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Abstract: A survey and a formalized phytosociological classifi cation of the marsh vegetation of the class Phragmito-Magno-
Caricetea in central Italy is presented. Formal defi nitions of the majority of wetland associations recorded from the Italian terri-
tory were defi ned using the Cocktail method and applied to a large data set of vegetation plots extracted from the database VegI-
taly (hosted by the web database system “anArchive”). A total of 43 associations belonging to seven alliances and four orders were 
recognized. Detrended correspondence analysis (DCA), species indicator values and altitude were used to visualize ecological 
differences between the associations. Altitude, nutrient status and soil reaction were identifi ed as the main environmental gradients 
responsible for diversifi cation and distribution of the Phragmito-Magno-Caricetea communities in central Italy. 
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Introduction 

Wetland vegetation is a constant component of land-
scapes in the temperate zones (BRINSON & MALVÁREZ 
2002). Many wetland plants have very broad geographi-
cal ranges and, as a result, the physiognomy and structure 
of wetland vegetation is similar in different parts of the 
world. However, regional distribution and local zonation 
of wetland vegetation types depend on many factors in-
cluding climate, geology, hydrogeology, topography and 
human impact (KEDDY 2000). Both macro- and micro-
climate affect, directly or indirectly, the water regime, 
decomposition of organic matter and the amount of min-
erals and nutrients in water and soil. Anthropogenic fac-
tors also infl uence all components of the wetland ecosys-
tems including the structure of the distribution pattern of 
vegetation. Bedrock and topography infl uence chemical 
and physical characteristics of soils, groundwater levels 
and runoff patterns. 

Although often severely fragmented, wetlands are ra-
ther common in the Italian landscape, particularly in the 
lowlands, but also in hilly and mountainous areas. A 
large part of Italian wetland vegetation is represented by 
the phytosociological class Phragmito-Magno-Cari-
cetea. This class includes species-poor stands of various-
sized, emergent, perennial grasses or sedges, growing 
both in fresh and brackish water and occurring in 
marshes, on riverbanks, the shores of natural and artifi -
cial lakes and in pools. It is usually classifi ed according to 
the physiognomy determined by the size and life forms 
of dominant species. Several local studies of this vegeta-
tion have been published in Italy, including proposals for 

different vegetation types (e.g. BUCHWALD 1994; VENAN-
ZONI & GIGANTE 2000; BIONDI et al. 2002; LASTRUCCI et 
al. 2007; 2010a), or descriptions of the diversity and eco-
logy of lakes (e.g. GRANETTI 1965; ORSOMANDO & PE-
DROTTI 1986; AVENA & SCOPPOLA 1987; SCOPPOLA et al. 
1990; IBERITE et al. 1995; VENANZONI et al. 2003) and 
streams (e.g. CORBETTA & PIRONE 1989; BALDONI & BI-
ONDI 1993; BIONDI et al. 1997, 1999; ANGIOLINI et al. 
2005; LASTRUCCI et al. 2010b; CESCHIN & SALERNO 2008). 
Specifi c wetland systems such as the karst plains have 
also been studied, though in less detail (CORTINI PEDROTTI 
et al. 1973; PEDROTTI 1976, 1992; 1982; PEDROTTI & COR-
TINI PEDROTTI 1982; PIRONE 1987; VENANZONI 1992). 
Complex climatic and geologic patterns and a strong hu-
man impact in Italy determine the presence of very diver-
sifi ed wet environments, whose peculiar zonation has 
often given rise to discordant syntaxonomical interpreta-
tions.

Phytosociological classifi cation of vegetation has a 
long tradition in Italy, but only recently have large elec-
tronic databases of vegetation plots from this country 
become available (VENANZONI et al. 2012). This makes it 
possible to synthesize data and concepts from numerous 
local studies and develop national schemes of vegetation 
classifi cation based on the formal analysis of real data. 
For practical reasons, such studies should as far as pos-
sible preserve the elements of the established traditional 
vegetation classifi cation as much as possible, but at the 
same time they should reject or adjust those vegetation 
units that are not supported by the data, or propose new 
units if there is evidence for them. Commonly used unsu-
pervised multivariate statistical methods often fail to 
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serve this purpose (KOČÍ et al. 2003; DE CÁCERES et al. 
2009; SCHMIDTLEIN et al. 2010). Therefore we used the 
Cocktail method (BRUELHEIDE 1995, 2000), which is ca-
pable of producing a formalized vegetation classifi cation 
corresponding to the traditional expert-based classifi ca-
tion of the Braun-Blanquet approach. In the present pa-
per we apply this method in the modifi ed version pro-
posed by KOČÍ et al. (2003) to a large data set of vegeta-
tion plots extracted from the national database VegItaly 
(VENANZONI et al. 2012).

Based on the main national and European literature 
and a considerable amount of unpublished data, the 
purposes of this work are (1) to summarize the knowledge 
about emergent perennial wetland vegetation in central 
Italy and (2) to create a formalized classifi cation of this 
vegetation and develop formal defi nitions for individual 
vegetation types. This study is the fi rst attempt in Italy to 
develop a fully formalized vegetation classifi cation for a 
broad vegetation type and across a large area.

Material and methods

Data set

For this work a data set of 6,543 relevés (vegetation plots), 
including different vegetation types (herbaceous and for-
est vegetation, not only marsh vegetation) of central Italy, 
were taken from the web archive VegItaly (VENANZONI et 
al. 2012), hosted in the database system “anArchive” 
(www.anarchive.it; PANFILI et al. 2004), with the aim of 
producing formal defi nitions of the associations of 
Phragmito-Magno-Caricetea using the Cocktail 
method. All the relevés, which originated from both pub-
lished and unpublished sources, were made by different 
authors by applying the classical Braun-Blanquet ap-
proach or its modern extensions (BRAUN-BLANQUET 
1964; DENGLER et al. 2008). This data set included 1,600 
relevés of wetland vegetation, which are the object of this 
study. The remaining relevés of other vegetation types 
were used to calculate the fi delity of species to the asso-
ciations, giving the results more general validity. 70% of 
these relevés have been published in 39 papers in national 
or international journals over the last 30 years, while the 
remaining 30% are unpublished relevés. The complete 
list of relevés used and the database identifi cation num-
bers are reported in App. 1.

The data set includes relevés from the area between the 
Po River Plain and Basilicata Region (40°57’–44°00’ N; 
10°00’–15°36’ E; Fig. 1, App. 2). The area covers diverse, 
both carbonate and silicate bedrocks. According to the 
global bioclimatic classifi cation system there are two dis-
tinct macrobioclimates, Mediterranean and Temperate, 
and different bioclimatic belts from thermomediterra-
nean to subalpine (RIVAS-MARTÍNEZ 2004; BLASI & FRON-
DONI 2011).

Data resampling based on geographical distribution 
and vegetation types was necessary to reduce the effects 
on the analyses of uneven distribution of relevés across 
the study area. In fact, some well-known localities and 
widespread plant communities were represented by 
many relevés, while rare vegetation types were docu-
mented by only a few relevés. The resampling was per-
formed using the Heterogeneity-Constrained Random 
(HCR) resampling algorithm (LENGYEL et al. 2011) with 
Euclidean distance on square-root transformed percent-
age covers to measure dissimilarity in species composi-
tion between relevés. The resampling was applied after 
stratifying the data set based on bibliographical sources, 
geographical location and assignment of relevés to syn-
taxa by their authors. We used “macro-locality”, defi ned 
as geographical district identifi ed by similar geomorpho-
logical characteristics, as the geographical unit for resam-
pling. For example, rivers were divided into at least three 
macro-localities (headwaters and upper course; middle 
course; lower course and delta). A maximum of 10 relevés 
per vegetation type (as indicated by the authors) and per 
macro-locality were resampled. After resampling the 
data set contained 6,083 relevés.

Fig. 1. Distribution map of the relevés of wetland vegetation used. 
The cells in the grid are of 20’ longitude and 12’ latitude, i.e. 
approximately 27×22 km (corresponding to the 1:50 000 
UTM-ED50 map).
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Table 1. Sociological species groups used in the Cocktail classifi cation of the class Phragmito-Magno-Caricetea. The phi coeffi cient 
(in brackets) is calculated on the resampled data set of 6,083 relevés including all vegetation types; it expresses the fi delity of each species of 
the group to the relevés that contain this group.

Group name Species (phi value) No. of relevés

Alopecurus rendlei Alopecurus rendlei (0.79), Trifolium fragiferum (0.73), Hordeum secalinum (0.71), 
Ranunculus velutinus (0.67)

120

Cynosurus cristatus Cynosurus cristatus (0.79), Trifolium pratense (0.77), T. repens (0.71), Lolium perenne 
(0.69)

330

Eleocharis palustris Eleocharis palustris (0.63), Persicaria amphibia f. terrestris (0.46), Alisma plantago-
aquatica (0.42)

155

Helosciadium nodiflorum Veronica anagallis-aquatica (0.69), Helosciadium nodiflorum (0.60), Nasturtium 
officinale (0.52), Glyceria notata f. terrestris (0.52)

305

Mentha aquatica Lycopus europaeus (0.65), Mentha aquatica (0.58), Carex pseudocyperus (0.50) 288

Persicaria lapathifolia Persicaria lapathifolia (0.56), Bidens tripartitus (0.52), Echinochloa crus-galli (0.52), 
Xanthium orientale subsp. italicum (0.49), Bidens frondosus (0.39), Persicaria dubia (0.36)

167

Ranunculus flammula Ranunculus flammula (0.78), Veronica scutellata (0.76), Carex acuta (0.56)   81

Ranunculus sardous Mentha pulegium (0.75), Ranunculus sardous (0.61), Oenanthe fistulosa (0.41)   63

Tetragonolobus maritimus Tetragonolobus maritimus (0.80), Epipactis palustris (0.63), Typha minima (0.53)   19

Urtica dioica Urtica dioica (0.70), Calystegia sepium (0.54), Galium aparinae (0.50), Eupatorium 
cannabinum (0.41)

525

Data analysis

The resampled data set was analysed using the Cocktail 
method (BRUELHEIDE 1995, 2000) in the modifi ed version 
proposed by KOČÍ et al. (2003), with the aim of produc-
ing a formalized version of the traditional expert-based 
vegetation classifi cation (BRUELHEIDE & CHYTRÝ 2000). 
All the resampling procedures and analyses were per-
formed using the JUICE 7.0 software (TICHÝ 2002). The 
work was organized in four steps. In the fi rst step socio-
logical species groups (Table 1) were defi ned, composed 
of species with the statistical tendency to occur together 
in relevés (BRUELHEIDE 1995, 2000; KOČÍ et al. 2003). 
These species were proposed based on our fi eld knowl-
edge and the strengths of their statistical associations 
with other species were quantifi ed using the phi coeffi -
cient (SOKAL & ROHLF 1995; CHYTRÝ et al. 2002). In the 
second step formal defi nitions of phytosociological as-
sociations were created by combining species cover val-
ues and species groups using the logical operators AND, 
OR and NOT (BRUELHEIDE 1997). Sociological species 
groups were considered to be present in a relevé only if 
the relevé included at least half of the species contained in 
that group. In the third step, formal defi nitions of asso-
ciations deriving from the second step were applied to the 
relevé data set in order to classify it. In the fourth step, 
diagnostic, constant and dominant species were deter-
mined for each defi ned association. Diagnostic species of 
the associations were determined using the phi coeffi -
cient, measuring the fi delity of species to a particular as-
sociation (SOKAL & ROHLF 1995; CHYTRÝ et al. 2002). 
Only species with a phi coeffi cient higher than 0.30 and a 
probability of the observed pattern of species occurrence 

under random expectation lower than 0.01 (Fisher’s exact 
test) were considered to be diagnostic for each associa-
tion. During this step the number of relevés for each as-
sociation was virtually standardized to 5% of the total 
data set, to remove the dependency of the phi coeffi cient 
values on the proportion of relevés belonging to particu-
lar associations (TICHÝ & CHYTRÝ 2006). Constant spe-
cies were defi ned as those with a frequency > 30% inside 
the vegetation unit. Dominant species were defi ned as 
those occurring in at least 10% of relevés of a vegetation 
unit with a cover value > 25%. 

Finally the Cocktail classifi cation was summarized in a 
computer expert system using the complete data set of 
6,543 relevés in order to classify the relevés excluded by 
the resampling. Relevés corresponding to none or more 
than one formal defi nition (and vegetation unit), were 
compared with the groups of relevés already assigned us-
ing the Frequency-Positive Fidelity Index (FPFI) (TICHÝ 
2005).

Detrended correspondence analysis (DCA; HILL & 
GAUCH 1980), applying the square-root transformed 
percentage cover values was performed using the R pro-
gram, library “vegan”, operated through the JUICE pro-
gram to visualize environmental similarities among the 
analysed plant communities. The associations were com-
pared with respect to their altitudinal distribution and 
indicator values (Ellenberg-type indicator values for Ital-
ian species compiled by PIGNATTI 2005).

The results obtained were compared with the main na-
tional and international vegetation classifi cations. The bi-
bliographic search was based on the LISY database (www.
scienzadellavegetazione.it/sisv/lisy/index.jsp – BIONDI et 
al. 1996, 1997; BRACCO 2001; BRACCO et al. 2007), integra-
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ted with the most recent literature. In addition, a list of 
associations of the class Phragmito-Magno-Carice-
tea reported in the literature from all the remaining parts 
of Italy (Table 3) was compiled with the aim of placing the 
classifi cation obtained for central Italy within the national 
framework and to facilitate future work on both a national 
and international scale. 

