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Abstract
Aims: To create a comprehensive, consistent and unequivocal phytosociological clas-
sification of European marsh vegetation of the class Phragmito-Magnocaricetea.
Location: Europe.
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1  | INTRODUC TION

The rapid proliferation of national and regional vegetation-plot data-
bases over the past two decades has opened new avenues for eco-
logical and biodiversity research (Dengler et al., 2011; Chytrý et al., 
2016; Bruelheide et al., 2019). At the same time, development of in-
ternational conservation strategies motivated vegetation scientists 
to elaborate standard protocols or at least to improve international 
consensus about the conceptual foundation of vegetation classifica-
tion (Jennings, Faber-Langendoen, Loucks, Peet, & Roberts, 2009; 
De Cáceres & Wiser, 2012; De Cáceres et al., 2015). Several coun-
tries have more or less independently developed their own classifi-
cation systems following various approaches and methods (Rodwell, 
1991–2000; Schaminée, Stortelder, Westhof, Weeda, & Hommel, 
1995–1999; Chytrý, 2007–2013; USFGDC, 2008; Biondi et al., 2014; 
Dubyna et al., 2019). Their differences have indicated inconsistency 
among classification systems (De Cáceres et al., 2015; Landucci, 
Tichý, Šumberová, & Chytrý, 2015), which can be overcome by using 
formalized classification methods such as Cocktail (Bruelheide, 1997, 
2000; Kočí, Chytrý, & Tichý, 2003). These methods make it possible 
to produce the same classification in different data sets through the 

application of unequivocal rules expressed by sets of logical formu-
las applied through computer expert systems.

Cocktail and similar methods involving classification expert 
systems have previously been applied mainly at the national level 
(Šilc & Čarni, 2007; Chytrý, 2007–2013; Janišová et al., 2007; 
Kącki, Czarniecka, & Swacha, 2013; Li et al., 2013; Rodríguez-Rojo, 
Fernández-González, Tichý, & Chytrý, 2014), but recent applications 
were developed also at the continental scale for European floodplain 
forests (Douda et al., 2016), beech forests (Willner et al., 2017), fens 
(Peterka et al., 2017), and coastal dune vegetation (Marcenò et al., 
2018). The original Cocktail approach made it possible to formalize 
vegetation classification using the rules of formal logic, combining 
sociological species groups through the operators and, or and not 
(Bruelheide, 1997). Subsequently, this approach was extended by 
adding thresholds of cover values of individual species to the logi-
cal formulas in order to better define phytosociological associations 
(Kočí et al., 2003). Recently the formal language for expert systems 
in the program JUICE 7.0 has been enriched by incorporating exter-
nal criteria (plant functional groups), allowing in-depth classification 
of different vegetation types including species-poor ones (Landucci, 
Tichý, et al., 2015; Tichý, Chytrý, & Landucci, 2019).

Methods: We applied the Cocktail method to a European data set of 249,800 vegeta-
tion plots. We identified the main purposes and attributes on which to base the classi-
fication, defined assignment rules for vegetation plots, and prepared formal definitions 
for all the associations, alliances and orders of the class Phragmito-Magnocaricetea 
using formal logic. Each formula consists of the combination of “functional species 
groups”, cover values of individual species, and in the case of high-rank syntaxa also 
of “discriminating species groups” created using the Group Improvement (GRIMP) 
method.
Results: The European Phragmito-Magnocaricetea vegetation was classified into 92 
associations grouped in 11 alliances and six orders. New syntaxa (previously invalidly 
published according to the International Code of Phytosociological Nomenclature) 
were introduced: Bolboschoeno maritimi-Schoenoplection tabernaemontani, Glycerio 
maximae-Sietum latifolii, Glycerio notatae-Veronicetum beccabungae, Schoenoplectetum 
corymbosi and Thelypterido palustris-Caricetum elongatae. Based on a critical revision, 
some other syntaxa were rejected or excluded from the class Phragmito-Magnocaricetea.
Conclusions: This work provides the first consistent classification of the class 
Phragmito-Magnocaricetea at the European scale, which is an important tool for nature 
conservation. Our classification largely respects previously existing concepts of syn-
taxa, but it also proposes modifications to the recently published EuroVegChecklist. 
This work also provides a protocol that can be used for extending the current clas-
sification to new syntaxa and geographical regions.

K E Y W O R D S

Association, cocktail method, consistency, discriminating species groups, functional species 
group, physiognomy, sociological species group, vegetation classification, vegetation database, 
wetland vegetation
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The project WetVegEurope (http://www.sci.muni.cz/botan y/
vegsc i/wetve g/) was launched in 2013 with the aim to create a con-
sistent formalized classification, up to the level of phytosociological 
associations, of European aquatic and marsh vegetation. The project 
included a compilation of the largest database of European aquatic 
and wetland vegetation plots (Landucci, Řezníčková, et al., 2015), 
which is currently a part of the European Vegetation Archive (EVA; 
Chytrý et al., 2016), and creation of a protocol for the classification 
of aquatic vegetation, which was tested at a national scale (Landucci, 
Tichý, et al., 2015; Hrivnák, Bubíková, Oťaheľová, & Šumberová, 
2019). The present paper introduces the classification developed for 
European marsh vegetation that is included in the phytosociologi-
cal class of Phragmito-Magnocaricetea. This class includes reed and 
sedge beds and herbaceous vegetation growing in shallow fresh-
water or brackish wetlands such as the littoral zone of lakes, pools 
and ponds, river banks and alluvial areas characterized by protracted 
flooding during the year.

Although marsh vegetation appears relatively uniform across 
Europe and other continents, its classification differs considerably 
among regions. Like for other vegetation types, these differences re-
sult from different implementations of the Braun-Blanquet approach 
by European phytosociological schools (Guarino, Willner, Pignatti, 
Attorre, & Loidi, 2018). The attributes (sensu De Cáceres et al., 
2015) used for vegetation classification in Europe are more or less 
common to all the schools: species composition and physiognomy 
are most important, while ecology and geographical distribution are 
also considered (Braun-Blanquet, 1964; Westhoff & van der Maarel, 
1973). However, the main European phytosociological schools dif-
fer in the relative importance assigned to each of these attributes. 
Classification methods also vary from country to country and from 
scientist to scientist, ranging from unsupervised (Rodwell, 1995) to 
supervised methods (Šumberová et al., 2011; Landucci, Gigante, 
Venanzoni, & Chytrý, 2013; Weekes et al., 2018) and from meth-
ods stressing species dominance (Dubyna, 2006) to those stressing 
species composition (Rodwell, 1995; Schaminée, Weeda, Westhoff, 
1995). Some authors prefer a mixed approach using different meth-
ods and criteria according to vegetation types (Passarge, 1999). The 
syntaxonomic ranks to which a certain criterion is applied can also 
be different. It is obvious that this variability in classification proto-
cols influences the delimitations of vegetation units. Consequently, a 
unit recognized by some authors can be unacceptable for those who 
do not use the same classification criteria.

The inconsistencies in concepts and nomenclature of marsh 
vegetation types can be exemplified by the associations Scirpo-
Phragmitetum and Acoro-Glycerietum maximae. The association Scirpo-
Phragmitetum Koch 1926 is accepted by some authors (Rennwald, 
2000; Berg, Dengler, Abdank, & Isermann, 2004) as a broad unit that 
can be dominated by Phragmites australis, Schoenoplectus lacustris, 
Typha angustifolia or Typha latifolia. However, many others do not ac-
cept the concept of such a broad unit because ecological ranges of 
these species overlap only partially, despite their local co-occurrences. 
Phragmites australis has the broadest ecological range and is the most 
tolerant to dry conditions among these species. It tolerates strong 

water table fluctuations and can also grow in hypertrophic water. 
Typha latifolia tolerates water table fluctuations as well but it is more 
sensitive to dry conditions, and unlike Phragmites australis, it can live for 
a long time in anoxic conditions. Schoenoplectus lacustris and Typha an-
gustifolia prefer to grow in mesotrophic to eutrophic water, constantly 
in wet conditions and usually in deeper water than Phragmites australis 
and Typha latifolia (Grace & Wetzel, 1982). As an alternative classifica-
tion, narrower associations, each based on the dominance of one of 
the species, have been established (Rodwell, 1995; Valachovič, 2001; 
Šumberová et al., 2011; Borhidi, Kevey, & Lendvai, 2012; Landucci 
et al., 2013). The association Acoro-Glycerietum maximae Slavnić 1956 
represents a different case. This association was originally described 
as characterized by the co-occurrence of Acorus calamus and Glyceria 
maxima (Slavnić, 1956). However, some authors (Trinajstić, Franjić, & 
Škvorc, 2000; Trinajstić & Pavletić, 1991) recognize three associations: 
Glycerietum maximae (dominated by Glyceria maxima, without Acorus 
calamus), Acoretum calami (dominated by Acorus calamus, without 
Glyceria maxima) and Acoro-Glycerietum maximae (with co-dominance 
of both species). Other authors consider the stands co-dominated by 
Acorus calamus and Glyceria maxima as transitional between the associ-
ations Acoretum calami and Glycerietum maximae, i.e. not as a separate 
association (Stančić, 2007; Šumberová et al., 2011; Borhidi et al., 2012).

