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Abstract
The aquatic and hygrophilous vegetation of Lakes Chiusi and Montepulciano (Siena, central Italy) was studied according to the phytosociological 
method. The survey led to the identification of 44 community types belonging to 10 syntaxonomic classes. A comparison between the current and 
past situation is also shown, taking into account the main floristic and phytosociological literature sources for the study areas. Some coenoses 
dominated by rare species at the national or regional scale were detected, such as Najadetum minoris, Potamo perfoliati-Vallisnerietum spira-
lis, Eleocharis acicularis community, Mentho aquaticae-Caricetum pseudocyperi, Thelypterido palustris-Phragmitetum australis and Eleocharito 
palustris-Hippuridetum vulgaris. Seven habitats are important for nature conservation according to the European Directive 92/43/EEC. Two other 
habitats are considered of regional interest according to Tuscan legislation. Moreover, this study emphasises the presence of several communities 
of great naturalistic and phytogeographic importance which are currently not included in any habitat of conservation interest. Similar to many other 
wetland systems across the Italian peninsula, the survey showed that the study areas still host a remarkable floristic and vegetation biodiversity, in 
spite of strong anthropogenic pressures putting at risk their conservation in the long term.
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Introduction

Wetlands are recognised to be very important for 
biodiversity conservation; however, they are subjected 
to several kinds of threats and negative pressures that, 
in the past and in recent times, have greatly reduced 
their number and surface and led to the rarefaction or 
sometimes extinction of related species (Denny, 1994; 
Davis & Froend, 1999; Dudgeon et al., 2006). This 
trend is particularly noticeable in plains and lowlands, 
where urbanisation and intensive agriculture add their 
effects either to historic threats, such as drainage and 
land reclamation, or to current ones, such as pollution, 
inappropriate management of wetland vegetation, or 
exploitation of water resources (Casale, 2000; Croce et 
al., 2012; Viciani et al., 2014). The Valdichiana territo-
ry is an important example of national relevance, com-
prising a plain formerly occupied by swamps, marshes 
and ponds that over time has undergone a long history 
of drainage and land reclamation (Alexander, 1984; 
Barsanti, 2004). These human actions led to the deve-
lopment of an area with a strong agricultural vocation, 
in which wetlands are for the most part reduced to a 
network of canals and ponds, prevalently man-made. 

Despite this, recent surveys have shown that these 
residual wet areas still host many plant species (La-
strucci & Raffaelli, 2006) and vegetation types (La-
strucci et al., 2010) of relevant conservation interest. 
Lakes Chiusi and Montepulciano are at present the two 
most important wetlands remaining from the ancient 
Valdichiana swampland (Arrigoni & Ricceri, 1982; 
Tomei et al., 2001; Anselmi, 2001). Both lakes are sur-
rounded by intensely cultivated areas (see also Giallo-
nardo et al., 2011; Anselmi, 2001) but, nevertheless, 
historical data assess the presence of interesting plant 
species and communities in the two wetlands, as repor-
ted below. On the other hand, there is a lack of updated 
information, at least from the phytosociological point 
of view, as the latest vegetation surveys date back to 
20-30 years ago (Arrigoni & Ricceri, 1982; Orsoman-
do & Pedrotti, 1986; Buchwald, 1994). The aim of this 
study was to implement and update the knowledge 
about the wet vegetation of Lakes Montepulciano and 
Chiusi through the analysis of new phytosociological 
data resulting from repeated surveys carried out during 
the last decade. This new and more in-depth vegetation 
knowledge may provide the information necessary for 
the management and the effective conservation of the-
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se remnant wetlands, which are under threat by the 
strong human impact in the surrounding areas.

Materials and Methods

Study area
Lake Chiusi (43°03'22.11''N, 11°57'55.79''E) is loca-

ted in the municipality of Chiusi (Siena Province), at 
252 m a.s.l. (Fig. 1). It is the southernmost of the two 
lakes and is included in a protected natural area of lo-
cal interest (named A.N.P.I.L. “Lago di Chiusi”) with 
an area of approximately 805 ha (Regione Toscana, 
2011). The maximum depth of the lake varies accor-
ding to the different seasons, averaging approximately 
5.7 m, as reported by Arrigoni & Ricceri (1982). The 
Tresa stream is its main tributary while the Fosso del-
la Ripa is the emissary channel bringing the waters to 
the north, towards Lake Montepulciano. Lake Monte-
pulciano (43°05'29.12''N, 11°55'53.08''E) is located in 
the municipality of Montepulciano (Siena Province), 
at 249 m a.s.l. and is included in the Provincial Na-
tural Reserve “Lago di Montepulciano”, with an area 
of 453 ha (Regione Toscana, 2011). The depth of the 
lake is around 3.4 m, as reported by Arrigoni & Ricceri 
(1982). The “Canale Maestro della Chiana”, an arti-
ficial channel, originates from Lake Montepulciano 
and flows northwards to the river Arno, merging with 
it near to the village Ponte a Buriano (Arezzo). Both 
lakes have been designated part of the Natura 2000 
network as SCI (Sites of Community Importance) and 
SPA (Special Protection Areas), named “Lago di Chiu-
si” and “Lago di Montepulciano”, respectively. Accor-
ding to Carmignani & Lazzarotto (2004), the territory 
of the two studied lakes lies on sands, pebbles and 
muds of Quaternary origin. Thermopluviometric data 
from Montepulciano bioclimatic station (Bigi & Ru-
stici, 1984), the closest station to the of area the lakes, 
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although located at a higher altitude (605 m), records 
13.8°C as the mean annual temperature and 736 mm 
as the mean annual rainfall. According to the climatic 
classification by Thornthwaite & Mather (1957), the 
climate formula of Montepulciano is B'2 b'4 C2 s (Bigi 
& Rustici, 1984), while with reference to Rivas-Mar-
tínez & Rivas-Saenz (1996-2009) this site belongs to 
the “Mediterranean Pluviseasonal-Oceanic” bioclima-
tic belt (Fig. 2). Both lakes have often been the object 
of interest for botanists; a wealth of information on 
the flora of these areas derives from the works of the 
19th and early 20th centuries (Caruel, 1860-64; Baroni 
1897-1908). In the first half of the 20th century, some 
floristic data were reported by Riccardi (1939) for 
Lake Chiusi. In the 1980s, important floristic contribu-
tions were made by Granetti & Bencivenga (1980) for 
Lake Chiusi, with occasional references to the vegeta-
tion, whereas Arrigoni & Ricceri (1982) reported an 
extensive list of flora and several vegetation surveys 
for both the lakes. Data on specific vegetation types 
were reported again in the 1980s by Orsomando & 
Pedrotti (1986). In the 1990s, further contributions on 
vegetation were reported by Buchwald (1994), while 
floristic updates were published by Mariotti (1990), 
Tomei et al. (1991) and Tomei & Guazzi (1996). In the 
following decade, other primarily floristic data were 
reported by Tomei et al. (2001), Anselmi (2001), An-
giolini & Casini (2004), Landi et al. (2005) and Gial-
lonardo et al. (2011). Studies about the use of satellite 
imagery and remote sensing to assess plant species 
richness (Rocchini et al., 2005, 2007) and of multi-
stage cluster sampling for quantifying and monitoring 
plant species richness at multiple spatial grains (Baf-
fetta et al., 2007) have also been carried out for Lake 
Montepulciano.

Data collection and analysis
A total number of 186 relevés were carried out ac-

cording to the phytosociological method (Braun-Blan-
quet, 1932; Biondi, 2011; Pott, 2011) at both Lakes 

Fig. 1 – The study area.
Fig. 2 – Bioclimatic diagram and diagnosis of the Montepul-
ciano thermopluviometric station.
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Chiusi and Montepulciano between the years 2001 and 
2013. In order to analyse and classify the relevés, a 
first division was made based on the dominant growth 
forms. Hygrophilous herbaceous communities were 
separated from the aquatic ones (see Den Hartog & Se-
gal, 1964); likewise, the Salix cinerea thickets were se-
parated from the Salix alba and Populus nigra woods. 
A second step concerned the subdivision of aquatic 
and hygrophilous phytocoenoses through an agglome-
rative hierarchical cluster analysis, carried out using 
the program SYNTAX 2000 (Podani, 2001), applying 
as the distance measure the Euclidean Distance and as 
the group linkage method the Group Average (UPG-
MA) on a matrix transformed according to the van 
der Maarel scale (van der Maarel, 1979). Taxonomic 
arrangement of the species refers to Pignatti (1982) 
and Tutin et al. (1968-1980, 1993) and recent taxo-
nomic contributions. Nomenclature follows Conti et 
al. (2005; 2007), Fuentes-Bazan et al. (2012) for taxa 
belonging to Chenopodium genus and Banfi & Galasso 
(2010) for alien species. The nomenclature of syntaxa 
was determined from the comparison with specific li-
terature (e.g. Grabherr & Mucina, 1993; Schaminée et 
al., 1995; Rivas-Martínez et al., 2001, 2002; Chytrý, 
2011; Landucci et al., 2013; Biondi & Blasi, 2013), 
and by following the International Code of Phytoso-
ciological Nomenclature (Weber et al., 2000). The 
syntaxonomic scheme follows mainly Biondi et al. 
(2014), with the exception of pleustonic communities 
which have been all attributed to Lemnetea minoris 
class (Chytrý, 2011), and of riparian woody vegeta-
tion types, which have been included as a whole in 

Fig. 3 – Dendrogram of phytosociological relevés of aquatic communities.

Salici-Populetea nigrae class (Rivas-Martínez et al., 
2002). Due to nomenclatural problems of synonymy, 
the Calystegietalia sepium order is attributed to Galio-
Urticetea class (see Rivas-Martínez et al., 2002). Mo-
reover, we use here the name Oenanthetalia aquaticae 
Hejný ex Balátová-Tuláčková et al. 1993 instead of 
Oenanthetalia aquaticae Hejný in Kopechý & Hejný 
1965, which is invalid (art. 2b). All relevés are sto-
red in the national vegetation web database VegItaly 
(www.vegitaly.it; Gigante et al., 2012; Landucci et al., 
2012). The sampling sites are reported in the tables 
using the following designations: C= Lake Chiusi, in-
cluding the adjoining tracts of Tresa and Fosso della 
Ripa channels; M= Lake Montepulciano, including the 
adjoining tracts of Fosso della Ripa and Canale Mae-
stro della Chiana channels. The syntaxa corresponden-
ce with the habitat codes of the 92/43 EEC Directive 
follows Annex I of the European Interpretation Ma-
nual (European Commission, 2007) and Biondi et al. 
(2009, 2012).

Results and discussion

The dendrograms deriving from the cluster analysis 
of the aquatic and hygrophilous phytocoenoses are 
shown in Figs. 3 and 4. The cluster of aquatic coenoses 
(Fig. 3) groups the pleustonic communities (marked 
in grey) mostly on the left side of dendrogram (with 
the exception of Ceratophyllum demersum-dominated 
communities), whereas the rhizophytic communities 
are clustered mostly in the right side. All the aquatic 
coenoses were classified according to the results of the 



cluster analysis. Also, for hygrophytic communities 
(Fig. 4), the syntaxonomic classification follows the 
results shown by the dendrogram, except for few cases 
where our interpretation does not conform to it, e.g. in 
the case of Phragmites australis-dominated relevés (n. 
89 and 90) with low cover values of Hippuris vulga-
ris, grouped in the cluster together with the Hippuris 
vulgaris-dominated community. The analysis of the 
relevés led to the identification of 44 community types 
belonging to 10 syntaxonomic classes, according to 
the syntaxonomic scheme. 

Aquatic vegetation of the Lemnetea minoris and Po-
tametea pectinati

LEMNETUM GIBBAE Miyawaki et Tüxen 1960 (Tab. 
1, rel. 1)

This association is widely distributed in Italy and Eu-
rope, and is typically species-poor, growing on anthro-
pogenic habitat with eutrophic waters rich in organic 
matter (Géhu et al., 1975; Scoppola, 1982; Sburlino et 
al., 2004). In the study area, it was found only at Lake 
Chiusi at the edge of the reed bed, where it appears 
very poor in species.

LEMNETUM TRISULCAE den Hartog 1963 (Tab. 1, 
rel. 2-5)

This association is typical from oligotrophic to me-
sotrophic waters (Venanzoni & Gigante, 2000). It was 
found only in Lake Montepulciano at the edge of the 
reed bed. The relevés show a high frequency and co-
ver of pleustonic species such as Utricularia australis, 
Lemna trisulca, L. minor and Salvinia natans. Riccia 
fluitans, which is not a very common species in central 
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Italy, probably due to the increasing eutrophication of 
water bodies (Landucci et al., 2011), also occurs in this 
association in the study area. The presence of Phrag-
mites australis and Hippuris vulgaris in our relevés 
shows how this association develops preferentially in 
the clearings of the reed bed, in shallow waters, where 
the pleustonic species grow anchored to the emergent 
plants (Venanzoni & Gigante, 2000). Furthermore, the 
shading of helophytes seems to play a beneficial role 
for this generally sciaphilous association (Sburlino et 
al., 2004). 

SALVINIO NATANTIS-SPIRODELETUM POLYRHI-
ZAE Slavnić 1956 (Tab. 1, rel. 6-7)

This association dominated by Salvinia natans, 
typical of eutrophic waters, was found only in Lake 
Chiusi. As pointed out by Sburlino et al. (2004), this 
association may develop different aspects dominated 
either by Salvinia natans or Spirodela polyrhiza (see 
also Scoppola, 1982). The association was observed in 
shallow waters, sheltered by helophytic vegetation, in 
agreement with the synecology of this vegetation type 
(Sburlino et al., 1985; Sburlino et al., 2004). Arrigoni 
& Ricceri (1982) reported for Lake Chiusi coenoses 
with Salvinia natans, Hydrocharis morsus-ranae and 
Alisma plantago-aquatica, while Buchwald (1994) 
reported for Lake Montepulciano aspects of overlap 
between Salvinio-Spiroledetum and Hydrocharitetum 
morsus-ranae. The latter was not observed during our 
research, suggesting a reduction of the populations of 
the dominant species.