Nomenclature

Species taxonomy and nomenclature were unifi ed ac-
cording to the check-list of Italian vascular plants (CONTI 
et al. 2005). Obvious cases of species misidentifi cations 
occurring in the published relevés were corrected in ac-
cordance with the most recent taxonomic revisions (e.g. 
in some cases Carex cuprina was corrected to C. vulpina, 
or Cirsium palustre to Cirsium creticum subsp. trium-
fetti). Both the original data and their corrections are 
stored and visible in VegItaly (www.anarchive.it). Syn-
taxonomy and nomenclature largely match with the re-
cent revision undertaken within the project Vegetation of 
the Czech Republic (ŠUMBEROVÁ et al. 2011); syntaxon 
names follow the International Code of Phytosociologi-
cal Nomenclature (WEBER et al. 2000).

Results 

Species groups and formal defi nitions

Ten sociological species groups were combined to create 
formal defi nitions of associations (Table 1). A total of 43 
associations belonging to seven alliances of the class 
Phragmito-Magno-Caricetea were distinguished 
and defi ned using the Cocktail method: 12 of these were 
assigned to Phragmition australis, eight to Eleo-
charito palustris-Sagittarion sagittifoliae, one to 
Phalaridion arundinaceae, eight to Glycerio-
Sparganion, one to Carici-Rumicion hydro-
lapathi, three to Magno-Caricion elatae and 10 to 
Magno-Caricion gracil is . By applying the expert 
system to the complete data set of 6,543 relevés, a total of 
1,538 relevés were classifi ed. Of these, 1,399 were as-
signed to the associations using the Cocktail formulas, 

and the unclassifi ed relevés were subsequently assigned 
using the Frequency-Positive Fidelity Index (FPFI). 
Most of the other relevés belonged to other classes than 
Phragmito-Magno-Caricetea.

The formal defi nitions are presented in Table 2 along 
with the numbers of relevés that met the defi nition crite-
ria. In most cases these numbers are roughly proportio-
nal to the occurrence frequency of individual associations 
in the study area.

Ordination and ecological preferences

Similarity patterns of the Phragmito-Magno-Carice-
tea communities are summarized in fi ve ordination dia-
grams of detrended correspondence analysis (DCA) (Figs. 
2 and 3). A spider plot of all relevés included in the class 
Phragmito-Magno-Caricetea  (Fig. 2) shows the rela-
tionships between the four orders, Phragmitetalia aus-
tralis,  Oenanthetalia aquaticae,  Nasturtio-
Glycerietalia and Magno-Caricetalia, and envi-
ronmental variables. The other four diagrams (Fig. 3) 
represent in detail the associations included in each order 
and their relationship with the environmental variables. 

Two main gradients in species composition, refl ecting 
differences in altitude (axis 1) and nutrient requirements 
(axis 2), are obvious, but a certain differences of orders 
with respect to these environmental variables is also vi-
sible. Environmental variables become more important 
when considering the association level within the four 
orders (Fig. 3). Altitude, moisture and nutrients status 
mainly affect the diversifi cation of associations within 
the orders Phragmitetalia australis and Magno-
Caricetalia (Figs. 3A and 3D). Altitude appears as a 
very important environmental variable in all DCA dia-
grams. Moisture, nutrients requirements and soil reaction 
are among the most relevant indicator values. It is impor-
tant to emphasize that altitude is a measured variable, 
while indicator values for relevés are calculated from spe-
cies composition. For this reason the length of the alti-
tude arrow should not be considered comparable with 
the length of arrows for indicator values (ZELENÝ & 
SCHAFFERS 2012). Relationships of individual associations 
to the environmental variables are shown in box-and-
whisker plots (Figs. 4 and 5).

Syntaxonomical synopsis

Phragmito-Magno-Caricetea Klika in Klika et Novák 1941
 Phragmitetalia australis Koch 1926
  Phragmition australis Koch 1926
   1. Schoenoplectetum lacustris Chouard 1924
   2. Typhetum angustifoliae Pignatti 1953
   3. Typhetum latifoliae Nowiński 1930
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   4. Typhetum laxmannii  Nedelcu 1968
   5. Typhetum domingensis Brullo, Minissale et Spampinato 1994
   6. Phragmitetum australis Savič 1926
   7. Phragmito-Typhetum minimae Trinajstić 1964
   8. Mentho aquaticae-Typhetum minimae Venanzoni et Gigante 2000
   9. Glycerietum maximae Nowiński 1930 corr. Šumberová, Chytrý et Danihelka in Chytrý 2011 
   10. Iridetum pseudacori Eggler ex Brzeg et Wojterska 2001
   11. Bolboschoenus maritimus agg.-community
   12. Schoenoplectetum tabernaemontani Soó 1947 
  Oenanthetalia aquaticae Hejný ex Balátová-Tuláč ková, Mucina, Ellmauer et Wallnöfer in Grabherr et Mucina

 1993
  Eleocharito palustris-Sagittarion sagittifoliae Passarge 1964
   13. Eleocharitetum palustris Savič 1926
   14. Butometum umbellati  Philippi 1973
   15. Oenanthetum aquaticae Soó ex Nedelcu 1973
   16. Alopecuro-Alismatetum plantaginis-aquaticae Bolbrinker 1984
   17. Eleocharito-Alismatetum lanceolati  Minissale et Spampinato 1985
   18. Bolboschoenus glaucus-community
   19. Persicaria amphibia-community
   20. Schoenoplectus pungens-community
 Nasturtio-Glycerietalia Pignatti 1953
  Phalaridion arundinaceae Kopecký 1961
   21. Rorippo-Phalaridetum arundinaceae Kopecký 1961
  Glycerio-Sparganion Braun-Blanquet et Sissingh in Boer 1942
   22. Glycerio-Sparganietum neglecti  Koch 1926
   23. Glycerietum fluitantis Nowiński 1930
   24. Glycerietum notatae Kulczyński 1928
   25. Nasturtietum officinalis Gilli 1971
   26. Beruletum erectae Roll 1938
   27. Helosciadietum nodiflori  Maire 1924
   28. Oenantho aquaticae-Rorippetum amphibiae Lohmeyer 1950
   29. Leersietum oryzoidis Eggler 1933
 Magno-Caricetalia Pignatti 1954
  Carici-Rumicion hydrolapathi Passarge 1964
   30. Mentho aquaticae-Caricetum pseudocyperi Orsomando et Pedrotti 1986
  Magno-Caricion elatae Koch 1926 
   31. Caricetum elatae Koch 1926
   32. Cladietum marisci  Allorge 1921
   33. Caricetum acutiformis Eggler 1933
  Magno-Caricion gracil is  Géhu 1961
   34. Caricetum ripariae Máthé et Kovács 1959
   35. Mentha aquatica-community 
   36. Cyperetum longi Micevski 1957
   37. Phalaridetum arundinaceae Libbert 1931
   38. Galio palustris-Juncetum inflexi Venanzoni et Gigante 2000
   39. Leersio oryzoidis-Juncetum effusi Lastrucci, Paci et Raffaelli 2010
   40. Caricetum gracil is  Savič 1926
   41. Caricetum vesicariae Chouard 1924
   42. Caricetum acutiformi-paniculatae Vlieger et van Zinderen Bakker in Boer 1942
   43. Caricetum vulpinae Nowiński 1927

phyto_43_1_2_067_100_Landucci.indd   71phyto_43_1_2_067_100_Landucci.indd   71 03.06.13   12:0203.06.13   12:02

eschweizerbart_xxx



72 F. Landucci et al.

Table 2. Formal defi nitions of associations/communities. For each association/community the formal defi nition and the number of relevés 
included in the defi nition are reported. Defi nitions were created using the resampled data set of 6,083 relevés, including different vegetation 
types from central Italy. Percentages indicate species cover.

Association/Community Formal definition No. relevés 

1. Schoenoplectetum lacustris Schoenoplectus lacustris > 25% NOT Typha angustifolia > 50% 55

2. Typhaetum angustifoliae Typha angustifolia > 50% OR (Typha angustifolia > 25% NOT Persicaria 
lapathifolia Group)

38

3. Typhetum latifoliae Typha latifolia > 25% 51

4. Typhetum laxmannii Typha laxmannii > 25% 4

5. Typhetum domingensis Typha domingensis > 25% 7

6. Phragmitetum australis Phragmites australis > 50% 185

7. Phragmito-Typhetum minimae Typha minima > 25% NOT Tetragonolobus maritimus Group 16

8. Mentho aquaticae-Typhetum minimae Typha minima > 25% AND Tetragonolobus maritimus Group 9

9. Glycerietum maximae Glyceria maxima > 50% 6

10. Iridetum pseudacori Iris pseudacorus > 25% NOT Glyceria maxima > 50% 46

11.  Bolboschoenus maritimus 
s.l.-community

Bolboschoenus maritimus s . l .  > 25% NOT Phragmites australis > 50% 
NOT Schoenoplectus tabernaemontani > 50% NOT Schoenoplectus lacustris 
> 50% NOT Agrostis stolonifera > 50%

41

12. Schoenoplectetum tabernaemontani Schoenoplectus tabernaemontani > 25% 21

13. Eleocharitetum palustris Eleocharis palustris > 25% NOT Alopecurus rendlei Group NOT Ranunculus 
ophioglossifolius > 25% NOT Schoenoplectus mucronatus > 50% NOT 
Schoenoplectus tabernaemontani > 25% NOT Carex hirta > 25% NOT 
Potamogeton natans > 50%

51

14. Butometum umbellati Butomus umbellatus > 25% 9

15. Oenanthetum aquaticae Oenanthe aquatica > 25% NOT Schoenoplectus lacustris > 50% 2

16.  Alopecuro-Alismatetum plantaginis-
aquaticae 

Alisma plantago-aquatica > 25% NOT Eleocharis palustris > 50% NOT 
Glyceria notata > 25%

8

17. Eleocharito-Alismatetum lanceolati Alisma lanceolatum > 25% 2

18. Bolboschoenus glaucus-community Bolboschoenus glaucus > 25% 2

19. Persicaria amphibia-community Persicaria amphibia f. terrestris > 50% OR (Persicaria amphibia f. terrestris > 
25% AND Eleocharis palustris Group) NOT Carex distans > 50%

18

20. Schoenoplectus pungens-community Schoenoplectus pungens > 25% 3

21. Rorippo-Phalaridetum arundinaceae Phalaroides arundinacea > 25% AND (Urtica dioica Group OR Persicaria la-
pathifolia Group) NOT Salix alba > 25%

11

22. Glycerio-Sparganietum neglecti Sparganium erectum s.l. > 25% NOT Carex elata > 25% NOT Carex 
pseudocyperus > 25% NOT Schoenoplectus lacustris > 50% NOT Salix alba > 
25% NOT Typha latifolia > 25% NOT Carex cuprina > 50%

109

23. Glycerietum fluitantis (Glyceria fluitans f. fluitans 25% OR Glyceria fluitans f. terrestris > 25%)
NOT Eleocharis palustris > 50%

15

24. Glycerietum notatae (Glyceria notata f. fluitans > 25% OR Glyceria notata f. terrestris > 25%) 
NOT Helosciadium nodiflorum > 25% NOT Sparganium erectum s.l. > 25%

62

25. Nasturtietum officinalis Nasturtium officinale > 50% OR [(Nasturtium officinale > 25% AND 
Helosciadium nodiflorum Group) NOT Salix cinerea > 25%]

62

26. Beruletum erectae [Berula erecta > 25% OR (Berula erecta > 10% AND Helosciadium 
nodiflorum Group)] NOT Iris pseudacorus > 25% NOT Petasites hybridus > 
50%

18

27. Helosciadietum nodiflori (Helosciadium nodiflorum > 50% NOT Urtica dioica Group) OR (Heloscia-
dium nodiflorum > 25% AND Helosciadium nodiflorum Group NOT Typha 
latifolia > 50% NOT Nasturtium officinale > 50%)

86

28.  Oenantho aquaticae-Rorippetum 
amphibiae

Rorippa amphibia > 25% 9

29. Leersietum oryzoidis Leersia oryzoides  > 25% 3

30.  Mentho aquaticae-Caricetum 
pseudocyperi

[Carex pseudocyperus > 50% OR (Carex pseudocyperus > 25% AND Mentha 
aquatica Group)] NOT Phragmites australis > 50%

44
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Table 2. cont.

Fig. 2. DCA ordination diagram (axes 1 and 2) with passively plotted indicator values (averages for relevés) and altitude for the class 
Phragmito-Magno-Caricetea.

Association/Community Formal definition No. relevés 

31. Caricetum elatae Carex elata > 25% NOT Phragmites australis > 50% 41

32. Cladietum marisci Cladium mariscus > 25% NOT Molinia caerulea subsp. arundinacea 50% 22

33. Caricetum acutiformis [Carex acutiformis > 50% OR (Carex acutiformis > 25% NOT Carex riparia 
> 25% NOT Salix cinerea > 50%)] NOT Cynosurus cristatus Group

48

34. Caricetum ripariae Carex riparia > 25% NOT Phragmites australis 50% NOT Alnus glutinosa 
50% NOT Galega officinalis > 50% NOT Salix alba 50% NOT Salix cinerea 
> 50% NOT Populus × canescens > 50% NOT Mentha aquatica > 50% 
NOT Iris pseudacorus > 50%

69

35. Mentha aquatica-community Mentha aquatica > 50% NOT Carex pseudocyperus > 25% NOT Sparga-
nium erectum s.l. > 25%

13

36. Cyperetum longi Cyperus longus > 50% 36

37. Phalaridetum arundinaceae Phalaroides arundinacea > 25% NOT Phragmites australis > 50% NOT Salix 
alba > 50% NOT Urtica dioica Group NOT Persicaria lapathifolia Group

26

38. Leersio oryzoidis-Juncetum effusi Juncus effusus > 25% NOT Ranunculus repens > 50% NOT Juncus inflexus > 
25% NOT Scirpus sylvaticus > 25%

26

39. Galio palustris-Juncetum inflexi Juncus inflexus > 25% NOT Scirpoides holoschoenus s.l. > 25% NOT Mentha 
longifolia > 5%

17

40. Caricetum gracilis Carex acuta > 50% OR (Carex acuta > 25% AND Ranunculus flammula 
Group NOT Carex vesicaria > 25%)

52

41. Caricetum vesicariae Carex vesicaria > 50% OR (Carex vesicaria > 25% NOT Carex acuta > 
25%)

35

42. Caricetum acutiformi-paniculatae Carex paniculata > 25% 13

43. Caricetum vulpinae Carex vulpina > 25% 8
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74 F. Landucci et al.

Fig. 3. DCA ordination diagrams (axes 1 and 2) for (A) Phragmitetalia, (B) Oenanthetalia aquaticae,  (C) Nasturtio-Glycerietalia, 
and (D) Magno-Caricetalia with passively plotted indicator values (averages for relevés) and altitude.