The aim of the present work is to solve such inconsistencies in 
the European phytosociological classification of marsh vegetation of 
the Phragmito-Magnocaricetea class and propose a revised, compre-
hensive and consistent classification from the level of association to 
the level of order. We also aim to provide a transparent classification 
protocol for this vegetation, which would take into account the most 
common needs of the users of vegetation classification and at the 
same time would respect as much as possible the most commonly 
accepted meaning of the particular syntaxa.

2  | METHODS

2.1 | Data preparation

The data used for this work are from the database WetVegEurope, 
registered in the Global Index of Vegetation-Plot Databases (GIVD, 
Dengler et al., 2011) with the code EU-00-020. The complete da-
tabase includes records from 375,654 vegetation plots (hereafter 
also called ‘plots’) sampled in wet habitats in 33 European coun-
tries (Landucci, Řezníčková, et al., 2015). We selected those plots 
that contained at least one species typical of the class Phragmito-
Magnocaricetea according to EuroVegChecklist (Appendix S6 of 
Mucina et al., 2016) and other literature sources (Dubyna, 2006; 
Borhidi et al., 2012). The data set extracted included 249,800 plots 
and was stored in the TURBOVEG 3 database management system 
(Hennekens, 2015). JUICE 7.0 software (Tichý, 2002) was used to 
perform most of the analyses and classification.

As the lists of plant taxa in vegetation plots of WetVegEurope 
were based on different taxonomic concepts and nomenclature, 
we unified them according to the Euro+Med PlantBase (http://

http://www.sci.muni.cz/botany/vegsci/wetveg/
http://www.sci.muni.cz/botany/vegsci/wetveg/
http://ww2.bgbm.org/EuroPlusMed/
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ww2.bgbm.org/EuroP lusMe d/; Euro+Med, 2018). The very few 
vascular plant taxa that were missing in Euro+Med were checked 
and unified according to The Plant List database (www.thepl antli 
st.org; The Plant List, 2013). This last source was also used for 
unifying the names of bryophytes, while the names of algae were 
unified according to AlgaeBase (www.algae base.org; Guiry et al., 
2014). Taxonomically critical taxa were merged into aggregates 
(Appendix S1). Records of the same species in different layers 
were also merged so that each species was represented by a sin-
gle line in the data matrix. Lichens and hybrids of vascular plants 
with less than five occurrences, and all fungi and microalgae were 
removed from the data set.

2.2 | Classification purposes and 
classification attributes

The main attributes traditionally used in vegetation classification are 
dictated by the expected use of the classification. Therefore iden-
tification of the purposes of vegetation classification in a particu-
lar habitat is a starting point for building a consistent classification 
(De Cáceres & Wiser, 2012; De Cáceres et al., 2015). Our review of 
European literature indicated that the primary purpose of classifying 
marsh and aquatic vegetation is producing a detailed description of 
wetland vegetation diversity for nature conservation, and the main 
classification attributes used are:

• Species composition: In the Braun-Blanquet approach, this is the 
main classification attribute because it is an outcome of the ef-
fects of all the other attributes. Therefore, it can also be con-
sidered as an indirect indicator of the other attributes. Species 
composition is used to classify vegetation at all hierarchical levels 
(from the association to the class level).

• Physiognomy: Marsh vegetation is often dense due to tall helo-
phytes or hemicryptophytes that can easily cover large areas 
through vegetative propagation, mainly by rhizomes. Physiognomy 
(height and shape of plants, texture, colour and shape of leaves) 
can be easily used in wetlands to roughly identify more or less uni-
form patches recognizable as vegetation units. Species dominance 
characterizes the overall physiognomy of a stand; therefore, it is 
of high importance in the classification of wetland vegetation at 
any level, but mainly at the level of association.

• Ecology: Abiotic and biotic factors such as water depth and water 
table dynamics, temperature, nutrient concentration, pH and sa-
linity of water and soil, and management practices (mowing, graz-
ing, burning) are often used to classify vegetation into high-rank 
syntaxa, i.e. alliances, orders and classes. These factors are rarely 
or insufficiently measured in vegetation surveys, but they are 
often estimated from the occurrence of species with well-known 
ecological preferences (e.g., using Ellenberg indicator values; 
Ellenberg et al., 1992).

• Biogeography: Wetland vegetation is azonal, and a large propor-
tion of its species have extensive distribution ranges. Therefore 

biogeography has the lowest importance for classifying marsh 
vegetation on the continental scale. However, it helps define veg-
etation units especially in marginal areas of Europe, in which some 
marshes are dominated by species not present in other parts of 
the continent. For example, the alliances Arctophilion fulvae and 
Caricion broterianae are, respectively, limited to northern and 
south-western Europe, corresponding to the ranges of their char-
acteristic and dominant species.

The first two attributes (species composition and physiog-
nomy) are primary attributes for classifying marsh vegetation, 
while the other two (ecology and biogeography) are secondary 
attributes according to the terminology proposed by De Cáceres 
et al. (2015). The primary attributes are those used to consistently 
group plot records into vegetation types, while the secondary at-
tributes are used to constrain the definition of vegetation types. 
We use these attributes to build our classification protocol for 
marsh vegetation.

2.3 | Classification and formal definition of 
associations

The classification protocol for associations of marsh vegetation uses 
the same principles as the protocol for aquatic vegetation proposed 
by Landucci, Tichý, et al. (2015) in order to enable the integration of 
two classification sections (sensu De Cáceres et al., 2015), one for 
aquatic and one for marsh vegetation, into a single European vegeta-
tion classification system.

All species and infraspecific taxa (henceforth species) of the data 
set except lichens and terrestrial bryophytes (not used in the classi-
fication) were divided into 12 functional species groups according 
to their physiognomy and affinity to the wetland or aquatic environ-
ments (Table 1). The functional species groups were organized at 
four hierarchical levels. The first level distinguished ‘aquatic species’ 
and ‘non-aquatic species’. The subsequent levels were applied only to 
non-aquatic species because aquatic species were not needed for the 
classification of marsh vegetation. The second level separated ‘marsh 
species’ from ‘other terrestrial herbaceous plants and dwarf shrubs’ 
and ‘shrubs and trees’. The third and fourth levels grouped the species 
according to their life form and morphology. A priority degree from I 
(low priority) to IV (high priority) was assigned to each group of level 2 
and 3 based on the competitiveness of the species within the groups 
and successional stage in which these species usually occur. The more 
competitive and more late-successional the species, the higher the pri-
ority of the group in the classification. Five further functional species 
groups were created according to specific ecological requirements 
(Table 2), including four groups of species occurring in brackish and 
salt conditions and one including the bryophytes growing mainly or 
exclusively in mires (based on data from Peterka et al., 2017). Species 
tolerant to salt and brackish conditions were identified and sorted in 
the groups according to ecological information published in various lit-
erature sources (Mucina et al., 2016; Pignatti, 2005).

http://ww2.bgbm.org/EuroPlusMed/
http://www.theplantlist.org
http://www.theplantlist.org
http://www.algaebase.org
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Like in Landucci, Tichý, et al. (2015), we then formulated gen-
eral rules for the assignment of plots to associations, and according 
to these rules, we created the definitions of the associations using 
formal logic (Appendices S2 and S3). A preliminary list of associa-
tions with their valid names and synonyms was compiled using a 
large body of European phytosociological literature. However, the 
final association list is a result of an iterative refinement during the 
formalization process.

The threshold values of percentage cover in the formulas were 
assigned arbitrarily following our personal experience and consis-
tently with similar classifications developed in the past (Chytrý, 
2007–2013; Landucci, Tichý, et al., 2015; Peterka et al., 2017).

• Assignment rules based on the overall physiognomy of the vege-
tation stands
▫︎ If the total cover of the group ‘shrubs and trees’ (group N.C) 

is >25% or that of ‘other herbaceous plants and dwarf shrubs’ 
(N.B) is >50%, the plot does not belong to marsh vegetation of 
the Phragmito-Magnocaricetea class, irrespective of the cover 
value of marsh species (included in the group N.A).

▫︎ If the previous point is not true and the total cover of ‘com-
petitive marsh forbs’ (N.A.3) is >25%, the plot is assigned to 
an association defined by species belonging to this group, irre-
spective of the cover value of other marsh species (included in 
N.A.1, N.A.2).

▫︎ If the previous point is not true and the total cover of ‘emer-
gent reedlike plants and bulrushes’ (N.A.2.1) and ‘marsh 
sedges’ (N.A.2.2) is >25%, the plot is assigned to an association 
defined by species belonging to these groups irrespective of 
the cover value of other marsh forbs (included in N.A.1).

▫︎ If the previous point is not true and the total cover of ‘amphib-
ian plant species’ (N.A.1.1) and ‘less competitive marsh forbs’ 
(N.A.1.2) is >25%, the plot is assigned to an association de-
fined by species belonging to these groups.

• Assignment rules based on species dominance (valid if at least one 
of the assignment rules according to the overall physiognomy is met)
▫︎ If no species in a marsh vegetation plot has a cover ≥25%, the 

plot is assigned to the association characterized by the species 
that dominates the vegetation in the plot (the species with the 
highest cover value in the plot).

▫︎ If the cover of a particular ‘marsh plant species’ (any species 
included in N.A) is >25%, the plot is assigned to the association 
characterized by that species.

