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Abstract 

Although wetlands are key habitats for biodiversity conservation, they are also among the most 
threatened ecosystems in the world. They are mainly affected by human pressures and threats, even 
when they are included in protected areas. The Padule di Fucecchio area is one of the largest and 
most significant inland marshes in Italy. It is also one of the wetlands of international importance 
listed in the Ramsar Convention. However, studies of the plant communities it hosts are surprisingly 
scarce and out of date. To address this, a survey of aquatic and marshy vegetation was conducted. 
This analysis provided an unprecedented census of the area's current aquatic and marsh vegetation, 
also reporting community types previously unknown in this territory. Some of these are completely 
new and are described here for the first time. However, a comparison with previous data revealed 
that significant changes to the vegetation structure have occurred in recent decades. The hydrophyte 
communities have almost completely disappeared and many of the most sensitive plants in the most 
sensitive marsh communities have become rarer or disappeared. They have mostly been replaced by 
more resilient native plants and invasive alien species. 

Keywords: aquatic and palustrine habitats; biological invasions; conservation; freshwater 
ecosystems; phytosociology; syntaxonom; vegetation 
 

1. Introduction 

Wetlands are ecosystems of significant ecological, cultural and economic value, playing a crucial 
role both locally and globally. They are vital for conserving biodiversity, as they are home to a wide 
variety of animal and plant species, some of which are endemic or endangered [1–4]. They also 
provide multiple ecological services, such as water purification, regulating surface water flow, 
filtering nutrients, protecting against flooding, acting as carbon sinks, and many others [3,5–9]. 
However, they are among the world's most threatened habitats, primarily due to human pressures 
and threats such as agricultural and urban land transformation, overexploitation, water pollution, 
flow modification, habitat destruction or degradation, and invasion by alien species [1,3,8,10–12], not 
to mention that they are also subject to negative global impacts, such as climate change [13,14]. This 
worrying general trend has increased rapidly in recent years, even among wetlands included in 
protected areas [15–17]. Consequently, it is not surprising that freshwater ecosystems in Europe and 
Italy also include many threatened habitats with an unfavourable conservation status [18–23]. 
Moreover, in the Mediterranean Basin, the general trends are exacerbated by the fact that many 
habitats that are not considered to be of conservation relevance in Central Europe become so further 
south. In addition, several of these habitats are not included in the European Habitats Directive [24] 
or any other protection lists, despite being extremely rare and threatened in southern European 
Mediterranean countries [25–30]. 
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The Padule di Fucecchio area is one of the largest and most significant inland marshes in Italy. 
It is also one of the wetlands of international importance listed in the Ramsar Convention. It is home 
to several protected natural areas of European and local interest due to its rich natural environment 
and the unique features of its hydrogeology and landscape. This wetland is a crucial habitat for 
numerous bird species, including migratory waterfowl, and plays a vital role in maintaining regional 
biodiversity by providing essential breeding and feeding grounds for birds, as well as hosting a 
variety of invertebrates, amphibians and plants [31]. Bird populations are regularly monitored [32], 
and there are also numerous studies of the area's flora, despite these being rather dated. Several 
specimens collected in the area from the 19th century to the present day are deposited in Tuscan 
herbariums [33–35]. Conversely, studies on plant communities are surprisingly scarce and out of 
date. To address this, a vegetation survey focusing on aquatic and marshy vegetation was conducted 
in recent years. The results of these investigations are presented in this work, with the aim of 
comparing the current data with previous findings and outlining the changes that have occurred in 
the landscape. 

2. Materials and Methods 

2.1. Study Area 

2.1.1. Topographic Location and Hydrological Features 

The Padule di Fucecchio marsh, which covers an area of around 2,000 hectares, is located in 
northern-central Tuscany, spanning the provinces of Florence and Pistoia and extending minimally 
into the provinces of Lucca and Pisa. Its centre coordinates are 43.800086°N, 10.799955°E (Figure 1).  

 

Figure 1. The study area's location and limits. 

It encompasses the natural floodplain formed by streams and ditches originating from the 
Apennines to the north, the Montalbano Hills to the east, and the Cerbaie Hills to the west. Its only 
outlet is the Usciana canal, which flows into the Arno River. Located at an average altitude of around 
13 m a.s.l., the marsh sits 5 m lower than the Arno floods, which can reach 18 m a.s.l. at the confluence 
with the Usciana canal. Therefore, the flow towards the Arno River is hindered by the large quantity 
of sediments deposited by the major watercourse along its banks since the beginning of the 
Quaternary [31,33,36]. This territory has experienced numerous geological and climatic events from 
the Upper Pliocene to the present day. These events have determined changes in its geomorphology 
and the distribution of plant communities [37,38]. Human exploitation of the area's natural resources 
(fishing, agriculture, harvesting marsh herbs, etc.) since ancient times has been no less relevant in 
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shaping the landscape [31]. From this perspective, the most profound alterations are those resulting 
from historical reclamation. This process began in the Renaissance period with the Medici family and 
was resumed in the second half of the 18th century by the Lorraine family. It continued until quite 
recent times [39]. Currently, a dense network of canals crosses the marsh area, while the permanent 
lake area depicted in ancient maps (e.g. Figure 2), has long since disappeared. Only during the rainy 
seasons, temporary lakes and ponds are present, some of which are used for hunting waterfowl [31]. 
The management of the water level currently depends essentially on hydraulic manoeuvres regulated 
by a Land Reclamation Consortium. The effects of these manoeuvres on natural conservation, in 
terms of both flooding and drying times and the quality of inflowing water, have often been 
considered inadequate [40]. 

 

Figure 2. On the left, a historical topographic map of the Valdarno di Sotto plain, showing the Padule di 
Fucecchio marshes. The map was drawn up between 1770 and 1780, based on the original from 1747 [41]. On the 
right, the current aerial photograph of the same area. 

2.1.2. Vegetated Landscape and Presence of Protected Areas 

The Padule di Fucecchio is extensively characterized by reed beds covering large surface areas, 
in mosaic with wet meadows and shrublands (Figure 2). Concentric bands or a mosaic of meadows, 
poplar groves and arable land develop around the marsh area [31]. This wetland hosts a Natura 2000 
protected area, which is at the same time both Special Area of Conservation and Special Protection 
Area (code: IT5130007) and some other protected areas of provincial and local interest [24,31]. The 
Bosco di Chiusi (approximately 320 hectares), which is another biotope of high naturalistic value 
(Natura 2000 code IT5140010), is the last remaining lowland forest in Valdinievole. It is located on 
the eastern side of the Padule di Fucecchio [23]. 

2.1.3. Climate and Bioclimate, Geological Substrates 

With an average annual rainfall of about 1,000 mm, approximately three months of moderate 
drought in summer and an average annual temperature of 14.8 °C, the climate is usually classified as 
meso/sub-Mediterranean [42,43]. According to the classification of Thornthwaite & Mather [44], the 
climate belongs to the type ‘‘second mesothermic, suboceanic”, with concentration of thermal 
efficiency in summer [43]. According to Pesaresi et al. [45], the study area has a temperate oceanic-
sub-Mediterranean bioclimate. 
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In terms of geological substrates, the whole area is formed by alluvial sands, muds and silts 
derived from Pliocene-Quaternary deposits [46]. 

