytry, starting from 1999, when Marie Rafajova
was appointed as a full-time data manager. The grant support enabled the massive
digitization of data, resulting in 55,310 vegetation-plot observations included in the data-
base by November 2002 (Chytry & Rafajova 2003). A considerable number of plot
observations of ruderal and weed vegetation were also digitized by the team of Petr Pysek
at the Institute of Botany of the Czech Academy of Sciences for projects dealing with
alien plant species.
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Fig. 1. The increase in the number of vegetation-plot observations in the Czech Vegetation Database (previ-
ously Czech National Phytosociological Database; lighter green) since its foundation in 1996. A steep increase
began in 1999, when the first funding for the database was obtained, and lasted until 2010, when intensive data
collection for the national vegetation classification project ended. Since 2022, many new plot observations
from the Czech Republic have been collected for the ReSurveyEurope project (darker green); however, most
of them have not been formally included in the Czech Vegetation Database. The database logo in the lower part
of the graph was created in 2026.

In 2001, the database team also supported the Czech Forest Management Institute
(UHUL) with know-how and software to establish the Database of the Czech Forest Site
Classification System as an independent database of forest vegetation plots. Forest-plot
data sampled by the employees of this institute, largely from the 1950s to the 1970s, were
digitized in the 2000s, resulting in a database of 39,609 forest vegetation plots and 48,977
plot observations (including repeated observations from the same plot; Zouhar 2012,
https://www.givd.info/ID/EU-CZ-002).

Marie Rafajova left the team in 2002, being successively replaced by Ilona Knollova
(née Kuzelova) and Zdenka Preislerova (née Otypkova) (both managing the database
in 2003-2005), Sté¢panka Kralova (2005-2008), Dana Holubova (née Michalcova;
2008-2016), and again Ilona Knollova (since 2016). These database managers coordi-
nated data collection for the monograph Vegetation of the Czech Republic (Chytry
2007-2013), a work supported by a series of projects from the Czech Science Foundation.
Plot data were provided by project collaborators or digitized from older literature, nature
conservation reports, and field notebooks. By May 2012, the database contained 99,586
vegetation-plot observations (Chytry & Michalcova 2012).
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Fig. 2. Number of vegetation-plot observations in the Czech Vegetation Database by years since 1922, when
the earliest plot observations are available. Plot observations from the Database of the Czech Forest Site Clas-
sification System and plot observations from the Czech Republic included in the ReSurveyEurope database
are also shown for comparison.

In 2011, the Czech National Phytosociological Database was indexed in the Global
Index of Vegetation-plot Databases (GIVD, https://www.givd.info, Dengler et al. 2011) with
the code EU-CZ-001. In 2012, it became a founding member of the European Vegetation
Archive, an integrated database of European vegetation-plot data (Chytry et al. 2016).
In 2013, it joined sPlot, the Global Vegetation Database (Bruelheide et al. 2019). More-
over, the species occurrence records from the database were imported into the Pladias
Database of the Czech Flora and Vegetation, which was launched in 2018 and integrated
plant species distribution records from multiple sources on a single online platform
(Wild et al. 2019, Chytry et al. 2021). These data were also imported into NDOP, a spe-
cies occurrence database of the Nature Conservation Agency of the Czech Republic
(https://portal23.nature.cz/nd). In return, the Nature Conservation Agency provided veg-
etation-plot data from Natura 2000 habitat mapping and protected area surveys.

Despite the key role of the Czech National Phytosociological Database in national and
international projects of basic and applied research, the increase in the number of vegeta-
tion-plot observations has slowed after 2010, when data collection for the national vege-
tation classification project was completed. A new wave of data collection started after
2020, when ReSurveyEurope (Knollova et al. 2024) was launched as an international
database of repeated observations from the same vegetation plots (Figs 1 and 2). However,
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most ReSurveyEurope datasets have been stored separately, outside the Czech National
Phytosociological Database.