▫︎ If two or more species have identical cover values, the assign-
ment of the plot is based on the priority degrees. For example, 
if an emergent reedlike species (e.g., Phragmites australis) and 
an amphibian species (e.g., Rorippa amphibia) have the same 
cover, the plot is assigned to the association defined by the 
dominance of the former because of its higher priority degree.

All the associations dominated by physiognomically similar species 
are defined in a similar way. The assignment rules enabled the genera-
tion of four general formula models according to the functional species 

group in which the dominant species of associations are included 
(Appendix S4). Each logical formula consists of membership conditions 
combined by logical operators and, or and not (= and not). Each formula 
is characterized by a ‘dominant characteristic species’ that is either 
dominant in the plot or has a cover value higher than 25%. The ‘domi-
nant characteristic species’ is determined by the priority degree of the 
species in the plot. There are cases when the ‘dominant characteristic 
species’ is not really dominant in the plot but has a cover greater than 
or equal to 25%, and is the one with the highest priority degree in the 
plot. To obtain a better definition, some formulas of the associations 
were refined using the functional species groups with ecological mean-
ing listed in Table 2 (see also Appendices S2 and S3 for species content 
of the functional species groups).

2.4 | Assignment of associations to high-
rank syntaxa

Once we defined all the associations, we assigned them to high-
rank syntaxa. We used EuroVegChecklist (Mucina et al., 2016) as 
the baseline classification of higher syntaxa. EuroVegChecklist is 
currently the most comprehensive review of the European phyto-
sociological classification system from the alliance to the class level 
based on a literature review, but with no validation of many syn-
taxa using real data. Therefore we performed a check of the syntaxa 
within Phragmito-Magnocaricetea using our European vegetation-
plot data set (Appendix S5). We also assessed whether some com-
munities assigned by different authors to different classes, including 
the Phragmito-Magnocaricetea, belong to this class. For example, 
the communities dominated by Beckmannia eruciformis are assigned 
by some authors to several classes including also Phragmito-
Magnocaricetea (Dítě, Hrivnák, Melečková, Eliáš, & Dajić-Stevanović, 
2012), and by others solely to Festuco-Puccinellietea (Deák, Valkó, & 
Tóthmérész, 2019).

First, we identified which associations belong unquestion-
ably to the traditionally defined class Phragmito-Magnocaricetea 
and which may be better placed in other classes. Based on Mucina 
et al. (2016), other literature sources and personal experience, we 
compiled lists of species characteristic or frequently occurring in 
the phytosociological classes of wetland vegetation or near wet-
lands: Phragmito-Magnocaricetea, Artemisietea vulgaris, Bidentetea, 
Epilobietea angustifolii, Festuco-Puccinellietea, Isoëto-Nanojuncetea, 
Juncetea maritimi, Littorelletea uniflorae, Molinio-Arrhenatheretea, 
Montio-Cardaminetea and Scheuchzerio palustris-Caricetea fus-
cae. For the four aquatic vegetation classes, Charetea, Lemnetea, 
Potamogetonetea and Ruppietea, a single species list was created. 
We calculated the percentage of the species belonging to these lists 
in the plots of each association and summarized the results in box 
plots (Appendix S6). When an association contained few Phragmito-
Magnocaricetea species (generally with a median <30%), we excluded 
it from the Phragmito-Magnocaricetea class.

Second, we assigned the associations to alliances and orders. For 
this purpose, we tried to create at least one sociological species group 
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TA B L E  1   Main functional species groups, their descriptions and priority degrees. The short names used in the logical formulas are in 
parentheses after the full names. The list of species included in each group is in Appendices S2 and S3

Functional species groups and their explanations for aquatic and emergent vegetation
Priority 
degree

A. Aquatic species (Aquatic). Vascular plant, macroalgal and bryophyte species growing in water bodies from the bottom to the water 
surface. They can have leaves or branches wholly submerged or floating on the water surface. They produce flowers/spores in water 
or a few centimetres above the water surface. Occasionally these species can grow and complete their life cycle outside water, but 
always in very wet conditions.

-

N. Non-aquatic species 
(Non-aquatic). Vascular 
plant species and 
bryophytes growing 
in dry or wet habitats, 
but able to complete 
their life cycle only 
when emerging from 
water or in terrestrial 
conditions. Amphibian 
species producing 
both emergent and 
submerged growth 
forms but with optimum 
as emergent plants are 
also included in this 
group.

N.A. Marsh plant 
species (Marsh). 
Emergent and 
amphibian vascular 
plant species 
growing in shallow 
fresh and brackish 
waters (e.g., 
marshes, shores 
and banks of 
natural and artificial 
waterbodies, 
floodplains).

N.A.1. Amphibian and 
broad-leaved emergent 
plants (Broad-leaved). All 
amphibian and non-amphibian 
(amphiphyte and helophyte) 
emergent marsh plant species 
physiognomically different 
from tall reeds, cattails, 
sedges, horsetails, rushes and 
bulrushes. Short amphibian 
grasses or grasses with leaves 
floating on the water surface 
(such as Glyceria fluitans or G. 
notata) are also included in this 
group.

N.A.1.1. Amphibian plant species 
(Amphibian). Forbs and grasses that 
tolerate long periods of total submersion 
but can bloom and complete the life cycle 
only when emerging from the water (also 
called amphiphytes). Although they can 
form dense populations in water, their 
propagation is only vegetative in such 
conditions. These species can be rooting 
hydrophytes, rhizomatous geophytes 
or protohemicryptophytes developing 
abundant adventitious roots.

I

N.A.1.2. Less competitive marsh forbs 
(Non-competitive marsh). Small or tall 
emergent forbs with few broad or small 
and numerous leaves, but different 
from tall grasses, cattails, rushes, 
sedges, bulrushes and horsetails. The 
low competitiveness of these plants is 
determined by their small dimension or 
life form. They are usually small species 
or protohemicryptophytes not able to 
produce abundant adventitious roots.

N.A.2. Tall emergent species 
with narrow leaves (Tall 
emergent). Tall emergent 
perennial species usually 
characterized by long 
and narrow leaves (e.g., 
reeds, cattails and sedges). 
Sometimes the leaves may 
be reduced or even absent 
(e.g., horsetails, rushes and 
bulrushes). These species are 
rhizomatous geophytes or 
tussock hemicryptophytes.

 

N.A.2.1. Emergent reedlike plants and 
bulrushes (Reedlike). Tall and very tall 
emergent species (from 60 to 300 cm) 
characterized by rather narrow and 
long erect leaves, sometimes hanging 
in the uppermost part (e.g., Typha spp., 
Phragmites australis, Acorus calamus and 
Iris pseudacorus) or by no or very reduced 
leaves (e.g., Schoenoplectus spp., Juncus 
spp. and Equisetum spp.). Most of them are 
rhizomatous geophytes.

II

N.A.2.2. Marsh sedges (Marsh sedges). 
Medium-tall and tall marsh sedges (from 
40 to 150 cm) characterized by narrow 
to very narrow hanging leaves. They 
are rhizomatous geophytes or tussocky 
hemicryptophytes.

N.A.3. Competitive marsh forbs (Competitive marsh forbs). Marsh rhizomatous 
species with broad leaves, non-amphibian and different than reeds, cattails or 
sedges. Thelypteris palustris is included in this group.

III

N.B. Other herbaceous plants and dwarf shrubs (Others). All herbaceous and dwarf shrub plant species 
preferentially occurring in dry, semi-dry and wet habitats different from freshwater and brackish 
marshes (e.g., bogs, calcareous fens, temporary ponds, springs, salt marshes). Climber and creeper plant 
species are included in this group.

IV

N.C. Shrubs and trees (Shrubs&trees). All phanerophytes and epiphytes.
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for each alliance included in the class Phragmito-Magnocaricetea 
(Table 3). A sociological species group is formed by species that have 
similar ecological requirements and similar geographical distribution, 
hence a high tendency to co-occur in vegetation plots (Bruelheide, 
2000). Each sociological species group was built using an iterative 
process described by Kočí et al. (2003). Species with similar ecol-
ogy according to expert evaluation and usually reported in the same 
alliance were grouped and the degree of co-occurrence of these 
species was measured as the phi coefficient of association. If the 
phi coefficient of all species was higher than 0.25 and no other spe-
cies had a higher phi value, the group was accepted. Otherwise, one 
or more species were either added to or removed from the group, 
and the phi coefficient was calculated again. The group was con-
sidered to be present in a plot if at least two species of the group 
co-occurred in the plot. Then we calculated the frequency of each 
sociological species group in the associations and assigned the as-
sociations to alliances and orders according to the results. Each as-
sociation was placed in the alliance and order whose representative 
group was most frequent (Table 4). Exceptions were the associations 
with a high frequency of Phragmito-Magnocaricetea species and the 
occurrence of Juncetea maritimi species. Although these associations 
did not always have a high frequency of the species included in the 
Bolboschoenion group, they were assigned to the Scirpion maritimi al-
liance because it seemed to us as the ecologically most appropriate 
unit. The associations that did not fit in any alliance of Phragmito-
Magnocaricetea were rejected, as well as those high-rank syntaxa 
that remained without associations or for which it was impossible to 
create a sociological species group.