CERATOPHYLLO-AZOLLETUM FILICULOIDIS 
Nedelcu 1967 (Tab. 1, rel. 8-11)

Fig. 4 – Dendrogram of phytosociological relevés of emergent and hygrophilous herbaceous communities.



This association is fairly widespread in the study area, 
as documented also in the past by several authors (Gra-
netti & Bencivenga, 1980; Arrigoni & Ricceri, 1982; 
Buchwald, 1994). It is a vegetation type typically 
growing in still waters, with a very high content of nu-
trients (Sburlino et al., 2004; Ceschin et al., 2010). Al-
though generally growing in shallow waters (Sburlino 
et al., 2004), Ceratophyllum demersum can sometimes 
colonise waters deeper than 4 m (Buchwald, 1994); 
indeed, in the study area, these communities develop 
in rather deep waters (more than 1 m on average), in 
clearings. Some authors do not agree in attributing to 
Ceratophyllum demersum-dominated vegetation the 
role of association (e.g. Sburlino et al., 2004). Howe-
ver, in the study area this vegetation shows a strong 
ecological identity, compared to other coenoses of the 
Lemnetea class, just because it tends to develop in de-
eper waters (see also Granetti & Bencivenga, 1980). 
This justifies its treatment to the rank of association.

UTRICULARIETUM AUSTRALIS Müller et Görs 
1960 (Tab. 1, rel. 16-21)

This association develops in waters with a rather va-
riable level of trophism (Lastrucci et al., 2008). It is 
regarded as a transitional vegetation type, compared 
to other Nymphaeion associations (Brullo et al., 1994), 
represented, in the study area, mainly by Nymphaeo 
albae-Nupharetum luteae Nowinsky 1927. Utricularia 
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Azolla filiculoides is a thermophilic species of tropi-
cal origin, widely naturalised in western, central and 
southern Europe, with strong affinity for eutrophic 
water bodies (Scoppola, 1982; Sburlino et al., 2004; 
Ceschin et al., 2010). Communities dominated by this 
species are quite widespread at Lake Chiusi, always 
in sheltered situations, on the edge of reed beds or of 
communities with Nuphar lutea. The syntaxonomical 
interpretation follows Šumberová (2011a), although 
A. filiculoides tends to penetrate in various coenoses 
of Lemnetea class, showing a scarce sociological va-
lence. Indeed, not all the authors agree in attributing 
to such communities the role of association (Müller, 
1977; Pott, 1995). In certain cases, the coenoses do-
minated by A. filiculoides were considered stages of 
senescence of other phytocoenoses (Sburlino et al., 
2004; Lastrucci et al., 2010). Azolla filiculoides as 
well as its association were not yet reported for the 
study area. However, almost certainly the reports of A. 
caroliniana Willd. by Granetti & Bencivenga (1980) 
and Arrigoni & Ricceri (1982) should be referred to as 
A. filiculoides, also considering that the presence of A. 
caroliniana has not been recently confirmed in Italy as 
in many other European countries (Celesti-Grapow et 
al., 2009; Hussner, 2012). 

CERATOPHYLLETUM DEMERSI Corillion 1957 
(Tab. 1, rel. 12-15)

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Number in the cluster 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Locality C M M M M C C C C C C C C M M C M M C C C

Total cover (%) 80 100 100 60 100 100 100 8 50 70 40 100 100 100 90 90 70 70 95 85 80

Area (m2) 1 2 2 2 2 2 2 1 1 1 1 4 4 2 2 0,5 4 4 4 4 4

Date Jul/07 Jul/05 Jul/05 Jul/05 Jul/05 Jul/01 Jul/01 Jul/07 Jul/07 Jul/07 Jul/07 Jul/01 Jul/01 Sept/13 Sept/13 Aug/01 Sept/13 Sept/13 Jul/07 Jul/07 Jul/07

Charact. of Lemnetum gibbae

Lemna gibba L. 5 . . . . . . . 1 . . . . . . . . . . . . 2

Lemna trisulca L. . 5 5 3 4 . . . . . . . . . . + . . . . . 5

Salvinia natans (L.) All. . + + . . 5 5 . . . + . . . . + . . . . + 7
Spirodela polyrhiza (L.) 

Schleid. . . r . . + 1 . . . . . . . . . . . . . . 3

Azolla liculoides Lam. . . . . . + . 1 3 4 3 . . . . . + 1 1 + . 9

Ceratophyllum demersum L. . . . . . . . . . . . 5 5 5 5 . + + . . . 6

Utricularia australis R. Br. . 2 + 2 3 . . . . . + . . . . 4 4 4 5 5 5 11

Charact. of upper units

Lemna minor L. . + 1 1 + + + + 1 + + . . . . . + 1 . . . 12

Riccia uitans Mill. . . . + 1 . . . . . . . . . . 1 . . . . . 3

Hydrocharis morsus-ranae L. . + . . . . . . . . . . . . . 2 . . . . . 2
. . . . . . . . . . . . . . . . . . . . .

Other species
Phragmites australis (Cav.) 

Trin. 2 . + + 2 . . . . . . . .
+ .

. . . . . . 5

Nuphar lutea (L.) Sm. . . . . . . . 1 . 1 . . . . . + . . 1 . . 4

Hippuris vulgaris L. . 2 + . + . . . . . . . . . . . . . . . . 3
Najas marina L. subsp. 

marina . . . . . . . . . . . 3 1
1

. . . . . . . 3

Myriophyllum spicatum L. . . . . . . . . . . . + 2 . . . . . . . . 2

Sporadic species 1 0 0 0 1 0 0 0 0 0 0 1 2 0 1 0 0 0 0 0 0

P
re

se
n
ce

s

Charact. of Ceratophyllo-Azolletum liculoidis

Charact. of Salvinio natantis-Spirodeletum polyrhizae

Charact. of Ceratophylletum demersi

Charact. of Utricularietum australis

Charact. of Lemnetum trisulcae

Tab. 1 – Vegetation of the class Lemnetea minoris.
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with a prominent dominance of Nuphar lutea. Only 
the relevés at Lake Chiusi seldom include Nymphaea 
alba, which nevertheless has always very low cover 
values. Communities dominated by Nymphaea alba, 
as reported in the past by Arrigoni & Ricceri (1982), 
have not been found recently. 

NYMPHOIDETUM PELTATAE Bellot 1951 nom. mut. 
propos. Šumberová in Chytrý 2011 (Tab. 2, rel. 17)

This association is dominated by Nymphoides pelta-
ta, a very rare species in Tuscany (Tomei & Guazzi, 
1996). From the ecological point of view this asso-
ciation, structurally similar to Nymphaeo albae-Nu-
pharetum luteae, differs by having better tolerance to 
overheating conditions and strong water level fluctua-

vulgaris had been reported for the study area both as 
herbarium specimens and as species occurring in com-
munities, until a few years ago (Arrigoni & Ricceri, 
1982; Buchwald, 1994). However, neither the species 
nor the association Utricularietum vulgaris have been 
found during the present study.

NYMPHAEO ALBAE-NUPHARETUM LUTEAE 
Nowiński  1927 nom. mut. propos. (Tab. 2, rel. 1-16)

This association is typical of eutrophic and mesotro-
phic waters (Šumberová, 2011b). Stands dominated 
by Nuphar lutea are quite common in the study area, 
where they were also reported in the past (Arrigoni & 
Ricceri, 1982; Buchwald, 1994). The detected stands 
are generally poor in species, or even monospecific, 

Tab. 2 – Vegetation of the class Potametea pectinati.

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Number in the cluster 1 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

Locality C C M C C C C C C C C C C M C C M M

Total cover (%) 97 90 95 85 100 100 90 95 95 85 95 65 60 90 25 100 40 70

Area (m2) 25 25 6 25 25 10 100 25 25 25 100 100 100 6 95 2 6 1

Date Jul/07 Jul/07 Sept/13 Sept/07 Sept/07 Sept/07 Sept/07 Sept/07 Sept/07 Sept/07 Sept/07 Sept/07 Sept/07 Sept/13 Sept/11 Jul/01 Jul/03 Sept/13

Nuphar lutea (L.) Sm. 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5 . .

Nymphaea alba L. . . . . . . . + + . . . . . . . . .

Nymphoides peltata (S.G. Gmel.) Kuntze . . . . . . . . . . . . . . . . 3 .

Potamogeton pectinatus L. . . . . . . . . . . . . . . . + . 4

Potamogeton nodosus Poiret . . . . . . . . . . . . . . . . . .

Potamogeton crispus L. . . . . . . . . . . . . . . . . . .

Najas marina L. subsp. marina . . . . . 2 . . . . . . . . . + . .

Najas minor All. . . . . . . . . . . . . . . . . . .

Vallisneria spiralis L. . . . . . . . . . . . . . . . . . .

Ranunculus trichophyllus Chaix . . . . . . . . . . . . . . . . . .

Callitriche obtusangula Le Gall. . . . . . . . . . . . . . . . . . .

Charact. of upper units

Myriophyllum spicatum L. . . . . . . . . . . . . . . . 2 . .

Potamogeton lucens L. . . . . . . . . . . . . . . . . . .
Persicaria amphibia (L.) Delarbre aquatic 

ecophene . . . . . . . . . . . . . 1 . . . .

Potamogeton perfoliatus L. . . . . . . . . . . . . . . . . . .

Potamogeton pusillus L. . . . . . . . . . . . . . . . . . .

Other species

Ceratophyllum demersum L. + + + + + . . . . . . . . . . 3 . 1

Mentha aquatica L. subsp. aquatica . . . . . . . . . . . . . . . . r .
Phragmites australis (Cav.) Trin. . . . . . . . . . . . . . . . . + .

Alisma plantago-aquatica L. . . . . . . . . . . . . . . . . . .

Chara sp. . . . . . . . . . . . . . . . . . .

Glyceria uitans (L.) R. Br. . . . . . . . . . . . . . . . . . .

Utricularia australis R. Br. . . . . . . . . . . . . . . 1 . . .

Bolboschoenus glaucus (Lam.) S.G. Sm. . . . . . . . . . . . . . . . . . .

Lythrum salicaria L. . . . . . . . . . . . . . . . . . .

Carex sp. . . . . . . . . . . . . . . . . . .

Iris pseudacorus L. . . . . . . . . . . . . . . . . . .
Veronica anagallis-aquatica L. subsp. 

anagallis-aquatica . . . . . . 1 . . . . . . . . . . .

Sporadic species 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Charact. of Najadetum marinae

Charact. of Najadetum minoris

Charact. of Potamo perfoliati-Vallisnerietum spiralis

Charact. of Potamo crispi-Ranunculetum trichophylli

Charact. of Callitrichetum obtusangulae

Charact. of Potametum crispi

Charact. of Nymphaeo albae-Nupharetum luteae

Charact. of Nymphoidetum peltatae

Charact. of Potametum pectinati

Charact. of Potametum denso-nodosi
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tions (Sburlino et al., 2008). Nymphoides peltata is 
uncommon in the study area. The only relevé in which 
occurs was carried out at Lake Montepulciano, in an 
area characterised by shallow water, close to the reed 
bed. 

POTAMETUM PECTINATI Cartensen 1955 (Tab. 2, 
rel. 18-20)

From the ecological point of view, this association 
tolerates poorly oxygenated waters, rich in phosphates 
and nitrogen, from eutrophic to hypertrophic (Ceschin 
& Salerno, 2008; Šumberová, 2011b). Therefore, its 
presence is usually an indicator of organic pollution 
(Baldoni & Biondi, 1993). In both lakes, Potamogeton 
pectinatus forms coenoses extremely poor in species.

POTAMETUM DENSO-NODOSI O. Bolós 1957 (Tab. 

Vegetation of Lakes Chiusi and Montepulciano 

2, rel. 21-25)
The vegetation with Potamogeton nodosus develops 

in both lentic and lotic environments (Landucci et al., 
2011; Lastrucci et al., 2012) and is considered as an in-
dicator of medium water quality, being rather tolerant 
to organic pollution. It also occurs in eutrophic water 
bodies (Ceschin et al., 2010). The association Potame-
tum denso-nodosi was mainly found close to the banks 
of both lakes or on the edge of the reed bed, in waters 
less than one meter deep. Vegetation dominated by P. 
nodosus had already been previously reported by Arri-
goni & Ricceri (1982) for Lake Chiusi.

POTAMETUM CRISPI Soó 1927 (Tab. 2, rel. 26-27)
This association has a rather wide ecological range, 

developing both in natural and artificial environments, 
both in stagnant and flowing waters (Hrivnák, 2002). 
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It prefers waters with a high trophic level (Šumberová, 
2011b). This association was found only in Lake Mon-
tepulciano, in shallow water close to the reed bed and 
to the banks of emergent vegetation. Also, the commu-
nities reported by Lastrucci et al. (2007) and Biondi et 
al. (1997) can be referred to this association.

NAJADETUM MARINAE Fukarek 1961 and NAJA-
DETUM MINORIS Ubriszy 1961 (Tab. 2, rel. 28-31 
and 32-33)

Coenoses with Najas minor and Najas marina to-
gether are known in literature (e.g. Piccoli & Gerdol, 
1980; Landucci et al., 2011). For the syntaxonomic at-
tribution of this kind of vegetation, according to Lan-
ducci et al. (2011), a particular weight should be given 
to dominance and mutual abundance of the species that 
form the community. In the study area, it was possible 
to recognise both the associations Najadetum marinae 
Fukarek 1961 (Tab. 2, rel. 28-31) and Najadetum mi-
noris Ubriszy 1961 (Tab. 2, rel. 32-33). Communities 
dominated by Najas marina were also reported by Ar-
rigoni & Ricceri (1982) for Lake Chiusi, while Naja-
detum minoris is reported here for the first time. Both 
associations show a similar synecology (Landucci et 
al., 2011), preferring mesotrophic waters even though 
eutrophic conditions are also tolerated.