A list of 20 associations belonging to Phragmito-
Magno-Caricetea but not included in the analysed 
data set, mostly from northern and southern Italy, is re-
ported in Table 3. Their names and syntaxonomic refer-
ence (as recorded by the respective authors), geographical 
distribution in Italy and main bibliographic sources are 
indicated. Three of these (Thelypterido palustris-
Phragmitetum australis,  Sparganietum erecti 
and Scirpetum compacto-litoralis) are partially or 
entirely included in other defi nitions (see below). The as-
sociation Cypero-Caricetum otrubae, frequently 
also occurring in central Italy, was not included in the pre-
sent revision because, based on its species composition 
and in accordance with other authors (DÍAZ GONZÁLEZ & 
FERNÁNDEZ-PRIETO 1994; RIVAS-MARTÍNEZ et al. 2001), we 
assigned it to the class Molinio-Arrhenatheretea. Among 
the remaining 16 associations, some are not recorded from 
central Italy and probably do not occur there; others are 

mentioned in the literature for central Italy but relevés 
were not available for our analysis.

Descriptions of associations

The class Phragmito-Magno-Caricetea includes 
wetland vegetation dominated by emergent plants. In the 
present paper we distinguished 43 associations of this 
class and assigned them to seven alliances included in 
four orders (Table 4, 5). The orders are distinct both eco-
logically and structurally. The order Phragmitetalia 
australis  includes associations dominated by tall peren-
nial grasses, occurring partially submerged to emergent 
in marshes. The order Oenanthetalia aquaticae com-
prises communities of short emergent plants in still wa-
ter. Nasturtio-Glycerietalia  includes associations of 
short emergent plants, which grow in running water. The 
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Table 3. List of the associations of the class Phragmito-Magno-Caricetea, recorded from Italy but not included in the revision. *As-
sociations partially or completely included in other vegetation units described in the text. **Associations not considered in the present 
study because belonging to another class.

Association Order Alliance Distribution References

*Scirpetum compacto-litoralis (Braun-
Blanquet in Braun-Blanquet, Roussine et 
Nègre 1952) O. Bolòs 1962 corr. Rivas-
Martínez, Costa, Castroviejo et E. Valdés 
1980

Phragmitetalia Koch 1926 / 
Bolboschoenetalia compacti Dall et 
Hada  1941 corr. Rivas-Martínez, 
Costa, Castroviejo et E. Valdés 1980

Scirpion compacto-littoralis Rivas-
Martínez 1980

Southern and  central 
Italy Géhu et al. (1984); Biondi et al. (2004)

*Sparganietum erecti (Roll 1938) Philippi 
1973 Nasturtio-Glycerietalia Pignatti 1953 Glycerio-Sparganion Br.-Bl. et Sissingh in 

Boer 1942
Northern, central and 
southern Italy

Marchiori & Sburlino (1986);  
Corbetta & Pirone (1990); Baldoni & 
Biondi (1993);  Prosser & Sarzo (2003)

*Thelypterido palustris-Phragmitetum 
australis Kuiper ex van Donselaar et al. 1961 Phragmitetalia Koch 1926 Magno-Caricion elatae Koch 1926 Northern and central 

Italy Arrigoni (1982); Pedrotti (1990, 1991)

**Cypero-Caricetum otrubae R. Tx. in R. Tx. 
et Oberd. 1958 Magno-Caricetalia Pignatti 1953 Magno-Caricion elatae Koch 1926 Southern and central 

Italy

Minissale & Spampinato (1995); 
Brullo et al. (2002); Venanzoni & 
Gigante (2000)

Bolboschoeno compacti-Cyperetum 
alopecuroidis Brullo et Sciandrello 2006

Scirpetalia compacti Hejný in Holub, 
Hejný, Moravec et Neuhäusl 1967 
corr. Rivas-Martínez, Costa, 
Castroviejo et E Valdés 1980

Scirpion compacto-littoralis Rivas-
Martínez 1980 Southern Italy Brullo & Sciandrello (2006)

Caricetum appropinquatae Aszód 1935 Magno-Caricetalia Pignatti 1953 Magno-Caricion elatae Koch 1926 Northern Italy Venanzoni (1991)

Caricetum diandrae Jonas 1933 Phragmitetalia Koch 1926 Phragmition Koch 1926 Northern Italy Pedrotti (1991)

Caricetum distichae Nowi ski 1927 Magno-Caricetalia Pignatti 1953 Central Italy Pedrotti (2001)

Caricetum hispidae Brullo et Ronsisvalle 1975 Magno-Caricetalia Pignatti 1953 Magno-Caricion elatae Koch 1926 Southern Italy Brullo & Furnari (1976); Géhu & 
Biondi (1988); Brullo et al. (2002)

Caricetum rostratae Rübel 1912 / Caricetum 
rostratae (Dagys 1932) Balátová-Tulá ková 
1963 / Caricetum rostratae Osvald 1923 
[Probably synonyms of Equiseto fluviatilis-
Caricetum rostratae Zumpfe 1929]

Magno-Caricetalia Pignatti 1953 Magno-Caricion elatae Koch 1926 / 
Caricion rostratae Balátová-Tulá ková 1963 Northern Italy

Sburlino (1986); Gentile et al. (1988); 
Ferrari & Manzi (1987); Caniglia et al. 
(1992); Aita et al. (1979); Prosser & 
Sarzo (2003); Pedrotti (1991); 
Venanzoni (1988); Balátová-
Tulá ková & Venanzoni (1990)

Carici distantis-Schoenetum nigrescentis 
Brullo, Minissale, Scelsi et Spampinato 1993 Magno-Caricetalia Pignatti 1953 Magno-Caricion elatae Koch 1926 Southern Italy Tomaselli (2004); Brullo et al. (1998); 

Brullo et al. (2002)

Cicuto virosae-Caricetum pseudocyperi Boer 
et Sissingh in Boer 1942 Phragmitetalia Koch 1926 Phragmition Koch 1926 Northern Italy Anoé & Caniglia (1987)

Junco maritimi-Cladietum marisci Géhu et 
Biondi 1988

Scirpetalia compacti Hejný in Holub, 
Hejný, Moravec et Neuhäusl 1967 
corr. Rivas-Martínez, Costa, 
Castroviejo et E. Valdés 1980

Scirpion compacto-littoralis Rivas-
Martínez 1980 Southern Italy Géhu & Biondi (1988); Corbetta & 

Pirone (1999); Géhu & Biondi (1996)

Peucedano-Calamagrostietum canescentis 
Weber 1978  [Probably synonym of Carici 
elatae-Calamagrostietum
canescentis Jílek 1958]

Phragmitetalia Koch 1926 Magno-Caricion elatae Koch 1926 Northern Italy Sartori & Bracco (1997); Gerdol 
(1987)

Polygono salicifolii-Phragmitetum 
Barbagallo, Brullo & Furnari 1979 Phragmitetalia Koch 1926 Phragmition Koch 1926 Southern Italy

Minissale & Spampinato (1990); 
Minissale & Spampinato (1995); 
Brullo et al. (1998); Tomaselli (2004)

Sagittario sagittifoliae-Sparganietum emersi 
Tüxen 1953 Phragmitetalia Koch 1926 Phragmition Koch 1926 Northern Italy

Marchiori et al. (1993); Marchiori & 
Sburlino (1997); Sartori & Bracco 
(1997); Tomaselli et al. (1994)

Schoenoplecto litorali-Cyperetum distachyi 
(Barbagallo, Brullo & Furnari 1990) Brullo et 
Sciandrello 2006

Scirpetalia compacti Hejný in Holub, 
Hejný, Moravec et Neuhäusl 1967 
corr. Rivas-Martínez, Costa, 
Castroviejo et E. Valdés 1980

Scirpion compacto-littoralis Rivas-
Martínez 1980 Southern Italy Brullo & Sciandrello (2006)

Soncho maritimi-Cladietum marisci (Braun-
Blanquet et O. Bolòs 1958) Cirujano 1980 Phragmitetalia Koch 1926 Phragmition Koch 1926 Central Italy Vagge & Biondi (1999)

Scirpo-Juncetum subulati Géhu et al. 1992

Scirpetalia compacti Hejný in Holub, 
Hejný, Moravec et Neuhäusl 1967 
corr. Rivas-Martínez, Costa, 
Castroviejo et E. Valdés 1980

Scirpion compacto-littoralis Rivas-
Martínez 1980 Sardinia Filigheddu et al. (2000)

Astero tripolii-Bolboschoenetum maritimi 
Filigheddu et al. 2000

Scirpetalia compacti Hejný in Holub, 
Hejný, Moravec et Neuhäusl 1967 
corr. Rivas-Martínez, Costa, 
Castroviejo et E. Valdés 1980

Scirpion compacto-littoralis Rivas-
Martínez 1980 Sardinia Filigheddu et al. (2000)

Festuco-Elytrigietum athericae Brullo in 
Brullo et al. 1988 Phragmitetalia Koch 1926 Agrostio-Elytrigion athericae Brullo et 

Siracusa 1996 Sicily Brullo & Siracusa (1996); Brullo et al. 
(1988)
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Table 4. Synoptic table of the associations of the alliances Phragmition australis and Eleocharito palustris-Sagittarion sagitti-
foliae. In all synoptic tables, number represents constancy (percentage occurrence frequency). Diagnostic species of associations (with the 
phi value > 0.30) are indicated by shading. Dark shading indicates highly diagnostic species (with phi > 0.50). Values with frame but without 
shading indicate additional diagnostic species with phi < 0.30 (only in Phragmitetum australis). Fidelity was calculated using the data 
set of 6,083 relevés including both wetland and other vegetation types of central Italy. Species with a frequency lower than 10% in all col-
umns of the table are not displayed.

Community number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
No. of relevés 55 38 51 4 7 185 16 9 6 46 41 21 51 9 2 8 2 2 18 3

Diagnostic species of Schoenoplectetum lacustris
Schoenoplectus lacustris                          100 29 8 . 14 7 6 33 33 . 20 10 6 11 50 38 . . 6 .

Diagnostic species of Typhetum angustifoliae 
Typha angustifolia                                16 100 4 . . 5 13 22 . . 10 . 2 . . 25 . . 11 .

Diagnostic species of Typhetum latifoliae 
Typha latifolia                                   9 5 100 25 . 5 25 . . 2 . 19 8 . . 13 . . 11 .

Diagnostic species of Typhetum laxmannii 
Typha laxmannii                                   . . . 100 . . . . . . . . . . . . . . . .
Juncus subnodulosus                               . . . 50 . . . 22 . . . . . . . . . . . .

Diagnostic species of Typhetum domingensis 
Typha domingensis                                 . . 8 . 100 . 13 . . . . 14 2 . . . . . . .

Diagnostic species of Phragmitetum australis
Phragmites australis 42 39 20 75 43 100 25 11 17 20 27 10 14 33 . 38 . . 11 .

Diagnostic species of Phragmito-Typhetum minimae 
Equisetum ramosissimum                            . 3 6 . . 1 56 44 . . 2 14 . . . . . . . .

Diagnostic species of Mentho aquaticae-Typhetum minimae 
Tetragonolobus maritimus                          . . . . . . . 89 . . . . . . . . . . . .
Phleum nodosum                                    . . . . . . 6 67 . . . . . . . . . . . .
Lotus herbaceus                                   . . . . . . 6 44 . . . . . . . . . . . .
Genista tinctoria                                 . . . . . . 6 56 . . . . . . . . . . . .
Scirpoides holoschoenus s.l.                       2 16 4 25 14 1 19 67 . 4 2 . 2 . . . . . . .

Diagnostic species of Glycerietum maximae 
Glyceria maxima                                   7 . 2 . . . . . 100 4 . . . . . . . . . .
Rorippa amphibia                                  7 . 4 . . 1 . . 50 2 . . . . 50 . . . 17 .

Diagnostic species of Iridetum pseudacori 
Iris pseudacorus                                  13 8 6 25 . 16 . 11 33 100 5 . 4 . . 13 . . 11 .

Diagnostic species of Bolboschoenus maritimus agg.- community
Bolboschoenus maritimus  agg.                     16 13 14 25 29 8 . 11 . 4 100 24 6 33 . 38 . . 6 .

Diagnostic species of Eleocharitetum palustris
Eleocharis palustris                              7 11 2 . . 3 . . . 17 7 10 100 33 . 50 . 50 39 .

Diagnostic species of Butometum umbellati 
Butomus umbellatus                                9 . . . . 2 . . . . 5 . 2 100 . . . . . .

Diagnostic species of Oenanthetum aquaticae 
Oenanthe aquatica                                 5 . . . . 2 . . 17 . . . . 11 100 . . . 17 .

Diagnostic species of Alopecuro-Alismatetum plantaginis-aquaticae
Alisma plantago-aquatica                          18 18 35 . 29 5 19 11 17 26 12 19 33 11 50 100 . . 28 .

Diagnostic species of Eleocharito-Alismatetum lanceolati 
Lythrum hyssopifolia                              . . . . . . . 11 . . . . . . . . 100 50 . .