2.5 | Data resampling

Since the selected vegetation plots were distributed unevenly 
across geographical areas and vegetation types, we performed a re-
sampling of the whole data set before producing synoptic tables of 
associations and defining high-rank syntaxa (alliances and orders), 
which required the calculation of species fidelity. In ideal condi-
tions, we would stratify the data set using comparable geographical 
areas such as cells of a geographical grid. However, the inaccurate 
localization or absence of geographical coordinates in ~20% of plots 

did not allow us to apply this kind of stratification. Instead, we first 
stratified the data set by country of origin and by phytosociologi-
cal associations within each country, and applied the heterogeneity-
constrained random (HCR) resampling (Lengyel, Chytrý, & Tichý, 
2011) within the strata. We defined the maximum number of plots 
required from a given stratum (association within a country) as a 
linear function of β-diversity of the plots included in that stratum 
(Wiser & De Cáceres, 2013). We set the minimum and maximum 
numbers of plots to be retained per stratum according to the size 
of the country (Wagner et al., 2017), using minima of 50, 20 and 
10 plots and maxima of 500, 200 and 100 plots, respectively, for 
‘large countries’ (area ≥ 500,000 km2), ‘medium countries’ (100,000–
500,000 km2) and ‘small countries’ (<100,000 km2). The resampled 
data set comprised 110,878 plots.

2.6 | Definition of the high-rank syntaxa

Unlike for the associations, the definitions of the high-rank syntaxa 
were created a posteriori, only after the assignment of the associa-
tions to the high-rank syntaxa. In other words, our classification 
protocol did not proceed exclusively either top-down or bottom-
up, but it followed both directions. Formal logical definitions of the 
high-rank syntaxa were also prepared, but another kind of species 
group called ‘discriminating species group’ was added in these defi-
nitions. For this kind of species groups, the total cover of species 
of one group is compared against other groups contained in the 
same expert system (Tichý et al., 2019). To apply this approach, it 
was necessary to define the discriminating species groups for all 
the classes that can potentially be found in contact with Phragmito-
Magnocaricetea and all orders and alliances belonging to the class 
Phragmito-Magnocaricetea (Appendices S2 and S3).

• Definition of the Phragmito-Magnocaricetea class — The ‘discrim-
inating species groups of classes’ used in the classification were 
based on the literature (mainly Mucina et al., 2016) and expert 
knowledge. They partly correspond to the lists of species used 
for the assignment of the associations to high-rank syntaxa 
(Appendices S2 and S3). A plot is assigned to the class Phragmito-
Magnocaricetea if the total cover of the ‘Phragmito-Magnocaricetea 

TA B L E  2   Functional species groups with ecological meaning, used for refining the definitions of some marsh vegetation associations. The 
short names used in the logical formulas are in parentheses after the full names. The list of species included in each group is in Appendices 
S2 and S3

S. Species indicating saline habitats (Salt-
indicators). Species growing exclusively in 
brackish or salty habitats on the European coast 
and inland.

S.A. Species of saline coastal habitats (Salt-coastal). Species growing exclusively in salty 
water or soil on the European coast or close to it or inland in the Mediterranean region 
where the salinity is high due to high evaporation rate.

S.B. Species of salty continental habitats (Salt-continental). Species growing exclusively in 
brackish or salty water and soils of continental Europe, never growing along the coast.

S.C. Species indicating salty habitats in general (Salt-general). Generalist species growing 
both in coastal and inland saline habitats, but some of them also common in non-saline 
habitats.

B. Mire bryophytes (Mire bryophytes). Bryophytes growing mainly or exclusively in mires. This group was built according to Peterka et al. (2017).
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TA B L E  4   Classification results: syntaxonomic synopsis and the number of plots assigned to each syntaxon in both complete and 
resampled data set; for high-rank syntaxa the number of plots assigned by the expert system directly to the syntaxon is given, followed by 
the number of plots assigned to lower syntaxa in brackets

Code
Code Mucina 
et al. (2016) Syntaxon name

No. of plots in the 
complete data set

No. of plots in the 
resampled data set

P PHR Phragmito-Magnocaricetea Klika in Klika et Novák 1941 9,118 (+83,216) 4,138 (+45,884)

P1 PHR-01 Phragmitetalia Koch 1926 179 (+36,507) 114 (+15,006)

P1A PHR-01A Phragmition communis Koch 1926 4,216 (+32,291) 2,315 (+12,691)

P1A01  Acoretum calami Dagys 1932 1,027 576

P1A02  Glycerietum maximae Nowiński 1930 corr. Šumberová et al. in 
Chytrý 2011

6,236 1,171

P1A03  Glycerio-Sparganietum neglecti Koch 1926 (including Sparganietum 
erecti Roll 1938 and Sparganietum microcarpi (Weber 1976) 
Passarge 1978)

2,707 1,291

P1A04  Equisetetum fluviatilis Nowiński 1930 1,230 750

P1A05  Phalaridetum arundinaceae Libbert 1931 3,336 1632

P1A06  Typhetum angustifoliae Pignatti 1953 2,494 1,395

P1A07  Schoenoplectetum lacustris Chouard 1924 nom. mut. propos. et 
nom. cons. propos.

1836 1,206

P1A08  Typhetum laxmannii (Ubrizsy 1961) Nedelcu 1969 169 169

P1A09  Phragmitetum australis Savič 1926 nom. mut. propos. 9,896 2,441

P1A10  Typhetum latifoliae Nowiński 1930 2,325 1,150

P1A11  Iridetum pseudacori Eggler ex Brzeg et Wojterska 2001 578 453

P1A12  Scirpo fluviatilis-Zizanietum latifoliae Miyawaki et Okuda 1972 68 68

P1A13  Typhetum domingensis Brullo et al. 1994 158 158

P1A14  Typho angustifoliae-Schoenoplectetum mucronatae (Ubrizsy 1961) 
Borhidi 2003

5 5

P1A15  Cyperetum longi (Micevski 1957) Micevski 1963 101 101

P1A16  Equiseto-Typhetum minimae Br.-Bl. in Volk 1940 43 43

P1A17  Typhetum shuttleworthii Nedelcu et al. ex Šumberová in Chytrý 
2011

41 41

P1A18  Nardosmietum laevigatae Klotz et Köck 1986 36 36

P1A19  Schoenoplectetum corymbosi Lòpez ex Landucci et al. 2020 5 5

P2 PHR-02 Bolboschoenetalia maritimi Hejný in Holub et al. 1967 70 (+5,111) 66 (+4,189)

P2A PHR-02A Scirpion maritimi Dahl et Hadač 1941 383 (+1,682) 297 (+1,682)

P2A01  Bolboschoeno compacti-Scirpetum tabernaemontani Bueno Sánches 
et Prieto in Bueno Sánches 1997

175 175

P2A02  Astero pannonici-Bolboschoenetum compacti Hejný et Vicherek ex 
Oťaheľová et Valachovič in Valachovič 2001

471 471

P2A03  Scirpetum maritimi van Langendonck 1931 412 412

P2A04  Scirpetum litoralis Pignatti 1953 81 81

P2A05  Puccinellio festuciformis-Phragmitetum australis (Pignatti 1953) 
Poldini et Vidali 2002

349 349

P2A06  Soncho maritimi-Cladietum marisci (Braun-Blanquet et O. Bolòs 
1957) Cirujano 1980

146 146

P2A07  Cladio marisci-Caricetum hispidae O. Bolòs 1967 48 48

P2B PHR-02B Bolboschoeno maritimi-Schoenoplection tabernaemontani Landucci 
et al. 2020

425 (+2,621) 414 (+1,796)

P2B01  Scirpetum maritimi-triquetri Zonneveld 1960 nom. invers. propos. 76 76

P2B02  Phragmito australis-Bolboschoenetum maritimi (Tüxen 1937) Rivas-
Martínez 2011

1,035 673

(Continues)
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Code
Code Mucina 
et al. (2016) Syntaxon name

No. of plots in the 
complete data set

No. of plots in the 
resampled data set

P2B03  Schoenoplectetum tabernaemontani Soó 1947 454 344

P2B04  Bolboschoeno-Phragmitetum communis Borhidi et Balogh 1970 1,006 653

P2B05  Tripleurospermo inodori-Bolboschoenetum planiculmis Hroudová 
et al. 2009

45 45

P2B06  Bolboschoenetum popovii Losev et Golub in Golub et al. 1991 5 5

P4 PHR-04 Magnocaricetalia Pignatti 1953 64 (+25,882) 51 (+15,866)

P4A PHR-04A Magnocaricion elatae Koch 1926 1525 (+9,755) 987 (+7,050)

P4A01  Caricetum diandrae Jonas 1933 241 225

P4A02  Peucedano palustris-Caricetum lasiocarpae Tüxen ex Balátová-
Tuláčková 1972

550 550

P4A03  Menyanthetum trifoliatae Nowiński 1927 542 423

P4A04  Comaretum palustris Markov et al. 1955 235 227

P4A05  Calamagrostietum purpureae Taran 1995 28 28

P4A06  Equiseto fluviatilis-Caricetum rostratae Zumpfe 1929 nom. mut. 
propos.