2.2. Data set and Data Analysis 

The dataset comprises 155 original georeferenced relevés carried out in plant communities 
dominated by aquatic and palustrine species. The data were collected in in spring and summer of 
2022 and 2023 using the classical phytosociological method by Braun–Blanquet [47,48] and its 
updates [49–52]. After transforming the original Braun–Blanquet cover-abundance scale into the Van 
der Maarel ordinal scale [53], aquatic coenoses were separated from palustrine ones, based on the 
growth forms [54] of the dominant species. A statistical analysis was not necessary for the few (16 
relevés) and well-differentiated aquatic plant communities. However, the resulting matrix of 
palustrine plant communities (139 relevés and 131 species) was analysed using cluster analysis in the 
R environment [55]. This analysis used the Bray–Curtis dissimilarity function vegdist from the vegan 
package [56] and the Ward method from the hclust function in the stats package [55]. 

The names of plant species follow the Portal to the Flora of Italy [57]. The full names, including 
the authors, are provided in the tables. In the text, the names are given without the authors for brevity. 
The syntaxonomic nomenclature of classes, orders, and alliances mainly follows the Vegetation of 
Europe by Mucina et al. [58] and subsequent updates [59]. However, in certain instances, the 
interpretation of the Italian Vegetation Prodrome [60] was preferred, as detailed in the description 
paragraph. The syntaxonomical nomenclature is in accordance with the 4th edition of the ICPN [61]. 
All tables relating to vegetation types attributed to syntaxa that have already been described have 
been published as supplementary material, while the table relating to a new syntaxon that is 
described here has been published in the main body of the article. A comprehensive syntaxonomic 
scheme is provided in Appendix A, which includes the complete names of higher-rank syntaxa not 
cited in the text for brevity. All other syntaxa cited in the text but not included in the syntaxonomic 
scheme are also cited in full, including the authors and date. 

3. Results and Discussion 

The dendrogram resulting from the cluster analysis of the palustrine plant communities is 
shown in Figure 3, where the correspondence between relevés and plant communities is given.  

 

Figure 3. Dendrogram resulting from the cluster analysis of palustrine plant communities. The numbers 
corresponding to the community type names are placed below the corresponding relevé numbers (see in the 
headings of Table 1 and Tables S1-S11 the line “Relevé number in cluster dendrogram”). 1: Polypogono viridis-
Paspaletum distichi; 2: Caricetum ripariae; 3: Schoenoplectetum lacustris; 4: Bolboschoenetum glauci; 5: Frangulo alni-
Salicetum cinereae; 6: Leucojum aestivum communities; 7: Juncus bulbosus - Gratiola officinalis communities; 8: 
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Ranunculo flammulae-Juncetum bulbosi; 9: Eleocharitetum palustris; 10: Oenantho aquaticae-Rorippetum amphibiae; 11: 
Veronica peregrina communities; 12: Phragmitetum australis; 13: Bidens frondosa communities; 14: Phalaridetum 
arundinaceae; 15: Caricetum vesicariae; 16: Typhetum latifoliae; 17: Typhetum angustifoliae; 18: Glycerio-Sparganietum 
neglecti; 19: Cyperetum micheliano-difformis; 20: Echinochloo cruris-galli-Sporoboletum schoenoidis; 21: Phalarido 
arundinaceae-Bolboschoenetum laticarpi; 22: Portulaca oleracea communities; 23: Polygono lapathifolii-Xanthietum 
italici; 24: Echinochloo-Polygonetum lapathifolii. 

Table 1. Palustrine plant communities of Cyperetum micheliani-difformis ass. nova (see the Supplementary Table 
S0 General Legend for the meaning of the cover-abundance value numbers). 

 

The classification provided by the cluster analysis was followed not entirely but for 97.5%, as in 
accordance with the phytosociological procedure, greater importance was given to the floristic 
composition, both in terms of dominance and bioindication, to discriminate phytocoenoses. The case 
of the community dominated by Butomus umbellatus can be regarded as an example, since it is 
clustered together with Bolboschoenus glaucus coenoses due to the minor presence of B. glaucus in the 
relevé, but is nevertheless considered autonomous. In a small number of other cases, the cluster 
analysis can differentiate some relevés based on floristic heterogeneity. However, these should be 
classified in the same plant community type, as species dominance and ecology are more indicative 
of this classification. The analysis enabled the identification of 34 different plant community types, 
which can be syntaxonomically classified into eight classes: Lemnetea, Potamogetonetea, Isoëto-
Nanojuncetea, Littorelletea uniflorae, Bidentetea, Phragmito-Magnocaricetea, Molinio-Arrhenatheretea, 
Franguletea. Each community type is described and commented on the following paragraphs. 

3.1. Aquatic Plant Communities 

Lemnetum minuto-gibbae Liberman Cruz, Pedrotti et Venanzoni 1988 (Table S1, rel. 1) 
In the study area, Lemna minuta grows in small monophytic stands and seems to be currently 

rather rare. This community can be attributed to Lemnetum minuto-gibbae association, described for 
Lake Titicaca in Bolivia [62] and reported in Central Italy for the lakes Trasimeno [63], Porta [64] and 
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Massaciuccoli [65]. Lemna minuta is a species with a high invasive potential, due to its plasticity in 
respect to chemical water features and its high vegetative propagation capacity [66]. According to the 
Portal to the Flora of Italy [57], this alien species is present in many Italian regions and shows an 
invasive behaviour. It can often replace native species such as L. minor. 

Persicarietum amphibiae Pohjala 1933 nom. mut. Prunier et al. 2019 (Table S1, rels. 2-5) 
In the Padule di Fucecchio, communities dominated by the aquatic ecophene of Persicaria 

amphibia are the only hydrophytic communities having currently appreciable surface areas. They are 
not uncommon in the marsh areas where ponds (clearings in the reed beds used for hunting) have 
relatively clear waters (Figure 4). 

P. amphibia-dominated stands are more or less dense, poor in species, and generally colonizes 
ponds, canals and ditches with still or slowly flowing, shallow, meso-eutrophic to eutrophic waters, 
subject to regular drying out (in this case P. amphibia develops the terrestrial ecophene), on very 
clayey substrates [67]. In the past these coenoses were often attributed to Polygono-Potamogetonetum 
natantis Soó 1964 association, but ecological studies have demonstrated that habitat requirements of 
communities dominated by Potamogeton natans and by Persicaria amphibia are different and support 
to split them into separate associations [68]. This vegetation type was already reported for Tuscany 
[69], though with different syntaxonomic invalid names (e.g., Polygonetum natantis Soó 1927, nomen 
nudum). Other authors consider P. amphibia-dominated communities referable to Potamo natantis-
Polygonetum natantis Knapp et Stoffers 1962 association [70], but according to Prunier et al. [67], the 
valid priority name is Polygonetum amphibium “associaatio” Pohjala 1933, which they propose to 
update and change in Persicarietum amphibiae. 

Potamo pectinati-Myriophylletum spicati Rivas Goday 1964 corr. Conesa 1990 (Table S1, rels. 6-7) 
Small, sporadic and species-poor stands dominated by Myriophyllum spicatum were found along 

the Pescia di Pescia stream. They can be attributed to the Potamo pectinati-Myriophylletum spicati 
association (in the past the invalid synonym Myriophylletum spicati Soó 1927 nom. nud. was often 
used), which has a broad ecology, but is more common in streams with eutrophic waters [71]. This 
vegetation type is considered an indicator of poor water quality [72], tolerating turbidity, drying and 
human disturbance [70,73]. It has been also found in other Tuscan marshes, lakes and ponds [65,74]. 

Potamogetonetum denso-nodosi O. de Bolòs 1957 (Table S1, rels. 8-9) 

 

Figure 4. A flooded pond in April, partly covered by Persicarietum amphibiae vegetation. 
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Small stands dominated by Potamogeton nodosus were found in one of the northern peripheral 
canals of the marsh. Although Potamogeton nodosus communities are sometimes considered to be 
typical of running waters [75], their presence also in standing waters is rather common [76,77]. These 
communities, once probably more frequent in the Padule di Fucecchio canals, can be attributed to an 
impoverished aspect of the Potamogetonetum denso-nodosi O. de Bolòs 1957 association, included in 
the Potamogetonion alliance, which has been reported both in standing and in flowing waters [63]. 