POTAMO PERFOLIATI-VALLISNERIETUM SPIRA-
LIS Losev et Golub in Golub, Losev et Mirkin 1991 
(Tab. 2, rel. 34-40)

This association develops generally in mesotrophic 
to eutrophic waters (Landucci et al., 2011). It was 
found in Lake Chiusi, where it forms underwater 
grasslands localised especially near the moorings for 
boats, with a water depth of less than one meter. The 
detected phytocoenoses are poor in species. In shallo-
wer waters the increase of Phragmito-Magnocaricetea 
species suggests the transition toward marsh coenoses.

POTAMO CRISPI-RANUNCULETUM TRICHO-
PHYLLI Imchenetzky 1926 (Tab. 2, rel. 41)

Ranunculus trichophyllus communities typically 
grow both flowing (Sburlino et al., 2008; Ceschin & 
Salerno, 2010; Lastrucci et al., 2010) and standing wa-
ters (Scoppola, 1998; Hrivnák, 2002). Potamo crispi-
Ranunculetum trichophylli develops generally in oli-
go-mesotrophic to eutrophic waters. It tolerates high 
levels of turbidity (Šumberová, 2011b). 

In Lake Montepulciano, the association was found in 
shallow water in contact with Potametum denso-nodo-
si, in sheltered conditions at the limit of the emergent 
vegetation. It should be noted that a relevé with high 
cover value of Ranunculus trichophyllus, but attribu-
ted to Glycerietum maximae, was reported for Lake 
Chiusi by Buchwald (1994).

CALLITRICHETUM OBTUSANGULAE Seibert 1962 
(Tab. 2, rel. 42)

Callitriche obtusangula can form communities in 
running waters as well as slow or stagnant waters 
(Sburlino et al., 2008). Callitrichetum obtusangulae 
Seibert 1962 is the typical association in running and 
eutrophic waters (Sburlino et al., 2008); it was found 
only in Lake Chiusi, where it is in contact with the 
emergent vegetation. It grows in very shallow waters 
near to the tributary of the lake in moderately running 
waters. Buchwald (1994) reported a community domi-
nated by Callitriche cfr. stagnalis for Lake Chiusi, but 
this species was not detected during the present study.

Annual hygro-nitrophilous vegetation of the Biden-
tetea tripartitae class

RUMICI MARITIMI-RANUNCULETUM SCELERA-
TI Oberdorfer 1957 variant with CYPERUS FUSCUS 
(Tab. 3, rel. 1-10) 

This association, dominated by Ranunculus scelera-
tus, is typical of muddy deep soils, rich in nutrients, 
developing in the dry phase on the bottom sediment of 
natural or artificial water bodies (Šumberová & Loso-
sová, 2011). Helophytes are quite frequent, indicating 
a high variation of the water level (Kiesslich et al., 
2003). In Lake Chiusi, this association is characterised 
by high cover values of Ranunculus sceleratus, mostly 
where there has been prolonged stagnation. With faster 
desiccation, the community is richer in species and a 
Cyperus fuscus-dominated aspect can be identified. C. 
fuscus is considered a characteristic taxon of the or-
der Nanocyperetalia (Brullo & Minissale, 1998), but 
it can be favoured by high disturbance levels, forming 
communities rich in Bidentetea species as reported for 
several Italian wetlands (e.g. Biondi et al., 1999; Ve-
nanzoni & Gigante, 2000; Ceschin & Salerno, 2008). 
Baldoni & Biondi (1993) identified a variant with 
Cyperus fuscus of the association Bidenti-Polygone-
tum mitis (Roch 1951) Tx. 1979 in the Esino River 
(Marche, central Italy). A similar interpretation for the 
association Rumici maritimi-Ranunculetum scelerati 
is also proposed here for Lake Chiusi, where C. fuscus 
tends to become dominant in an ecological context 
where species of the class Isoëto-Nanojuncetea are not 
to be found. The species tend to replace Ranunculus 
sceleratus in situations of intense disturbances (e.g. 
paths, clearings, depressions at the edge of the fields) 
and premature desiccation.

BIDENS FRONDOSUS community (Tab. 3, rel. 11)
Bidens frondosus is an alien species of North Ameri-

can origin, considered invasive in many Italian regions 
(Celesti-Grapow et al., 2009). It forms communities 
that have been attributed to different associations (Ve-
nanzoni & Gigante, 2000; Kiesslich et al., 2003; Ami-
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go, 2006), generally included in the alliance Bidention. 
Sometimes, however, these communities are difficult 
to classify in terms of association, due to their lack of 
floristic characterisation (Lastrucci et al., 2006), such 
as in the study area.

ECHINOCHLOO-POLYGONETUM LAPATHIFOLII 
Soó et Csurös 1947 (Tab. 3, rel. 12-15)

In marginal moist areas, near the cultivated fields 
around Lake Chiusi, vegetation dominated by Polygo-
num lapathifolium was detected. This species appears 
in several associations of the Bidentetea class, in both 
the alliances Bidention and Chenopodion (Geissel-
brecht-Taferner & Mucina, 1993). In the study area, 
this kind of vegetation can be included in the Cheno-
podion alliance, due to the occurrence of species such 
as Oxybasis rubra, O. chenopodioides, Lipandra po-
lysperma. The coenosis differs from the rather com-
mon association Polygono-Xanthietum italici Pirola & 
Rossetti 1974, more typical of sandy-pebbly shores of 
rivers (Biondi & Baldoni, 1994). For this reason, we 
referred our relevés to the association Echinochloo-
Polygonetum lapathifolii Soó et Csurös 1947, linked 
to moist soils, rich in nutrients, with high pH and so-
metimes even high salinity (Geisselbrecht-Taferner & 
Mucina, 1993).

CHENOPODIO CHENOPODIOIDIS-ATRIPLICE-
TUM PROSTRATAE Slavnić 1948 corr. Gutermann et 
Mucina in Mucina, Grabherr et Ellmauer 1993 (Tab. 
3, rel. 16-28)

In the emerged areas, externally to the helophytic 
vegetation, at the edge of the cultivated areas at Lake 
Chiusi, pioneer vegetation dominated by Oxybasis che-
nopodioides was sampled in late summer. This species 
was recently recorded for this area (Iamonico et al., 
2013). O. chenopodioides forms a dense vegetation 
with other species such as O. rubra (which in some 
cases becomes dominant), Lipandra polysperma and 
other pioneer hygro-nitrophilous species of the class 
Bidentetea. The association is in contact with the va-
riant of Rumici-Ranunculetum scelerati with Cyperus 
fuscus and with Echinochloo-Polygonetum lapathifo-
lii. For the syntaxonomical classification, we refer to 
Chenopodio chenopodioidis-Atriplicetum prostratae, 
association of saline water, periodically flooded soils 
and dried bottoms of wetlands (Šumberová & Loso-
sová, 2011). 

Pioneer annual of ephemeral wetlands of the Isoëto-
Nanojuncetea class

JUNCUS BUFONIUS community (Tab. 4, rel. 1)
A short-size community dominated by Juncus bufo-

nius was found along the shores of Lake Chiusi. This 
species was already confirmed for the study area (Gra-
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netti & Bencivenga, 1980; Arrigoni & Ricceri, 1982), 
but information about vegetation lacked. Similar 
phytocoenoses have been reported for other wetlands 
in central Italy by Scoppola (1998) and Biondi et al. 
(2002). The latter described the association Crypsido 
schoenoidis-Juncetum bufonii showing good ecologi-
cal affinity with the community of Lake Chiusi, which 
may represent an impoverished aspect.

LUDWIGIA PALUSTRIS community (Tab. 4, rel. 2-3)
Ludwigia palustris is a species that tolerates swampy 

or flooded soils, preferring those rich in nutrients. It 
grows in areas temporarily emerged during the sum-
mer or in areas vacated by large helophytes (Lastrucci 
et al., 2008). At Lake Chiusi, it forms small communi-
ties in some areas behind Carex elata communities, in 
situations of partial shading by trees and shrubs around 
the lake. This species is generally considered as a cha-
racteristic of the lower syntaxa of the Isoëto-Nanojun-
cetea class (Deil, 2005; Rivas-Martínez et al., 2002), 
although some of its coenoses have been attributed to 
Bidentetea (Dimopoulos et al., 2005; Lastrucci et al., 
2008) or Littorelletea (e.g. Oberdorfer, 2001).

Dwarf emergent amphibious vegetation of the Litto-
relleta uniflorae class

ELEOCHARIS ACICULARIS community (Tab. 4, rel. 4)
Eleocharis acicularis is a rare species for Tuscany 

(Lastrucci & Becattini, 2007). Vegetation data about 
E. acicularis-dominated communities in Italy are very 
restricted (Gerdol, 1987; Pedrotti, 1990). This species 
is included in more than one association, such as Limo-
sello aquaticae-Eleocharitetum acicularis Wendelber-
ger-Zelinka 1952 and Eleocharito-Littorelletum uni-
florae Chouard 1924 (syn. Eleocaritetum acicularis 
Koch 1926, see Šumberova et al., 2011a).

Our relevé from Lake Chiusi shows a low number 
of species, making its attribution to the level of asso-
ciation rather hard. It seems preferable to treat this ve-
getation at the level of community. Nevertheless, this 
finding provides a reconfirmation of the presence of 
this threatened species in the study area (see Lastrucci 
& Becattini, 2007).

Emergent vegetation of the Phragmito australis-Ma-
gnocaricetea elatae class

PHRAGMITETUM AUSTRALIS Savič 1926 non. mut. pro-
pos. Šumberová et al. in Chytrý 2011  (Tab. 5 ril. 1-18)

This association grows in different environmental 
conditions. However, its typical habitats are muddy 
soils, both acidic and basic, and meso-eutrophic wa-
ters (Buchwald, 1994). Although the association is 
very common in the wetlands of central Italy (Landuc-
ci et al., 2013), it currently shows symptoms of stress 
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Tab. 3 – Vegetation of the class Bidentetea tripartitae.

in the study area (Gigante et al., 2014) as well as in 
neighbouring areas (Reale et al., 2012; Gigante et al., 
2011, 2013). It is widespread in the whole study area 
where it forms a continuous belt around the two lakes, 
along the main waterways, extending into drier areas 
at the edge of the fields. According to Gigante et al. 
(2013), there is a strong difference between the drier 
sites, which are most rich in species, and the underwa-
ter environments, generally poorer or even monospe-
cific. From a syntaxonomical point of view, Gigante 
et al. (2013) distinguish the drier reed beds, rich in 
nitrophilous species, referring them to a variant with 
Rubus ulmifolius.

SCHOENOPLECTETUM TABERNAEMONTANI Soó 
1947 (Tab. 5, rel. 19)

The association occurs both in brackish and fresh wa-

ter bodies rich in calcium and nutrients (Landucci et 
al., 2013), flooded during autumn and winter but also 
totally dry in summer (Šumberová et al., 2011b). In the 
study area, it occurs along a waterway at Lake Chiusi; 
Schoenoplectus tabernaemontani-dominated commu-
nities have also been reported for the neighbouring 
wetlands of the Valdichiana (Lastrucci et al., 2010).

GLYCERIETUM MAXIMAE Nowiński 1930 corr. 
Šumberová, Chytrý et Danihelka in Chytrý 2011 (Tab. 
5, rel. 20-21)

This vegetation type was found at Lake Montepulcia-
no. It was formerly reported for Lake Chiusi by Arri-
goni & Ricceri (1982) and in channels between the two 
lakes by Buchwald (1994). It is typical of mesotrophic 
and eutrophic environments, regularly exposed to flo-
ods, often developing between reed beds and the sur-

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Number in the cluster 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Locality C C C C C C C C C C C C C C C C C C C
Total cover (%) 95 90 95 70 100 80 98 100 100 95 100 100 100 100 100 100 100 100 90
Area (m2) 2 2 2 4 4 25 12 4 4 10 12 8 6 8 4 4 4 4 8
Date Jul/07 Sept/11 Jul/07 Jul/07 Jul/07 Sept/08 Sept/08 Sept/08 Jul/07 Sept/08 Jul/07 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11

Ranunculus sceleratus L. 4 5 4 4 . 2 1 r . + . . . . . . . . .

Cyperus fuscus L. 2 1 2 1 5 4 5 5 5 5 . 2 4 3 3 1 2 3 2

Bidens frondosa community
Bidens frondosus L. . . . . . + . . + . 5 . . . + . . . .

Persicaria lapathifolia (L.) Gray . . . . + + + . . . + 5 5 5 4 2 4 1 1
Echinochloa crus-galli (L.) P. Beauv. . . . . . . . + 1 + + . + + + + + . +

Oxybasis chenopodioides (L.) S. 

Fuentes, Uotila & Borsch . . 1 . + . + 2 . + . 1 1 1 1 4 3 3 4

Oxybasis rubra (L.) S. Fuentes, 

Uotila & Borsch . . . . 1 . . . . . . 2 2 2 + 1 + . .
Lipandra polysperma (L.) S. 

Fuentes, Uotila & Borsch . . . . . . . + . . . . + + . 1 1 . .
Bidens tripartitus L. . . . . . . . . . . 1 + 1 . . . . . +
Portulaca oleracea L. . . . . . . . . . . . . . . . . . + .
Xanthium orientale L. subsp. 

italicum (Moretti) Greuter . . . . . . . . + . . . . . . . . . .
Atriplex prostrata Boucher ex D.C. . . . . . . . . . . 2 . . . . . . . .