1,760 1,145

P4A07  Calamagrostietum neglectae Steffen 1931 42 42

P4A08  Caricetum appropinquatae Aszód 1935 nom. mut. propos. 266 266

P4A09  Thelypterido palustris-Caricetum elongatae Julve et Gillet ex 
Landucci et al. 2020

21 21

P4A10  Caricetum aquatilis Savič 1926 286 140

P4A11  Caricetum buxbaumii Issler 1932 80 80

P4A12  Caricetum elatae Koch 1926 1,771 1,225

P4A13  Scolochloetum festucaceae Rejewski 1977 32 32

P4A14  Carici elatae-Calamagrostietum canescentis Jílek 1958 747 422

P4A15  Caricetum acutiformi-paniculatae Vlieger et van Zinderen Bakker in 
Boer 1942

1,263 713

P4A16  Holoschoeno-Juncetum subnodulosi Géhu et Biondi 1988 847 718

P4A17  Cladietum marisci Allorge 1921 1,044 793

P4B PHR-04B Magnocaricion gracilis Géhu 1961 2,127 (+10,271) 1,270 (+5,181)

P4B01  Caricetum vulpinae Nowiński 1927 261 261

P4B02  Caricetum distichae Nowiński 1927 nom. mut. propos. 754 577

P4B03  Caricetum gracilis Savič 1926 4,154 1595

P4B04  Caricetum vesicariae Chouard 1924 930 729

P4B05  Caricetum ripariae Máthé et Kovács 1959 2058 926

P4B06  Caricetum acutiformis Eggler 1933 nom. cons. propos. 2,114 1,093

P4C PHR-04C Carici-Rumicion hydrolapathi Passarge 1964 688 (+1,516) 395 (+983)

P4C01  Phragmito australis-Thelypteridetum palustris Kuiper ex van 
Donselaar et al. 1961 nom. invers.

976 524

P4C02  Cicuto virosae-Caricetum pseudocyperi Boer et Sissingh in Boer 
1942

259 259

P4C03  Calletum palustris Vanden Berghen 1952 281 200

P5 PHR-05 Nasturtio-Glycerietalia Pignatti 1953 43 (+6,401) 40 (+4,073)

P5A PHR-05A Glycerio-Sparganion Br.-Bl. et Sissingh in Boer 1942 814 (+5,205) 514 (+3,177)

P5A01  Nasturtietum officinalis Gilli 1971 369 369

P5A02  Glycerio notatae-Veronicetum beccabungae Landucci et al. 2020 172 172

P5A03  Helosciadietum nodiflori Maire 1924 660 660

TA B L E  4   (Continued)
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Code
Code Mucina 
et al. (2016) Syntaxon name

No. of plots in the 
complete data set

No. of plots in the 
resampled data set

P5A04  Glycerietum notatae Kulczyński 1928 nom. mut. propos. 453 393

P5A05  Beruletum erectae Roll 1938 nom. mut. propos. 496 383

P5A06  Polygono hydropiperis-Veronicetum anagallidis-aquaticae Schaminée 
et Weeda in Schaminée et al. 1995

134 134

P5A07  Rorippo ancipitis-Catabrosetum aquaticae (Oberdorfer 1957) Müller 
et Görs 1961 nom. mut. propos.

162 162

P5A08  Glycerietum nemorali-plicatae Kopecký 1972 46 46

P5A09  Glycerietum fluitantis Nowiński 1930 2,713 858

P5C PHR-05C Caricion broterianae (Rivas-Martínez. et al. 1986) J.A. Molina 1996 15 (+367) 15 (+367)

P5C01  Galio broteriani-Caricetum broterianae Rivas-Martínez ex Fuente 
1986

109 109

P5C02  Caricetum pseudocypero-lusitanicae Rivas-Martínez et al. 1980 48 48

P5C03  Glycerio declinatae-Oenanthetum crocatae Rivas-Martínez et al. in 
Sánchez-Mata 1989

210 210

P6 PHR-06 Oenanthetalia aquaticae Hejný ex Balátová-Tuláčková et al. in 
Mucina et al. 1993

108 (+8,827) 94 (+6,362)

P6A PHR-06A Eleocharito palustris-Sagittarion sagittifoliae Passarge 1964 2,157 (+6,618) 1,358 (+4,956)

P6A01  Oenanthetum aquaticae Soó ex Nedelcu 1973 516 400

P6A02  Sagittarietum sagittifoliae Frilleux et Jouve 1973 670 468

P6A03  Butometum umbellati Philippi 1973 686 499

P6A04  Oenantho aquaticae-Rorippetum amphibiae Lohmeyer 1950 528 403

P6A05  Scirpetum radicantis Nowiński 1930 80 80

P6A06  Alopecuro-Alismatetum plantaginis-aquaticae Bolbrinker 1984 302 265

P6A07  Cyperetum serotini Krausch 1965 13 13

P6A08  Eleocharito-Alismatetum lanceolati Minissale et Spampinato 1985 34 34

P6A09  Glycerio maximae-Sietum latifolii Landucci et al. 2020 17 17

P6A10  Sagittario sagittifoliae-Sparganietum emersi Tüxen 1953 1,005 540

P6A11  Leersietum oryzoidis Eggler 1933 285 245

P6A12  Phalarido arundinaceae-Bolboschoenetum laticarpi Passarge 1999 
corr. Krumbiegel 2006

149 114

P6A13  Glycerio declinatae-Alopecuretum aequalis Rivas-Martínez et al. 
2002

274 163

P6A14  Bolboschoenetum glauci Grechushkina et al. 2011 19 19

P6A15  Bolboschoenetum yagarae Eggler 1933 corr. Hroudová et al. 2009 37 37

P6A16  Eleocharito palustris-Hippuridetum vulgaris Passarge 1964 307 259

P6A17  Eleocharitetum palustris Savič 1926 1,426 1,196

P6A18  Scirpetum pungentis Corillion 1952 47 47

P6A19  Cypero longi-Caricetum otrubae Tüxen ex de Bolós 1962 51 51

P6A20  Batrachio circinati-Alismatetum graminei Hejný in Dykyjová et Květ 
1978

172 106

P6B PHR-06B Alopecuro-Glycerion spicatae Brullo et al. 1994 22 (+30) 18 (+30)

P6B01  Callitricho stagnalis-Glycerietum spicatae Biondi et Bagella 2005 30 30

P7 PHR−07 Arctophiletalia fulvae Pestryakov et Gogoleva in Kholod 2007 2 (+22) 2 (+22)

P7A PHR−07A Arctophilion fulvae Pestryakov et Gogoleva in Kholod 2007 3 (+19) 3 (+19)

P7A01  Colpodietum fulvi Sambuk 1930 19 19

Associations and communities excluded from Phragmito-Magnocaricetea

TA B L E  4   (Continued)
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species’ is higher than the total cover of the ‘discriminating species 
group’ of any other class, or if the total cover of the ‘Phragmito-
Magnocaricetea species’ is >25%. At the same time the total cover 
of ‘mire bryophytes’ or ‘shrubs and trees’ is not higher than 25% 
and the total cover of ‘other herbaceous plants and dwarf shrubs’ 
is not higher than 50%.

• Definition of orders — The ‘discriminating species groups of or-
ders’ included in the class Phragmito-Magnocaricetea were created 
using the semi-automatic procedure called GRIMP (Tichý et al., 
2019), which optimizes groups of species used for discriminating 
vegetation types in expert systems. A preliminary list of potentially 
discriminating species for each order was created by including all 
the species for which the association between the group of plots 
representing the order and the species occurrence across the total 
data set was significant at p < 0.001 (Fisher's exact test). We also 
added to each list all the dominant species of the associations be-
longing to the order, unless they were already present. These pre-
liminary discriminating species groups included a broad selection 
of species and were optimized through the iterative GRIMP algo-
rithm which removed all the species that did not contribute to the 
accuracy of identification of the unit. We ran the GRIMP algorithm 
10,000 times to obtain stable discriminating species groups. The 
criterion for the assignment of plots to orders during the optimiza-
tion process was the total percentage cover of the discriminating 
species group against the total cover of any other discriminating 
species group in the plot. Once the discriminating species groups 
for orders were optimized, we formally defined each order by two 
conditions: (1) the vegetation matches the definition of the class 

Phragmito-Magnocaricetea and (2) the total cover of the discrimi-
nating species group of the order is greater than the total cover of 
the discriminating species group of any other order belonging the 
class (Appendices S2 and S3).

• Definition of alliances — The ‘discriminating species groups of al-
liances’ were created similarly as those for the orders using the 
GRIMP method. The only difference was that we ran the GRIMP 
algorithm 50,000 times in order to obtain stable discriminating 
groups from very long preliminary lists of discriminating species 
for each alliance. We created a formal definition of each alliance 
that required that a plot belonging to this alliance had to meet 
the definition of the class Phragmito-Magnocaricetea, and the total 
cover of the discriminating species group of this alliance was the 
highest among the total covers of discriminating species groups of 
other alliances of the class (Appendices S2 and S3). A plot belong-
ing to an alliance also had to respect the definition of the order, 
but this did not appear in the logical formula because the species 
composition of the discriminating groups of alliances included, 
among others, all the species of the order.