Callitriche platycarpa community (Table S1, rel. 10) 
A small stand dominated by Callitriche platycarpa was found in a temporary pool within a mixed 

woodland area, on the border between the Padule di Fucecchio and the Bosco di Chiusi protected 
areas. This species is rather rare in Italy, and in Tuscany it is mainly known on the basis of old records 
[78]. Although a single community has recently been reported for the Tuscan Maremma [77], the 
phytosociological data available for Italy are very scarce. Felzines [79] reported the association 
Veronico beccabungae-Callitrichetum platycarpae Grube ex Felzines 2016 for France, indicated as Veronico 
beccabungae-Callitrichetum platycarpae Mériaux 1978 by Prunier et al. [67]. It belongs to the Ranunculion 
fluitantis alliance and indicates the reophile character of this community. However, this species can 
grow in different habitats [80]. As we found this coenosis in standing water, we provisionally 
attribute it to Ranunculion aquatilis alliance. 

Callitriche stagnalis communities (Table S1, rels. 11-12) 
In the same environment where we found the Callitriche platycarpa community, two small stands 

totally dominated by C. stagnalis occurred in shaded small ponds, subject to almost total drying up 
in the summer season and probably disturbed by trampling. C. stagnalis is typical of regions with hot 
summers and tolerates emergence and shading. It lives in shallow, meso-eutrophic, slightly acidic or 
neutral clear waters [67]. This species forms communities both in still and in running waters, showing 
a rather broad ecological behavior. Consequently, from a syntaxonomic point of view, the 
classification of this vegetation type is various and not univocal. In running waters, the association 
Callitrichetum stagnalis Kaiser 1926 (also indicated in the past with the synonym Callitrichetum stagnalis 
Segal 1964) was sometimes reported in Europe and in Italy [67,81], while for still waters other types 
of associations, such as Ranunculo ophioglossifolii-Callitrichetum stagnalis Brullo, Scelsi et Spampinato 
2001 [77,82] have been described. Frequently, however, both because of their floristic poverty and the 
poor ecological characterization, communities dominated by this species are generically classified as 
phytocoenon or coenosis [74,83,84]. In our opinion, even for the monospecific stands surveyed in the 
study area, it is preferable to follow this type of interpretation, attributing them to the Ranunculion 
aquatilis alliance. 

Callitriche brutia communities (Table S1, rels. 13-14) 
Callitriche brutia is a Mediterranean-Atlantic species that can participate to different vegetation 

types. It can be found in aquatic communities of Ranunculion aquatilis alliance [77,85], or palustrine 
coenoses attributed to Oenanthion (today = Eleocharito palustris-Sagittarion sagittifoliae) alliance [86], or 
to Littorelletea class [77,86] or, more frequently, when it dominates in Mediterranean temporary wet 
habitats, to Isoëto-Nanojuncetea class [87–91]. In the study area, C. brutia-dominated communities have 
been sporadically found in a peripheral position with respect to Persicarietum amphibiae communities 
and in contact with marsh vegetation (Figure 5), in environments that dry out earlier and subject to 
greater fluctuations in water levels, so we refer them provisionally to the alliance Ranunculion 
aquatilis. 
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Figure 5. A small area of a flooded pond in April, mostly covered by Callitriche brutia communities. 

Potamo crispi-Ranunculetum trichophylli Imchenetzky 1926 (Table S1, rels. 15-16) 
Ranunculus trichophyllus is one of the more common hydrophytes in Tuscany and can be found 

in several habitat types, both in flowing and in standing waters [26,74]. However, in the study area, 
R. trichophyllus-dominated communities are very rare. Small and paucispecific stands were only 
found in one of the northern peripheral canals of the marsh. These coenoses can be attributed to the 
association Potamo crispi-Ranunculetum trichophylli (in the past, the invalid synonym Ranunculetum 
trichophylli Soó 1927 was used), typical of oligo-mesotrophic to eutrophic waters and tolerating high 
levels of turbidity; this vegetation type tolerates strong water level variations and can live for a short 
time even in complete emersion [70]. 

3.2. Palustrine Plant Communities 

Echinochloo cruris-galli-Sporoboletum schoenoidis Paradis & Lorenzoni 1994 nom. mut. nov. (Table 
S2) 

The communities dominated by Sporobolus schoenoides grow in drying depressions at the edge 
of, or within, helophytic vegetation, such as Bolboschoenus laticarpus coenoses, or in the clearings 
resulting from the drying up of ponds and lakes (Figure 6). 
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Figure 6. A: a dried-up pond in August, whose bottom is home to Echinochloo cruris-galli-Sporoboletum schoenoidis 
communities. B: a Sporobolus schoenoides plant is shown in detail. 

S. schoenoides participates in various communities of ephemeral environments, gravitating 
mainly in coenoses of the Isoëto-Nanojuncetea class [92], but also in syntaxa indicating halophilous 
conditions, so much so that the association Heleochloetum schoenoidis Ţopa 1939 is often placed by 
some authors in the class Crypsietea aculeatae Vicherek 1973 [93,94]. Paradis [95] analysed different 
types of community, which he initially differentiated from Heleochloetum schoenoidis in several 
subassociations. These were subsequently formalised as new associations [96]. The comparison of 
these associations is used to evaluate the communities of the Padule di Fucecchio. Despite the 
presence of Cyperus michelianus in the Tuscan relevés, it is not possible to refer them to the association 
Crypsio schoenoidis-Cyperetum micheliani Martínez-Parras, Lorca, Esteban et Mesa 1988, which is 
always dominated by C. michelianus [97]. Furthermore, in the study area, the communities dominated 
by C. michelianus (see Table 1, sub Cyperetum micheliano-difformis) do not host S. schoenoides among the 
species and grow in rather different ecological situations, on more humid soils and in topologically 
distant sites from those dominated by S. schoenoides. The absence of Heliotropium supinum from 
Tuscany, where it was reported based on ancient finds not recently confirmed [57], does not even 
allow the attribution of our communities to Heliotropio supini-Heleochloetum schoenoidis Rivas Goday 
1955, recently reported by Tomaselli et al. [88] for Puglia and otherwise synonymized with Crypsio 
schoenoidis-Cyperetum micheliani by Rivas-Martínez et al. [98]. The communities of the Padule di 
Fucecchio can instead be attributed to the association Echinochloo cruris-galli-Crypsidetum schoenoidis 
(whose name should be changed to Echinochloo cruris-galli-Sporoboletum schoenoidis), an association 
that grows in rather eutrophic and compact silty-clayey soils, in which the floristic composition is 
enriched with species linked to disturbed humid environments and constituting a sort of link towards 
the communities of the Bidentetea class [95]. As regards the classification at the higher levels of the 
association, originally placed by the authors in the class Isoëto-Nanojuncetea and in the alliance 
Heleochloion Br.-Bl. 1952, it should be pointed out that currently Mucina et al. [58] consider 
Heleochloion schoenoidis Br.-Bl. ex Rivas Goday 1956 a typically halophilous alliance belonging to the 
class Crypsietalia aculeatae. Since we believe that maintaining the original classification at the class 
level is appropriate, as was done by Tomaselli et al. [88], for example, we attribute the association to 
the Verbenion supinae Slavnić 1951 alliance. This alliance traditionally included many coenoses that 
gravitated around the Heleochloion Br.-Bl. 1952 alliance. In fact, some authors considered Verbenion 
supinae and Heleochloion to be synonyms [91]. 