Throughout its 30-year history, the database has been an important research resource.
This can be documented by 300 citations of the data paper by Chytry & Rafajova (2003)
on the Web of Science and 463 citations of this and another data paper (Chytry &
Michalcova 2012) on Google Scholar by 30 June 2026. A large part of the citing publica-
tions analysed the data from the database. In addition, several dozen scientific articles
used data from this database as part of broader international datasets from the European
Vegetation Archive (https://euroveg.org/eva-database/publications) and the sPlot data-
base (https://www.idiv.de/research/projects/splot/splot-publications). Species occurrence
data from the database were also used in several research articles based on the Pladias
Database of the Czech Flora and Vegetation.

Database opening

In 20252026, the authors of this article received funding from the Open Science Clus-
ters” Action for Research and Society (OSCARS) Horizon Europe project to prepare and
publish the database as a fully open online resource, serving as a good-practice example
for other European vegetation-plot databases. In association with this major change, the
database was renamed to the Czech Vegetation Database (CzechVeg, Ceské vegeta¢ni
databaze). The new name reflects that the database currently contains not only relevés
that traditional phytosociologists collected for vegetation classification, but also vegeta-
tion-plot observations collected for other purposes, including ecological studies and con-
servation assessments. Before publishing the open version, we conducted a comprehen-
sive quality check and updated the database, partly based on feedback from revisions of
the species occurrence data from vegetation plots in the Pladias database (Wild et al.
2019), partly on various manual and semi-automatic checks.

The open version of the Czech Vegetation Database is available in two basic datasets:
CzechVeg-Open includes all vegetation-plot observations from the Czech Republic
stored in this database, and CzechVeg-OpenStrat is an ecologically and geographically
more balanced subset of CzechVeg-Open, better suited for vegetation analyses at the
national scale. In the following, we will describe these two datasets and an online tool to
explore the structure of the former.

CzechVeg-Open: complete, open-access Czech Vegetation Database

CzechVeg-Open version | contains all 117,739 vegetation-plot observations from the
Czech Republic included in the database as of 10 March 2026. Of these, 116,732 are sin-
gle-time observations (relevés) from unique plots, and 1,007 are repeated observations
(resurveys) from some of them. A summary of the database content in the GIVD format
(https://www.givd.info) is found in Supplementary Data S1. The dataset is available in the
Zenodo repository (https://doi.org/10.5281/zenodo.18289904) and can also be downloaded
through the database website (https://czechveg.github.io/Data/czech _veg open.html).
The CzechVeg-Open data are available in two formats, CSV and Turboveg 2, which
contain identical sets of vegetation-plot observations. The data in the CSV format are
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divided into two files: species data and header data. The species data file contains lists of
species (and other taxa such as subspecies, varieties, sections, aggregates, and genera,
hereafter called “species”) for all plot observations, with information on the vegetation
layer in which each species was recorded in each plot and its cover-abundance in this
layer. Each species is also assigned to a broad plant group such as vascular plant,
bryophyte, or lichen. Three different systems of species taxonomy and nomenclature are
provided in the species file side by side, and users can select the one that best suits the
given purpose:

(i) Turboveg species list for the Czech Republic and Slovakia, which has been used for
entering species into the database. The list of vascular plant species (including some
other infraspecific and infrageneric taxa) was prepared by the late Professor Harald
Niklfeld and the late Dr. Walter Gutermann (University of Vienna) in 1996 based on an
updated version of Liste der Gefdapflanzen Mitteleuropas (Ehrendorfer 1973). This spe-
cies list contains plant species occurring in the Czech Republic, Slovakia, and Austria. In
2015, Jiti Danihelka updated this species list to reflect additions to the Czech flora pub-
lished in Danihelka et al. (2012), while keeping compatibility with the previous list. This
species list is currently used by both the Czech Vegetation Database and the Central Data-
base of Phytosociological Relevés in Slovakia (https://cbrb.sav.sk/cdf). Bryophytes and
lichens included in this list follow the taxonomy and nomenclature accepted by Frey et al.
(1995) and Pisut et al. (1993), respectively.