Diagnostic species of Persicaria amphibia-community
Persicaria amphibia  terrestrial ecophene            15 3 2 . . 5 . . 50 39 10 5 22 11 50 13 50 50 100 .

Diagnostic species of Scirpetum pungentis 
Schoenoplectus pungens                            . . . . . . . . . . 2 . . . . . . . . 100
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Table 4. Continued

Community number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
No. of relevés 55 38 51 4 7 185 16 9 6 46 41 21 51 9 2 8 2 2 18 3

Other diagnostic species
Schoenoplectus tabernaemontani                    . 11 22 25 86 2 13 11 . . 12 100 2 11 . . . . 6 .
Juncus articulatus                                4 18 8 75 29 3 19 100 . 2 12 19 29 . . 63 . . 17 100
Bolboschoenus glaucus                             . . . . . . . . . . . . . . . . 100 100 . .
Alisma lanceolatum                                7 . 6 . 29 1 . . . 2 . 5 14 . . . 100 100 22 .
Epipactis palustris                               2 3 . 50 . . . 78 . . . . 4 . . . . . . .
Typha minima                                      . 3 2 50 . 1 100 100 . . . . . . . 13 . . . .
Ranunculus trichophyllus                          5 5 2 . . 1 . . . 13 . . 16 11 . 13 100 50 33 .
Potamogeton schweinfurthii                        . . . . . . . . . . . . . . . . . . . 67

Other species
Sparganium erectum s.l.                            31 3 10 . . 7 . . 33 22 . 14 8 22 50 13 . . 6 .
Glyceria fluitans  terrestrial ecophene                 5 3 . . . 1 . . . . . . 2 . 50 13 . . 17 .
Callitriche palustris                             . . . . . . . . . . . . . . . 13 . . . .
Glyceria notata terrestrial ecophene                4 3 2 . . . . . . 33 . . 22 . . . . . 6 .
Helosciadium nodiflorum                           9 8 16 . . 6 . . . 7 . . 2 . . 13 . . . .
Leersia oryzoides                                 2 . 4 . . 1 . . . 2 7 . 4 11 . . . . . .
Bidens frondosus                                  7 . 8 . . 11 . 11 17 9 17 10 6 22 . . . . . .
Carex pseudocyperus                               5 . 2 . . 15 . . . 4 . . . 22 . . . . . .
Lysimachia vulgaris                               7 3 . . . 4 . . 17 20 . . . 11 . . . . . .
Carex acutiformis                                 . . 4 . . 5 6 . . 4 . . . . . . . . . .
Carex riparia                                     4 . 2 . . 11 . . 17 11 . . 2 . . . . . 6 .
Juncus effusus                                    2 3 12 . . 3 25 . . 9 . . 4 . . 13 . . . .
Carex vesicaria                                   2 . . . . . . . . 20 . 5 4 . 50 . . . . .
Tussilago farfara                                 . . . . . 1 6 33 . . . . . . . . . . . .
Pulicaria dysenterica                             5 . 2 25 . 6 6 44 . . . . 4 . . . . . . .
Daucus carota s.l.                                 . . . . . 1 13 11 . . 2 . . . . . . . . .
Thalictrum flavum                                 . . . 25 . 1 . . . . . . . . . . . . . .
Leucanthemum vulgare                              . . . . . . . 56 . . . . . . . . . . . .
Epilobium hirsutum                                5 13 14 25 14 8 19 . . 7 5 . . . . 13 . . . .
Ranunculus sardous                                . . . . . . . . . 24 . . 4 . . . 50 50 6 .
Solanum nigrum                                    . . . . . 1 . . . . . . . . . 13 . . . .
Sonchus asper                                     . . 2 . . 2 . . . . 2 . . . . 13 . . . .
Oenanthe fistulosa                                . . . . . 2 . . . 13 . . . . . . . . . .
Galega officinalis                                . 3 2 25 . 4 . . . 2 . . 2 . . . . . . .
Cirsium arvense                                   . . . . . 10 . . . 2 2 . . . . . . . . .
Rumex crispus                                     2 . . . . 2 . . . 20 2 . 8 . . . . . . .
Carex cuprina                                     2 . . . . 3 . . . 11 . . 6 . . . . . . .
Potentilla reptans                                . . 2 . . 2 . 33 33 7 . . 4 . . . . 50 17 .
Paspalum distichum                                5 3 4 . . 3 . . . 4 20 10 10 22 . . . . 6 .
Lemna gibba                                       4 . 2 . . . . . . . . . . 11 . . . . . .
Nymphaea alba                                     4 5 . . . 1 . . 17 2 . . . . . . . . . .
Phalaroides arundinacea                           9 . 4 . . 8 . . 33 9 7 . . 11 . . . . 22 .
Juncus inflexus                                   . 8 . . . 3 6 . . 4 2 . 6 11 . . . . . .
Leontodon hispidus                                . . . . . . . 22 . . . . . . . . . . . .
Schedonorus arundinaceus                          . . . 25 . 1 6 22 . 2 . . . . . . . . . .
Carex distans                                     . 3 . . . . 13 22 . 2 . . 2 . . . . . . .
Cirsium creticum s.l. 2 5 . . . 12 . . . 2 . . . . . . . . . .
Molinia caerulea s.l.                              . . . . . 1 . 33 . . . . . . . . . . . .
Lemna minor                                       5 11 4 . . 1 . . . 2 . 5 2 . . . . . . .
Najas marina                                      . . . . . . . . . . . . . 11 . . . . . .
Trifolium fragiferum                              . . . . . . . . . 13 . . . . . . . . . .
Carex hirta                                       . . . . . 2 . . . 15 . . 12 . . . . . 6 .
Azolla filiculoides                               . . . . . . . . . . . . . 11 . . . . . .
Ranunculus neapolitanus                           . . . . . . . . . . . . . . . . . 50 6 .
Trifolium repens                                  . . . . . . . . . 17 . . . . . . . . . .
Persicaria lapathifolia                           11 5 10 . 14 6 6 11 . 7 17 10 2 . . . . 50 . .
Persicaria hydropiper                             2 3 . . . 4 . . . . . 5 . . . 25 . . . .
Bidens tripartitus                                13 3 10 25 14 12 13 . . . 15 10 4 . . 13 . . . .
Symphyotrichum squamatum                          7 . . 25 . 2 . . . . 7 . . . . . . . . .
Echinochloa crus-galli                            5 5 6 . . 2 . 11 . 2 5 14 2 . . 13 . . . .
Persicaria dubia                                  . 3 . . . 4 . . . 2 2 10 . 11 . . . . . .
Rorippa sylvestris                                . . . . . . . . . . . . 10 . . 13 . . 6 .
Lotus tenuis                                      . . . . . 1 6 33 . . 12 . 2 . . . . . . .
Plantago major                                    4 . . . . 1 . 11 . 9 2 . . . . 13 . . . .
Xanthium orientale  subsp. italicum                  15 11 8 . 14 8 31 . 17 2 12 14 6 11 . . 50 100 11 .
Agrostis stolonifera                              9 8 8 75 . 8 25 11 . 37 10 10 25 . . 13 . . . .
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Table 4. Continued

order Magno-Caricetalia includes vegetation domi-
nated by tall sedges, which occur in marshes that are 
fl ooded for most of the year. 

The 43 associations recognized in central Italy are de-
scribed hereafter. Diagnostic, constant and dominant 
species are indicated; in brackets the corresponding phi 
value and percentage constancy (occurrence frequency) 
are reported. The main national references are recorded 
in the last part of each description.
1. Schoenoplectetum lacustris Chouard 1924
Syn.: Scirpo-Phragmitetum Koch 1926, Schoeno-
plectetum lacustris Eggler 1933, Scirpetum lacus-
tris Schmale 1939

Diagnostic species: Schoenoplectus lacustris (phi value 
0.47) 
Constant species: Schoenoplectus lacustris (constancy 
100%), Phragmites australis (42%), Sparganium erectum 
s.l. (31%)
Dominant species: Schoenoplectus lacustris
Monospecifi c or species-poor stands of Schoenoplectus 
lacustris occur along shores of mesotrophic to eutrophic 
lakes, ponds and within channels, usually in deeper water 
than other types of reed vegetation, in some cases form-
ing a wide zone between reeds and open water. This veg-
etation type grows on muddy or sandy bottoms, gener-
ally without much organic sediment. It is a pioneer asso-

Community number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
No. of relevés 55 38 51 4 7 185 16 9 6 46 41 21 51 9 2 8 2 2 18 3

Galium palustre  s.l.                               7 3 2 . . 16 . . 17 50 5 . 8 22 . . . . 11 .
Samolus valerandi                                 2 . . . . 4 13 . . . . . . . . 13 . . . .
Ranunculus repens                                 2 3 6 50 . 3 6 11 17 46 5 . 24 11 . . 50 . 6 .
Scutellaria galericulata                          4 . . . . 7 . . . . . . . 22 . . . . . .
Cyperus fuscus                                    7 5 2 25 . 4 . 11 . . 10 5 2 22 . 25 . . . .
Solanum dulcamara                                 . 5 10 . . 22 . . 33 7 . 5 . 11 50 . . . . .
Alopecurus geniculatus                            . . . . . . . . . . . . 10 . . . . . 6 .
Alnus glutinosa                                   . . . 25 . . . 11 . . . . . . . . . . . .
Salix alba                                        5 3 10 25 29 4 6 . . . 7 5 . . . . . . . 33
Helianthus tuberosus                              . . . . . 1 13 . . . . . . . . . . . . .
Salix triandra s.l.                                . . 6 . . 1 6 . . . . 14 . . . . . . . .
Juncus bufonius                                   . . . . . . . . . . . . . . . 13 50 50 . .
Cyperus strigosus                                 . . 4 . . 1 . . . . . . . . . 13 . . . .
Veronica anagallis-aquatica                       11 11 14 . 14 6 . . 17 15 7 . 6 . . 13 . . . .
Persicaria maculosa                               . . . . . 1 . . 17 . . . 4 . . . . . . .
Salix purpurea                                    2 . 4 . . 2 31 33 . . . 5 . . . 13 . . . .
Equisetum arvense                                 . 5 2 . . 1 6 56 . . 7 . . . . . . . . .
Althaea officinalis                               . . . . . 2 . . 17 4 . . . . . . . . . .
Urtica dioica                                     . 3 6 . . 23 . . . 7 . . . . . . . . . .
Carex flacca  s.l.                                  . 5 . . . . 6 11 . . . . . . . . . . . .
Holcus lanatus                                    . . . 25 . 6 . 11 . 2 . . . . . 13 . . . .
Equisetum palustre                                4 . 6 25 . 3 13 11 . 13 2 . 6 11 . 25 . . . .
Eupatorium cannabinum                             5 11 6 . . 23 13 56 . 7 5 . 2 . . . . . . .
Tommasinia verticillaris                          . . . . . . . 33 . . . . . . . . . . . .
Prunella vulgaris                                 . . . 25 . . 13 11 . . . . . . . . . . . .
Equisetum telmateia                               . 5 2 . . 3 . . . 4 . . . . . 13 . . . .
Poa trivialis s.l.                                 2 . . . . 7 . . . 28 2 . 2 . . . . . . .
Calystegia sepium                                 16 5 25 . 29 49 13 . 33 26 10 14 6 33 . . . . . .
Mentha pulegium                                   . . . . . . . . . . . . . . . . . 50 6 .
Carex pendula                                     . . 2 . . 1 19 . . 9 . . . . . . . . . .
Mentha aquatica 25 13 20 25 29 22 63 78 17 61 10 19 24 11 . 25 . . . 67
Lythrum salicaria                                 20 8 43 75 43 22 31 11 33 35 24 33 12 44 50 38 . . 11 .
Elytrigia repens                                  . . 4 . . 1 . . . . 10 . . . . . . . 11 .
Lycopus europaeus 18 11 22 75 43 39 13 11 17 46 12 14 6 22 . 25 . . . .
Hypericum tetrapterum                             2 3 . . . . . 11 . 4 . . . . . . . . . .
Stachys palustris                                 4 3 2 . . 4 . . . 30 . . . 11 . 13 . . 6 .
Isolepis setacea                                  . . . 25 . . 13 . . . . . . . . 13 . . . .
Pycreus flavescens                                . . 2 . . . 6 . . . . . . . . 13 . . . .
Schoenoplectus mucronatus                         . . . . . . . . . . 2 . . . . 13 . . . .
Ludwigia palustris                                . 3 4 . . . . . . 2 2 . . . 50 13 . . . .
Rorippa palustris                                 . . . . . . . . . . . . . . . 13 . . . .
Potamogeton natans                                2 5 4 . . 2 . . . . 10 10 4 33 . . . . . .
Potamogeton lucens                                2 . 2 . . 1 . . 17 . . . . . . . . . . .
Potamogeton pusillus                              . 3 . . . . . . . . . . . 11 . . . . . .
Callitriche obtusangula                           . . . . . 1 . . . 2 . . 4 . . 13 . . . .
Veronica scutellata                               . . . . . . . . . . . . 8 11 . . . . . .
Callitriche brutia                                . . . . . . . . . . . . . . . 13 . . . .
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Wetland vegetation of the class Phragmito-Magno-Caricetea in central Italy  79

Table 5. Synoptic table of the associations of the alliances Phalaridion arundinaceae,  Glycerio-Sparganion, Carici-Rumicion 
hydrolapathi,  Magno-Caricion elatae and Magno-Caricion gracil is . For details see caption of Table 4.

Community number 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
No. of relevés 11 109 15 62 62 18 86 9 3 44 41 22 48 69 13 36 26 17 26 52 35 13 8

Diagnostic species of Glycerio-Sparganietum neglecti 
Sparganium erectum s.l.                            . 100 . 13 6 17 26 . . 27 29 . 15 10 15 11 . 12 4 2 6 15 .