Ranunculo flammulae-Juncetum bulbosi Oberdorfer 1957 (Table S3, rels. 1-2) 
In a partially shaded site, in contact with aquatic Callitriche platycarpa vegetation, where the 

water level decreases, small communities dominated by Juncus bulbosus and Ranunculus flammula 
were detected. Juncus bulbosus has been indicated as a typical or frequent species in a large number 
of vegetation types [82,86,92,99], but when it is associated to Ranunculus flammula these communities 
can be attributed to Ranunculo flammulae-Juncetum bulbosi, an association which includes stands of 
low-growing perennial amphibious herbs occurring in the littoral zones of lakes, ponds, pools and 
ditches along forest roads, periodically flooded by oligotrophic to mesotrophic, rarely dystrophic 
water [100]. This vegetation type has been recorded in several western and central European 
countries [100–103] and can be attributed to Littorellion uniflorae alliance. 

Juncus bulbosus - Gratiola officinalis communities (Table S3, rels. 3-4) 
In sites ecologically similar and near to Ranunculo flammulae-Juncetum bulbosi communities, small 

stands dominated by Juncus bulbosus and with relevant cover values of Gratiola officinalis have been 
detected. G. officinalis typically grows in areas with wet soils for a fairly long period in spring, drying 
up in summer [77,86]. Some associations characterized by G. officinalis have been described (e.g., 
Alismo lanceolatae-Gratioletum officinalis Biondi & Bagella 2005) but our relevés are paucispecific and 
not dominated by G. officinalis. Therefore, this vegetation type could be interpreted as a situation in 
which the Ranunculo flammulae-Juncetum bulbosi association is replaced by these communities, in 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 August 2025 doi:10.20944/preprints202508.0827.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0827.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 29 

 

which G. officinalis, being less ecologically demanding than R. flammula, is advantaged by conditions 
of greater drying out and disturbance. These communities can be always attributed to the Littorellion 
uniflorae alliance. 

Cyperetum micheliani-difformis ass. nova (Table 1, Holotypus: rel. 4) 
In areas that flood during the winter and dry out during the summer, at the edges of reed beds 

and in clearings free of marsh vegetation, as well as along paths between reed beds, a vegetation type 
that is generally widespread throughout the study area grows, consisting of a mixture of native and 
alien species (Figure 7).  

 

Figure 7. An aspect of Cyperus-dominated communities (Cyperetum micheliani-difformis). 

These communities typically have two layers. the lower one is often dominated by Cyperus 
michelianus, with the presence, sometimes with high cover, of Portulaca oleracea, as well as the alien 
plants Lindernia dubia, Amaranthus emarginatus and Eclipta prostrata. The taller layer is often dominated 
by another alien species, Cyperus difformis, and is frequently accompanied by Xanthium orientale 
(which sometimes has high cover or is dominant), Cyperus odoratus and Echinochloa crus-galli. In terms 
of their structure, physiognomy and, to some extent, their floristic composition, these communities 
have many similarities to the Cyperetum micheliano-glomerati association described by Pellizzari [104] 
for the eastern stretch of the Po River. However, this last vegetation type is characterised by two 
species of Cyperus absent in our relevés (C. glomeratus and C. squarrosus, the latter of which is yet to 
be found in Tuscany), as well as by Amaranthus tuberculatus. Compared to Cyperetum micheliano-
glomerati, in the relevés of the study area higher cover values are provided by Cyperus difformis, a 
species that infests rice crops and is characteristic of the Oryzo-Cyperetum difformis association W.Koch 
1954 [104,105], and partly by Xanthium orientale, which sometime becomes dominant. X. orientale 
participates in different communities linked to the disturbed environments of humid areas, 
gravitating towards Chenopodion rubri (e.g., Polygono lapathifolii-Xanthietum italici Pirola & Rossetti 
1974) or Bidention (e.g., Xanthio-Polygonetum persicariae O.Bolós 1957) alliances. In our relevés, 
Amaranthus emarginatus is also present, while it is missing from the relevés by Pellizzari [104]. On 
average, the communities of the Padule di Fucecchio are much poorer in species, with an average of 
seven species per relevé compared to over 11 for the Po River. Given the differences highlighted, we 
propose establishing a new association named Cyperetum micheliano-difformis, which in the study area 
plays an ecological role similar to that of the Cyperetum micheliano-glomerati association in the Po River 
area. The characteristic species of the Cyperetum micheliano-difformis association are Cyperus 
michelianus, C. difformis, Xanthium orientale and Amaranthus emarginatus. Similarly to how Pellizzari 
[104] classified the association he described, the floristic composition allows us to place Cyperetum 
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micheliano-difformis in the Bidention alliance. This is consistent with the ecology of the communities, 
which develop on muddy emergent soils in eutrophic environments subject to significant human 
disturbance. In our relevés, some stands dominated by Cyperus odoratus can also be noted, an aspect 
which is more closely linked to the Po River communities described by Pellizzari [104], together with 
some other relevés in which the frequency and/or cover values of alien species is lower and in which 
Cyperus michelianus forms dense carpets with high cover values. This species generally characterises 
the coenoses of the Isoëto-Nanojuncetea class. Such situations may suggest that, as hypothesised for 
other coenoses in which C. michelianus coexists with other alien species [106], the described 
association may constitute communities that have evolved into coenoses with a strong presence of 
alien species from an original Cyperetum michelianus Horvatic 1931 or similar syntaxa, favoured over 
time by increased disturbance and water eutrophication. 

Bidens frondosa communities (Table S4, rels. 1-4) 
This vegetation type is dominated by the alien and invasive American neophyte Bidens frondosa, 

with a constant and often huge presence of another invasive neophyte, Symphiotrychum squamatus. 
These communities are found near reed beds, ponds and canals, in slightly higher areas, where water 
retention is relatively less persistent, and the soil tends to dry more quickly. Similar coenoses have 
been referred by some authors [107] to Polygonetum hydropiperis Passarge 1965, the valid name of 
Polygono hydropiperis-Bidentetum (Koch 1926) Lohmeyer in Tüxen 1950, or to Leersio-Bidentetum 
tripartitae (Poli et J. Tüxen 1960) Zaliberova et al. 2000 bidentetosum frondosae (Felzines & Loiseau 2005), 
or to Cypero eragrostidi-Bidentetum frondosae [108]. Anyway, in all these cases, the paucispecific 
communities we detected lack some of the other characteristic or differential species of the above 
mentioned associations (i.e., Polygonum hydropiper, Leersia oryzoides, Cyperus eragrostis), and we 
therefore prefer not to attribute them at the level of association, but only to Bidention alliance. 

Veronica peregrina communities (Table S4, rels. 5-7) 
Veronica peregrina is an American neophyte that in the study area sometimes forms communities 

in which it is dominant, especially along the wet banks of ditches and canals. This species, already 
reported for the Fucecchio marshland by Roma-Marzio et al. [109], is considered as a casual alien 
species in Tuscany, even if this status should be changed in naturalized according to our relevées, 
showing rather dense and not ephemeral stands in the study area. This species forms communities 
belonging to several types of syntaxa, from Nanocyperion, e.g. Filaginello uliginosae-Veronicetum 
peregrinae Molero Brion. et Romo 1988 [110], to the Polygono-Poetea class [111]. On the other hand, 
according to Julve [112], the species is characteristic of the Bidention alliance. Our relevés, 
paucispecific and formed in addition to V. peregrina by a few other species from the neighbouring 
coenoses (Phragmites australis, Persicaria lapathifolia, Phalaris arundinacea) do not allow an in-deep 
syntaxonomic analysis on the community's attribution at higher levels. From an ecological point of 
view, however, the coenoses develop at the limit of the vegetation of tall helophytes, in wet and 
eutrophic soils, disturbed by human activities (mowing, trampling, etc.) and by water level 
fluctuations, suggesting a provisional placement in the Bidention alliance. 