(i1) Second edition of the Key to the Flora of the Czech Republic (Kaplan et al. 2019) with
a few additions as accepted in the Pladias database (https://pladias.cz/en/download/features).
For bryophytes and lichens, it follows the DaLiBor database (Man et al. 2022). For taxa
not available in these sources, the concepts and names are harmonized with the Catalogue
of Life Extended Release taxonomy.

(iii) Expert system CzechVeg-ESy (Chytry et al. 2020) for automatic vegetation clas-
sification according to Vegetation of the Czech Republic (Chytry 2007—-2013). This sys-
tem groups some taxonomically challenging taxa into broader taxon concepts and is
therefore suitable for general analyses of species composition across the database.

The header data file contains information on vegetation-plot observations other than
species records and their cover-abundances. It includes details of sampling, location, vege-
tation structure, vegetation type, and environmental information. A detailed description of
the variables included in the species and header data files is in Supplementary Data S2.

The data in the Turboveg 2 format are stored in DBF files included in a single ZIP file,
which can be opened in the Turboveg 2 program (Hennekens & Schaminée 2001). For
proper functioning, it is necessary to import the datasets species.zip and popup.zip, avail-
able at the Czech Vegetation Database website, into the Turboveg program. These data-
sets contain the Turboveg species list for the Czech Republic and Slovakia, as described
above, and standardized attribute tables for some of the header data variables.

CzechVeg-DataViewer: a tool to explore the content of the Czech Vegetation Database

CzechVeg-DataViewer (https://vegscibrno.shinyapps.io/czechveg) is an interactive online
application that displays plot data on the background of OpenStreetMap and produces
summary graphs for selected data subsets. The subsets can be selected based on plot
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geographic coordinates and their location uncertainty, plot size, year of sampling, alti-
tude, covers of individual vegetation layers, and vegetation types according to the national
vegetation classification (Chytry 2007-2013). It is also possible to show all the plot
observations that contain a selected species, a group of species, or a specified number of
species from a selected species group. Header data for the selected subsets can be down-
loaded and used, for example, to filter data from the CzechVeg-Open for subsequent anal-
yses. The CzechVeg-DataViewer was prepared by Klara Friesova using the shiny pack-
age in R (R Core Team 2025, Chang et al. 2026). It contains species and header data for
all vegetation-plot observations that have geographical coordinates (N = 116,328 for
CzechVeg-Open 1).

The CzechVeg-DataViewer provides insights into the content of the Czech Vegetation
Database. The oldest plot observation in the database was sampled in 1922 (Zlatnik
1928), but there are no more than 500 plot observations per year in the database until
1960 (Fig. 2). In the 1960s, research intensity increased, resulting in more than 1,000
plots sampled per year in most of the years during the 1970s and 1980s. The peak of vege-
tation-plot sampling in the Czech Republic occurred between 1997 and 2008, when more
than 3,000 plots were sampled nearly every year. This peak was stimulated by the estab-
lishment of the database in 1996 and the data preparation for the national vegetation clas-
sification project. The initiation of national-scale Natura 2000 habitat mapping in the
early 2000s (Chytry et al. 2001, Hértel et al. 2009) also increased interest in vegetation
sampling. Since 2008, the number of sampled plots per year has been declining, reflect-
ing both a decrease in sampling intensity following the publication of the Vegetation of
the Czech Republic (Chytry 2007-2013) and the fact that more recent plot surveys have
not yet been added to the database. Nevertheless, the purposes of vegetation-plot sam-
pling have been broadened from the previous focus on describing plant community types
to include various ecological studies, resurveys of historical vegetation plots to assess
vegetation change, and monitoring the effects of conservation management. While 1,007
additional observations from resurveyed or monitoring plots have been included in the
Czech Vegetation Database, a further 25,898 such observations were contributed to the
new international database ReSurveyEurope (Knollova et al. 2024) but not included in
the Czech Vegetation Database (Fig. 2).