Barbarea vulgaris R. Br. 1 + . . 1 . . + . . . + + + 1 1 + + 2
Typha latifolia L. . + 1 + 1 . . . . . . . . . 1 1 + + 1
Carex pseudocyperus L. . . . + 1 . . + . . 1 . . . + + + 1 1
Lythrum salicaria L. 1 . 1 + + + + 1 + + . . + + . . . 1 .
Oenanthe aquatica (L.) Poir. . . . . . . . . . . . + + + . . . + +
Phragmites australis (Cav.) Trin. . . . + . + . . . . + . . . . . . + r
Mentha aquatica L. subsp. aquatica . . + + . + . . + 1 + . . . . . . . +
Salix alba L. + + + . + . + . . + . . . . . . + . .
Cirsium arvense (L.) Scop. + . . . . . . . . . + . . . . . . + .
Schoenoplectus tabernaemontani 

(C.C. Gmel.) Palla . . . . . . . . . . . . . . . r . + +
Sonchus asper (L.) Hill. . . . . + . . + . . . . + 1 . . . . .
Lycopus europaeus L. . . . . + . . . . + . . . . . . . . +
Veronica anagallis-aquatica L. 

subsp. anagallis-aquatica . + . . . . + . . . + . . . . . . . .
Alisma plantago-aquatica L. . . . . + . . . + . . . . . . . . . +
Daucus carota L. . . . . . . . . . . . . . . . . + + +
Iris pseudacorus L. . . . . . . . . + . 2 . . . . . . . .
Lactuca serriola L. . . . . . . . . . . . . . . . . . . .
Senecio aquaticus Hill . . . . . + + . . . . . . . . . . . .
Solanum dulcamara L. . . . . . . . . . . 2 . . . . . . . .
Stachys palustris L. . . . . . . . . . . . . + . . . . + .
Typha angustifolia L. 2 . . . + . . . . . . . . . . . . . .
Veronica catenata Pennell . . . . . . . . + . . . . . . . . . .

Sporadic species 0 0 0 0 1 0 1 0 0 0 4 0 0 0 0 0 0 1 0

Other species

Charact. of Rumici maritimi-Ranunculetum scelerati

Diff. of Cyperus fuscus variant

Charact. of Echinochloo-Polygonetum lapathifolii

Charact. of Chenopodio chenopodioidis-Atriplicetum patulae

Charact. of upper units
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roundings areas (Landucci et al., 2013). Communities 
in the study area are very poor in species, as is typical 
of this association (Landucci et al., 2013).

ELEOCHARITETUM PALUSTRIS Savič 1926 (Tab. 6, 
rel. 1-4)

In the study area, this community shows pioneer be-
haviour, growing in areas with emerging bottom se-
diments due to the temporary summer retreat of the 
waters, not colonised by other vegetation types (see 
also Venanzoni & Gigante, 2000). The association can 
tolerate long periods of flooding, but it can also with-
stand periods with dry soil (Šumberová et al., 2011b). 
It was already known for Lake Montepulciano (Arri-
goni & Ricceri, 1982).

ELEOCHARITO PALUSTRIS-HIPPURIDETUM 
VULGARIS Passarge 1955 (Tab. 6, rel. 5-8)

This association is typically poor in species and de-
velops on meso-eutrophic, stagnant or slowly flowing 
waters, rich in calcium, sometimes also in brackish 
waters, subject to dry periods (Balátová-Tuláčková et 
al., 1993). In the two lakes, this association was found 
in water a few centimetres deep, mostly drying in late 
summer, within the clearings of the high herb com-
munities, especially Phragmitetum australis. Similar 
communities dominated by Hippuris vulgaris were 
reported by Venanzoni & Gigante (2000) for Lake Pie-
diluco in Umbria. In particular ecological conditions, 
H. vulgaris behaves as a hydrophyte, rather than a he-
lophyte. Some authors attributed these communities 
to different alliances, such as Nymphaeion albae (e.g. 
Görs, 1992), Ranunculion fluitantis (Sburlino et al., 
2008) or Ranunculion aquatilis (Cernohous & Husak, 
1986). This species was reported in Tuscany only for 
Lake Montepulciano and Valdichiana (Caruel, 1860-
64; Angiolini & Casini, 2004), so the present finding 
at Lake Chiusi represents an important confirmation of 
the presence of H. vulgaris in southern Tuscany.

BOLBOSCHOENUS GLAUCUS community (Tab. 6, 
rel. 9-11)

Bolboschoenus glaucus is described in the literature 
as frequent in southern Europe (Landucci et al., 2013), 
although up to recent times it has often been neglected 
in favour of the similar B. maritimus. It occurs in river 
floodplains, but also in man-made habitats such as rice 
fields and other types of arable lands (Hroudová et al., 
2007; Landucci et al., 2013). At Lake Chiusi, this spe-
cies forms vegetation at sites with considerable anthro-
pogenic disturbance, i.e. at the edge of the fields, along 
the canals or in the outer edge of the reed beds. Arrigo-
ni & Ricceri (1982) reported for Lake Montepulciano 
a community dominated by Bolboschoenus maritimus, 

Relevé number 1 2 3 4
Number in the cluster 2 85 86 87 88
Locality C C C C

Total cover (%) 75 90 100 100
Area (m2) 3 1 2 0,5
Date Sept/07 Jul/07 Sept/07 Jul/01

Juncus bufonius L. 4 . . . 1

Ludwigia palustris community
Ludwigia palustris (L.) Elliott . 5 5 . 2
Eleocharis acicularis community
Eleocharis acicularis (L.) Roem. & Schult. . . . 5 1

Cyperus fuscus L. 1 + 1 + 4
Centaurium pulchellum (Sw.) Druce subsp. 

pulchellum + . . . 1

Other species
Calystegia sepium (L.) R. Br. subsp. sepium . + + . 2
Juncus articulatus L. 1 + . . 2

Sporadic species 5 3 2 1
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Juncus bufonius community

Charact. of Isoëto-Nanojuncetea

Tab. 4 – Vegetation of the classes Isoëto-Nanojuncetea and 
Littorelletea uniflorae.

20 21 22 23 24 25 26 27 28
20 21 22 23 24 25 26 27 28
C C C C C C C C C
100 98 100 100 100 100 100 90 100
4 4 8 4 6 9 6 6 6

Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11 Sept/11

+ . . . + . . + 1 12

3 2 + . . . 1 1 1 24

. + . . + + . . + 8

. r + 1 + + + + + 20
r . + . . + + + 1 16

3 4 4 5 5 5 1 2 4 22

+ 1 1 + 1 1 5 3 2 16

2 1 1 + 2 2 + 2 2 14
+ . . + . + . . . 7
. . . . . . . . . 1

. . . . . . . . . 1

. . . . . . . . . 1

2 2 . + 1 1 + 3 2 20
+ + . + + . + 1 + 16
+ + + . . + . + r 15
. . + . + . . 1 . 15
1 + . . . . . 1 . 8
. . + . . . + . r 8
. . . . . . . . . 7
. . . . . . . . . 7
+ . . . + + . . . 6

. . . . r . + . . 5

. . + . . . . . . 5
+ . . . . . . . . 4

. . . . . . . + . 4

. . . . . . . . . 3

. . . . . . . . . 3

. . . . . . . . . 2

. . . . . . . + + 2

. . . . . . . . . 2

. + . . . . . . . 2

. . . . . . . . . 2

. . . . . . . . . 2

. . . + . . . . . 2

0 0 1 0 0 0 0 0 0
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Tab. 5 – Vegetation of the alliance Phragmition australis.

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Number in the cluster 2 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109
Locality M C M M M M M M C M C C M M M C C C C M M

Total cover (%) 70 100 70 60 45 75 80 100 85 98 100 60 95 100 100 100 90 100 85 100 100
Area (m2) 4 90 10 10 10 10 10 10 10 10 50 50 10 10 10 100 100 100 2 10 4
Date Jun/03 Jul/08 Sept/13 Sept/13 Sept/13 Sept/13 Sept/13 Sept/13 Jul/07 Sept/13 Jul/07 Jul/07 Sept/13 Sept/13 Sept/13 Jul/07 Jul/07 Jul/07 Sept/07 May/03 Aug/13

Charact. of Phragmitetum 
Phragmites australis (Cav.) 3 5 4 3 3 5 5 5 5 5 5 3 5 5 5 5 5 5 . . + 19

Charact. of Schoenoplectetum 
Schoenoplectus 

tabernaemontani (C.C. 

Gmel.) Palla . . . . . . . . . . . . . . . . . . 5 . . 1

Charact. of Glycerietum 
Glyceria maxima (Hartm.) 

Holmb. . . . . . . . . . . . . . . . . . . . 5 5 2

Charact. of upper units
Lythrum salicaria L. . . . . . . . . + + + + + . 1 + + + . . + 10
Mentha aquatica L. subsp. 

aquatica 3 1 . . . . . . + . . + . . . + + . . . . 6

Carex elata All. subsp. elata . . . . . . . . . . . 2 1 2 . + . . . . . 4
Lycopus europaeus L. . . . . . . . . + . . + . . . . . + . . + 4
Phalaris arundinacea L. 

subsp. arundinacea . . . . . . .
.

.
2

. .
1 . 1

. . . . . . 3
Hippuris vulgaris L. 2 1 . . . . . . . . . . . . . . . . . . . 2
Lysimachia vulgaris L. . 1 . . . . . . . . . . . . . . + . . . . 2
Myosotis scorpioides L. . . . . . . . . 1 . . . . . . . . 1 . . . 2
Carex pseudocyperus L. . + . . . . . . 1 . . . . . . . . . . . . 2
Carex riparia Curtis . . . . . . . . . . . . . . 2 + . . . . . 2
Berula erecta (Huds.) Coville . . . . . . . . . . . . . . . . + . . . . 1
Cyperus longus L. . . . . . . . + . . . . . . . . . . . . . 1
Apium nodiorum (L.) Lag. 

subsp. nodiorum . + . . . . . . . . . . . . . . . . . . . 1
Persicaria amphibia (L.) . . . . . . . . + . . . . . . . . . . . . 1
Rorippa amphibia (L.) Besser . . . . . . . . + . . . . . . . . . . . . 1
Scutellaria galericulata L. . . . . . . . . . . . . . . . . . + . . . 1
Sparganium erectum L. 

subsp. neglectum (Beeby) K. 

Richt. . . . . . . . . . . . . . . . . . . + . . 1
Veronica anagallis-aquatica 

L. subsp. anagallis-aquatica . . . . . . . . .
+

. . . . . . . . . . . 1
Teucrium scordium L. . . . . . . . . . . . . . . . . . + . . . 1

Other species
Calystegia sepium (L.) R. Br. 

subsp. sepium . . . . . . .
+

+
1

1 1
1 1 1

1 + + . . . 11
Solanum dulcamara L. . . . . . . . . + . . . . . . + + + . . . 4
Rubus caesius L. . . . . . . . 5 . + + . . . . . . . . . . 3
Atriplex prostrata Boucher ex 

D.C. . . . . . . .
+

.
+

. . .
.

. . . . . . . 2
Bidens frondosus L. . + . . . . . . . . . . . . . . + . . . . 2
Bidens tripartitus L. . + . . . . . + . . . . . . . . . . . . . 2

Ceratophyllum demersum L. . . 1 2 . . . . . . . . . . . . . . . . . 2

Cirsium arvense (L.) Scop. . . . . . . . . . . . . . . . + . . + . . 2
Galega ofcinalis L. . . . . . . . + . . + . . . . . . . . . . 2
Galium aparine L. . . . . . . . . . . + . . . . . . + . . . 2
Scrophularia auriculata L. 

subsp. auriculata . . . . . . . . + . . 1 . . . . . . . . . 2
Sonchus asper (L.) Hill. . . . . . . . . + . . + . . . . . . . . . 2
Stachys palustris L. . . . . . . . . + . . . + . . . . . . . . 2
Urtica dioica L. subsp. dioica . . . . . . . . . 1 + . . . . . . . . . . 2

Sporadic species 0 1 0 0 1 0 0 2 5 1 10 1 1 1 0 0 4 0 1 0 0
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probably partly or wholly attributable to B. glaucus. 

GLYCERIO-SPARGANIETUM NEGLECTI W. Koch 
1926 em. Philippi 1973 (Tab. 6, rel. 12-14)

The relevés dominated by Sparganium erectum sub-
sp. neglectum and carried out along the canals around 
Lake Chiusi belong to the association Glycerio-Spar-
ganietum neglecti. This association is generally deve-
loped in stagnant waters (with high or low calcareous 
content) and also exposed to human disturbances 
(mowing, excavation, dredging; see also Philippi, 
1977). Arrigoni & Ricceri (1982) reported for the two 
lakes the association Sparganietum erecti, which can 

be included into Glycerio-Sparganietum neglecti ac-
cording to Landucci et al. (2013). Buchwald (1994) 
identified for Lake Chiusi a variant of the association 
with Eupatorium cannabinum.

GLYCERIETUM FLUITANTIS Nowiński 1930 (Tab. 
6, rel. 15-16)

This vegetation type occurs in habitats that are in an 
advanced stage of terrestrialisation or periodically flo-
oded, in oligotrophic to eutrophic water (Landucci et 
al., 2013). This association was sporadically found in 
the two lakes, along the edge of the reed beds.



MENTHO AQUATICAE-CARICETUM PSEUDO-
CYPERI Orsomando et Pedrotti 1986 (Tab. 7, rel. 1-14)

In Lake Chiusi, wide communities with Carex pseu-
docyperus are present. They can be referred to the 
Mentho aquaticae-Caricetum pseudocyperi associa-
tion. This vegetation type grows typically in mesotro-
phic to eutrophic shallow water bodies in an advan-
ced stage of terrestrialisation, on muddy and organic 
sediments (Landucci et al., 2013). In the study area, 
the association develops forming floating islands of 
organic sediments, as also reported by Orsomando & 
Pedrotti (1986), in contact with the reed beds and the 
association Nymphaeo albae-Nupharetum luteae. Ge-
nerally, this type of vegetation is quite dense in the stu-
dy area, with the dominance of Carex pseudocyperus 
with high coverage levels. With decreasing thickness 
of the organic sediment in the bottom, we noticed that 
Carex pseudocyperus becomes less frequent, leaving 

the dominance to other species such as Scutellaria ga-
lericulata and Cirsium creticum subsp. triumfetti. For 
the higher syntaxonomic levels, we refer to Landucci 
et al. (2013). 