3  | RESULTS

The classification of the European marsh vegetation of the class 
Phragmito-Magnocaricetea to the level of association required the crea-
tion of 12 main functional species groups with physiognomic mean-
ing (Table 1), five functional species groups with ecological meaning 
(Table 2), 17 sociological species groups (Table 3), and 11 discriminating 

Code
Code Mucina 
et al. (2016) Syntaxon name

No. of plots in the 
complete data set

No. of plots in the 
resampled data set

  Deschampsietum argenteae Sjögren ex Capelo et al. 2000 6 6

  Oenanthe divaricata communities 10 10

  Tripidium ravennae communities 63 63

  Caricetum buekii Hejný et Kopecký in Kopecký et Hejný 1965 192 160

  Caricetum melanostachyae Balázs 1943 189 189

  Comaro palustris-Caricetum cespitosae (Dagys 1932) Balátová-
Tuláčková 1978

109 109

  Filipendulo ulmariae-Caricetum randalpinae Stančić 2009 19 19

  Tussilagini farfarae-Calamagrostietum pseudophragmitae Pawłowski 
et Walas 1949

56 56

  Juncus inflexus communities 94 94

  Juncus effusus communities 661 604

  Beckmannia eruciformis communities 31 31

Additional plots in the data set

  Aquatic vegetation 36,318 15,970

  Multiple classification 2,631 1806

  Unclassified 117,124 41,776

Note: The codes P3 and P5B (corresponding to the codes PHR-03 and PHR-05B in Mucina et al., 2016) do not appear in the table because they refer, 
respectively, to the excluded order Saccharetalia ravennae and the alliance Phalaridion arundinaceae (see Appendix S5).

TA B L E  4   (Continued)
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species groups of alliances and six of orders (Appendices S2 and S3). 
The new ‘consistent classification section’ of European Phragmito-
Magnocaricetea includes 92 associations (for synoptic tables see 
Appendix S7) hierarchically grouped in 11 alliances and six orders 
(see also Appendix S4). Of the selected (249,800 plots) and resampled 
(110,915 plots) data sets, 28.2% and 34.2% of plots were, respectively, 
unequivocally assigned at the association level, 5.0% and 6.8% addi-
tional plots directly at the alliance level, 0.2% and 0.3% additional plots 
at the order level and 3.6% and 3.7% additional plots at the class level. 
Aquatic vegetation was represented by 14.5% and 14.4% of the total 
and resampled data set, respectively, while 48.5% and 40.6% plots 
remained unclassified because they belonged to neither Phragmito-
Magnocaricetea nor aquatic vegetation. The unclassified plots be-
longed to other vegetation classes not covered by this study. The plots 
assigned to more than one association made up 1.1% and 1.6% of the 
total and resampled data set, respectively (Table 4).

4  | DISCUSSION

We developed the first classification for a whole phytosociological 
class and a whole continent to the association level. The classifica-
tion presented here is based on a consistent application of a formal 
classification protocol to vegetation plots from a large database. 
This classification protocol follows the tradition in the classification 
of marsh vegetation in its focus on species dominance, although it 
also considers species composition. Using this protocol, we unified 
multiple concepts of vegetation units existing in the literature. The 
national and local literature often describes several associations 
dominated by the same species (Passarge, 1999; Trinajstić et al., 
2000; Rivas-Martínez, Fernández-González, Loidi, Lousã, & Penas, 
2001), but when we compared these concepts and tested them 
against European vegetation-plot data, we found that in most cases 
it was possible to define only a single association per dominant spe-
cies due to the lack of diagnostic species at the European scale. This 
does not mean we did not find any difference in species composition 
among plots from geographically distant regions. However, these 
differences can be better investigated in more specialized studies 
and reflected in the classification through subunits such as subas-
sociations and variants.

Only highly competitive species with rhizomes or abundant ad-
ventitious roots, which guarantee fast spread and persistence of 
the dominant plant, can form meaningful associations in marshes. 
For example, the stands dominated by Mentha aquatica are not 
considered a meaningful association, because Mentha aquatica is a 
protohemicryptophyte that can temporarily colonize wet soil, but 
its cover declines when more competitive plants such as reeds or 
sedges establish.

There were some species with a broad ecological range from 
salty to fresh water that dominated vegetation, but at different sites 
they co-occurred with several species with contrasting ecology. We 
distinguished more than one association for each of such dominant 
species (Appendix S7). Two associations, one for freshwater and one 

for brackish/saltwater, were defined for both Cladium mariscus and 
Schoenoplectus tabernaemontani-dominated vegetation, while three 
associations for freshwater, brackish and coastal saline waterbodies 
were defined for Phragmites australis and Bolboschoenus maritimus, 
respectively (Table 4).

Some syntaxa (e.g., Hyperico hircini-Caricetum microcarpae 
Bacchetta et Mossa 2004, Peucedano lowei-Oenanthetum divarica-
tae De Foucault 2000, Apietum bermejoi Llorens et Gil 2002 and 
Rumicetum azoricae Lüpnitz 1976) mentioned in the literature are 
missing in our classification. This is because we preferred not to in-
clude poorly studied or controversial syntaxa for which we had very 
few plots available in our study. These types require further study.

4.1 | Main changes in the established 
syntaxonomic system

Our classification confirmed the syntaxonomical position of most of 
the syntaxa for which there was already a considerable consensus in 
Europe. In addition, it helped to clarify the position of those syntaxa 
for which it was still unsettled.

One of the most controversial issues in our classification con-
cerned the order Bolboschoenetalia with its alliances and associ-
ations. This order was discussed insufficiently in the European 
literature and with varying conclusions, partly caused by its high 
variability along the continentality gradient (Rivas-Martínez et al., 
2001; Hroudová, Hrivnák, & Chytrý, 2009; Borhidi et al., 2012). 
Our classification tried to provide a comprehensive view by intro-
ducing a new interpretation of some syntaxa (Appendix S5):
• We maintained the two alliances accepted by Mucina et al. 

(2016), but we slightly changed their conceptual definition. 
While the Bolboschoeno maritimi-Schoenoplection tabernaemon-
tani (formerly Meliloto dentati-Bolboschoenion maritimi) (P2B) is 
confined to subsaline inland regions, Scirpion maritimi includes 
vegetation of moderately saline and brackish marshes of both 
coastal and inland areas of Europe. We accepted this solution 
because the number of species occurring in this vegetation type 
exclusively in coastal areas is very limited. In other words, all 
the Phragmito-Magnocaricetea associations tolerating moderate 
salinity are included in the alliance Scirpion maritimi (P2A), while 
all the associations tolerating slight salinity only are included 
in the alliance Bolboschoeno maritimi-Schoenoplection tabernae-
montani (P2B).

• The name Meliloto dentati-Bolboschoenion maritimi was moved to 
synonymy, and a new alliance was described because the associ-
ation Astero pannonici-Bolboschoenetum compacti (P2A02), which 
is the nomenclatural type of the alliance Meliloto dentati-Bolbo-
schoenion maritimi, is characterized by species occurring in both 
continental and coastal salty habitats. Therefore it belongs to the 
Scirpion maritimi (P2A) alliance (see also subsection 4.3, New syn-
taxa, and Table 4).

• The association Tripleurospermo inodori-Bolboschoenetum pla-
niculmis (P2B05), originally included in the alliance Eleocharito 
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palustris-Sagittarion sagittifoliae (P6A) (Hroudová et al., 2009), was 
assigned to Bolboschoeno maritimi-Schoenoplection tabernaemon-
tani (P2B) due to the absence of any sociological species group 
characteristic of the alliance Eleocharito palustris-Sagittarion sagit-
tifoliae (##2 Eleocharito-Sagittarion_1 Group, ##2 Eleocharito-
Sagittarion_2) (Appendix S8).

• The association Typho angustifoliae-Schoenoplectetum mucronatae 
(P1A14), originally placed by Borhidi (2003) in Bolboschoenetalia 
maritimi (P2), was moved to Phragmitetalia (P1) due to the lack of 
Bolboschoenetalia species (Appendix S7). 

Our interpretation is based on the available data; however, the 
poor knowledge of the genus Bolboschoenus (recently reviewed 
by Hroudová, Zákravský, Ducháček, & Marhold, 2007) in some 
parts of Europe may have influenced the results of our classifica-
tion. A definitive classification of the associations belonging to the 
Bolboschoenetalia order will be possible only once there are data 
with accurately taxonomically identified Bolboschoenus species for 
the whole of Europe.

Outside the Bolboschoenetalia maritimi order, the main changes 
are:
• We recognized a single association dominated by Phalaris arun-

dinacea (P1A05), which was assigned to the alliance Phragmition 
communis due to relatively high frequency of the Phragmition 
sociological species groups (##2 Phragmition_1 and ##2 
Phragmition_2) (Appendix S8). Previous authors (Kopecký, 
1967; Chemeris & Bobrov, 2002; Lastrucci, Paci, & Raffaelli, 
2010; Šumberová et al., 2011) recognized at least two associ-
ations dominated by Phalaris arundinacea: one (Phalaridetum 
arundinaceae), characteristic of constantly wet habitats and 
still or slow-flowing water, in Magnocaricion gracilis, and the 
other (Rorippo-Phalaridetum arundinaceae), typical of fast-run-
ning water and characterized by species tolerant of disturbance 
(such as Bidentetea and Epilobietea angustifolii species), in the 
Phalaridion arundinaceae. However, the floristic differences be-
tween these associations are small, and in many cases they are 
not sufficient to distinguish the types from still vs fast-running 
water.