Diagnostic species of Glycerietum fluitantis  
Glyceria fluitans  terrestrial ecophene                  . 4 100 . . . . . . . . . . . 8 . . 6 4 . 6 . .
Eleocharis palustris                              . 9 47 18 . 6 . . . . 7 9 4 3 . 3 . 6 23 29 23 8 13
Ranunculus ophioglossifolius                      . . 40 . . . . . . . . . . . . . . . 15 . . . .
Callitriche palustris                             . . 20 . . . . . . . . . . . . . . . . . . . .

Diagnostic species of Glycerietum notatae 
Glyceria notata  terrestrial ecophene            . 17 . 100 32 39 34 . . 7 2 . . 1 . . 4 6 15 19 26 23 13

Diagnostic species of Nasturtietum officinalis
Nasturtium officinale                             18 8 . 8 100 17 17 . . 7 . . 2 . . . . . . . . . .

Diagnostic species of Beruletum erectae 
Berula erecta                                     . 11 . 15 11 100 8 . . 32 . . . . 8 . 15 6 . . . . .

Diagnostic species of Helosciadetum nodiflori 
Helosciadium nodiflorum                           9 26 . 32 39 22 100 44 . . . . 2 4 . . 4 6 . . . 8 .

Rorippa amphibia                                  18 4 . . 6 6 . 100 . . 5 5 . 3 . . 4 . . . . . .

Diagnostic species of Leersietum oryzoidis 
Leersia oryzoides                                 9 . . . . . . . 100 . . . . . . . . . 23 . . . .
Bidens frondosus                                  36 6 . . 3 6 . 11 100 18 15 . 2 . 23 3 15 18 12 . . . .

Diagnostic species of Mentho aquaticae-Caricetum pseudocyperi 
Carex pseudocyperus                               . 6 . . . 6 . . . 100 . 9 . 4 . 3 8 . . . . 8 .

Diagnostic species of Caricetum elatae 
Carex elata                                       . 3 . . . . . . 33 . 100 32 10 6 . 3 . . . 2 3 . .
Lysimachia vulgaris                               18 4 . . . . . . . 20 63 23 29 7 . 25 8 . . . 6 8 .

Diagnostic species of Cladietum marisci 
Cladium mariscus                                  . . . . . . . . . 2 . 100 . 1 8 . . . . . . . .

Diagnostic species of Caricetum acutiformis 
Carex acutiformis                                 . 2 . 2 . . 3 . . 5 15 . 100 7 . 14 . . . . . 31 .

Diagnostic species of Caricetum ripariae
Carex riparia                                     9 9 . 2 . . 5 . . 7 20 9 8 100 8 8 4 . . . 3 . .

Diagnostic species of Mentha aquatica- community
Mentha aquatica 27 31 . 29 21 56 14 . 33 89 29 32 19 16 100 11 31 6 35 17 17 15 .

Diagnostic species of Cyperetum longi
Cyperus longus                                    18 1 . 2 . . 2 . 33 . 7 . 13 6 15 100 4 . . . . 8 .

Diagnostic species of Galio palustris-Juncetum inflexi
Juncus inflexus                                   . 3 . 3 8 6 1 . . . 5 . 2 3 8 8 . 100 35 10 9 8 25

Diagnostic species of Leersio oryzoidis-Juncetum effusi 
Juncus effusus                                    . 6 20 . 3 . . . . . . . 4 6 15 . . 12 100 2 3 8 .

Diagnostic species of Caricetum gracilis 
Carex acuta                                       . 3 . 5 . . 2 . . . 10 . 2 3 . 6 8 . . 100 49 8 50

Diagnostic species of Caricetum vesicariae 
Carex vesicaria                                   . 1 . 2 . . . . . 5 . . 4 1 . . . . . 21 100 . .

Diagnostic species of Caricetum acutiformi-paniculatae
Carex paniculata                                  . 2 . . . . 1 . . . 2 . 4 . . . 4 . . . 3 100 .

Diagnostic species of Caricetum vulpinae
Carex vulpina                                     . . . . . . . . . . . . . . . . . . . 4 3 . 100

Alopecurus pratensis                              . 1 . 3 . . . . . . 2 . . . . . . . . 8 . . 38

Deschampsia cespitosa                             . . 7 2 . . . . . . 5 . . 1 . . 8 12 . 40 17 . 63

Carex leporina                                    . . . . . . . . . . . . . . 8 . . . 12 4 3 . 38
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Table 5. Continued

Community number 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
No. of relevés 11 109 15 62 62 18 86 9 3 44 41 22 48 69 13 36 26 17 26 52 35 13 8

Other diagnostic species
Phalaroides arundinacea                           100 8 . 2 2 11 3 . . . 10 . 6 6 . . 100 24 4 2 11 . .

Other species
Typha angustifolia                                . 9 . 5 5 . 8 . . 32 12 27 2 3 . . . . . 2 . 15 .
Typha latifolia                                   . 12 . . 5 . . . . 9 5 . 6 9 . 3 4 6 8 . . 15 .
Iris pseudacorus                                  9 11 . 3 3 6 3 . 33 25 37 5 25 33 31 31 42 . 23 4 17 38 .
Bolboschoenus maritimus agg.                     . 5 . . 2 . . 22 . 2 2 14 . 3 8 6 . . . . . . .
Oenanthe aquatica                                 . . 7 . . . . 22 . 9 . . . 4 . . 4 . . . . . .
Alisma plantago-aquatica                          . 21 20 18 5 17 5 . . 11 10 . 2 3 . 3 . 6 12 2 9 15 .
Persicaria amphibia terrestrial ecophene               27 8 13 5 . . 2 . 33 5 15 5 10 7 . 8 31 . 8 8 11 . .
Vicia sativa s.l.                                  . . . . . . . . . . . . . . . 11 . . . . . . .
Pulicaria dysenterica                             . . . . . . . . . . 2 . 13 10 15 11 . 24 . 2 . . .
Cruciata laevipes                                 . . . . . . . . . . . . . . . 6 . 6 . . . . 25
Cerastium holosteoides  s.l.                        . . . . . . . . . . . . 4 . . . . 12 . 2 . . 25
Valeriana officinalis                             . . . . . . . . . . 17 . 8 . . 6 . . . 4 . . .
Lathyrus pratensis                                . . . . . . . . . . 2 . 4 . . . 8 . . 12 . . 13
Epilobium hirsutum                                18 33 . 24 18 6 28 . . . 5 18 29 10 15 17 15 12 8 13 3 54 .
Ranunculus sardous                                . . 13 2 . . . . . . 2 . . 4 . 6 4 . 4 2 . . .
Galega officinalis                                . . . . 2 . . . . 2 . . 2 14 8 11 8 18 . . . . .
Cirsium arvense                                   9 . . . 2 11 . . . . . 5 8 22 15 8 15 6 . . . . .
Verbena officinalis                               9 . . . . . . . . . . . . 1 15 . . . . . . . .
Rumex crispus                                     9 . . . . . . 11 . 2 . . . 3 . 3 4 12 . . . . 13
Carex cuprina                                     . 3 7 3 . . . . . . 10 . 17 6 . 6 . . 12 12 6 . .
Dactylorhiza incarnata                            . . . . . . . . . . . . 4 . . . . . . 2 . 15 .
Potentilla reptans                                9 1 . . . . . 22 . 2 10 . 17 20 . 17 4 18 . 17 . . 13
Paspalum distichum                                18 6 . . 3 . 1 . 67 16 . . . 3 15 8 . . 4 . . . .
Ranunculus peltatus subsp. baudotii                 . . 13 . . . . . . . . . . . . . . . . . . . .
Persicaria amphibia aquatic ecophene . 1 . . . . . 11 . . . . 2 . . . . . . . . . .
Schoenoplectus lacustris                          9 6 . . . . . . . 11 10 14 . 3 . . 12 . . . 3 . .
Ranunculus trichophyllus                          . 9 20 19 8 6 16 22 . . 2 . . 1 . . . . . 2 9 . .
Schoenoplectus tabernaemontani                    . 3 . . . . 1 . 33 7 . 9 . . 8 . . 6 4 . . . .
Juncus articulatus                                18 2 27 10 3 . 2 . . 7 2 . 4 4 . 6 4 12 27 4 9 . .
Poa pratensis                                     18 . . 2 . . . . . . . . . . . . . . . 2 . . 13
Mentha longifolia                                 . 13 . 15 6 17 12 . . . . . 13 6 . 14 . . . 8 . 8 .
Schedonorus arundinaceus                          . . . . . . . . . . 2 . 8 1 . 25 . . . 2 . . 13
Carex distans                                     . . . . . . . . . . . . . 4 . 6 . 6 8 4 11 . .
Cirsium creticum s.l. . 1 . . 2 . . . . 14 . . 15 12 23 17 4 . . . 3 23 .
Ranunculus peltatus  subsp. peltatus                 . . . . . . . 22 . . . . . . . . . . 4 . . . .
Festuca rubra                                     . . . . . . . . . . . . . . . . . . . . . . 25
Rumex acetosa                                     . . . . . . . . . . . . . . . . . . . . . 8 13
Carex hirta                                       . 3 . 3 2 6 2 . . . 2 . 23 3 . 19 15 47 15 17 3 31 50
Trifolium repens                                  . 1 7 . . . . . . . . . 6 1 . 8 . 6 . 2 . . 25
Scorzoneroides autumnalis                         . . . . . . . . . . 2 . . . . . . . . 10 6 . 13
Scirpoides holoschoenus s.l.                       . 1 . . 3 . . . . . . . . 1 15 8 . 12 . . . . .
Cynosurus cristatus                               . . . . . . . . . . 2 . 2 . . . . . . 2 . . 25
Persicaria lapathifolia                           18 6 . 5 10 11 . . 67 7 . . 2 . . 3 . 6 . . . . .
Persicaria hydropiper                             9 3 . 2 3 . 5 . . 2 . . 2 . 8 . 4 . . . . . .
Bidens tripartitus                                9 4 . 3 2 . 6 . . 36 . . . 1 . 6 4 . . . . . .
Symphyotrichum squamatum                          . . . . . . . . . 11 . . . . 15 . . . . . . . .
Echinochloa crus-galli                            9 7 . 2 . . . 11 33 7 . . . . 8 . 15 . 8 . . . .
Persicaria dubia                                  9 2 . 2 2 . . 11 . . . . . . 8 . . 6 4 . . . .
Rorippa sylvestris                                18 . . 2 . . . . . . 2 . . . . . . . . . . . .
Lotus tenuis                                      . . . . . . . . . 2 . . . . . 3 . 18 . . . . .
Plantago major                                    9 1 7 2 . . . 11 . 2 . . . 1 . 3 . 12 4 . 3 . .
Xanthium orientale  subsp. italicum                  36 1 . . 3 . . . . . 5 . . 1 . 6 . . 8 . . . .
Dactylis glomerata s.l.                            . . . . . . . . . . . . 4 3 . 14 . . . . . . .
Agrostis stolonifera                              9 6 7 10 10 6 7 11 . 20 17 . 6 13 38 25 19 18 19 12 11 . 13
Symphyotrichum lanceolatum                        18 1 . . . . . . . . . . . . . 6 . . 4 . . . .
Veronica serpyllifolia                            . . . . . . . . . . . . . . . . . . . . . . 25
Galium palustre  s.l.                               . 11 7 8 2 . 2 . . 34 56 27 29 32 31 44 19 65 73 52 43 92 38
Juncus conglomeratus                              . . . . . . . . . . . . . . . . . 6 12 2 . . .
Ranunculus repens                                 27 25 20 53 27 39 22 11 . 9 29 . 29 23 46 36 19 53 27 52 20 46 38
Scutellaria galericulata                          . . . . . 6 . . . 32 29 . 2 4 8 6 12 24 12 . . 8 .
Ophioglossum vulgatum                             . . . . . . . . . . . . . . . . . . . . . . 13
Galium mollugo s.l.                                18 2 . 2 . . . . . . 5 . 13 9 . 14 19 12 . 12 . 15 .
Sambucus ebulus                                   9 . . . . . . . . . . . . 1 8 . 15 . . . . . .
Geum urbanum                                      . . . . . . . . . . . 5 . 1 . . . . . . . . 25
Ranunculus flammula                               . . . 5 . . . . . . . . . . 8 . . . 12 38 40 8 38
Epilobium parviflorum                             . 3 7 . . 11 3 . . 18 . . 4 1 8 . . 12 4 4 . 8 13
Amaranthus retroflexus                            . 4 . . . . . . . 14 . . . 1 8 . . . . . . . .
Cyperus fuscus                                    9 9 . . 2 6 . . . 34 2 . . . . . . . . . . . .
Glyceria notata  terrestrial ecophene              . . . 13 . . 1 . . . . . . . . . . . . . . . .
Euphorbia palustris                               . . . . . . . . . . 10 . . . . . . . . . . . .
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Wetland vegetation of the class Phragmito-Magno-Caricetea in central Italy  81

Table 5. Continued

ciation, which represents the fi rst stage of the natural 
terrestrialization process. When organic sediment accu-
mulates, it is substituted by Phragmitetum australis. 
It often grows in contact with aquatic vegetation of the 
classes Potametea  and Lemnetea  in deeper water and 
with other communities of the class Phragmito-
Magno-Caricetea at the shores, e.g. Phragmitetum 
australis,  Glycerio-Sparganietum neglecti ,  Ty-
phetum latifoliae or Typhetum angustifoliae. 
This type of wetland vegetation is rather frequent across 
Italy (POLDINI 1989; BRULLO et al. 1994; IBERITE et al. 
1995; VENANZONI & GIGANTE 2000; MERLONI & PICCOLI 

2001; LANDI et al. 2002; VENANZONI et al. 2003; LAST-
RUCCI et al. 2007; CESCHIN & SALERNO 2008).