The geographical distribution of vegetation-plot observations shows a focus on areas
with well-preserved natural vegetation (Fig. 3), especially in the early periods of vegeta-
tion research, including lowland areas with a mosaic of forests and dry grasslands (Ceské
sttedohofi, Cesky kras, and South Moravia), mountain areas (Krkonose, Hruby Jesenik,
and Sumava), and wetland areas (basins of South Bohemia). However, in the last quarter
of the 20th century, sampling focused increasingly on the flysch Carpathians in eastern
and southeastern Moravia, and in the 21st century, sampling covered the country more
uniformly.

The most represented vegetation formations in the database, according to the national
vegetation classification, are grasslands and heathlands, forests, ruderal and weed vege-
tation, and wetlands (Fig. 4). The most represented phytosociological classes and alli-
ances are listed in Table 1.

The most common plot size in the database is 16 m* (23,970 plot observations), fol-
lowed by 25 m*(14,980), 100 m? (6,541), and 400 m? (6,300). The first two sizes are used
for sampling non-forest vegetation; 100-m? plots are mostly used for sampling forests,
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Fig. 3. The distribution of vegetation-plot observations in the Czech Vegetation Database for all plots with
geographical coordinates (A) and subsets of plot observations for different time periods (B-E). The A map
includes plots with missing sampling year information, whereas the B-E maps include only dated plot obser-
vations; therefore, the plot count shown in A exceeds the sum of the plot counts shown in B-E. Point sizes are
proportional to the number of plot observations in KFME grid cells of 6 minutes of latitude x 10 minutes of
longitude, i.e., approximately 11.1 x 12.0 km (https://pladias.cz/en/download/phytogeography).

but also used for scrub and other vegetation types, while 400-m” plots are nearly exclu-
sively used for sampling forests.

Vegetation plots in the database were sampled by 737 authors and documented in
2,643 references (publications in scientific journals and books or manuscripts such as
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Fig. 4. Number of vegetation-plot observations by vegetation formations according to the national vegetation
classification (Chytry 2007-2013) in the Czech Vegetation Database. The classification to formations is based
on the expert system CzechVeg-ESy and supplemented by subjective classification for plot observations not
classified by the expert system (fields ESY K CODE and ESY K NAME; see Supplementary Data S2).

nature conservation survey reports or students’ theses). The following authors sampled
the highest numbers of plot observations: Jaroslav Rydlo (9,258), Richard Visnak
(5,315), Emilie Balatova-Tulackova (2,453), Katefina Sumberova (2,204), Denisa
Blazkova (2,146), Jan Douda (2,100), Jifi Vicherek (1,732), Jiti Kolbek (1,692), Karel
Boublik (1,519), Zdenka Preislerova (1,508), Jaromir Sofron (1,440), Jiti Sadlo (1,368),
Karel Kopecky (1,344), Antonin Pysek (1,293), Milan Chytry (1,287), Miloslav Toman
(1,246), Frantisek Grill (1,203), Jaromir Klika (1,201), Slavomil Hejny (1,153), and
Zdenka Neuhduslova (1,141).

CzechVeg-OpenStrat: a stratified subset of the Czech Vegetation Database

As the Czech Vegetation Database is a collection of vegetation-plot data originally sam-
pled for various purposes and using different sampling strategies, it is a highly unbal-
anced sample of vegetation diversity across the country. For analyses at the country scale,
it is necessary to reduce biases introduced by disproportionately intensive sampling of
specific locations or habitats using stratified resampling (Knollova et al. 2005, Lengyel et
al. 2011, Divisek & Chytry 2018).
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Table 1. The 20 most represented phytosociological classes (A) and alliances (B) according to the national
vegetation classification (Chytry 2007-2013) in the Czech Vegetation Database (CzechVeg-Open 1), mea-
sured by the number of vegetation-plot observations (n). The classification is based on the expert system
CzechVeg-ESy and supplemented by subjective classification for plot observations not classified by the expert
system (fields ESY K CODE and ESY K NAME; see Supplementary Data S2).