Portulaca oleracea communities (Table S4, rels. 8-9) 
In the same desiccated areas where Echinochloo-Sporoboletum or Cyperetum micheliani-difformis are 

present, Portulaca oleracea sometimes becomes dominant for small stretches (Figure 8), and gives rise 
to paucispecific communities that can be considered an impoverished transition aspect between the 
most hygrophilous coenoses (Bidention alliance) and the driest and ruderal ones of the classes 
Chenopodietea Br.-Bl. in Br.-Bl. et al. 1952 or Stellarietea mediae Tüxen et al. ex von Rochow 1951, in 
which P. oleracea is often included [113,114]. This vegetation type, difficult to attribute to higher level 
syntaxa, can be provisionally referred to Bidention alliance. 
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Figure 8. A dried-up pond in August, with Portulaca oleracea-dominated communities growing on the bottom. 

Polygono lapathifolii-Xanthietum italici Pirola et Rossetti 1974 (Table S5, rels. 1-3) 
In the study area, in the late summer-autumn period, on the desiccating and desiccated sandy-

silty, eutrophic substrates emerging from the dried water bodies, large surfaces are covered by annual 
communities dominated by Xanthium orientale, an invasive alien species widespread in Italy, 
accompanied by Persicaria lapathifolia, Echinochloa crus-galli, Stachys palustris, and few other plants 
(Figure 9). This pioneer vegetation type is frequent along rivers, ponds and lake [69,115,116], and can 
be attributed to Polygono lapathifolii-Xanthietum italici association (in the past, X. italicum / X. orientale 
subsp. italicum was considered a distinct taxon but today is considered a synonym of X. orientale, see 
Tomasello [117]). Since these communities form later in the growing season than Cyperetum 
micheliani-difformis, depending on when the survey is carried out, it is sometimes possible to detect 
transitional features, where species from the earliest communities and those in progress coexist. (e.g., 
rels. 21-22 in Table 1). 

Echinochloo-Polygonetum lapathifolii Soó et Csurös 1947 (Table S5, rels. 4-8) 
In the areas bordering reed beds, canals and Bolboschoenus coenoses, on moist soils that have 

emerged for longer periods, communities dominated by Echinochloa crus-galli and/or Persicaria 
lapathifolia can be found. They can be probably attributed to Echinochloo-Polygonetum lapathifolii, an 
association growing on soils rich in nutrients and with high pH [118]. These communities are rather 
similar to Polygono-Xanthietum italici from an ecological view point, but can be distinguished from a 
floristic one, and have already been reported for other Tuscan and European wetlands [26,119,120]. 
Along the course of some large French rivers (Loire, Allier), for moist sandy areas that dry out 
progressively from mid-spring, Felzines and Loiseau [121] described an association named Persicario 
lapathifoliae-Echinochloetum cruris-gallii, whose relevés seem to be very similar to ours, though some 
floristic differences can be noted (e.g., the presence in French communities of Panicum capillare, Leersia 
oryzoides, Eragrostis pectinacea and others). The problem of a correct syntaxonomic attribution of 
Tuscan communities at the association level must be probably studied more in depth with a dedicated 
work, so they can be provisionally referred to Chenopodion rubri alliance. 
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Figure 9. A: A flooded canal in early May. B: The same canal in August, now dry, with Polygono lapathifolii-
Xanthietum italici communities growing on the riverbed. C: A drying pond in early July, with a belt dominated 
by Bolboschoenus laticarpus in the foreground. D: Another pond in August, with Polygono lapathifolii-Xanthietum 
italici communities growing on the bottom. 

Phragmitetum australis Savič 1926 nom. corr. (Table S6, rels. 1-10) 
Phragmites australis forms dense species-poor stands along submerged and emergent shores of 

lakes, swamps, pools, ponds, riverbanks, and canals [122,123]. These communities largely 
characterise the plant landscape of the Padule di Fucecchio, and can be attributed to the Phragmitetum 
australis association, which is quite common in Italy [122,123] and Tuscany [26,77,124,125]. In several 
large wetlands of Central Italy, these coenoses seem to be affected by the die-back syndrome and 
have shown a serious decline [27,126]. Despite that, no signs of die-back (e.g. the clumping habitus) 
were observed in the study area. This is probably due to the fact that in the Padule di Fucecchio strong 
seasonal water fluctuations, naturally and even artificially regulated, reduce the risk of permanent 
submergence, which seems to be an unfavorable ecological condition for Phragmitetum [27]. 

Typhetum latifoliae Nowiński 1930 (Table S6, rels. 11-13) 
The communities dominated by Typha latifolia can be attributed to Typhetum latifoliae, an 

association very common in Italy, which grows in several different habitats, such as ponds, shores of 
lakes, banks of slow-running streams, deltas, swamps, canals and ditches [122], also tolerating the 
summer drying [127]. These communities are often very poor in species or even monospecific 
[128,129], a feature confirmed also in the study area, where this vegetation type is not very frequent 
and consists mainly of linear formations along peripheral ditches and canals. 

Typhetum angustifoliae Pignatti 1953 (Table S6, rel. 14) 
The communities dominated by Typha angustifolia can be attributed to Typhetum angustifoliae, an 

association typical of several wetland types which grows in mesotrophic to eutrophic waters, often 
monospecific or species-poor [122]. Though the association is rather common in Italy [122], and in 
Tuscany [65,125,130,131], in the Padule di Fucecchio it was found to be rather rare: we surveyed only 
one T. angustifolia-dominated community, in the widening of a ditch (probably of artificial origin), in 
a peripheral area of the marsh, between cultivated fields. 

Schoenoplectetum lacustris Chouard 1924 nom. mut. nov. Lastrucci et al. 2023 (Table S6, rels. 15-19) 
The communities dominated by Schoenoplectus lacustris can be attributed to the Schoenoplectetum 

lacustris association, which has a strong pioneer feature, and is reported for several habitat types, 
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such as shores of mesotrophic to eutrophic lakes, ponds, or canals; it usually grows in deeper and 
longer-lasting water than other types of reed vegetation [122,125,132,133], and this is also confirmed 
in the study area. 

Phalarido arundinaceae-Bolboschoenetum laticarpi Passarge 1999 corr. Krumbiegel 2006 (Table S6, 
rels. 20-29) 

Bolboschoenus laticarpus, contrarily to B. glaucus, is also present in central Europe and lives only 
in freshwater habitats (Hroudová et al., 2009). In the study area, the communities in which it 
dominates are widespread, probably as much as Bolboschoenetum glauci or more. These dense and 
paucispecific coenoses can be probably attributed to Phalarido arundinaceae-Bolboschoenetum laticarpi, 
an association floristically rather heterogeneous living in floodplains of large rivers [134]. Phalaris 
arundinacea is not present in our relevé but is widespread in the area, while another differential 
species, Xanthium orientale, is frequent. To our knowledge, this vegetation type has not been 
previously reported for Italy, but it is likely not rare according to the updated distribution of the 
species [135]. 

Cyperetum longi Micevski 1957 (Table S7, rel. 1) 
In the peripheral parts of the marsh, along the secondary ditches between meadows and arable 

land, small stands dominate by Cyperus longus are sporadically present. These communities grow in 
shallow water environments, which often dry out rather early, and can be attributed to Cyperetum 
longi, an association distributed in southern Europe and the Mediterranean [69,136,137], referable to 
Magnocaricion elatae alliance. 