• The association dominated by Cyperus longus (P1A15, Cyperetum 
longi), previously often included in Magnocaricion gracilis 
(Jasprica, Carić, & Batistić, 2003; Landucci et al., 2013), was 
re-assigned here to Phragmition communis (P1A). The frequency 
in the plots of the sociological species group ##2 Phragmition_2 
is much higher there than the frequency of the sociological group 
##2 Magnocaricion gracilis (Appendix S8). We maintained the 
traditional interpretation (Biurrun, 1999; Jasprica et al., 2003; 
Venanzoni, Properzi, Bricchi, Landucci, & Gigante, 2018) that 
assigns this association to the Phragmito-Magnocaricetea class. 
This interpretation is justified by a relatively high frequency 
and abundance of Phragmito-Magnocaricetea species; how-
ever, this association appears to be, among all the Phragmition 
associations, the richest in the Molinio-Arrhenatheretea spe-
cies (Appendix S6). This species composition confirms the 

transitional position of this association between wetlands and 
wet meadows.

• The Scolochloetum festucaceae (P4A13) belongs to the alliance 
Magnocaricion elatae (P4A) although it was commonly considered 
as a part of Phragmition communis (P1A) (Mirkin, Gogoleva, & 
Kononov, 1985) in the past. Although this association is physiog-
nomically more similar to some Phragmition associations, its spe-
cies composition and ecology associate it to Magnocaricion elatae 
(Appendix S8).

• The associations Caricetum acutiformi-paniculatae (P4A15) and 
Holoschoeno-Juncetum subnodulosi (P4A16) were assigned to 
Magnocaricion elatae (P4A). In past studies (Géhu & Biondi, 1988; 
Šumberová et al., 2011), they were assigned to Magnocaricion 
gracilis (P4B, Appendices S6 and S8). The frequency in the plots 
of the sociological species group ##2 Magnocaricion elatae_1 is 
much higher than the frequency of the group ##2 Magnocaricion 
gracilis.

• The Phalarido arundinaceae-Bolboschoenetum laticarpi (P6A12), 
originally assigned to the Phragmition communis (P1A) by 
Hroudová et al. (2009), was re-assigned here to the Eleocharito 
palustris-Sagittarion sagittifoliae (P6A). The plots of this asso-
ciation include more frequently species of the Eleocharito pa-
lustris-Sagittarion sagittifoliae than species of the Phragmition 
communis.

• The Leersietum oryzoidis (P6A11) was also assigned here to the 
Eleocharito palustris-Sagittarion sagittifoliae (P6A). In the past, this 
association was commonly assigned to the Glycerio-Sparganion 
due to its frequent occurrence along streams and partially 
due to the presence of several diagnostic species of this alli-
ance (Valachovič, 2001; Šumberová et al., 2011; Borhidi et al., 
2012). However, it is also often found in still water (Landucci et 
al., 2013), and the most abundant sociological species group in 
this vegetation found in our study, after the general group ##2 
Phragmito-Magnocaricetea, was ##2 Eleocharito-Sagittarion_1 
(Appendix S8).

• Another association reported by different authors in different 
high-rank syntaxa is the Cypero longi-Caricetum otrubae (P6A19) 
(Rivas-Martínez et al., 2001; Landucci et al., 2013). We included 
it in the alliance Eleocharito palustri-Sagittarion sagittifoliae due to 
the relatively high frequency of the sociological species group 
##2 Eleocharito-Sagittarion_2 (Appendix S8). It was also some-
times assigned to the Magnocaricion elatae (P4A) (Venanzoni et al., 
2018). However, our analysis showed that its species composition 
and ecological conditions are quite different from this alliance. In 
places, this association can be rich in Molinio-Arrhenatheretea spe-
cies (Appendix S6).

• The association Nardosmietum laevigatae (P1A18), originally 
included in the alliance Nardosmion laevigatae and class Galio-
Urticetea (= Epilobietea angustifolii, Klotz & Köck, 1986; Mucina et 
al., 2016), is assigned here to the class Phragmito-Magnocaricetea 
due to the frequent occurrence of species of this class and aquatic 
species, as also noticed by Teteryuk (2017). We placed this asso-
ciation in the Phragmition communis while we rejected the alliance 



     |  311
Applied Vegetation Science

LANDUCCI et AL.

Nardosmion laevigatae due to the impossibility of creating a socio-
logical species group for this alliance. However, the association 
Nardosmietum laevigatae, dominated by a broad-leaved dicot herb, 
has a different physiognomy than the other associations of the 
Phragmition communis. Therefore its definitive syntaxonomic as-
signment requires further study.

4.2 | Rejected syntaxa and syntaxa excluded from 
Phragmito-Magnocaricetea

• The alliances Typhion laxmannii and Phalaridion arundinaceae were 
rejected due to a lack of diagnostic species (Appendix S5).

• The order Saccharetalia ravennae with its alliances Imperato cylin-
dricae-Saccharion ravennae, and Deschampsion argenteae (within 
the order Nasturio-Glycerietalia) were classified by Mucina et al. 
(2016) in Phragmito-Magnocaricetea. However, we excluded them 
from Phragmito-Magnocaricetea due to an insufficient number and 
constancy of species of this class (Appendices S5 and S6). Our 
analysis showed that the communities dominated by Tripidium 
ravennae (syn. Saccharum ravennae) had a higher frequency of 
Juncetea maritimi and Molinio-Arrhenatheretea species than of 
Phragmito-Magnocaricetea species. Therefore they could be bet-
ter assigned to one of these classes. In contrast, the association 
Deschampsietum argenteae had a peculiar species composition 
including several endemic species. Its species composition did 
not match any of the classes considered in our study (Appendix 
S6). The Deschampsion argenteae is an alliance of waterfalls in 
Madeira, also developing on natural rock walls with slow drip-
ping water, which suggests a certain ecological similarity with the 
class Adiantetea. Further study is needed to classify this alliance 
properly.

• The associations Comaro palustris-Caricetum cespitosae, Caricetum 
melanostachyae, Caricetum buekii, Filipendulo ulmariae-Caricetum 
randalpinae, Tussilagini farfarae-Calamagrostietum pseudophrag-
mitae and communities dominated by Beckmannia eruciformis, 
Juncus inflexus and Juncus effusus contained very few Phragmito-
Magnocaricetea species (Appendices S6 and S8), being richer in 
species of other classes. Therefore they were excluded from this 
class, contrary to assignments in some previous studies (Bobrov & 
Chemeris, 2006; Stančić, 2009; Šumberová et al., 2011; Borhidi et 
al., 2012). The associations Comaro palustris-Caricetum cespitosae, 
Filipendulo ulmariae-Caricetum randalpinae and the communities 
dominated by Beckmannia eruciformis, Juncus inflexus and Juncus 
effusus could be assigned to the Molinio-Arrhenatheretea class, 
being rich in species of this class. Some associations dominated 
by Beckmannia eruciformis are reported in the literature also in the 
Beckmannion eruciformis alliance of the class Festuco-Puccinellietea 
(Mucina et al., 2016). It is possible that more than one associa-
tion dominated by this species in different classes (Molinio-
Arrhenatheretea and Festuco-Puccinellietea; Dítě et al., 2012) may 
be a plausible concept. However, our data show that Beckmannia 
eruciformis stands are rich in Phragmito-Magnocaricetea species 

only in rare cases. The associations Caricetum buekii, Tussilagini 
farfarae-Calamagrostietum pseudophragmitae and Caricetum mela-
nostachyae also contain several Molinio-Arrhenatheretea species; 
however, their species composition is quite variable. Associations 
dominated by Calamagrostis pseudophragmites are also reported 
in the classes Thlaspietea rotundifolii and Salicetea purpureae 
(Rennwald, 2000). These classes are poorly represented in our 
data set, therefore we could not perform any reliable compari-
son. An unequivocal classification of all the previously mentioned 
communities would be possible only with a comprehensive analy-
sis of a complete European vegetation database.

4.3 | New syntaxa

Most of the concepts of syntaxa reported in this paper were already 
described in the literature but often reported under different names. 
In some cases (e.g., for the alliances in the order Bolboschoenetalia as 
described above), we had to redefine the content of syntaxa, usu-
ally by extending it geographically or ecologically. Because of the 
high number of associations described in the literature, it was not 
necessary to create new associations. Most of the new names pub-
lished here as ass. nova refer to the associations already described 
in the literature but with an invalid name according to ICPN (Weber, 
Moravec, & Theurillat, 2000). A complete and detailed report of all 
the nomenclatural issues and adopted solutions is outside the scope 
of this paper, but we report here the essential information for the 
new syntaxa.
• Schoenoplectetum corymbosi Lòpez ex Landucci et al. 2020 ass. 

nova (P1A19). Synonym: Schoenoplectetum corymbosi Lòpez 
2009. This association was invalidly published by Lòpez (2009) 
because the author did not specify the typus (ICPN Art. 5). 
Lectotypus hoc loco designatus: Lòpez (2009), vol. 2, page 21, 
Table 16, relevé no. 3.