THELYPTERIDO PALUSTRIS-PHRAGMITETUM 
AUSTRALIS Kuiper ex van Donselaar 1961 (Tab. 7, 
rel. 15-20)

In Lake Chiusi, some reed beds developing on floating 
islands rich in decaying organic matter were observed 
and sampled. In the study area, this vegetation type 
includes, besides the dominant Phragmites australis, 
other species such as Thelypteris palustris, Cladium 
mariscus and Carex pseudocyperus. These peculiar 
reed beds are referable to the association Thelypteri-
do palustris-Phragmitetum australis, very rare in Italy 
and reported only for the northern part of the country 
(Pedrotti, 1988, 1991; Brusa et al., 2006). The classi-
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Tab. 6 – Vegetation of the alliances Eleocharito palustris-Sagittarion sagittifoliae and Glycerio fluitantis-Sparganion neglecti.

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number in the cluster 2 37 38 39 40 41 42 43 44 34 35 36 45 46 47 48 49
Locality C C M M C C M C C C C C C C M C

Total cover (%) 80 80 94 80 60 30 50 40 90 75 100 90 90 90 40 90
Area (m2) 2 2 8 4 2 1 3 3 4 3 10 4 4 4 4 4
Date Jul/07 Jul/01 May/05 Aug/05 Jul/07 Jul/07 Jun/03 Sept/12 Jul/07 Sept/08 Jul/10 Jul/07 Jun/08 Jun/08 May/03 Jul/07

Charact. of Eleocharitetum palustris
Eleocharis palustris (L.) Roem. & Schult. 

subsp. palustris 4 4 4 4 . . . . . . . . . . . . 4

Charact. of Eleocharito-Hippuridetum vulgaris
Hippuris vulgaris L. . . . . 3 2 3 3 . . . . . . . . 4

Bolboschoenus glaucus community
Bolboschoenus glaucus (Lam.) S.G. Sm. 2 . r 1 . . . . 4 4 5 1 . . . 1 8

Charact. of Glycerio-Sparganietum neglecti
Sparganium erectum L. subsp. neglectum 

(Beeby) K. Richt. . . . . . . . . + . . 4 5 5 . . 4

Charact. of Glycerietum uitantis
Glyceria uitans (L.) R. Br. + . . . . . . . . . . . . 1 2 5 4

Charact. of upper units
Mentha aquatica L. subsp. aquatica . . . . 2 1 + + . . . . . + + . 6
Lythrum salicaria L. . . . . 1 . + . . + . . . . . . 3
Phragmites australis (Cav.) Trin. . . . . r . . 1 . . . . . . . + 3
Veronica anagallis-aquatica L. subsp. anagallis-

aquatica . . . . . . . . . + . + + . . . 3
Alisma lanceolatum With. . . + + . . . . . . . . . . . . 2
Galium palustre L. aggr. . . 2 . . . . . 2 . . . . . . . 2
Alisma plantago-aquatica L. . . . . . . . . . . . . . . + . 1
Carex pseudocyperus L. . . . . r . . . . . . . . . . . 1
Carex riparia Curtis . . . . . . . . . . . . . 1 . . 1
Cyperus longus L. . . . . . . . . 1 . . . . . . . 1
Lycopus europaeus L. . . . . 1 . . . . . . . . . . . 1
Lysimachia vulgaris L. . . + . . . . . . . . . . . . . 1
Oenanthe aquatica (L.) Poir. . . . 1 . . . . . . . . . . . . 1
Persicaria amphibia (L.) Delarbre . . . . . . . . . + . . . . . . 1
Phalaris arundinacea L. subsp. arundinacea . . + . . . . . . . . . . . . . 1
Rorippa amphibia (L.) Besser . . . . . + . . . . . . . . . . 1
Sagittaria sagittifolia L. . . . . . . + . . . . . . . . . 1
Scutellaria galericulata L. . . . . . + . . . . . . . . . . 1
Teucrium scordium L. . . . . + . . . . . . . . . . . 1

Other species
Calystegia sepium (L.) R. Br. subsp. sepium + . . . . . . . + . . + + + . + 6
Cyperus fuscus L. . + . . 2 . . . . . + . . . . . 3
Juncus articulatus L. . + + + . . . . . . . . . . . . 3
Stachys palustris L. . . . . + . . . + . . . 2 . . . 3
Alopecurus myosuroides Huds. . . + + . . . . . . . . . . . . 2
Althaea ofcinalis L. . . + + . . . . . . . . . . . . 2
Echinochloa crus-galli (L.) P. Beauv. . . . + . . . . . . + . . . . . 2
Lotus tenuis Waldst. & Kit. ex Willd. . . 1 + . . . . . . . . . . . . 2
Lycopus exaltatus Ehrh. . . 2 + . . . . . . . . . . . . 2
Nuphar lutea (L.) Sm. . . . . 2 + . . . . . . . . . . 2
Paspalum distichum L. . + . . . . . . . . . 3 . . . . 2
Plantago major L. . . + + . . . . . . . . . . . . 2

Sporadic species 0 1 7 1 1 0 3 0 3 1 2 0 0 1 1 0
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Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Number in the cluster 2 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Locality C C C C C C C C C C C C C C C C C C C C C M

Total cover (%) 90 90 95 90 100 100 100 95 100 100 95 80 100 100 100 100 100 95 100 95 100 50
Area (m2) 25 10 7 8 10 8 20 8 20 10 20 25 8 20 10 10 8 100 25 10 6 6
Date Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/07 Jul/01 Jul/07 Jul/07 Jul/07 Jul/01 Jul/07 Jul/07 Jul/07 Jul/07 May/03

Carex pseudocyperus L. 3 4 2 3 1 5 5 4 4 4 5 4 4 2 1 1 1 . + + . .
Mentha aquatica L. subsp. aquatica 1 + 1 2 2 2 3 2 3 2 1 + 1 + . . . . + + . .

Phragmites australis (Cav.) Trin. . + . 2 . 1 + . . 2 + . 1 1 3 4 2 4 3 3 2 .
Thelypteris palustris Schott . . . . . . . . . . . . . . 5 5 5 3 4 4 3 .

Charact. of Caricetum elatae
Carex elata All. subsp. elata . + . . . . . . . . . . . . . . . . . . 4 3

Charact. of Cladietum marisci
Cladium mariscus (L.) Pohl . . . . . . . . . . . . . . 1 1 . . . . . .

Charact. of Caricetum ripariae
Carex riparia Curtis . . . . . . . . . . . . . . . . . . . . . .

Charact. of Phalaridetum arundinaceae

Phalaris arundinacea L. subsp. 

arundinacea . . . . . . . . . . . . . . . . . . . . . .

Charact. of upper units
Lycopus europaeus L. + + + + + + 1 1 + 1 + + 1 1 + + + . . . . .
Galium palustre L. aggr. . + 2 . + . . . . . . . 1 . 1 1 + . . . . .
Lythrum salicaria L. + . . + . 1 2 + + . + . . + . . . . . . . .
Iris pseudacorus L. 1 1 . + + . + . 1 . 1 . . + . . . . . . . .
Scutellaria galericulata L. . . . . 4 . . . . . . . 2 . + + . + + + + .
Rorippa amphibia (L.) Besser 2 2 2 + + + . . . + . 1 . . . . . . . . . .
Lysimachia vulgaris L. . . . . . . + . + . . . . . + + . . + + . .
Myosotis scorpioides L. 1 . 3 3 . . . 1 1 . . . . . . . . . . . . .

Schoenoplectus tabernaemontani 

(C.C. Gmel.) Palla . . . . . . + . + . . . . . . . . . . . . .
Teucrium scordium L. . . . . . . 1 . . . . . + . . . . . . . . .
Typha angustifolia L. . 1 . . . . . 1 . + . . . . . . . . . . . .
Typha latifolia L. . . . . . 2 + . . . . . . + . . . . . . . .

Bolboschoenus glaucus (Lam.) S.G. 

Sm. . . . . . . . . . . . . . . . . . . . . . .
Berula erecta (Huds.) Coville . . . + . . . . . . . . . . . . . . . . . .
Hippuris vulgaris L. . . . + . . . . 1 . . . . . . . . . . . . .

Veronica anagallis-aquatica L. 

subsp. anagallis-aquatica . . . . . . . . . . + + . . . . . . . . . .
Alisma plantago-aquatica L. . . . . . . . . + . . . . . . . . . . . . .
Oenanthe aquatica (L.) Poir. 3 . . . . . . . . . . . . . . . . . . . . .

Sparganium erectum L. subsp. 

neglectum (Beeby) K. Richt. . . . . . . . . . + . . . . . . . . . . . .

Other species

Calystegia sepium (L.) R. Br. 

subsp. sepium . . + . . . . . . . . . . + 1 1 + 1 1 1 1 .
Cirsium arvense (L.) Scop. + + . . . . . . . . . . . 2 . . . . . . . +
Eupatorium cannabinum L. . . . + 2 . . 1 + 2 . . . . 1 1 . . + + . .

Cirsium creticum (Lam.) d'Urv. 

subsp. triumfetti (Lacaita) Werner . . 1 + . + . . . . . . . 4 1 1 . . . . . .
Solanum dulcamara L. + + + . . . . . . . + . . 1 . . . . . . . .
Epilobium tetragonum L. + + . + . . . . + . + . . + . . . . . . . .
Poa trivialis L. . . . . . 1 + . + . . . . . . . . . . . . .
Epilobium hirsutum L. . . . . . . . . . + 1 . + . . . . . . . . .
Stachys palustris L. . + . . . . 1 . + . . . . . . . . . . . . .
Epilobium parviorum Schreb. 1 2 . + . . . . . . . . . 1 . . . . . . . .
Samolus valerandi L. . . . + . . . . . . . . . . + + . . . . . .
Bidens frondosus L. . . . . . 1 . + . . . . . 1 . . . . . . . .
Cyperus fuscus L. . . . . . . . . + + + . . . . . . . . . . .
Salix alba L. + . . . . . + . . . + . . . . . . . . . . .
Salix cinerea L. . . . . . . . . . . . 1 . . . . 2 . . . . .
Urtica dioica L. subsp. dioica . . . . . . . . . . . . . . + + . . . . . .
Bidens tripartitus L. . . . + + . . . . . . . . . . . . . . . . .
Carex hirta L. . . . . . . . . . . . . . . . . . . . . . .
Carex otrubae Podp. + . . . . . . . . . . . . 1 . . . . . . . .
Persicaria amphibia (L.) Delarbre . . . . . . . . . . . . . . . . . . . . . .
Ranunculus repens L. . r . . . . . . . . . . . . . . . . . . . .
Rumex conglomeratus Murray . + . . . . . . . . . . . . . . . . . . . .
Salvinia natans (L.) All. . . . r . . . . . . . . . . . . . + . . . .
Carex acca Schreb. . . . . . . . . . . . . . . . . . . . . . .

Sporadic species 1 0 0 3 0 3 0 0 0 2 1 1 0 4 0 0 1 2 0 1 0 5

Charact. of Mentho aquaticae-Caricetum pseudocyperi

Charact. of Thelypterido palustris-Phragmitetum australis

Tab. 7 – Vegetation of the alliances Carici pseudocyperi-Rumicion hydrolapathi, Magnocaricion elatae and Caricion gracilis.

the Carici-Rumicion hydrolapathi alliance. The pre-
sence of the rare Thelypteris palustris in the study area 
was only recently reported by Angiolini et al. (2010). 
It must be noted that stands of Thelypterido-Phragmi-
tetum appear less subjected to die-back syndrome than 
those of flooded Phragmitetum australis (Gigante et 
al., 2014).

fication of these reed beds at a higher level is variable. 
Some authors attribute the association to Phragmition 
alliance (see Westhoff & Den Held, 1969) and others 
to Magnocaricion (Matuszkiewicz, 1981). According 
to Pedrotti (1988), the different ecology and physio-
gnomy compared to Phragmitetum australis leads us 
to classify this coenosis within Magnocaricetalia, in 



CARICETUM ELATAE Koch 1926 (Tab. 7, rel. 21-27)
Relevés dominated by Carex elata have been re-

ferred to Caricetum elatae. The association grows 
in meso-eutrophic waters, rich in carbonates and nu-
trients, and tolerates considerable water level changes 
(Landucci et al., 2013). In the two lakes, it was found 
in the clearings of the reed bed, subjected to conside-
rable fluctuations in the water level. The association 

grows in contact with Phragmitetum australis and 
Mentho aquaticae-Caricetum pseudocyperi, replaced 
by Caricetum elatae where the organic floating mats 
are no longer present. In various areas of the Tuscan 
wetlands, this association is vanishing due the loss or 
degradation of habitat or the abandonment of traditio-
nal crafts, and often it is replaced by species-poor reed 
beds (Felicioni & Zarri, 2007; Lastrucci et al., 2008). 

CLADIETUM MARISCI Allorge 1921 (Tab. 7, rel. 28)
This association was found exclusively in a small 

stand on the edge of the reed bed of Lake Chiusi. This 
vegetation type is typical of oligotrophic to mesotro-
phic (rarely eutrophic) calcareous marshes (Balátová-
Tuláčková & Venanzoni, 1989; Balátová-Tuláčková, 
1991; Landucci, 2013) and is rather rare for the Italian 
peninsula, especially for inland wetlands (Venanzoni 
& Gigante, 2000). 