Caricetum ripariae Máthé et Kovács 1959 (Table S7, rels. 2-9) 
This association lives in meso- and eutrophic wetlands emerged since late spring [122,123]. It 

was often found to be frequent in rather disturbed habitats [26,65]. In the study area the association 
is quite widespread along the edges of canals, around reed beds and in wet depressions. These 
communities are characterized by a large dominance of Carex riparia and by the presence of other 
species typical of upper syntaxonomic units, such as Phragmites australis, Bolboschoenus glaucus and B. 
laticarpus, Convolvulus sepium, Lythrum salicaria. They can be attributed to Magnocaricion gracilis 
alliance. 

Caricetum vesicariae Chouard 1924 (Table S7, rels. 10-12) 
Along the lower part of the ditch banks, in humid depressions and meadows, some communities 

dominated by Carex vesicaria were sporadically detected. They are referable to Caricetum vesicariae, a 
typical association of mesotrophic to eutrophic habitats, permanently flooded or saturated with water 
for most of the year [122,134]. Caricetum vesicariae was already known for lowland and montane 
wetlands in Tuscany [125,139] and can be attributed to Magnocaricion gracilis alliance. 

Phalaridetum arundinaceae Libbert 1931 (Table S7, rels. 13-19) 
Phalaris arundinacea-dominated communities occur in complexes of marsh vegetation in lowland 

river floodplains, in shallow depressions, in the littoral zones of water bodies and ditches with still 
or flowing water, generally eutrophic and base-rich, and in other similar environments [69,84,127]. 
In the study area, these communities have been detected along canals and ditches, where soils remain 
more or less constantly wet, and are not directly affected or disturbed by currents. For these reasons, 
they can be attributed to Phalaridetum arundinaceae, and not to Rorippo-Phalaridetum arundinaceae 
Kopecký 1961, an association typical of less humid and more disturbed sites, with longer exposure 
to conditions of complete emersion [70,127]. In any case, even if it has not been detected by us, the 
presence of Rorippo-Phalaridetum arundinaceae in the area is possible. 

Leucojum aestivum communities (Table S7, rels. 20-21) 
Leucojum aestivum can participate to different vegetation types, and can be found both in the 

understory of floodplain hygrophilous woods, dominated for example by Fraxinus angustifolia subsp. 
oxycarpa, Salix alba, etc. [23,140,141] and in herbaceous hygrophilous communities of Magnocaricetalia 
[119,142]. These communities, surveyed mostly for their rarity and their conservation interest, were 
present at the edge of the Padule, in a clearing of a partially shaded forest site, of which they can 
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probably be considered a herbaceous sinusia. They can be provisionally attributed to Magnocaricion 
gracilis alliance. 

Glycerio-Sparganietum neglecti Koch 1926 (Table S8, rels. 1-3) 
Some communities dominated by Sparganium erectum L. sensu latu were found in the peripheral 

canals of the Padule di Fucecchio. According to Landucci et al. [122,123], they can be attributed to 
Glycerio-Sparganietum neglecti, which should be considered as a “macro-association” including other 
associations used in the past, such as Sparganietum erecti Roll 1938 and Sparganietum microcarpi (Weber 
1976) Passarge 1978, due to the frequent uncertain taxonomic identification of the species in this 
group [143]. These communities usually grow in environments considered intermediate between 
Phragmition and Glycerio-Sparganion ecological conditions, so their attribution to the alliance level is 
not always univocal [122,123,134]. In the study area these canals generally have strong fluctuations 
of water levels, justifying the attribution of Glycerio-Sparganietum to the alliance Glycerio-Sparganion. 

Eleochariteum palustris Savič 1926 (Table S9, rels. 1-3) 
These communities are dominated by Eleocharis palustris and can be attributed to the 

Eleochariteum palustris association. They show a typical pioneer behavior, often developing in the wet 
soils emerging during the dry season [84]. In our relevés, we only found E. palustris subsp. palustris, 
but in the area, the presence of other subspecies is possible [144]. This association, typically poor in 
species, is rather common in Italy [77,122,125,145], but in the Padule di Fucecchio it is not so 
widespread. It was sometimes found along some canals or in the muddy areas surrounding the ponds 
(clearings for hunting) open in the reed beds. 

Oenantho aquaticae-Rorippetum amphibiae Lohmeyer 1950 (Table S9, rels. 4-6) 
Communities dominated by Rorippa amphibia generally occur in lowlands on lacustrine and 

fluvial sediment accumulations, and grow in marshes, ponds, pools, canals and lentic sections of 
rivers, where in summer water table often drops far enough to expose the bottom [127]. This 
vegetation type can be attributed to Oenantho aquaticae-Rorippetum amphibiae, an association 
sporadically present in the Padule di Fucecchio (Figure 10) and in other Tuscan wetlands [77]. 

Bolboschoenetum glauci Grechushkina, Sorokin et Golub 2011 (Table S9, rels. 7-13) 
After taxonomic and distributional revisions of the genus Bolboschoenus by Hroudová et al. 

[146,147] for Europe and by Di Natale et al. [135] for Italy, the knowledge on the distribution of this 
complex of species (B. maritimus sensu lato) and on their dominated vegetation types have been 
deeply updated [134,148]. B. glaucus does not occur in inland central Europe, can grow both in 
freshwater and saline habitats and is mainly distributed in southern Europe, showing a thermophilic 
character [134,135]. In the study area, it forms dense, paucispecific and rather widespread 
communities in which it dominates, that can be attributed to the Bolboschoenetum glauci association, 
already indicated in other Tuscan wetlands [77,133]. 

Butometum umbellati Philippi 1973 (Table S9, rel. 14) 
In the study area Butomus umbellatus is sporadically present in some vegetation types (e.g., in 

Schoenoplectetum lacustris coenoses), but rarely it forms communities in which it dominates. We could 
perform only one relevé of this type, that can be attributed to Butometum umbellati association. In Italy 
and in Tuscany this vegetation type is generally sporadic [69,138,149], and in the Padule di Fucecchio 
it is probably much less widespread than in the past. 

Polypogono viridis-Paspaletum distichi Br.-Bl. in Br.-Bl., Gajewski, Wraber et Walas 1936 nom. mut. 
nov. (Table S10, rels. 1-10) 

These communities are characterised by the dominance of the invasive alien species Paspalum 
distichum [150] and in the past have generally been attributed to the Paspalo distichi-Polypogonetum 
viridis association. This vegetation type has a mostly Mediterranean distribution and often results to 
be very poor in species [65,83,115,124]. Our relevés also confirm this feature, showing a strong 
dominance of P. distichum. In the study area, the species is found in the disturbed banks of the canals 
and around the ponds (clearings for hunting) in the reed beds. It forms dense mono- or paucispecific 
carpets in contact with hygrophilous herbaceous or helophytic communities. Only in few cases that 
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can be interpreted as transition aspects (e.g., rel. 10 in Table S10), some stands can be co-dominated 
by other species, such as Cyperus sp.pl. From a nomenclatural viewpoint, the association name 
requires reversal, since P. distichum always dominates in both the original description [151] and the 
aforementioned works (including our relevés). We therefore propose changing it to Polypogono viridis-
Paspaletum distichi (Polypogon viridis is the accepted name by several floras of Agrostis viridis and 
Agrostis semiverticillata). Furthermore, since the Paspalo distichi-Agrostion semiverticillatae alliance is 
based on the Paspalo distichi-Polypogonetum viridis association [152], the alliance name could also be 
changed to Polypogono viridis-Paspalion distichi Br.-Bl. in Br.-Bl. et al. 1952 nom. mut. nov. Regarding 
attribution to higher-level taxa, Mucina et al. [58] refer the Paspalo distichi-Agrostion semiverticillatae 
alliance to the Paspalo–Heleochloetalia Br.-Bl. ex Rivas Goday 1956 order, of the Bidentetea class. This 
class includes summer annual pioneer lacustrine bank vegetation. However, both Paspalum distichum 
and Polypogon viridis are perennial species. Therefore, we prefer to attribute the Polypogono viridis-
Paspaletum distichi association to the Holoschoenetalia order of the Molinio-Arrhenatheretea class, in 
accordance with the Italian Prodrome [60]. 