 
2. Typhetum angustifoliae Pignatti 1953
Syn.: Typhetum angustifolio-latifoliae Schmale 
1939 (nomen ambiguum), Scirpo-Phragmitetum 
Koch 1926 (nomen ambiguum)
Diagnostic species: Typha angustifolia (0.53) 
Constant species: Typha angustifolia (100%), Phrag-
mites australis (39%) 
Dominant species: Typha angustifolia

Community number 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
No. of relevés 11 109 15 62 62 18 86 9 3 44 41 22 48 69 13 36 26 17 26 52 35 13 8

Thalictrum lucidum                                . 1 . . . . . . . . 5 . 4 . . 3 12 . . . . . .
Solanum dulcamara                                 9 12 . 8 13 11 3 . . 16 7 18 6 13 8 3 . . . . 3 15 .
Salix caprea                                      . . . . . . . . . 11 . . . . . . . . . . . . .
Atriplex patula                                   . . . . . . . 11 . 5 . . . 1 . 3 . . . . . . .
Alopecurus geniculatus                            . 3 . 10 . . . . . . . . . . . . . . . 4 3 . 13
Salix alba                                        27 3 . . 2 . 2 . . 9 2 . 2 3 . . . 6 19 . . . .
Veronica beccabunga                               9 4 7 24 23 22 8 . . . . . . 3 . . 15 12 12 4 . 15 13
Agrostis canina                                   . . . . . . . . . . . . . . 15 . . . 8 13 6 . 38
Rubus ulmifolius                                  . . . . . . . . . . . 9 10 9 23 3 . . 8 . . . .
Veronica chamaedrys                               . . . . . . . . . . . . . . . . . . . . . . 13
Thelypteris palustris                             . . . . . . . . . 2 . 5 . . 8 . . . . . . . .
Linum catharticum                                 . . . . . . . . . . . . . . . . . . . . . . 13
Fraxinus angustifolia subsp. oxycarpa               . . . . . . . . . . 2 5 . . . . . . 12 . . . .
Lactuca saligna                                   . . . . . . . 11 . . . . . . . . . . . . . . .
Juncus  sp.                                        . . . . . . . . . . . . . . . . . 6 . . . . 13
Salix cinerea                                     . 1 . 2 . . . . . 2 10 23 2 1 . 6 . . 4 . 3 . .
Gratiola officinalis                              . . 20 . . . . . . . . . . 1 . 3 . . 8 4 . . .
Anisantha sterilis                                18 . . . . . . . . . . . . 1 . 6 . . . . . . .
Epilobium palustre                                . 1 . . . . . . . . . . . . . . . . . 6 . 15 .
Veronica anagallis-aquatica                       27 20 . 35 61 56 40 11 . 9 . . 2 3 . . 8 . 12 10 . 15 .
Persicaria maculosa                               . 1 . . 5 6 . 11 . . . . . . . . 8 . 15 . . . .
Catabrosa aquatica                                . . . 11 8 11 1 . . . . . . . . . . . . . . . .
Myosotis laxa subsp. cespitosa                      . . 7 . . . 1 . . . . . 4 1 . . . . 8 . . 23 .
Petasites hybridus                                . 5 . 6 13 6 9 . . . . . . . . . . . . . . . .
Rumex hydrolapathum                               . 5 . 2 2 . . . . 7 29 5 6 6 . 14 . . . . . . .
Scrophularia umbrosa                              . 14 . 11 5 17 17 . . 9 . 5 2 4 . 6 . 6 . 6 . 23 .
Drepanocladus aduncus                             . . . . . . . . . . . . . . . . . . . 10 6 . 13
Myosotis scorpioides                              . 6 . 15 10 11 8 . . 2 5 . 10 . . . 4 . 12 8 3 . .
Equisetum arvense                                 9 3 . . . . . . 33 . 5 5 6 1 . 19 . . . . . . .
Galium aparine                                    18 . . . . . . 11 . . . . 6 9 . 8 . 6 . 2 . . .
Urtica dioica                                     64 11 . 3 3 6 . . . 2 7 . 10 14 31 8 19 18 4 4 . . .
Phragmites australis 18 12 . 5 6 6 6 . . 68 22 82 29 51 38 28 42 35 23 . 3 . .
Holcus lanatus                                    . 2 7 2 2 . 1 . . 2 . . 15 4 . 28 8 12 4 4 . . .
Equisetum palustre                                18 6 . 10 . 11 3 . . . 17 . 25 3 8 14 15 35 12 19 3 31 .
Eupatorium cannabinum                             18 5 . . 2 6 . . 33 32 24 14 29 17 38 25 8 12 4 6 . 31 .
Equisetum telmateia                               . 6 . . 3 . 1 . . . 5 . 17 3 8 14 . . . 2 3 . .
Poa trivialis s.l.                                 18 8 20 19 8 28 10 11 . . 7 . 23 19 8 22 8 24 19 15 3 15 13
Lysimachia nummularia                             . 1 . . . . . 11 . . . . . . . . . . . . . . .
Calystegia sepium                                 82 9 . 3 . . . 56 33 41 44 14 35 43 46 47 27 6 . 8 11 23 .
Mentha pulegium                                   . . 40 2 . . . . . . . . . 4 . . . . . . . . .
Veronica teucrium                                 . . . . . . . . . . . . . . . . . . . . . . 13
Lythrum salicaria                                 64 28 . 13 11 22 13 . 100 43 59 36 42 32 54 42 42 12 15 2 11 15 .
Galium debile                                     . . 27 11 . 17 . . . . 2 . 19 3 . 3 . . . 15 3 . 13
Rumex conglomeratus                               . 6 27 19 10 33 7 . . 2 . . 8 . 8 3 . 12 8 2 . . .
Elytrigia repens                                  . . . . . . . . . . . . . 3 . 31 12 12 . 2 3 . .
Lycopus europaeus 27 17 . 13 11 22 12 11 . 84 15 41 25 22 77 36 15 24 27 . . 15 .
Hypericum tetrapterum                             . 2 . . 2 22 1 . . 2 2 . 10 1 . 19 . 12 . 6 . 15 13
Stachys palustris                                 . 3 . 2 2 . 3 11 . 14 22 5 . 14 15 3 4 . 8 . . . .
Angelica sylvestris                               . . . . . 6 . . . 2 . . 6 1 15 3 8 . . . . 8 .
Juncus acutiflorus                                . . . . . . . . . . . . . . . . . . . 12 6 . .
Carex panicea                                     . . . . . . . . . . . . . . . . . . . 17 9 . .
Stellaria graminea s.l.                            . . . . . . . . . . . . . . . . . 6 . . . . 13
Viola palustris                                   . . . . . . . . . . . . . . . . . . . . . . 13
Cirsium eriophorum                                . . . . . . . . . . . . . . . . . . . . . . 13
Veronica scutellata                               . . . 11 . . . . . . . . . . . . . . 4 33 23 . 38
Callitriche brutia                                . . 27 . . . . . . . . . . . . . . . . . . . .
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82 F. Landucci et al.

Fig. 4. Mean indicator values for (A) nutrients, (B) soil reaction and (C) moisture. Boxes indicate lower (25%) and upper (75%) quartiles, 
black horizontal lines indicate the median, grey horizontal lines the mean, and whiskers indicate minimum and maximum. 
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Wetland vegetation of the class Phragmito-Magno-Caricetea in central Italy  83

Fig. 5. Mean indicator values for (A) light, (B) temperature and (C) continentality, and (D) altitude. Boxes and whiskers as in Fig. 4.
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This vegetation type, formed by monospecifi c or species-
poor stands of Typha angustifolia, occurs in mesotrophic 
to eutrophic water bodies such as channels, artifi cial or 
natural ponds and lakes, swamps and lentic sections 
of streams. It is more tolerant to eutrophication than 
Schoenoplectetum lacustris and it can grow on 
clayey and sandy bottoms, often with organic sediments, 
and at a water depth of less than 1 m. It usually grows in 
contact with aquatic vegetation of the classes Charetea, 
Lemnetea and Potametea, and also with other com-
munities of the class Phragmito-Magno-Caricetea. 
In some cases it forms isolated stands within the reeds. 
This association is rather frequent in Italy along streams 
and permanent water bodies (GRANETTI 1965; GERDOL & 
PICCOLI 1984; AVENA & SCOPPOLA 1987; CORBETTA & 
PIRONE 1989; PEDROTTI 1990; BIONDI & BALDONI 1994; 
BALDONI & BIONDI 1993; VENANZONI & GIGANTE 2000; 
MERLONI & PICCOLI 2001; VENANZONI et al. 2003b; LANDI 
et al. 2002; PIRONE et al 2003). 

3. Typhetum latifoliae Nowiński 1930
Syn.: Typhetum latifoliae von Soó 1927 (nomen nu-
dum), Typhetum angustifolio-latifoliae Schmale 
1939 p.p. (nomen ambiguum), Typhetum latifoliae 
Lang 1973
Diagnostic species: Typha latifolia (0.55)
Constant species: Typha latifolia (100%), Lythrum sali-
caria (43%), Alisma plantago-aquatica (35%) 
Dominant species: Typha latifolia
This association is structurally and ecologically very sim-
ilar to Typhetum angustifoliae. It often grows to-
gether with other marsh associations such as Phrag-
mitetum australis,  Glycerio-Sparganietum ne-
glecti  or Iridetum pseudacori. It usually occurs in 
eutrophic water bodies rich in organic sediments, which 
can cause anoxic conditions in the soil. It is also tolerant 
to drying out in the summer (HRIVNÁK 2004; ŠUMBEROVÁ 
et al. 2011). Habitats of this community are ponds, shores 
of lakes, banks of the lentic section of streams, deltas, 
swamps, natural and artifi cial ponds and channels. It is 
very common in Italy (CORBETTA & PIRONE 1989; BAL-
DONI & BIONDI 1993; BIONDI & BALDONI 1994; BUCH-
WALD 1994; BIONDI et al. 1997; BRACCO et al. 2000; VE-
NANZONI & GIGANTE 2000; PROSSER & SARZO 2004; CE-
SCHIN & SALERNO 2008).  

4. Typhetum laxmannii Nedelcu 1968
Diagnostic species: Typha laxmannii (0.96), Juncus sub-
nodulosus (0.47), Epipactis palustris (0.44), Typha minima 
(0.43) 
Constant species: Typha laxmannii (100%), Phragmites 
australis (75%), Lythrum salicaria (75%), Lycopus euro-
paeus (75%), Juncus articulatus (75%), Agrostis stolonifera 
(75%), Typha minima (50%), Ranunculus repens (50%), 
Juncus subnodulosus (50%), Epipactis palustris (50%)
Dominant species: Typha laxmannii

Typha laxmannii has a Euro-Asiatic distribution and is 
rather rare in Italy. This association is described in the 
literature as typical of eutrophic habitats with sandy, 
muddy or marly soils and a low content of organic matter 
(NOBIS et al. 2006). It grows on periodically fl ooded riv-
erbanks. At a national scale it is recorded only from cen-
tral Italy on the sites where Phragmito-Typhetum 
minimae  is also found, but Typhetum laxmannii  oc-
curs in drier conditions, usually in contact with riparian 
shrubs and trees (BIONDI & BALDONI 1994; BIONDI et al. 
1997; PIRONE et al. 2003).
 
5. Typhetum domingensis Brullo et al. 1994
Syn.: Typho angustifoliae-Schoenoplectetum 
tabernaemontani Braun-Blanquet et Bolòs 1957 var. 
Typha domingensis Biondi et al. 1997
Diagnostic species: Typha domingensis (0.82), Schoeno-
plectus tabernaemontani (0.49) 
Constant species: Typha domingensis (100%), Schoe-
noplectus tabernaemontani (86%), Phragmites australis 
(43%), Lythrum salicaria (43%), Lycopus europaeus 
(43%)
Dominant species: Typha domingensis 
This association is dominated by Typha domingensis, a 
species with a Pantropical distribution, which is also pre-
sent in the Mediterranean Basin. It occurs on muddy, of-
ten slightly saline soils that are subjected to frequent dry-
ing out. It is considered as a thermophilous vicariant of 
Typhetum angustifoliae. Stands dominated by Typha 
domingensis are reported from a few Italian localities, 
mainly from southern and central Italy (BRULLO et al. 
1994, 2002; BIONDI et al. 1997, 2004). In the past this as-
sociation was probably often overlooked due to the simi-
larity between Typha domingensis and T. angustifolia.  

6. Phragmitetum australis Savič 1926 
Syn.: Scirpo-Phragmitetum Koch 1926 p. p., Phrag-
mitetum vulgaris von Soó 1927, Phragmitetum 
communis (Gams 1927) Schmale 1939, Riccietum 
fluitantis Slavnić  1956, Calystegio-Phragmitetum 
Golub et Mirkin 1986
Diagnostic species: none
Constant species: Phragmites australis (100%), Calyste-
gia sepium (49%), Lycopus europaeus (39%) 
Dominant species: Phragmites australis
This monospecifi c or species-poor association is domi-
nated by the emergent plant Phragmites australis, an emer-
gent species frequently colonizing both submerged and 
emergent shores of lakes, swamps, pools, ponds, river-
banks and channels. This community grows in different 
ecological conditions, in mesotrophic and eutrophic, fresh 
and brackish water, and on clayey, sandy and stony bot-
toms, which may be covered with organic sediment. It is 
tolerant to biological and chemical pollution, performing 
an important fi ltering function in polluted habitats. It usu-
ally grows in contact with other vegetation types of 
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Phragmito-Magno-Caricetea, but also with aquatic 
and wetland communities of the classes Isoëto-Nano-
Juncetea, Bidentetea tripartitae and Galio-Urti-
cetea. This vegetation type is very common in all the 
countries of the temperate zone including Italy (e.g. GRAN-
ETTI 1965; CORBETTA & PIRONE 1989; BALDONI & BIONDI 
1993; BUCHWALD 1994; IBERITE et al. 1995; PIRONE et al. 
1997; VENANZONI & GIGANTE 2000; ARRIGONI & PAPINI 
2002; CESCHIN & SALERNO 2008; LASTRUCCI et al. 2010b). 
 