It is considered by Venanzoni & Gigante (2000) as a 
terrestrialisation stage following the pioneer commu-
nities of the Phragmition alliance. However, in the stu-
dy area, Phragmites australis appears to be particular-
ly competitive in drying conditions; thus, its presence 
within Cladietum marisci should be seen in the study 
area as a negative aspect for the survival of this rare 
plant community. 

CARICETUM RIPARIAE Máthé et Kovács 1959 (Tab. 
7, rel. 29-31)

Relevés dominated by Carex riparia have been refer-
red to the association Caricetum ripariae Máthé et Ko-
vács 1959. This vegetation type, although often frag-
mented, is rather common in Italy, mostly below 800 
m a.s.l. (Landucci et al., 2013). The association grows 
in marshy areas on nitrogen-rich carbonate substrates, 
at sites of primary or secondary origin, following the 
destruction of forests of the Alno-Ulmion alliance (Ve-
nanzoni & Gigante, 2000). Unlike Carex elata or C. 
pseudocyperus, C. riparia appears to be more tolerant 
to prolonged emersion periods (see also Sburlino & 
Marchiori, 1985). It grows in marginal and disturbed 
areas of the two lakes, near cultivated fields, showing 
pioneer behaviour (see also Arrigoni & Ricceri, 1982).

PHALARIDETUM ARUNDINACEAE Libbert 1931 
(Tab. 7, rel. 32-33)

This association is rather common in central Italy 
(Venanzoni & Gigante, 2000; Lastrucci et al., 2007; 
Ceschin & Salerno, 2008; Landucci et al., 2013). In 
the study area, it was observed in marginal depressions 
of Lake Montepulciano, near human-disturbed areas 
such as cultivated fields and the margins of trails. The 
number of species in the community is very low and 
Phalaris arundinacea shows absolute dominance.
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23 24 25 26 27 28 29 30 31 32 33
72 73 74 75 76 77 78 79 80 81 82
M M C C C C C C C M M
80 100 100 90 70 100 100 100 100 95 95
5 8 6 4 4 2 8 10 40 10 15
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. . . . . . . 1 + . + 3

. . + . . . . . . . . 2

. . . . . . . . . . . 2

. . . . . . . . . . . 2

. . . . . . . . . . . 1

. . . . . . . . . . . 1

. . . . . . . . . . . 1

1 1 + 1 1 1 . + 1 . + 18
. . . . + . . + + . . 7
. . . . . . . . . . . 9

. . . . + 1 . . . . . 8
+ 1 . . . . . . . . . 7
. . . . . . . . . . . 6
. . . . . . + + + . . 6
. . + . . . . . + . . 5
. . . . . 1 . . + . . 5
. . . . . . . . . . . 4
. . . + . . . . . . . 4
. . . . . . . . . . . 3
. . . . . . . . . . . 3
. . . . . . . . . . . 3
. . . . . + . . . . . 3
. . . . . . + . . . . 3
. . . . . . . . . . . 2
. . . . . . + + . . . 2
. . . . . . . . . . . 2
. . . . . . . + + . . 2
. . . . . . . . + . . 2
. . . . . . . . + . . 2
. . . . . . . . . . . 2
. . . . . . . . . + 1 2

0 1 0 1 0 0 1 0 2 0 0

P
re
se
n
ce
s



the wood fringes (Pirone, 2000; Lastrucci & Becatti-
ni, 2009). It is a vegetation type widely present along 
the European waterways both with natural and arti-
ficial origin, especially in their middle and terminal 
stretches (Hruska, 1988).

EUPHORBIA PALUSTRIS community (Tab. 8, rel. 5)
Euphorbia palustris is a rare species in Tuscany (To-

mei & Guazzi, 1996). Recently, it was reported by Fri-
gnani et al. (2010) for the study area. It forms a com-
munity observed in a moist depression at the edge of 
a Salix alba and Populus nigra forest at Lake Chiusi. 
The relevé shows the high presence of hygro-nitro-
philous species of Galio-Urticetea class and a good 
number of ruderal species of Artemisietea (Artemisia 
vulgaris, A. verlotiorum and Elymus repens). The syn-
taxonomical treatment of Euphorbia palustris remains 
unclear (Wärner et al., 2011). The most used associa-
tion dominated by this species, Veronico longifoliae-
Euphorbietum palustris Kornaś 1963, was attributed to 
the alliance Filipendulion by some authors (e.g. Ober-
dorfer, 2001) or Senecionion fluviatilis (= Calystegion 
sepium) by others (e.g. Berg et al., 2004), even if some 
authors (e.g. Dierschke, 1996) stressed the floristic af-
finity of the association to the class Phragmitetea. Our 
communities show some floristic and ecological affini-
ty with Calystegio-Epilobietum, thus we attribute our 
relevés to the Calystegion sepium alliance.

Perennial wet meadows of the class Agrostietea sto-
loniferae

CYPERO-CARICETUM OTRUBAE Tüxen in Tüxen 
& Oberdorfer 1958 (Tab. 9)

At Lake Montepulciano, wet meadows of the Cype-
ro-Caricetum otrubae association are an example of 
transition from marsh coenoses to the ruderal vege-
tation of dry areas around the lake. Because of their 
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Tab. 8 – Vegetation of the class Galio aparines-Urticetea 
dioicae.

Relevé number 1 2 3 4 5
Number in the cluster 2 29 30 31 32 33
Locality C C C C C

Total cover (%) 100 90 100 100 100
Area (m2) 4 40 20 30 10
Date Jul/07 Jul/01 Jul/01 Jul/01 Jul/07

Urtica dioica L. subsp. dioica 3 . 2 2 1 4
Sambucus ebulus L. 1 . . . . 1

Epilobium hirsutum L. . 5 5 5 + 4

Euphorbia palustris community
Euphorbia palustris L. . . . . 4 1

Charact. of upper units
Calystegia sepium (L.) R. Br. 

subsp. sepium . . + + + 3
Galium aparine L. 3 . . . + 2
Eupatorium cannabinum L. . + . . + 2
Lysimachia punctata L. + . . . + 2
Cruciata laevipes Opiz . . . . 1 1
Torilis japonica (Houtt.) DC. + . . . . 1
Althaea ofcinalis L. . . . + . 1
Galega ofcinalis L. . . . . + 1
Pulicaria dysenterica L. . + . . . 1
Thalictrum lucidum L. . . . . + 1

Other species
Cyperus longus L. . + + 1 + 4
Bromus hordeaceus L. . 1 1 + . 3
Carex hirta L. . 1 1 1 . 3
Cirsium arvense (L.) Scop. + . 2 . + 3
Lythrum salicaria L. . + + + . 3
Agrostis stolonifera L. . . 1 + . 2
Aristolochia clematitis L. . . . 1 2 2
Artemisia vulgaris L. 1 . . . 2 2
Carex otrubae Podp. . . + + . 2
Carex riparia Curtis . . 1 + . 2
Cirsium vulgare (Savi) Ten. + . . . + 2
Elymus repens (L.) Gould subsp. 

repens . . 1 . 1 2
Humulus lupulus L. . . + . + 2
Lycopus europaeus L. . + . + . 2
Poa trivialis L. . . . + 1 2
Ranunculus repens L. . 2 1 . . 2

Sporadic species 5 2 1 2 11
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Charact. of Urtico dioicae-Sambucetum ebuli

Charact. of Calystegio sepium-Epilobietum hirsuti

Perennial hygro-nitrophilous communities of the 
Galio aparines-Urticetea dioicae class

URTICO DIOICAE-SAMBUCETUM EBULI (Br.-Bl. 
in Br.-Bl., Gajewski, Wraber et Wa1as 1936) Br.-Bl. in 
Br.-Bl., Roussine et Nègre 1952 (Tab. 8, rel. 1)

This is a thermo-heliophilous and nitrophilous as-
sociation, typical of eutrophic soils with good water 
availability (Maiorca et al., 2007). In the study area, 
this vegetation type is located between the marsh ve-
getation of the Phragmito-Magnocaricetea class and 
the ruderal vegetation of the peripheral areas at Lake 
Chiusi, occupying sites with high humidity but never 
flooded. The association was also reported for the nei-
ghbouring wetlands of Valdichiana (Lastrucci et al., 
2010)

CALYSTEGIO SEPIUM-EPILOBIETUM HIRSUTI 
Hilbert, Heinrich et Niemann 1972 (Tab. 8, rel. 2-4)

This community, dominated by Epilobium hirsutum, 
grows in the shaded areas between woody vegetation 
and large-size emergent vegetation at Lake Chiusi. It 
develops on various types of substrates, on cool and 
moist soils, along streams with permanent flow or at 

Tab. 9 – Cypero-Caricetum otrubae.

Relevé number 1 2
Number in the cluster 2 83 84
Locality M M
Total cover (%) 50 80

Area (m2) 10 8
Date May/03 Jul/13

Carex otrubae Podp. 3 3 2

Lysimachia nummularia L. + + 2
Carex hirta L. . + 1
Lotus tenuis Waldst. & Kit. ex Willd. + . 1
Lycopus exaltatus Ehrh. . + 1
Potentilla reptans L. 1 . 1
Ranunculus repens L. . + 1
Rumex conglomeratus Murray . + 1

Other species
Phragmites australis (Cav.) Trin. + + 2
Lysimachia vulgaris L. r 1 2
Althaea ofcinalis L. + 1 2
Calystegia sepium (L.) R. Br. subsp. sepium 1 + 2

Sporadic species 5 6
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Charact. of Cypero-Caricetum otrubae

Charact. of upper units
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spatial placement, the relevés show a mixture of hy-
grophilous elements of the class Phragmito-Magno-
caricetea, with some partially desiccation-tolerant 
hydrophytes and hygro-nitrophilous elements less re-
lated to the permanence of water. These aspects have 
already been highlighted for central Italy by Buchwald 
(1994) and Venanzoni & Gigante (2000). It seems the-
refore reasonable to allocate Carex otrubae-dominated 
vegetation to the alliance Mentho longifoliae-Juncion 
inflexi, in agreement with the interpretation of some 
Spanish authors (Díaz-González & Fernández-Prieto, 
1994; Rivas-Martínez et al., 2001; see also Landucci 
et al., 2013).

Marshy thickets of the class Alnetea glutinosae

FRANGULO-SALICETUM CINEREAE Graebner & 
Hueck 1931 nom. invers. (Tab. 10, rel 1-5)

At Lake Chiusi, Salix cinerea communities grow in 
conditions of prolonged submersion. They appear as 
species-poor, intricate shrublands, in contact with the 
plant communities of Phragmition and Magnocaricion 
and the aquatic vegetation. Some hydrophytes can pe-
netrate even within the shrubs (e.g. Ceratophyllum de-
mersum and Azolla filiculoides). This vegetation type 
can be referred to the association Frangulo-Salicetum 
cinereae Graebner & Hueck 1931 nom. invers. It re-
presents a rare example of the palustrine edapho-hy-
grophilous series in the temperate bioclimatic region 
(Venanzoni & Gigante, 2000). As well as the reed 
beds, this association seems to show remarkable stress 
symptoms in the study area.

Wet deciduous woodland and willow communities of 
the class Salici purpureae-Populetea nigrae

RUBO ULMIFOLII-SALICETUM ALBAE Allegrezza, 
Biondi et Felici 2006 (Tab. 10, rel. 6-10)

Relevés dominated by Salix alba with subordinate 
presence of Populus nigra are referable to the associa-
tion Rubo ulmifolii-Salicetum albae Allegrezza, Bion-
di et Felici 2006. This vegetation type was described 
for central Italy where it replaces the Salicetum albae 
Issler 1926 of Central Europe (Allegrezza et al., 2006). 
In the study area, the association occurs as small and 
discontinuous woody fragments around the lakes. It 
is occasionally exposed to flooding, but it is always 
placed in drier sites compared to Salix cinerea com-
munities. In our relevés, a high cover of Rubus caesius 
was observed. Shrubs such as Crataegus monogyna 
and Cornus sanguinea were also present with high 
frequency. The herbaceous layer shows the presence 
of nitrophilous species (e.g. Galium aparine, Urtica 
dioica, Sambucus ebulus). The presence of Salix alba 
and Populus nigra along the banks of Chiusi lake was 
reported by Granetti & Bencivenga (1980) and Giallo-

nardo et al. (2011), but they did not provide relevés or 
other phytosociological information.

POPULUS NIGRA community (Tab. 10, rel. 11-14)
Woods dominated by Populus nigra develop in the 

buffer area around the two lakes, usually with no or 
scarce exposure to flooding compared to Salix alba 
community. These woods can be interpreted as tran-
sitional forms between the Rubo ulmifolii-Salicetum 
albae (with which several species are in common) and 
communities of more stable soils, typical of the al-
liance Populion. The lack of frequent flooding allows 
the presence of woody species such as Ulmus minor 
or even Quercus cerris, which testifies in favour of a 
more mature substrate. In the study area, there are also 
several plantations of Populus nigra.

Other coenoses reported in the literature

Some vegetation types were previously reported for 
the study area, even if they are not represented in our 
relevés. As already mentioned, Buchwald (1994) re-
ported important coenoses such as Hydrocharitetum 
morsus-ranae, Potametum lucentis (overlapping with 
Nymphaeo albae-Nupharetum luteae) and Butometum 
umbellati. This last association was also reported for 
the neighbouring Valdichiana wetlands by Lastrucci 
et al. (2010). Arrigoni & Ricceri (1982) reported for 
Lake Chiusi relevés dominated by Myriophyllum spi-
catum and M. verticillatum.