(A) Classes n (B) Alliances n

TD Molinio-Arrhenatheretea 18,421 TDF  Calthion palustris 6,870
LB Carpino-Fagetea 16,834 TDA Arrhenatherion elatioris 5,321
MC Phragmito-Magno-Caricetea 13,647 MCA Phragmition australis 4,980
TH Festuco-Brometea 10,317 LBC Fagion sylvaticae 4,534
XB Stellarietea mediae 7,612 LBB Carpinion betuli 3,523
XC  Artemisietea vulgaris 4,892 XCB Dauco carotae-Melilotion 3,063
RB  Scheuchzerio-Caricetea nigrae 4,754 LBA Alnion incanae 2,942
XD Galio-Urticetea 4,320 MCH Magno-Caricion gracilis 2,853
LF  Vaccinio-Piceetea 4,107 LBE Luzulo-Fagion sylvaticae 2,763
VB  Potametea 4,025 LBF Tilio platyphylli-Acerion 2,738
TE Calluno-Ulicetea 2,951 THD Festucion valesiacae 2,569
VA Lemnetea 2,269 VBB Potamion 2,366
KB Rhamno-Prunetea 2,208 TDE Deschampsion cespitosae 2,060
TF  Koelerio-Corynephoretea 2,193 XDE Aegopodion podagrariae 2,045
LC  Quercetea pubescentis 1,719 THE Cirsio-Brachypodion pinnati 1,988
MB Bidentetea tripartitae 1,700 THF Bromion erecti 1,894
XA  Polygono arenastri-Poetea annuae 1,667 LFC Piceion abietis 1,838
MA Isoeto-Nano-Juncetea 1,610 TDC Cynosurion cristati 1,823
LD Quercetea robori-petraeae 1,495 MCC Eleocharito-Sagittarion 1,795
RC  Oxycocco-Sphagnetea 1,337 XBC Scleranthion annui 1,642

To provide a more representative and less biased dataset, we prepared CzechVeg-
OpenStrat version 1, which is a publicly available, geographically and environmentally
stratified subset of 61,282 plot observations that were resampled from CzechVeg-Open 1
(https://doi.org/10.5281/zenodo.18289904, https://czechveg.github.io/Data/czech veg
openstrat.html). This dataset, suitable for data analyses on the national and regional
scales, is provided only in the CSV format, using the same data structure as the CSV ver-
sion of CzechVeg-Open 1 described above.

The resampling was performed within spatially discrete environmental units (strata),
which preserved the full range of environmental conditions across the Czech Republic.
These strata were defined using principal component analysis (PCA; prcomp function,
stats package, R Core Team 2025) of 18 variables describing climate (Brun et al. 2022),
topography (Gessler et al. 1995, Riley et al. 1999, State Administration of Land Surveying
and Cadastre 2009-2013), geology (Czech Geological Survey 1998, 2004) and soils
(Ballabio et al. 2019) in 1-km grid cells of the EEA reference grid (for details see Supple-
mentary Table S1). These variables were selected based on a preliminary PCA of a broader
set of climate variables, correlation analysis (omitting highly correlated variables), and
expert judgement. For each 1-km grid cell, we calculated the area of geological substrates
from vector layers and mean values of other variables from raster layers. Some pixels of
soil rasters (Ballabio et al. 2019) contained no data, typically in urban agglomerations or
regions with extensive water bodies. These missing values were interpolated from sur-
rounding cells using a nearest-neighbour algorithm in ArcGIS Pro (Esri 2025). Before
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computing PCA, all variables were centered and scaled to a mean of 0 and a standard
deviation of 1. To define environmental strata, we used the first four principal component
axes, which together explained ~60% of the total variation in the dataset, and divided
each axis into equal-sized intervals of 2 standard deviations. Because axes differed in
length, they contained different numbers of intervals. For each 1 km grid cell, the result-
ing stratum was expressed as, for example, 1F 2C 3D 4E or 1E 2D 3E 4D, where
numbers refer to axes (PC1-PC4) and letters to the defined intervals. This way, we
obtained 314 unique strata, which were assigned to vegetation plots based on spatial
overlap. The following R packages were used for data stratification: sf (Pebesma 2018),
terra (Hijmans et al. 2026), dplyr, tidyr, ggplot2 (Wickham et al. 2019, 2023), and ggrepel
(Slowikowski 2026). The description of this procedure, along with the R code, is avail-
able at https://czechveg.github.io/DataProcessingTutorial/data_stratification.html.