 

Figure 10. An aspect of Oenantho aquaticae-Rorippetum amphibiae communities. 

Frangulo alni-Salicetum cinereae Graebner et Hueck 1931 (Table S11, rels. 1-4) 
Salix cinerea-dominated communities are typical of marshes and grow in conditions of prolonged 

submersion. They are an infrequent example of the palustrine edapho-hygrophilous series in the 
temperate bioclimatic region [84]. These communities appear as species-poor, dense shrublands, 
generally in contact with plant communities of Phragmito-Magnocaricetea class, or directly bordering 
water bodies with or without aquatic vegetation. In Padule di Fucecchio, they are uncommon and 
can be considered a relic because their ecological niche has been occupied by Amorpha fruticosa, an 
alien shrub that is widespread in the marsh and has been favoured directly and indirectly by human 
disturbance. A. fruticosa is also present in our relevés and sometimes dominates. This vegetation type 
and the problems posed by A. fruticosa were already known for other Tuscan wetlands, both near and 
far from the study area [26,139]. As to the syntaxonomic attribution, in the past these communities 
have been attributed either to Salicetum cinereae Zólyomi 1931 or to Frangulo alni-Salicetum cinereae 
associations which, according to Douda [153], are synonyms of Salicetum pentandro-auritae Passarge 
1957. However, the floristic description of Salicetum pentandro-auritae appears to differ significantly 
from that of S. cinerea communities described under previous names. Furthermore, Frangulo alni-
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Salicetum cinereae has also been used in recent times [141], prompting us to provisionally maintain 
this name. 

3.3. Past and Present Vegetation 

As mentioned in the introduction, literature studies on the vegetation of the Padule di Fucecchio 
are particularly scarce. Furthermore, the level of detail with which this work analyses the current 
vegetation has never been achieved before, making comparison with previous data difficult. Some 
phytosociological information, dated and at varying degrees of detail, on neighbouring areas 
[139,154,155], or on the very small provincial reserves within the Padule [156,157] is available, but 
most of the information originates from floristic studies, which provide general qualitative 
descriptions of the vegetation. Apart from some data relating to the Padule di Fucecchio contained 
in ancient Tuscan floras [158–160] or in specific works [161], the first comprehensive work on the flora 
in the study area is considered to be that by Nannizzi [162]. In this work, the plant landscape is also 
described in broad terms, although the direct observations date back to 1932-1933. Furthermore, 
Nannizzi's floristic list complicates matters as he also reports species found by previous authors 
without distinguishing between them. Consequently, if he does not mention them in the vegetation 
section, it is difficult to ascertain whether the taxon was discovered by him or only by others prior to 
his research. 

Thirty years after Nannizzi's publication, Lorenzoni and Chiesura Lorenzoni [163] reported the 
presence and diffusion of some syntaxa in a preliminary note on ongoing research. However, the full 
study was never subsequently published. They mentioned: 1) Lemnetum minoris (Rubel 1930) Pignatti 
1953, as very common; 2) Potameto-Utricularietum Br.-Bl. 1951, dominated by Utricularia vulgaris 
accompanied by various species of Potamogeton, as frequent in shallow waters; 3) Potameto-
Vallisnerietum Br.-Bl. 1931, dominated by Myriophyllum spicatum, Potamogeton natans, Vallisneria 
spiralis, together with Potamogeton crispus, Spirodela polyrrhiza, as not very frequent; 4) Myriophylleto-
Nupharetum Koch 1926, as the most common and widespread association, where Nymphoides peltata, 
Myriophyllum verticillatum, etc. predominate; 5) three associations of Phragmitetea, i.e. Typhetum 
angustifoliae (Allorge 1921) Pign. 1953, with both Typha angustifolia and T. latifolia, Phragmitetum 
communis (Allorge 1921) Pign. 1953 and Magnocaricetum elatae Koch 1926, without reporting their 
frequency. Regardless of the names they used for the associations, which are incorrect today, it is 
clear that the vegetation situation was very different from the current one. Lorenzoni & Chiesura 
Lorenzoni [163] state that, overall, the vegetation at the time of their study corresponds to that of 
1932–1933. However, the reciprocal relationship between the communities has changed. Reclamation 
work involving the almost total elimination of marshy areas and the stabilisation of canal banks 
determined a clear separation between aquatic and terrestrial hygrophilous vegetation. This allowed 
anthropised vegetation containing alien species (e.g. Paspalum distichum, Amorpha fruticosa and Bidens 
frondosa), which were already present in 1932–1933, to become more widespread by 1968. 

Subsequently Garbari [33] published a work on the flora and vegetation of Padule, presenting 
data collected between 1975-1977. This study also reported Nannizzi's species and observed 
qualitative and quantitative changes in the flora. Regarding the vegetation, Garbari [33] only 
conducted nine relevés, six of which were related to aquatic and marsh vegetation. These plots are 
large (80–400 m²), rather heterogeneous, and not in line with current trends of smaller dimensions 
and more homogeneous communities. However, they provide an overview of the vegetated 
landscape. His survey includes a reed bed with Phragmites australis; a community with Typha latifolia 
and several other marsh and aquatic species (Potamogeton sp. pl.); a community of hydrophytes with 
Lemna gibba, L. minor and Wolffia arrhiza; a community with Glyceria fluitans and Azolla filiculoides (sub 
A. caroliniana, see Lastrucci et al. [164]) with Nymphaea alba and Hydrocharis morsus-ranae; a sedge bed 
with Carex elata and others Carex; a community dominated by Oenanthe aquatica. with several other 
aquatic and marsh species. Garbari [33] concludes that, at the time of his study, the aquatic and marsh 
vegetation of the Padule di Fucecchio was dominated everywhere by two main aspects. One of these 
was attributable to Phragmitetea, with Pragmitetum communis having replaced Carex elata communities 
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in most of the territory, although these were still present in residual strips. Another aspect was the 
vegetation in ditches and canals, which was dominated by Typha, Oenanthe, Sparganium, Alisma and 
Sagittaria, among others. 

The observed plant landscape is fundamentally different, particularly with regard to the aquatic 
vegetation, but also with regard to the marsh communities. Almost all of the aquatic vegetation has 
disappeared from the Padule di Fucecchio, with only a few small patches remaining, mainly in 
ditches and canals with clearer water, or in unusual habitats such as small puddles along paths in the 
nearby forests. The most emblematic hydrophytes (Nymphaea alba, Hydrocharis morsus-ranae, 
Utricularia spp., various Potamogeton species, etc.) have apparently disappeared. Marsh vegetation is 
still dominated by Phragmites australis, but several marsh plants seem to have disappeared completely 
(e.g. Sagittaria sagittifolia) while others have decreased in number and spread (e.g. Oenanthe aquatica). 
Some species that play an important role today, such as Xanthium orientale and many other alien 
species (e.g. Eclipta prostrata, Lindernia dubia, etc.), were not even included in the floristic list by 
Garbari [33]. 