• Bolboschoeno maritimi-Schoenoplection tabernaemontani Landucci 
et al. 2020 all. nova (P2B). Pseudonym: Meliloto dentati-Bolbo-
schoenion maritimi Hroudová et al., 2009. The nomenclatural type 
of this alliance is the association Schoenoplectetum tabernaemon-
tani Soó 1947 (Soó, 1947). This alliance includes tall-rush subsa-
line reed communities of the continental regions of Europe (see 
Section 4.1). Diagnostic species of this alliance are Bolboschoenus 
maritimus, Schoenoplectus lacustris subsp. glaucus, Schoenoplectus 
triqueter, Bolboschoenus planiculmis, Bolboschoenus affinis, Typha 
laxmannii, Atriplex prostrata and Tripolium pannonicum.

• Thelypterido palustris-Caricetum elongatae Julve et Gillet ex 
Landucci et al. 2020 ass. nova (P4A09). Synonym: Thelypterido 
palustris-Caricetum elongatae Julve et Gillet 1994. This associa-
tion was published with a provisional name (Art. 2), and here we 
provide its validation. Holotypus: Julve and Gillet (1994), page 55, 
relevé 61B.

• Glycerio notatae-Veronicetum beccabungae Landucci et al. 2020 
ass. nova (P5A02). We found many plots, both in the literature 
and in our data set, describing vegetation dominated by Veronica 
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beccabunga, which can be considered as an association. However, 
only invalidly published names were found for this association. 
The name Veronicetum beccabungae Kaiser 1926 is invalid because 
that study followed the concepts of the Uppsala school (Art. 3d). 
The names Apio-Veronicetum beccabungae Br.-Bl. et Tüxen 1952 
and Veronicetum beccabungae Philippi 1973 often reported in the 
literature in this form are actually phantom names because they 
were originally published, respectively, as Helosciadium-Veronica-
beccabunga-Gesellschaft and Veronica beccabunga-Gesellschaft, 
i.e. as “communities”, a rank that is not dealt with by ICPN (Art. 
3c). Therefore we had to create the new name Glycerio notatae-Ve-
ronicetum beccabungae Landucci et al. 2020 ass. nova. Holotypus 
hoc loco designatus: Corbetta and Pirone (1989), page 140, Table 
11, relevé no. 7.

• Glycerio maximae-Sietum latifolii Landucci et al. 2020 ass. nova 
(P6A09). No valid name was found for the association domi-
nated by Sium latifolium. The name Sietum latifolii Philippi 1973 
is a phantom name because it was originally published as Sium 
latifolium-Gesellschaft (Art. 3c). Rorippo amphibiae-Sietum latifolii 
Passarge 1999 is also not validly published because Passarge re-
ports as typus relevé no. 9, Table 15 in Passarge (1964). However, 
this last publication includes only a synoptic table with Sium latifo-
lium and no relevé 9 is there (Art. 2b, 7). Here we propose the new 
name Glycerio maximae-Sietum latifolii Landucci et al. 2020 ass. 
nova. Holotypus hoc loco designatus: Rydlo (2005), pages 100–101, 
Table 28, relevé no. 581.

4.4 | Main choices that influenced the classification

With the present classification protocol, we tried to contribute to 
consistency in European vegetation classification (De Cáceres & 
Wiser, 2012; De Cáceres et al., 2015). At the same time, we tried to 
use the previously used classification criteria and already described 
syntaxa as much as possible (Appendix S9). To do so, we had to make 
assumptions and choices that inevitably influenced the final classifi-
cation; the following had the largest effect:
• We decided to use a supervised classification approach. Lengyel, 

Landucci, Mucina, Tsakalos, and Botta-Dukát (2018) analysed a 
subset of the data used in this paper to test how to optimize 
the number of clusters and abundance transformation in unsu-
pervised numerical classification for obtaining reliable (stable, 
robust, and at the same time interpretable) vegetation classifi-
cation. They demonstrated that the most stable and interpre-
table classification for wetlands is obtained with those settings 
that create clusters with relevés dominated by single species 
that often are also characteristic species of the cluster. Clusters 
dominated by single species are also obtained with the super-
vised approach presented here. Therefore, we think that adding 
unsupervised classification to our study would not improve our 
results.

• We chose dominance (in addition to species composition) as 
the main classification criterion. This choice was related to the 

observation that most of the authors dealing with wetland and 
species-poor vegetation in general (Dubyna, 2006; Šumberová et 
al., 2011; Landucci et al., 2013; Lengyel et al., 2018) have adopted 
classification methods that favour species dominance. Most of 
the already described associations were based on this principle. 
However, this approach has not been accepted unanimously. 
Some authors have stressed that the classification of every veg-
etation type should be based exclusively on species composition 
(Rennwald, 2000; Berg et al., 2004), while others accepted both 
options adapting their approach case by case (Molina & Moreno, 
2003). These last two approaches often generate an inconsistent 
vegetation classification for species-poor vegetation resulting in 
conceptually overlapping units and many plots impossible to clas-
sify due to a lack of characteristic species. Our experience from 
the current study suggests that such approaches are not suitable 
for creating a consistent continental-scale classification.

• We used mire bryophytes and salt-tolerant species (but not other 
groups) for distinguishing two or more associations dominated by 
the same species. Many authors are used to distinguishing differ-
ent associations with the same dominant species according to the 
occurrence of species considered as indicators of environmental 
conditions such as different levels of nutrient concentration, dif-
ferent successional stages or different water table levels (Trinajstić 
et al., 2000). However, some changes in ecological conditions are 
just temporary due to fluctuating climatic conditions. Therefore, 
some species do not occur every year in the same stand. In our 
opinion, such species should not be used to distinguish different 
associations, although they can be used to define subassociations 
or variants. The most stable ecological conditions in wetlands are 
salinity, mineral content and pH of soil or water. Therefore we ac-
cepted only species dependent on these factors for distinguishing 
different associations dominated by the same species.

• We used the frequency of sociological species groups to assign 
the associations to the alliances. Then we made formal definitions 
of the high-rank syntaxa a posteriori using a different approach 
than that used for defining associations (GRIMP method; Tichý 
et al., 2019). We used this procedure after several pilot attempts 
with other procedures including the creation of formulas for high-
rank syntaxa in the same way as we did for the associations. Using 
the frequency of sociological species groups as an assignment cri-
terion allowed us to respect the natural variability in species com-
position of each association without excessively narrowing the 
concepts and definitions of syntaxa. Creating formal definitions 
a posteriori allowed us to classify the highest number of plots not 
assigned to any association to high-rank syntaxa.

4.5 | Advantages of the current classification

The main advantage of the classification presented here is that it 
can be easily applied to new Phragmito-Magnocaricetea plots. The 
expert system provided in Appendix S3 can be used in the program 
JUICE 7.0 to classify automatically any wetland data set. The only 
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requirement is that the taxonomic nomenclature used in the data set 
is adapted to the nomenclature used in the expert system.

The current classification can be extended by adding new wet-
land syntaxa from Europe without losing consistency. If a new syn-
taxon is considered for addition, first, the procedure described in 
section 2, Methods, should be used to check whether it belongs to 
Phragmito-Magnocaricetea and to the subordinate high-rank syntaxa 
(orders and alliances). If it is found that the new syntaxon belongs to 
the class Phragmito-Magnocaricetea but does not fit into any exist-
ing order or alliance, a new sociological and discriminating species 
groups can be added in the expert system and a formula for the new 
syntaxon can be created.

The classification protocol can also be applied to other spe-
cies-poor vegetation types (e.g., vegetation of cliffs, dunes, rock 
crevices, screes, springs, bogs, fens and some anthropogenic veg-
etation) or to wetland vegetation types on other continents than 
Europe. In such cases, probably new species with different physi-
ognomy and/or ecology will have to be added in the data set. These 
new species could be arranged in new functional species groups in 
the expert system and new formulas for each new unit can be cre-
ated. The addition of new units to this classification section would 
not require rejection of the already classified syntaxa.

5  | CONCLUSIONS

The present work is not only the first European synthetic study of 
marsh vegetation (Phragmito-Magnocaricetea class) based on real 
data, but it is also the first consistent formalized classification of 
this vegetation on the continental scale. The geographical extent 
and diversity of the data set used in this study allowed us to per-
form a quite complete review of European marsh vegetation, which 
we hope might become the standard reference for this vegetation 
type.

The recently published EuroVegChecklist (Mucina et al., 2016) 
provided a useful framework for vegetation classification in Europe, 
but this framework was not tested against vegetation-plot data, and 
some solutions accepted there remain contentious. We presented 
here an alternative classification based on a consistent classifica-
tion protocol and developed by an international team of European 
wetland vegetation experts. The modifications we proposed to the 
class Phragmito-Magnocaricetea in the EuroVegChecklist include the 
exclusion or rejection of one order and five alliances and the intro-
duction of a new alliance in substitution of another one. We also pro-
posed a rewording of the descriptions of six syntaxa (Appendix S5).

A formalized classification system is crucial for nature conserva-
tion because it provides unequivocally defined vegetation units and 
language for common policies. Our classification can also be a very 
useful tool for vegetation and habitat mapping because it provides 
clear criteria (based on dominance and species composition) for the 
assignment of plots to every syntaxon.

This work is another contribution towards the construction 
of the formalized classification system of European vegetation, 

complementing the series of recent studies focusing on the diver-
sity of selected vegetation types across the whole of Europe (Douda 
et al., 2016; Peterka et al., 2017; Willner et al., 2017; Marcenò et al., 
2018). At the same time, we hope it can also become a step towards 
the construction of a supra-continental classification of wetlands.
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