Conservation aspects

The study of vegetation is an indispensable compo-
nent of biodiversity conservation and it allows for the 
identification in the field of habitats of conservation 
interest (Biondi et al., 2012; Viciani et al., 2014). The-
refore, it must be considered as an essential basis for 
planning and the management of natural resources. 
Concerning the study area, this survey shows the pre-
sence of seven habitats of conservation interest listed 
in the European Directive 92/43/EEC (Tab. 11). The 
habitat that covers larger areas corresponds to Natura 
2000 code 3150 (natural eutrophic lakes with hydro-
phytic vegetation) which includes almost all of the 
aquatic plant communities recorded in the study area, 
according to the Italian interpretation manual (Biondi 
et al., 2009). Habitat 3260 is also present in the study 
area, but to a lesser extent; it consists of only two plant 
communities referable to the alliances Ranunculion 
aquatilis and Batrachion fluitantis, and the study sites 
do not represent their optimal ecologic condition. In 
muddy areas that usually emerge in summer, habitat 
3270 is widespread. It is sometimes characterised by 
the presence of alien species (e.g. Bidens frondosus), 
as also reported by Biondi et al. (2009). This habitat 



Tab. 10 – Vegetation of the classes Alnetea glutinosae and Salici purpureae-Populetea nigrae.

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Locality C C C C C M M C C C M M M C

Total cover (%) 90 100 90 100 95 100 100 100 100 100 100 100 100 100
Area (m2) 20 40 100 100 50 60 60 100 150 100 60 60 60 90
Date Sept/08 Sept/08 Sept/08 Sept/08 Sept/08 Sept/03 Sept/03 Sept/08 Sept/08 Sept/08 Sept/03 Sept/03 Sept/03 Sept/08

Salix cinerea L. 5 5 5 5 5 . . + . 2 . . . 1 8

Salix alba L. . . . . . 5 5 4 3 4 . . . . 5

Populus nigra L. . . . . . 3 . . . 1 5 3 3 4 6

Rubus caesius L. . . . . . 2 2 + 5 + 4 + 2 . 8
Humulus lupulus L. . . . . . . . 1 + + . . . . 3
Solanum dulcamara L. 2 2 . . . . . . . + . . . . 3
Equisetum telmateja Ehrh. . . . . . + . . . . . . r . 2
Brachypodium sylvaticum (Huds.) 

P. Beauv. . . . . . . . + . . . . . + 2
Ulmus minor Mill. . . . . . . . . . . . 4 . . 1
Sambucus nigra L. . . . . . . . . . . . 1 . . 1

Other species
Cornus sanguinea L. . . . . . 3 3 1 + . 3 2 3 3 8
Crataegus monogyna Jacq. . . . . . 2 3 + + . 2 . 3 1 7
Cirsium arvense (L.) Scop. 1 1 . . . 2 2 + . . 1 . . . 6
Iris pseudacorus L. 1 + + . . r . . . + . . . 1 6
Mentha aquatica L. subsp. aquatica 2 + + . . . . . . 3 + . . + 6
Lycopus europaeus L. 1 + + . . . . . . 1 . . . + 5
Lythrum salicaria L. + + . . . . . . . + 2 . . + 5
Dipsacus fullonum L. . . . . . 1 + . . + 1 . . . 4
Galega ofcinalis L. . . . . . 2 3 . . + 1 . . . 4
Hypericum perforatum L. . . . . . 1 2 . . . 1 . 1 . 4
Phragmites australis (Cav.) Trin. . . 2 . . + . . . . . . + + 4
Urtica dioica L. subsp. dioica . . . . . . . 3 1 + . 1 . . 4
Acer campestre L. . . . . . . . 1 2 . . 1 . . 3
Agrostis stolonifera L. . . . . . 3 2 . . . + . . . 3
Althaea ofcinalis L. . . . . . 1 . . + . 1 . . . 3
Daucus carota L. . . . . . + + . . . + . . . 3
Erigeron canadensis L. + + . . . . . . . + . . . . 3
Galium aparine L. . . . . . . . 3 1 . 1 . . . 3
Lysimachia vulgaris L. . . . . . + + . . 1 . . . . 3
Potentilla reptans L. . . . . . + . . . . + . r . 3
Pulicaria dysenterica L. . . . . . + . . . . + . + . 3
Agrimonia eupatoria L. . . . . . . 2 . . . + . . . 2
Aristolochia clematitis L. . . . . . . . 2 1 . . . . . 2
Bromus arvensis L. . . . . . 3 2 . . . . . . . 2
Carex otrubae Podp. . . . . . 1 . . . . 1 . . . 2
Carex pseudocyperus L. 2 1 . . . . . . . . . . . . 2
Ceratophyllum demersum L. . . . + + . . . . . . . . . 2
Cruciata laevipes Opiz . . . . . . . 1 + . . . . . 2
Eupatorium cannabinum L. + . . . . . . . . + . . . . 2
Mentha arvensis L. . . . . . + . . . . . . r . 2
Rubus ulmifolius Schott . . . . . . . . . . . . 1 3 2
Rumex conglomeratus Murray + . . . . + . . . . . . . . 2
Sambucus ebulus L. . . . . . . . 2 2 . . . . . 2
Senecio aquaticus Hill . . . . . . + . . + . . . . 2
Teucrium scordium L. . . . . . . . . . . + . . + 2
Thalictrum lucidum L. . . . . . 2 2 . . . . . . . 2
Torilis japonica (Houtt.) DC. . . . . . . . + + . . . . . 2
Verbena ofcinalis L. . . . . . . + . . . r . . . 2
Xanthium orientale L. subsp. 

italicum (Moretti) Greuter . . . . . . + . . . r . . . 2

Sporadic species 4 0 3 0 0 3 3 0 0 5 21 6 1 0
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Charact. of Frangulo-Salicetum cinereae

Charact. of Rubo ulmifolii-Salicetum albae

Populus nigra community

Charact. of Salici purpureae-Populetea nigrae class

partially overlaps with habitat 3130, formed by com-
munities of small hygrophilous annual or perennial 
plants, which in the study area are always present in 
small patches, often dispersed in clearings within other 
vegetation types of a larger size and biomass. The ha-
bitat of hygro-nitrophilous tall herbs corresponding to 
Natura 2000 code 6430 is represented by communities 
of fairly common species such as Epilobium hirsutum, 
but also of rare plants, at least at the regional level, 
such as Euphorbia palustris. The only recorded forest 
habitat consists of formations of Salix alba and Po-

pulus nigra, well-distributed in the study area, thou-
gh often fragmented and in some cases, especially for 
the black poplar stands, doubtfully derived from fo-
restry activities. It is also worth noting the presence 
of the only priority habitat found in the area, i.e. the 
formations of Cladium mariscus attributable to habitat 
7210*. Beyond the too broad definition of this habi-
tat, and the difficulties in classifying vegetation and 
habitats where Cladium mariscus plays an important 
role, widely discussed in Biondi et al. (2009; 2012), it 
is worth noting the relict character of this habitat type 
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Tab. 11 – Habitat of conservation interest according to Euro-
pean Directive 92/43/EEC (*=priority habitat).

Syntaxon

Natura 2000 

Habitat code

Ceratophylletum demersi

Ceratophyllo-Azolletum liculoidis

Lemnetum gibbae

Lemnetum trisulcae

Najadetum marinae

Najadetum minoris

Nymphaeo albae-Nupharetum luteae

Nymphoidetum peltatae

Potametum crispi

Potametum denso-nodosi

Potametum pectinati

Potamo perfoliati-Vallisnerietum spiralis

Salvinio natantis-Spirodeletum polyrhizae

Utricularietum australis

Potamo crispi-Ranunculetum trichophylli

Eleocharis acicularis community

Juncus bufonius community

Ludwigia palustris community

Rumici maritimi-Ranunculetum scelerati

Bidens frondosa community

Chenopodio chenopodioidis-Atriplicetum prostratae

Echinochloo-Polygonetum lapathifolii

Calystegio sepium-Epilobietum hirsuti

Euphorbia palustris community

Cladietum marisci 7210*

Populus nigra community

Rubo ulmifolii-Salicetum albae

Habitat of conservation interest according to European Directive 

92/43/EEC (*=priority habitat)

Habitat of regional interest according to Tuscan regional law LR 

56/2000
Mentho aquaticae-Caricetum pseudocyperi (Code Corine Biotope: 

53.21)
Small helophyte communities of running waters (Glycerio-

Sparganion, Code Corine Biotope: 53.4)

Callitrichetum obtusangulae 3260

3150

3130

3270

6430

92A0

in the area, where it is poorly represented in terms of 
surface and where Cladium mariscus is often outcom-
peted by Phragmites australis. The reed, which suffers 

Syntaxonomic scheme

LEMNETEA MINORIS O. Bolòs et Masclans 1955
LEMNETALIA MINORIS  O. Bolòs et Masclans 1955
Lemnion minoris O. Bolòs et Masclans 1955
Lemnetum gibbae Miyawaki et Tüxen 1960 
Lemnetum trisulcae den Hartog 1963
Salvinio natantis-Spirodeletum polyrhizae Slavnić 1956 
Ceratophyllo-Azolletum filiculoidis Nedelcu 1967
UTRICULARIETALIA MINORIS den Hartog et Segal 1964
Ceratophyllion demersi den Hartog et Segal ex Passarge 1996
Ceratophylletum demersi Corillion 1957
Utricularion vulgaris Passarge 1964 
Utricularietum australis Müller et Görs 1960

47Vegetation of Lakes Chiusi and Montepulciano 

in situations of submersion in the study area as well 
as in other areas of central Italy (Reale et al., 2012; 
Gigante et al., 2011, 2013, 2014), becomes strongly 
competitive in sites with a greater degree of silting up 
and with periodically emerged soils; as a consequence, 
its invasion within Cladium mariscus vegetation types 
could threaten the survival of this rare habitat and 
should therefore be monitored. It should finally be no-
ted that some other plant communities occurring in the 
study area must be considered habitats of regional im-
portance, according to the regional law LR 56/2000 of 
the Tuscany Regional Administration. These habitats 
are: the formations of fast-flowing rivers dominated by 
small helophytes of the alliance Glycerio-Sparganion 
(here present with Glycerio-Sparganietum neglecti 
and Glycerietum fluitantis associations) and the large 
sedge communities of the Mentho aquaticae-Carice-
tum pseudocyperi association. Furthermore, we wish 
to emphasise the presence in the area of plant commu-
nities that can be considered very interesting from the 
floristic, vegetational and conservation viewpoints, but 
that cannot be attributed to any type of protected ha-
bitat, particularly: i) the vegetation type with Hippuris 
vulgaris; ii) Carex elata-dominated coenoses; iii) reed 
stands with Thelypteris palustris; iv) Salix cinerea for-
mations. As properly stressed by several authors (e.g. 
Gigante et al., 2013; Biondi et al., 2014), several habi-
tats of conservation significance were not included in 
Annex I of the 92/43/EEC Directive habitats, probably 
due to their relative diffusion in other biogeographical 
areas (above all, central and northern Europe). Howe-
ver, they represent valuable ecosystems from a floristic 
and vegetation point of view (not to mention fauna and 
zoocoenoses). Their current state of fragmentation, 
surface reduction and floristic impoverishment requi-
res urgent protection measures to halt the anthropoge-
nic pressures affecting the humid environments of the 
entire Mediterranean Basin.



POTAMETEA PECTINATI Klika in Klika et Novák 1941
POTAMETALIA PECTINATI Koch 1926
Nymphaeion albae Oberdorfer 1957
Nymphaeo albae-Nupharetum luteae Nowiński 1927 nom. mut. propos. Šumberová in Chytrý 2011
Nymphoidetum peltatae Bellot 1951 nom. mut. propos. Šumberová in Chytrý 2011
Potamion pectinati (Koch 1926) Libbert 1931
Potametum pectinati Cartensen 1955 
Potametum denso-nodosi O. Bolós 1957
Potametum crispi Soó 1927
Najadetum marinae Fukarek 1961
Najadetum minoris Ubriszy 1961
Potamo perfoliati-Vallisnerietum spiralis Losev et Golub in Golub, Losev et Mirkin 1991
Ranunculion aquatilis Passarge 1964
Potamo crispi-Ranunculetum trichophylli Imchenetzky 1926
Batrachion fluitantis Neuhäusl 1959
Callitrichetum obtusangulae Seibert 1962

BIDENTETEA TRIPARTITAE Tüxen, Lohmeyer et Preising ex von Rochow 1951
BIDENTETALIA TRIPARTITAE Br.-Bl. et Tüxen ex Klika in Klika et Hadač 1944
Bidention tripartitae Nordhagen 1940
Rumici maritimi-Ranunculetum scelerati Oberdorfer 1957 var. a Cyperus fuscus
Bidens frondosus community
Chenopodion rubri (Tüxen 1960) Hilbig et Jage 1972
Echinochloo-Polygonetum lapathifolii Soó et Csurös 1947 
Chenopodio chenopodioidis-Atriplicetum prostratae Slavnić 1948 corr. Gutermann et Mucina in Mucina, Grabherr et 
Ellmauer 1993

ISOËTO-NANOJUNCETEA Br.-Bl. et Tüxen ex Westhoff, Dijk et Passchier 1946 
NANOCYPERETALIA FLAVESCENTIS Klika 1935
Nanocyperion flavescentis Koch ex Libbert 1932
Juncus bufonius community
Ludwigia palustris community

LITTORELLETEA UNIFLORAE Br.-Bl. et Tüxen ex Westhoff, Dijk et Passchier 1946 
LITTORELLETALIA UNIFLORAE Koch 1926
Eleocharition acicularis Pietsch 1967
Eleocharis acicularis community