The resampling was conducted by a method proposed by Jan Divisek (Divisek &
Chytry 2018), which removes vegetation-plot observations that occur spatially close to
other observations with similar species composition. This method was implemented in
the Resampler R package available at https://github.com/jdivisek/Resampler. The pack-
age contains the resample plots function, developed specifically for vegetation-plot
data, which reduces plot density in areas where many plots with compositionally similar
vegetation are clustered. The function first identifies the most similar pair of plot obser-
vations within the specified distance (and within a geographical or environmental stra-
tum, if used), removes one of these plot observations based on a selected rule, and repeats
this process until no pairs of plot observations that occur within the specified distance and
exceed the similarity threshold remain in the dataset. A detailed description of the work-
flow is available at https://czechveg.github.io/DataProcessingTutorial/data_resampling.html.
We used the following settings: If two plot observations were spatially closer than 1,000 m
and had a species composition similarity greater than 0.6, measured by the Simpson simi-
larity index (Simpson 1960), only the plot observation from a more recent year was
retained. If both plots were from the same year, one of them was removed at random.

The resulting CzechVeg-OpenStrat dataset (Fig. 5) represents just one of many possi-
ble stratified subsets of CzechVeg-Open. Users can create alternative stratified versions,
for example, by selecting different strata from the database fields containing biogeo-
graphical and landscape classifications based on Skalicky (1988), Culek (1996, 2005),
Chuman & Romportl (2010), Divisek et al. (2014), included in the CSV header data
of the CzechVeg-Open dataset. Another option is to select different thresholds for plot
spatial proximity and species composition similarity, as well as other choices, in the
resample_plots function.

Czech Vegetation Database in GBIF

In addition to publishing in Zenodo and on a dedicated website, the Czech Vegetation
Database has also been made publicly available through GBIF (Global Biodiversity Infor-
mation Facility; https:/www.gbif.org/dataset/5b514765-9a1b-4910-a497-3473572ef053)
using globally accepted standards for biodiversity data and metadata. This dataset
(Chytry et al. 2026) was published via the Integrated Publishing Toolkit (IPT) of the
“PlantBank — CZ Botany Consortium”, created by the Institute of Botany of the Czech
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Fig. 5. Vegetation-plot observation densities in CzechVeg-Open 1 (A) and CzechVeg-OpenStrat 1 (B)
datasets. In the latter dataset, the density of plot observations in overproportionally sampled areas and habitat
types is considerably reduced. The density was calculated as the number of plot observations within 20 km of
each plot, including those plot observations that share the same coordinates.

Academy of Sciences, Masaryk University, the University of South Bohemia, and the
Czech Botanical Society in March 2026 (https://www.gbif.org/installation/57c11e59-fcd8§-
4053-b8d8-18084f5¢02df). The PlantBank IPT archives the data as a Darwin Core
Archive (DwC-A) and serves as the data repository.

The GBIF dataset of the Czech Vegetation Database is currently structured as a Sam-
pling event dataset with three extensions: Relevé, Occurrence, and Reference. Species
records (occurrences) are grouped within vegetation-plot observations, each of which cor-
responds to a sampling event. Version 1.15 of this dataset, published on 2 September 2026,
contains 2,481,138 species occurrences.