Why has the plant landscape changed so much? It is probably the result of a combination of 
factors. Following the Second World War, agricultural changes occurred, with a transition from an 
agricultural economy (the production of vegetable material for covering flasks and demijohns, as well 
as straw for chairs, was important in the area) and fishing, to a manufacturing-based economy. This 
led to highly polluted waters in the marsh. The accidental arrival of several alien plant and animal 
species, particularly the Louisiana crayfish (Procambarus clarkii) and nutria (Myocastor coypus) which 
spread to the area in the late 1990s [40]. From an avifaunistic point of view, the crayfish has been a 
valuable resource for many marsh birds of conservation interest. However, as has already been 
observed in other wetlands, the increasing presence of these invasive species has led to the decline 
and subsequent destruction of numerous aquatic and marshy plant communities [165,166]. The 
application to the whole area of conservation rules designed specifically for birdlife, which hindered 
the owners from continuing (at least partly) a traditional management of the territory, a practice 
which had in any case supported a certain biodiversity (both zoological and botanical) over time. 

4. Conclusions 

This study has enabled the current aquatic and marsh vegetation of the Padule di Fucecchio to 
be censused in unprecedented detail. It also reports the presence of community types that were 
previously unknown in the area, some of which are completely new and are described here for the 
first time. However, comparison with previous data has also enabled us to reasonably conclude that 
crucial changes to the vegetation structure have occurred in recent decades: hydrophyte communities 
have almost completely disappeared, and many sensitive marsh plant species have become rare or 
disappeared, being mostly replaced by more resilient native and invasive species. In addition to 
human disturbance and water pollution, the new vegetation arrangements were probably favoured 
by the arrival of alien fauna species that have had a profoundly negative impact on the state and 
dynamics of the vegetation. However, the avifaunal value of the area has remained substantially 
unchanged over time and, in some cases, has even improved [167]. For these reasons, aquatic and 
marsh vegetation types should be considered, like other types of plant communities of conservation 
interest, semi-natural coenoses and should be actively managed. However, it should be kept in mind 
that management that favours the protection of certain ecosystem components (e.g. birdlife) may not 
be adequate for the conservation of others (e.g. aquatic and marsh plants and vegetation). In a 
territory such as the Padule di Fucecchio, where it is possible to do so, areas with differentiated 
management should be created in agreement with local stakeholders, with the aim of conserving (and 
sometimes restoring) the various natural emergencies, both floristic and faunal. 

Ultimately, this study confirms the findings of several scholars that the acquisition of taxonomic 
and syntaxonomic knowledge through herbarium and field surveys conducted by taxonomists 
remains fundamental to the management and conservation of nature [168–170]. 
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Appendix A 

Syntaxonomic Scheme 

Lemnetea O. de Bolòs et Masclans 1955 
   Lemnetalia minoris O. de Bolòs et Masclans 1955 
      Lemnion minoris O. de Bolòs et Masclans 1955 

Lemnetum minuto-gibbae Liberman Cruz, Pedrotti et 
Venanzoni 1988 

 
Potamogetonetea Klika in Klika et Novák 1941 
   Potamogetonetalia Koch 1926 
      Potamogetonion Libbert 1931 

Persicarietum amphibiae Pohjala 1933 nom. mut. 
Prunier et al. 2019 

Potamo pectinati-Myriophylletum spicati Rivas 
Goday 1964 corr. Conesa 1990 
Potamogetonetum denso-nodosi O. de Bolòs 1957 

Callitricho hamulatae-Ranunculetalia aquatilis Passarge ex 
Theurillat in Theurillat et al. 2015 

      Ranunculion aquatilis Passarge ex Theurillat in Theurillat et al. 2015 
Callitriche platycarpa community 
Callitrichetum stagnalis Kaiser 1926 
Callitriche brutia communities 
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Potamo crispi-Ranunculetum trichophylli 
Imchenetzky 1926 

 
Isoëto-Nanojuncetea Br.-Bl. et Tx. in Br.-Bl. et al. 1952 
   Nanocyperetalia Klika 1935 
      Verbenion supinae Slavnić 1951 

Echinochloo cruris-galli-Sporoboletum schoenoidis 
Paradis & Lorenzoni 1994 nom. mut. nov. 

 
Littorelletea uniflorae Br.-Bl. et Tx. ex Westhoff, Dijk & Passchier 1946  
   Littorelletalia uniflorae Koch ex Tx. 1937 
      Littorellion uniflorae Koch ex Klika 1935 

Ranunculo flammulae-Juncetum bulbosi Oberdorfer 
1957 

Juncus bulbosus - Gratiola officinalis communities 
 
Bidentetea Tx., Lohmeyer et Preising ex von Rochow 1951 
   Bidentetalia Br.-Bl. et Tx. ex Klika et Hadač 1944 
      Bidention tripartitae Nordhagen ex Klika et Hadač 1944 

Cyperetum micheliano-difformis ass. nova  
Bidens frondosa communities 
Veronica peregrina communities 
Portulaca oleracea communities 

      Chenopodion rubri (Tx. in Poli et J. Tx. 1960) Hilbig et Jage 1972 
Polygono lapathifolii-Xanthietum italici Pirola et 

Rossetti 1974 
Echinochloo-Polygonetum lapathifolii Soó et Csurös 

1947 
 
Phragmito-Magnocaricetea Klika in Klika et Novák 1941 
   Phragmitetalia Koch 1926 
      Phragmition australis Koch 1926 nom. corr.  

Phragmitetum australis Savič 1926 nom. corr. 
Typhetum latifoliae Nowiński 1930 
Typhetum angustifoliae Pignatti 1953 
Schoenoplectetum lacustris Chouard 1924 nom. mut. 
Lastrucci et al. 2023 

Phalarido arundinaceae-Bolboschoenetum laticarpi 
Passarge 1999 corr. Krumbiegel 2006 

   Magnocaricetalia Pignatti 1953 
      Magnocaricion elatae Koch 1926 

Cyperetum longi Micevski 1957 
      Magnocaricion gracilis Géhu 1961 

Caricetum ripariae Máthé et Kovács 1959 
Caricetum vesicariae Chouard 1924 
Phalaridetum arundinaceae Libbert 1931 
Leucojum aestivum communities 

   Nasturtio-Glycerietalia Pignatti 1953 
      Glycerio-Sparganion Br.-Bl. et Sissingh in Boer 1942 

Glycerio-Sparganietum neglecti Koch 1926 
   Oenanthetalia aquaticae Hejný ex Balátová-Tuláčková et al. 1993 
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      Eleocharito palustris-Sagittarion sagittifoliae Passarge 1964 
Eleocharitetum palustris Savič 1926 
Oenantho aquaticae-Rorippetum amphibiae 

Lohmeyer 1950 
Bolboschoenetum glauci Grechushkina, Sorokin & 

Golub 2011 
Butometum umbellati Philippi 1973 

 
Molinio-Arrhenatheretea Tx. 1937 
   Holoschoenetalia Br.-Bl. ex Tchou 1948  

Polypogono viridis-Paspalion distichi Br.-Bl. in Br.-Bl., 
Roussine & Nègre 1952 nom. mut. nov. 

Polypogono viridis-Paspaletum distichi Br.-Bl. in Br.-
Bl., Gajewski, Wraber & Walas 1936 nom. mut. nov. 

 
Franguletea Doing ex Westhoff in Westhoff et Den Held 1969 
   Salicetalia auritae Doing 1962 
      Salicion cinereae T. Müller et Görs ex Passarge 1961 

Frangulo alni-Salicetum cinereae Graebner et Hueck 
1931 
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