7. Phragmito-Typhetum minimae Trinajstić 1964 
Diagnostic species: Typha minima (0.80), Equisetum ra-
mosissimum (0.30) 
Constant species: Typha minima (100%), Mentha 
aquatica (62%), Equisetum ramosissimum (56%), Xan-
thium orientale subsp. italicum (31%), Salix purpurea 
(31%), Lythrum salicaria (31%) 
Dominant species: Typha minima
This marsh vegetation occurs in areas periodically fl ooded 
by running water, such as at river bends and on islets where 
the muddy or clayey soil remains wet for most of the year. 
It is a species-poor association dominated by Typha min-
ima with a few other emergent species such as Mentha 
aquatica, Juncus effusus and Phragmites australis. This as-
sociation is not frequent in Italy, because Typha minima is 
a rare species at the national scale. Most of the records 
come from central Italy (PIRONE 1991; BIONDI et al. 1997; 
SCOPPOLA 1998; BIONDI et al. 1999).

8. Mentho aquaticae-Typhetum minimae Ve-
nanzoni et Gigante 2000
Diagnostic species: Tetragonolobus maritimus (0.86), 
Typha minima (0.77), Epipactis palustris (0.65), Lotus 
herbaceus (0.36), Juncus articulatus (0.35), Scirpoides 
holoschoenus s.l. (0.35), Phleum nodosum (0.34), Genista 
tinctoria (0.34)
Constant species: Typha minima (100%), Juncus articu-
latus (100%), Tetragonolobus maritimus (89%), Mentha 
aquatica (78%), Epipactis palustris (78%), Scirpoides ho-
loschoenus s.l. (67%), Phleum nodosum (67%), Leucan-
themum vulgare (56%), Genista tinctoria (56%), Eupato-
rium cannabinum (56%), Equisetum arvense (56%), Pu-
licaria dysenterica (44%), Lotus herbaceus (56%), 
Equisetum ramosissimum (44%), Tussilago farfara (33%), 
Tommasinia verticillaris (33%), Schoenoplectus lacustris 
(33%), Potentilla reptans (33%), Molinia caerulea (33%), 
Lotus tenuis (33%)
Dominant species: Typha minima
This vegetation type is known only from a few sites in 
central Italy, where it was originally described (Fiumi-
cello stream; VENANZONI & GIGANTE 2000). However, it 
is clearly distinct from Phragmito-Typhetum mini-
mae because of its high number of species, which include 
not only typical species of the class Phragmito-
Magno-Caricetea, but also those of Scheuchzerio 
palustris-Caricetea nigrae (such as Tetragonolobus 

maritimus and Epipactis palustris) and Molinio-Ar-
rhenatheretea (such as Scirpoides holoschoenus s.l., 
Molinia caerulea and Leucanthemum vulgare). The defi -
nition of this association also perfectly matches the relevé 
reported by PIRONE et al. (2003) from Lake Serranella, 
which is therefore here assigned to Mentho aquaticae-
Typhetum minimae instead of Phramito-Typhe-
tum minimae. The occurrence of species from other 
classes is due to the specifi c water regime. This commu-
nity grows along stream bends on a thick layer of organic, 
muddy and sandy sediments fl ooded only in winter.

9. Glycerietum maximae Nowinski 1930 corr. 
Šumberová et al. in Chytrý 2011
Syn.: Glycerietum aquaticae von Soó 1927 (no-
men nudum), Glycerietum aquaticae-fluitantis 
Nowiń ski 1927 (nomen ambiguum), Glycerietum 
aquaticae Hueck 1931
Diagnostic species: Glyceria maxima (0.83), Rorippa 
amphibia (0.38)
Constant species: Glyceria maxima (100%), Rorippa 
amphibia (50%), Persicaria amphibia terrestrial ecophene 
(50%), Sparganium erectum s.l. (33%), Solanum dulca-
mara (33%), Schoenoplectus lacustris (33%), Potentilla 
reptans (33%), Phalaroides arundinacea (33%), Lythrum 
salicaria (33%), Iris pseudacorus (33%), Calystegia 
sepium (33%)
Dominant species: Glyceria maxima, Iris pseudacorus
This vegetation type includes monospecifi c or species-
poor stands dominated by Glyceria maxima. It is typical 
of mesotrophic to eutrophic water bodies in advanced 
stages of succession, such as swamps, shallow lakes and 
pools. It often forms a zone between Phragmitetum 
australis  and the surrounding land, in periodically 
fl ooded habitats with a muddy and organic soil. In Italy 
this vegetation type is reported from lowland to submon-
tane areas (PEDROTTI 1965; PICCOLI & GERDOL 1982; 
MARCHIORI & SBURLINO 1986; SARTORI & BRACCO 1997; 
LASTRUCCI et al. 2010a). 

10. Iridetum pseudacori Eggler ex Brzeg et Wojter-
ska 2001
Diagnostic species: Iris pseudacorus (0.38)
Constant species: Iris pseudacorus (100%), Mentha 
aquatica (61%), Galium palustre s.l. (50%), Ranunculus 
repens (46%), Lycopus europaeus (46%), Persicaria am-
phibia terrestrial ecophene (39%), Agrostis stolonifera 
(37%), Lythrum salicaria (35%), Glyceria notata (33%) 
Dominant species: Iris pseudacorus 
This species-poor community is dominated by the hy-
grophilous geophyte Iris pseudacorus. It usually occurs 
on muddy soil fl ooded in the winter, but subjected to 
drying out during the summer. Habitats of this associa-
tion are riverbanks, shores of lakes and swamps, karst 
plains, artifi cial and natural ponds. The dominant species 
is often accompanied by other species of the class Phrag-
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mito-Magno-Caricetea, such as Mentha aquatica, 
Galium palustre s.l., Lycopus europaeus, and also in some 
cases by Stachys palustris and Lysimachia vulgaris. This 
community is rather frequent in Italy. It can occur in 
contact with other associations such as Phragmitetum 
australis,  Caricetum ripariae,  Glycerio-Spar-
ganietum neglecti  and Glycerietum maximae 
(BRULLO et al. 1994; ARRIGONI & PAPINI 2003; PRESTI et al. 
2005; CESCHIN & SALERNO 2008; LASTRUCCI et al. 2010b).

11. Bolboschoenus maritimus agg.-community
Diagnostic species: Bolboschoenus maritimus agg. (0.52) 
Constant species: Bolboschoenus maritimus agg. (100%) 
Dominant species: Bolboschoenus maritimus agg.
For many years Bolboschoenus-dominated vegetation in 
southern Europe has been assigned to various Bolbo-
schoenus maritimus-dominated associations such as 
Scirpetum maritimi Braun-Blanquet ex Tüxen 1937 
or Bolboschoenetum maritimi Eggler 1933, Scirpe-
tum compacto-littoralis  Braun-Blanquet (1931) 
1952 and Astero tripolii-Bolboschoenetum mar-
itimi Filigheddu et al. 2000. After a taxonomic revision 
at a European scale (HROUDOVÁ et al. 1999, 2007), fi ve 
different species previously all identifi ed as B. maritimus 
have been distinguished, and a new syntaxonomic classi-
fi cation of Bolbochoenus-dominated associations has 
been proposed for central Europe (HROUDOVÁ et al. 
2009). In Italy the distribution and ecology of Bolbo-
schoenus species are not as yet well known. For this rea-
son and considering the impossibility of checking species 
identifi cation in all relevés recorded in the literature and 
in the database, we decided that all relevés dominated by 
Bolboschoenus spp. (reported as B. maritimus) should be 
preliminarily assigned in a generic Bolboschoenus mariti-
mus agg.-community. Nevertheless, we observed that in 
central Italy B. maritimus s. str. occurs both in fresh and 
brackish water along the coast, so we may suggest that 
more than one association dominated by this species 
might be distinguished in future

12. Schoenoplectetum tabernaemontani Soó 
1947 
Syn.: Schoenoplectetum tabernaemontani Rapaics 
1927 (nomen nudum), Schoenoplectetum tabernae-
montani von Soó 1927 (nomen nudum), Typho angus-
tifoliae-Schoenoplectetum tabernaemontani 
Braun-Blanquet et Bolós 1957; Phragmito-Schoeno-
plectetum tabernaemontani Passarge 1964, 
Schoenoplectetum tabernaemontani-litoralis 
Borhidi (1969) 1996, Agrostio maritimae-Schoeno-
plectetum tabernaemontani (Müller-Stoll et Götz 
1987) Passarge 1999, Bolboschoenetum maritimi 
scirpetosum tabernaemontani Biondi 1986
Diagnostic species: Schoenoplectus tabernaemontani 
(0.60)

Constant species: Schoenoplectus tabernaemontani 
(100%), Lythrum salicaria (33%)
Dominant species: Schoenoplectus tabernaemontani
This vegetation type, dominated by Schoenoplectus ta-
bernaemontani, occurs both in brackish and fresh water 
bodies rich in calcium and nutrients (MIERWALD 1988). 
This association is rarer at the national scale than 
Schoenoplectetum lacustris. Stands dominated by 
S. tabernaemontani are recorded by several authors 
across Italy under different names (BIONDI 1986; PE-
DROTTI 1991; BALDONI & BIONDI 1993; BUCHWALD 1994; 
BIONDI et al. 1997; BIONDI et al. 1999; BRULLO & SIRACUSA 
2000; LASTRUCCI et al. 2005, 2010a).

13. Eleocharitetum palustris Savič  1926
Syn.: Eleocharitetum palustris Šennikov 1919 (no-
men nudum), Eleocharitetum palustris Ubrizsy
1948
Diagnostic species: Eleocharis palustris (0.39)
Constant species: Eleocharis palustris (100%), Alisma 
plantago-aquatica (33%) 
Dominant species: Eleocharis palustris 
This pioneer association is typical of carbonate-rich, in 
places slightly brackish, muddy soils. Monospecifi c or 
species-poor stands of Eleocharis palustris usually occur 
in pools, ponds and on the shores of shallow lakes and 
swamps that dry out during the summer, but also in karst 
and alluvial plains fl ooded during the winter and spring. 
This vegetation type has a wide distribution in Italy, 
ranging from sea level to altitudes of more than 2000 m 
(PEDROTTI et al. 1992; BUCHWALD 1994; BIONDI et al. 1997; 
VENANZONI & GIGANTE 2000; BIONDI et al. 2002; LA-
STRUCCI et al. 2007, 2010b).

14. Butometum umbellati  Philippi 1973
Diagnostic species: Butomus umbellatus (0.80)
Constant species: Butomus umbellatus (100%), Lythrum 
salicaria (44%), Potamogeton natans (33%), Phragmites 
australis (33%), Eleocharis palustris (33%), Calystegia 
sepium (33%), Bolboschoenus maritimus agg. (33%)
Dominant species: Butomus umbellatus, Potamogeton 
natans 
This thermophilous community dominated by Butomus 
umbellatus occurs in channels, ponds, on muddy shores 
of lakes and in swamps characterized by carbonate-rich 
water. It is tolerant of signifi cant fl uctuation in the water 
table. It often grows in contact with other associations of 
the Phragmito-Magno-Caricetea such as Phrag-
mitetum australis or Eleocharitetum palustris or 
with some aquatic vegetation types capable of surviving 
short periods of drawdown (e.g. Potametum natan-
tis). This vegetation type is rather rare across Italy (MAR-
CHIORI et al. 1993; BUCHWALD 1994; VENANZONI & GI-
GANTE 2000; PROSSER & SARZO 2003; LASTRUCCI et al. 
2010a).
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15. Oenanthetum aquaticae Soó ex Nedelcu 1973
Syn.: Oenanthetum aquaticae von Soó 1927 (nomen 
nudum), Oenanthetum aquaticae Eggler 1933 (no-
men nudum), Glycerio fluitantis-Oenanthetum 
aquaticae Hejný 1948 (nomen ineditum)
Diagnostic species: Oenanthe aquatica (0.71)
Constant species: Oenanthe aquatica (100%), Sparga-
nium erectum s.l. (50%), Solanum dulcamara (50%), 
Schoenoplectus lacustris (50%), Rorippa amphibia (50%), 
Persicaria amphibia terrestrial ecophene (50%), Lythrum 
salicaria (50%), Ludwigia palustris (50%), Glyceria fl ui-
tans (50%), Carex vesicaria (50%), Alisma plantago-
aquatica (50%)
Dominant species: Oenanthe aquatica 
This vegetation type, dominated by Oenanthe aquatica, 
grows on muddy and nutrient-rich soil on sites fl ooded 
during winter and spring but which dry out in the sum-
mer. This association is not frequent at the national scale 
and occurs only in the lowlands. Although the dominant 
species occurs across Italy, it rarely forms dense stands 
(LASTRUCCI et al. 2007, 2008). 

16. Alopecuro-Alismatetum plantaginis-aqua-
ticae Bolbrinker 1984
Diagnostic species: Alisma plantago-aquatica (0.36)
Constant species: Alisma plantago-aquatica (100%), Jun-
cus articulatus (62%), Eleocharis palustris (50%), Schoeno-
plectus lacustris (38%), Phragmites australis (38%), Lyth-
rum salicaria (38%), Bolboschoenus maritimus agg. (38%) 
Dominant species: Alisma plantago-aquatica, Equise-
tum palustre
This association is typical of shallow wetlands that are 
subject to signifi cant fl uctuations in the water level and to 
drying out in the summer. Several authors report stands 
dominated by Alisma plantago-aquatica from Italy, 
mostly assigning them to other vegetation units (BIONDI 
& BALDONI 1994; BUCHWALD 1994; VENANZONI & GI-
GANTE 2000; LASTRUCCI et al. 2008, 2010b).