Each vegetation-plot observation in the GBIF dataset has a unique ID (dwc:eventID
according to the Darwin Core List of Terms, https://dwc.tdwg.org/list) composed of the
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GIVD database code EU-CZ-001 as a prefix and the original Turboveg 2 relevé number
(aunique and persistent identifier for vegetation plots in the Czech Vegetation Database).
As the Turboveg 2 database does not provide identifiers for species records, we created
a semi-persistent identifier as follows: EU-CZ-001-releve nr/species number/layer, where
EU-CZ-001 is the GIVD code of the Czech Vegetation Database, releve nr is the Turboveg 2
plot number, species_number is the Turboveg 2 species number, and layer is the indication
of the vegetation layer in which the species was recorded (see Supplementary Data S2 for
details of the Turboveg 2 database structure). This approach allows occurrences of the same
species in different layers to be stored within a single sampling event and remains stable
as long as the species identification does not change. Species names were mapped as
dwec:scientificName (without authorship) and dwe:scientificNameAuthorship. Unlike the
Turboveg 2 species list, the current version of the GBIF taxonomic backbone, based on the
Catalogue of Life Extended Release (https://www.checklistbank.org/dataset/316165/metadata),
does not support aggregates and sections as taxonomic ranks. Therefore, for the time
being, names of aggregates and sections are matched to the genus or species level, and the
original name is preserved as dwc:verbatimldentification. Original species cover-abun-
dance estimates on scales such as the Braun-Blanquet scale were converted to percentage
covers across the dataset. An example workflow for converting vegetation-plot data from
Turboveg 2 or other database formats into the GBIF Sampling event format is available at
https://czechveg.github.io/DataProcessingTutorial/export gbif.html.

To date, the Czech Vegetation Database is the largest botanical dataset from the Czech
Republic in GBIF, comprising 74% of all GBIF vascular plant occurrences recorded in
this country. It is one of the very few national vegetation-plot databases uploaded to
GBIF so far, in addition to the Dutch Vegetation Database (Hennekens 2018), Ukrainian
Grassland Database (Kuzemko et al. 2024) and Polish Vegetation Database (Swacha et
al. 2025). However, while the Ukrainian and Polish databases are uploaded as occurrence
datasets, the Dutch and Czech databases are uploaded as sampling event datasets, mean-
ing that information on species co-occurrences and abundances in vegetation plots is pre-
served.

Related resources for data management and analysis

The Czech Vegetation Database is associated with other resources we developed for
data management and analysis. Both data and these resources are available at
https://czechveg.github.io, a website created with quarto R package (Allaire & Dervieux
2025). The source code and materials are hosted in a public GitHub repository
(https://github.com/CzechVeg/CzechVeg.github.io).

Resources for data management

The Czech Vegetation Database is primarily managed using the Turboveg 2 program
(Hennekens & Schaminée 2001). The page https://czechveg.github.io/Data/turboveg.html
contains links and instructions for installing the program, the standard species list, attrib-
ute tables for header data fields, and detailed instructions for entering vegetation plots
into the database.
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Resources for data analysis

Analyses of Czech vegetation data have traditionally been conducted mainly in the
JUICE program (Tichy 2002; since 2025, also with the new version called JUICE.NET,
https://www.sci.muni.cz/botany/juice/NET). However, on the Czech Vegetation Data-
base website, we provide a tutorial on basic data analyses in R (https://czechveg.
github.io/DataProcessingTutorial/data processing_tutorial.html). By doing so, we encour-
age users not only to adopt more flexible approaches to data analysis but also to publish
code alongside each analysis, thereby improving research transparency and reproduci-
bility in line with the principles of open science (Sperandii et al. 2024).

The tutorial shows the basic steps of data processing and visualization and provides
original R code for each step, using an example dataset from the Czech Vegetation Database
(65 forest understory plot observations from Axmanova et al. 2012). It explains the process
of importing Turboveg files into R, handling species nomenclature, merging cover values
within species across layers and across species, summarizing data (e.g. calculating plot
species richness), calculating community-weighted means, working with indicator values,
conversions between long and wide formats, and other commonly used procedures. This
training dataset, along with all crosswalk tables, additional environmental variables, plant
traits, and indicator values, is available for download directly from GitHub as a ZIP file or an
RStudio project. Users are encouraged to build their own script using the copyable R code
chunks, extensive commentaries, and output previews. More examples of related data analy-
ses are available in the study materials of the Department of Botany and Zoology at Masaryk
University: https://botzooldataanalysis.github.io/DataManipulationVisualisation/data
manipulation_visualisation.html. The tutorial further provides a complete description of the
data stratification and resampling used to prepare the CzechVeg-OpenStrat dataset.