PHRAGMITO AUSTRALIS-MAGNOCARICETEA ELATAE Klika in Klika et Novák 1941
PHRAGMITETALIA AUSTRALIS Koch 1926
Phragmition australis Koch 1926 nom. mut. propos. Rivas-Martínez, T.E. Díaz, Fernández-González, Izco, Loidi, 
Lousã et Penas 2002
Phragmitetum australis Savič 1926 nom. mut. propos. Šumberová et al. in Chytrý 2011
Schoenoplectetum tabernaemontani Soó 1947 
Glycerietum maximae Nowiński 1930 corr. Šumberová, Chytrý et Danihelka in Chytrý 2011
OENANTHETALIA AQUATICAE Hejný  ex Bálatová-Tuláčková, Mucina, Ellmauer et Wallnöfer in Grabherr et 
Mucina 1993
Eleocharito palustris-Sagittarion sagittifoliae Passarge 1964
Eleocharitetum palustris Savič 1926
Eleocharito palustris-Hippuridetum vulgaris Passarge 1955 
Bolboschoenus glaucus community
NASTURTIO OFFICINALIS-GLYCERIETALIA FLUITANTIS Pignatti 1953
Glycerio fluitantis-Sparganion neglecti Br.-Bl. et Sissingh in Boer 1942
Glycerio-Sparganietum neglecti W. Koch 1926 em. Philippi 1973
Glycerietum fluitantis Nowiński 1930
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MAGNOCARICETALIA ELATAE Pignatti 1953
Carici pseudocyperi-Rumicion hydrolapathi Passarge 1964
Mentho aquaticae-Caricetum pseudocyperi Orsomando et Pedrotti 1986 
Thelypterido palustris-Phragmitetum australis Kuiper ex van Donselaar 1961
Magnocaricion elatae Koch 1926
Caricetum elatae Koch 1926 
Cladietum marisci Allorge 1921
Caricion gracilis Neuhäusl 1959
Caricetum ripariae Máthé et Kovács 1959 
Phalaridetum arundinaceae Libbert 1931

GALIO APARINES-URTICETEA DIOICAE Passarge ex Kopecký 1969
GALIO APARINES-ALLIARIETALIA PETIOLATAE Oberdorfer ex Görs et Müller 1969
Balloto-Conion maculati Brullo in Brullo et Marcenò 1985
Urtico dioicae-Sambucetum ebuli (Br.-Bl. in Br.-Bl., Gajewski, Wraber et Wa1as 1936) Br.-Bl. in Br.-Bl., Roussine 
et Nègre 1952
CALYSTEGIETALIA SEPIUM Tüxen ex Mucina 1993 nom. mut. propos. 
Calystegion sepium Tüxen ex Oberdorfer 1957 nom. mut. propos. Rivas-Martínez, T.E. Díaz, Fernández-González, 
Izco, Loidi, Lousã et Penas 2002
Calystegio sepium-Epilobietum hirsuti Hilbig, Heinrich et Niemann 1972 
Euphorbia palustris community

AGROSTIETEA STOLONIFERAE Oberdorfer 1983
POTENTILLO ANSERINAE-POLYGONETALIA AVICULARIS Tüxen 1947
Mentho longifoliae-Juncion inflexi Müller et Görs ex De Foucault 2008
Cypero-Caricetum otrubae Tüxen in Tüxen et Oberdorfer 1958 

ALNETEA GLUTINOSAE Br.-Bl. et Tüxen ex Westhoff, Dijk et Passchier 1946
SALICETALIA AURITAE Doing ex Westhoff in Westhoff et Den Held 1969
Salicion cinereae Müller et Görs 1958
Frangulo-Salicetum cinerae Graebner & Hueck 1931 nom. invers.

SALICI PURPUREAE-POPULETEA NIGRAE (Rivas-Martínez et Cantó ex Rivas-Martínez, Báscones, T.E. Díaz, 
Fernández-González et Loidi 2001) 
POPULETALIA ALBAE Br.-Bl. ex Tchou 1948
Populion albae Br.-Bl. ex Tchou 1948
Populus nigra community
SALICETALIA PURPUREAE Moor 1958
Salicion albae Soó 1930
Rubo ulmifolii-Salicetum albae Allegrezza, Biondi et Felici 2006
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Appendix 1: sporadic species

Tab. 1: Rel. 1: Ranunculus trichophyllus Chaix (+). 
Rel. 5: Mentha aquatica L. subsp. aquatica (+). Rel. 
12: Najas minor All. (2). Rel. 13: Chara sp. (+), Pota-
mogeton lucens L. (+). Rel. 15: Potamogeton natans 
L. (+).
Tab. 2: Rel. 1: Azolla filiculoides Lam. (+), Lemna mi-
nor L. (+). Rel. 7: Scutellaria galericulata L. (+). Rel. 
20: Sparganium erectum L. subsp. neglectum (Beeby) 
K. Richt. (+). Rel. 21: Butomus umbellatus L. (2), 
Schoenoplectus lacustris (L.) Palla (1). Rel. 40: Scro-
phularia auriculata L. subsp. auriculata (+). Rel. 42: 
Bidens frondosus L. (+),Veronica catenata Pennell (+).
Tab. 3: Rel. 5: Althaea officinalis L. (+). Rel. 7: Epilo-
bium hirsutum L. (+). Rel. 11: Calystegia sepium (L.) 
R. Br. subsp. sepium (+), Carex pendula Huds. (+), 
Epilobium tetragonum L. (+), Erigeron canadensis L. 
(1). Rel. 18: Bolboschoenus glaucus (Lam.) S.G. Sm. 
(2). Rel. 22: Nuphar lutea (L.) Sm. (2).
Tab. 4: Rel. 1: Cichorium intybus L. subsp. intybus 
(1), Echinochloa crus-galli (L.) P. Beauv. (+), Juncus 
compressus Jacq. (1), Trifolium repens L. (1), Xan-
thium orientale L. subsp. italicum (Moretti) Greuter 
(+). Rel. 2: Alisma plantago-aquatica L. (+), Eleocha-
ris palustris (L.) Roem. & Schult. subsp. palustris (+), 
Lythrum salicaria L. (1). Rel. 3: Lycopus europaeus 
L. (+), Mentha aquatica L. subsp. aquatica (+). Rel. 4: 
Paspalum distichum L. (+).
Tab. 5: Rel. 2: Azolla filiculoides Lam. (1). Rel. 5: Na-
jas marina L. subsp. marina (2). Rel. 8: Cornus san-
guinea L. (1), Crataegus monogyna Jacq. (+). Rel. 9: 
Cirsium vulgare (Savi) Ten. (1), Erigeron canadensis 
L. (+), Nuphar lutea (L.) Sm. (+), Plantago major L. 
(+), Senecio aquaticus Hill (+). Rel. 10: Cirsium creti-
cum (Lam.) d'Urv. subsp. triumfetti (Lacaita) Werner 
(+). Rel. 11: Artemisia vulgaris L. (+), Carex hirta L. 
(+), Elymus repens (L.) Gould subsp. repens (+), Epi-
lobium tetragonum L. (+), Eupatorium cannabinum 
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L. (+), Galium mollugo L. subsp. erectum Syme (+), 
Poa trivialis L. (+), Pulicaria dysenterica L. (+), Salix 
alba L. (+), Salix cinerea L. (+). Rel. 12: Lysimachia 
nummularia L. (+). Rel. 13: Hypericum tetrapterum 
Fr. (+). Rel. 14: Sorghum halepense (L.) Pers. (+). 
Rel. 17: Brassica nigra (L.) W.D.J. Koch. (+), Lipan-
dra polysperma (L.) S. Fuentes, Uotila & Borsch (+), 
Echinochloa crus-galli (L.) P. Beauv. (+), Ranunculus 
sceleratus L. (+). Rel. 19: Equisetum palustre L. (+).
Tab. 6: Rel. 2: Eleocharis acicularis (L.) Roem. & 
Schult. (2). Rel. 3: Convolvulus arvensis L. (+), Cra-
taegus monogyna Jacq. (+), Dipsacus fullonum L. (+), 
Helianthus annuus L. (r), Ranunculus sceleratus L. 
(2), Thalictrum lucidum L. (+). Rel. 4: Carex otrubae 
Podp. (1). Rel. 5: Oxybasis rubra (L.) S. Fuentes, Uo-
tila & Borsch (+). Rel. 7: Lemna minor L. (+), Lem-
na trisulca L. (+), Salvinia natans (L.) All. (+). Rel. 
9: Juncus effusus L. subsp. effusus (2), Lysimachia 
nummularia L. (+), Rumex conglomeratus Murray 
(+). Rel. 10: Samolus valerandi L. (+). Rel. 11: Bidens 
frondosus L. (+), Erigeron canadensis L. (1). Rel. 14: 
Veronica anagalloides Guss. (1). Rel. 15: Chara sp. (2).
Tab. 7: Rel. 1: Nuphar lutea (L.) Sm. (+). Rel. 4: Eri-
geron canadensis L. (+), Holcus lanatus L. (+), Lemna 
minor L. (r). Rel. 6: Agrostis stolonifera L. (2), Lu-
dwigia palustris (L.) Elliott (2), Pulicaria dysenterica 
L. (r). Rel. 10: Populus nigra L. (+), Sonchus asper 
(L.) Hill. (+). Rel. 11: Oxybasis chenopodioides (L.) 
S. Fuentes, Uotila & Borsch (2). Rel. 12: Ranunculus 
sceleratus L. (1). Rel. 14: Cirsium vulgare (Savi) Ten. 
(+), Galium aparine L. (1), Persicaria decipiens (R. 
Br.) K.L. Wilson (+), Torilis japonica (Houtt.) DC. (+). 
Rel. 17: Inula salicina L. (+). Rel. 18: Ceratophyllum 
demersum L. (+), Thalictrum lucidum L. (+). Rel. 20: 
Rubus caesius L. (+). Rel. 22: Convolvulus arvensis L. 
(1), Galium rotundifolium L. subsp. rotundifolium (+), 
Geranium dissectum L. (+), Ophioglossum vulgatum 
L. (r), Potentilla reptans L. (+). Rel. 24: Hottonia pa-
lustris L. (+). Rel. 26: Plantago major L. (+). Rel. 29: 
Galium mollugo L. subsp. erectum Syme (+). Rel. 31: 
Althaea officinalis L., Bromus hordeaceus L. (+).
Tab. 8: Rel. 1: Acer campestre L. (+),Galium mollugo 
L. subsp. erectum Syme (+), Rubus ulmifolius Schott 
(2), Silene latifolia Poir. subsp. alba (Mill.) Greuter & 
Burdet (+),Verbena officinalis L. (+). Rel. 2: Holcus 
lanatus L. (+), Schedonorus arundinaceus (Scherb.) 

Dumort. (+). Rel. 3: Rumex conglomeratus Murray 
(+). Rel. 4: Daucus carota L. (+), Persicaria amphibia 
(L.) Delarbre (+). Rel. 5: Artemisia verlotiorum La-
motte (1), Dactylis glomerata L. (+), Galium lucidum 
All. (+), Hypericum perforatum L. (+), Lactuca serrio-
la L. (+), Lathyrus hirsutus L. (+), Phragmites australis 
(Cav.) Trin. (+), Rumex crispus L. (+), Sonchus asper 
(L.) Hill. (+), Torilis arvensis (Huds.) Link (+).
Tab. 9: Rel. 1: Lycopus europaeus L. (1), Convolvu-
lus arvensis L. (+), Phalaris arundinacea L. subsp. 
arundinacea (+), Galium mollugo L. subsp. erectum 
Syme (+), Ranunculus sardous Crantz (r). Rel. 2: Cir-
sium arvense (L.) Scop. (2), Carex flacca Schreb. (2), 
Chenopodium album L. (1), Lythrum salicaria L. (1), 
Bolboschoenus glaucus (Lam.) S.G. Sm. (+), Galium 
palustre L. aggr. (+).
Tab. 10: Rel. 1: Bidens frondosus L. (+),Epilobium 
parviflorum Schreb. (+), Lolium rigidum Gaudin 
(+),Veronica anagallis-aquatica L. subsp. anagallis-
aquatica (1). Rel. 3: Azolla filiculoides Lam. (+), Caly-
stegia sepium (L.) R. Br. subsp. sepium (+), Hippuris 
vulgaris L. (+). Rel. 6: Centaurea jacea L. subsp. gau-
dini (Boiss. & Reut.) Gremli (1), Dactylis glomerata 
L. (1), Lycopus exaltatus Ehrh. (1). Rel. 7: Brachypo-
dium rupestre (Host) Roem. & Schult. (2), Lactuca 
serriola L. (+), Rosa canina L. (+). Rel. 10: Arctium 
nemorosum Lej. (+), Artemisia vulgaris L. (+),Cirsium 
vulgare (Savi) Ten. (+), Pastinaca sativa L. (+), Persi-
caria hydropiper (L.) Delabre (+). Rel. 11: Aquilegia 
vulgaris auct. Fl. Ital. (r), Atriplex prostrata Boucher 
ex D.C. (1), Carex riparia Curtis (+), Carex sp. (+), 
Convolvulus arvensis L. (2), Epilobium tetragonum L. 
(r), Fragaria vesca L. subsp. vesca (+), Galium palu-
stre L. aggr. (+), Galium rotundifolium L. subsp. ro-
tundifolium (+), Lilium bulbiferum L. subsp. croceum 
(Chaix) Jan (+), Lolium perenne L. (1), Lotus cornicu-
latus L. (1), Mentha pulegium L. subsp. pulegium (1), 
Plantago major L. (+), Quercus cerris L. (3), Ranuncu-
lus serpens Schrank subsp. nemorosus (DC.) G.Lòpez 
(+), Ruscus aculeatus L. (+), Symphoytrichum squa-
matum (Spreng.) G.L.Nesom (+), Thalictrum flavum 
L. (1), Tordylium maximum L. (+). Rel. 12: Hedera 
helix L. (3), Laurus nobilis L. (1), Ligustrum vulgare 
L. (+), Prunus spinosa L. subsp. spinosa (2), Tamus 
communis L. (+), Viola alba Besser (+), Vitis sp. (+). 
Rel. 13: Chara sp. (+).
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