Conclusions

Although data from the Czech Vegetation Database have always been provided to multi-
ple national and international users, the full opening and online publication of the data-
base on Zenodo and GBIF have significantly increased data accessibility. We believe this
will stimulate the use of these data in new areas of research and applications, including
global change studies and ecological restoration. To facilitate these activities, we devel-
oped a data tutorial that demonstrates how large vegetation-plot data can be analysed in
different ways.

Our database management team continues to add new vegetation plots and to check,
correct, and standardize the data already included. We welcome data contributions from
both individuals and institutions. In the future, we plan to publish updated, numbered ver-
sions of the database in the Zenodo repository, under the same general DOI as the current
version | (https://doi.org/10.5281/zenodo.18289904).

As open data and other resources are crucial for scientific progress, we also encourage
the managers of other vegetation-plot databases to adopt the principles of open science.
The open version of the Czech Vegetation Database can serve as an example, and the pub-
lished workflows and code can facilitate and accelerate the opening of other vegetation
databases.
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Data S1. Czech Vegetation Database overview in the standard format of the Global Index of Vegetation-plot
Databases (GIVD).

Data S2. Czech Vegetation Database data description.

Table S1. Geological, climatic, topographic, and soil variables used to define environmental strata and create
the CzechVeg-OpenStrat dataset.

Supplementary materials are available at https://www.preslia.cz
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Ceska vegetaéni databize: otevireny zdroj dat z vegetaénich snimki pro vyzkum
a aplikace

Ceska vegetadni databaze (diive Ceska narodni fytocenologicka databaze) byla zalozena v roce 1996 jako na-
rodni elektronicky archiv vegetacnich snimki. Béhem své historie poskytovala na pozadani data mnoha uziva-
telim pro vyzkum a aplikace. V roce 2026 byla cela databaze zvetejnéna online. Datova sada CzechVeg-Open
1 obsahuje 117 739 vegeta¢nich snimki z Gizemi Ceské republiky. Je poskytovana ve dvou formatech: jednak
jako soubory Turboveg 2, jednak jako soubory CSV. Tuto datovou sadu lze prohlizet v interaktivni online apli-
kaci CzechVeg-DataViewer, vyvinuté pomoci knihovny shiny v jazyce R. Datové sada CzechVeg-OpenStrat 1
obsahuje podmnozinu 61 282 vegetacnich snimku, ktera je vyvazenéjsi z hlediska hustoty snimku v riznych
uzemich a typech stanovist, a proto je vhodnéjsi pro statistické analyzy na narodni urovni. Byla pfipravena po-
moci originalni metody pievzorkovani databaze, ktera aplikuje prahové hodnoty na prostorovou vzdalenost
apodobnost druhového slozeni mezi vegetacnimi snimky. Pfevzorkovani bylo provedeno v ramci strat defino-
vanych na zaklad¢ analyzy hlavnich komponent (PCA) 18 proménnych prostiedi. Obé datové sady jsou zve-
fejnény v repozitaii Zenodo a dostupné na webovych strankach databaze na adrese https://czechveg.github.io.
Databaze byla navic publikovana v GBIF (Global Biodiversity Information Facility), kde obsahuje 2 481 138
druhovych zaznami seskupenych po jednotlivych vegetacnich snimcich jako tzv. sampling events. Kromé
volné stazitelnych datovych sad obsahuji webové stranky databaze také navody pro digitalizaci dat pomoci
programu Turboveg a studijni materialy o zpracovani a analyze dat v jazyce R s ¢astmi kodu. Tyto zdroje jsou
pouzitelné pro vyuku analyzy vegetacnich snimki a ptipravu otevienych nebo stratifikované prevzorkova-
nych verzi jinych vegetacnich databazi.
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