17. Eleocharito-Alismatetum lanceolati  Minis-
sale et Spampinato 1985
Syn.: Butomo-Alismatetum lanceolati  Segal et 
Westhoff in Westhoff et den Held 1969 (nomen nudum), 
Alismatetum lanceolati  Zahlheimer 1979 (nomen in-
validum), Alismatetum lanceolati  Zahlheimer ex 
Šumberová in Chytrý 2011
Diagnostic species: Bolboschoenus glaucus (0.92), Lyth-
rum hyssopifolia (0.89), Alisma lanceolatum (0.67), Ra-
nunculus trichophyllus (0.45) 
Constant species: Ranunculus trichophyllus (100%), Ly-
thrum hyssopifolia (100%), Bolboschoenus glaucus 
(100%), Alisma lanceolatum (100%), Xanthium orien-
tale subsp. italicum (50%), Ranunculus sardous (50%), 
Ranunculus repens (50%), Persicaria amphibia terrestrial 
ecophene (50%), Juncus bufonius (50%),
Dominant species: Alisma lanceolatum 

This pioneer vegetation type occurs in ponds, channels 
and depressions on wet arable land, where water remains 
for most of the year, but is subject to drying out during 
the summer. This association was described by MINISSALE 
& SPAMPINATO (1985) from Lake Gurrida (Sicily) as a 
community dominated by Alisma lanceolatum and char-
acterized by the occurrence of Bolboschoenus maritimus 
and Eleocharis palustris. Relevés used in the present work 
are from a depression in a karst plain (Grutti-Perugia, 
490 m a.s.l.) in central Italy (LANDUCCI, unpublished). In 
such ecological conditions Bolboschoenus maritimus is 
absent, being substituted by B. glaucus, a species often 
confused with the former.

18. Bolboschoenus glaucus-community
Diagnostic species: Bolboschoenus glaucus (0.92), Alisma 
lanceolatum (0.67)
Constant species: Xanthium orientale subsp. italicum 
(100%), Bolboschoenus glaucus (100%), Alisma lanceo-
latum (100%), Ranunculus trichophyllus (50%), Ranun-
culus sardous (50%), Ranunculus neapolitanus (50%), 
Potentilla reptans (50%), Persicaria lapathifolia (50%), 
Persicaria amphibia terrestrial ecophene (50%), Mentha 
pulegium (50%), Lythrum hyssopifolia (50%), Juncus bu-
fonius (50%), Eleocharis palustris (50%)
Dominant species: Bolboschoenus glaucus
Bolboschoenus glaucus is a species recently rediscovered 
in Italy. It was reported for the Italian fl ora by Fiori 
(1923–1929), but had since been completely neglected 
and only in the recent European revision of the genus 
(HROUDOVÁ et al. 1999) has it been distinguished from 
the similar B. maritimus. This species is described in the 
literature as being more frequent in southern Europe. It 
occurs in river fl oodplains, but also in man-made habitats 
such as rice fi elds and other types of arable land. It is 
well-adapted to terrestrial summer-dry habitats and can 
form dense stands when a suffi cient amount of water is 
available (HROUDOVÁ et al. 1999). B. glaucus-dominated 
communities have not yet been described in Europe 
(HROUDOVÁ et al. 2009) and the data recorded to date are 
still too scarce for description of a new association. More 
studies are necessary on the taxonomy, ecology and dis-
tribution of Bolboschoenus species in Italy. However the 
ecology of B. glaucus in Italy seems to be similar to the 
ecology of B. planiculmis and B. laticarpus in central Eu-
rope, which grow in similar habitats and form stands 
with similar species composition. 

19. Persicaria amphibia-community
Diagnostic species: Persicaria amphibia terrestrial 
ecophene (0.40)
Constant species: Persicaria amphibia terrestrial 
ecophene (100%), Eleocharis palustris (39%), Ranuncu-
lus trichophyllus (33%) 
Dominant species: Persicaria amphibia terrestrial 
ecophene
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Species-poor stands dominated by the terrestrial form of 
Persicaria amphibia are sometimes reported in the na-
tional literature (BUCHWALD 1994; LASTRUCCI et al. 2007, 
2010b) and have been assigned by the authors to different 
communities without recognizing them as an independ-
ent syntaxon. However, these stands occur in well-de-
fi ned ecological conditions, forming pioneer vegetation 
on muddy and clayey soils that are submerged for most 
of the year and subjected to drying out during the sum-
mer. This community was observed in central Italy in 
karst and alluvial plains, ponds and swamps, in contact 
with other associations of the alliance Eleocharito 
palustris-Sagittarion sagittifoliae such as Eleo-
charitetum palustris.

20. Schoenoplectus pungens-community
Diagnostic species: Schoenoplectus pungens (0.95), Pota-
mogeton schweinfurthii (0.70), Juncus articulatus (0.35) 
Constant species: Schoenoplectus pungens (100%), Jun-
cus articulatus (100%), Potamogeton schweinfurthii 
(67%), Mentha aquatica (67%), Salix alba (33%) 
Dominant species: Schoenoplectus pungens, Juncus ar-
ticulatus
Schoenoplectus pungens is an amphi-Atlantic species with 
a broad ecological range, but it is rather rare in Italy, 
mainly occurring in coastal salt marshes (VANDEN 
BERGHEN 1967; PIGNOTTI 2003). Rarely this species forms 
extensive and dense stands. It also grows in mesotrophic 
fresh still-water bodies characterized by a silty-clayey 
bottom and a high evaporation rate, such as swamps, 
shallow lakes or ponds. S. pungens can grow both as a 
submerged and emergent plant. For this reason its 
communities often contain both aquatic and emergent 
wetland species. In Spain, the association Scirpetum 
pungentis  (Corillion 1950) Vanden Berghen 1967 was 
recorded for saline habitats and thus is included in the 
order Scirpetalia compacti  (MOLINA 1996; LOIDI et al. 
1997; MOLINA & MORENO 2003), but in Italy stands dom-
inated by S. pungens but not assignable to the association 
Scirpetum pungentis  were recorded only by LAST-
RUCCI et al. (unpublished) from some fresh water bodies 
between the Tuscany and Umbria regions.

21. Rorippo-Phalaridetum arundinaceae Ko-
pecký 1961
Diagnostic species: Phalaroides arundinacea (0.48)
Constant species: Phalaroides arundinacea (100%), Ca-
lystegia sepium (82%), Urtica dioica (64%), Lythrum 
salicaria (64%), Xanthium orientale subsp. italicum 
(36%), Bidens frondosus (36%) 
Dominant species: Phalaroides arundinacea
This association, dominated by Phalaroides arundinacea, 
differs ecologically and in species composition from the 
association Phalaridetum arundinaceae. The associ-
ation Rorippo-Phalaridetum arundinaceae, as re-
ported in the literature, is characterized by an occurrence 

of nitrophilous species of the classes Galio-Urticetea 
and Bidentetea tripartitae. It usually occurs on oc-
casionally fl ooded riverbanks, islets and terraces (KO-
PECKÝ 1966, 1967; HRIVNÁK & UJHÁZY 2003; ŠUMBEROVÁ 
et al. 2011). This association was recorded for the fi rst 
time from Italy by LASTRUCCI et al. (2010b) from the 
River Arno. It is probably frequent across Italy, and 
many past records of Phalaridetum arundinaceae 
should be included in the present community (e.g. some 
relevés reported as Phalaridetum arundinaceae by 
VENANZONI & GIGANTE 2000, ARRIGONI & PAPINI 2003 
and CESCHIN & SALERNO 2008 were assigned to Ro-
rippo-Phalaridetum arundinaceae  by our Cocktail 
defi nition).

22. Glycerio-Sparganietum neglecti  Koch 1926
Syn.: Sparganietum ramosi Roll 1938, Sparganie-
tum erecti  Zutshi 1975
Diagnostic species: Sparganium erectum s.l. (0.41)
Constant species: Sparganium erectum s.l. (100%), Epi-
lobium hirsutum (33%), Mentha aquatica (31%) 
Dominant species: Sparganium erectum s.l.
Stands dominated by Sparganium erectum s.l. grow in 
water bodies in an advanced stage of terrestrialization 
such as swamps, natural and artifi cial ponds, still-water 
channels and shallow lakes. This association occurs in 
mesotrophic to eutrophic water, also with organic sedi-
ments on the bottom, often in contact with other associa-
tions of Phragmito-Magno-Caricetea such as Iri-
detum pseudacori,  Glycerietum maximae or Ty-
phetum angustifoliae. In the literature, two 
associations dominated by the two subspecies Sparga-
nium erectum subsp. erectum and S. erectum subsp. ne-
glectum are distinguished by some authors (BUCHWALD 
1994). However, we decided to merge these associations 
following ŠUMBEROVÁ et al. (2011). In fact in many relevés 
subspecies were not identifi ed in many relevés, and often 
both subspecies occur in the same stands or in very simi-
lar habitats. This association is frequent across the coun-
try and has been recorded by many authors (e.g. CA-
NULLO et al. 1988; CORBETTA & PIRONE 1989; BUCHWALD 
1994; VENANZONI & GIGANTE 2000; VENANZONI et al. 
2003a; LASTRUCCI et al. 2004, 2007; CESCHIN & SALERNO 
2008; PEDROTTI 2008).

23. Glycerietum fluitantis Nowinski 1930
Syn.: Glycerietum aquaticae-fluitantis Nowiń ski 
1927 (nomen ambiguum), Glycerietum fluitantis 
Eggler 1933, Glycerietum fluitantis Wilczek 1935
Diagnostic species: Glyceria fl uitans (0.73), Ranunculus 
ophioglossifolius (0.35), Callitriche palustris (0.30)
Constant species: Glyceria fl uitans (100%), Eleocharis 
palustris (47%), Ranunculus ophioglossifolius (40%), 
Mentha pulegium (40%) 
Dominant species: Glyceria fl uitans, Callitriche brutia 
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The species Glyceria fl uitans can grow in oligotrophic to 
eutrophic water, but it is less tolerant than Glyceria no-
tata to human disturbance and strong eutrophication. 
This association occurs in habitats that are in an advanced 
stage of terrestrialization or periodically fl ooded, for ex-
ample in ponds, banks of channels and streams or inun-
dated depressions in karst plains. In Italy this association 
is less frequent than Glycerietum notatae and its oc-
currence is documented from only a few sites across the 
country (POLDINI 1989; MARIOTTI 1995; PROSSER & SARZO 
2003; LASTRUCCI et al. 2007). 

24. Glycerietum notatae Kulczyński 1928 
Syn.: Catabroso-Glycerietum plicatae Braun-
Blanquet 1949, Glycerietum plicatae Oberdorfer 
1957
Diagnostic species: Glyceria notata (0.43) 
Constant species: Glyceria notata (100%), Ranunculus 
repens (53%), Veronica anagallis-aquatica (35%), Helo-
sciadium nodifl orum (32%) 
Dominant species: Glyceria notata 
This vegetation type is structurally and ecologically very 
similar to Glycerietum fl uitantis, but it is dominated by 
Glyceria notata, a species more tolerant to eutrophic con-
ditions and disturbances. This association occurs on 
sandy and muddy soils along riverbanks, canals in arable 
land, natural and artifi cial ponds and depressions in wet 
meadows. It is often found in contact with other associa-
tions of the alliance Glycerio-Sparganion such as 
Helosciadietum nodiflori  and Nasturtietum of-
ficinalis. In Italy this vegetation type is frequent, being 
recorded by many authors from sea level to the moun-
tains (e.g. CORTINI PEDROTTI et al. 1973; CANULLO et al. 
1988; CORBETTA & PIRONE 1989; PEDROTTI et al. 1992; 
BALDONI & BIONDI 1993; BUCHWALD 1994; SCOPPOLA 
1998; BIONDI et al. 1999, LASTRUCCI et al. 2004; PEDROTTI 
2008).

25. Nasturtietum officinalis Gilli 1971
Syn.: Nasturtietum officinalis Seibert 1962 (phan-
tom name), Nasturtietum officinalis Philippi 1973
Diagnostic species: Nasturtium offi cinale (0.52) 
Constant species: Nasturtium offi cinale (100%), Vero-
nica anagallis-aquatica (61%), Helosciadium nodifl orum 
(39%), Glyceria notata (32%) 
Dominant species: Nasturtium offi cinale 
This partially submerged vegetation, dominated by Na-
sturtium offi cinale, occurs in mesotrophic to eutrophic, 
still or running water. It forms monospecifi c or species-
poor stands along small rivers, channels and also in shal-
low pools and ponds. In Italy this association often grows 
in contact with other associations of the alliance Glyce-
rio-Sparganion, such as Helosciadietum nodi-
flori ,  Beruletum erectae and Glycerietum (e.g. 
CANULLO et al. 1988; CORBETTA & PIRONE 1989; BALDONI 
& BIONDI 1993; BIONDI et al. 1997; PIRONE et al. 1997; 

SCOPPOLA 1998; BRULLO et al. 2002; TOMASI & CANIGLIA 
2004; CESCHIN & SALERNO 2008; PEDROTTI 2008; LAS-
TRUCCI et al. 2010b).

26. Beruletum erectae Roll 1938 
Syn.: Ranunculo trichophylli-Sietum erecti  sub-
mersi Müller 1962, Apio-Beruletum erecti  Philippi 
1973, Veronico-Sietum erecti  Passarge 1982, Carda-
mino-Beruletum erectae Turoňová 1985, Veronico 
beccabungae-Beruletum erectae Passarge 1999, 
Mentho aquaticae-Beruletum erectae (Nedelcu 
1971) Sanda et Popescu 2001
Diagnostic species: Berula erecta (0.58)
Constant species: Berula erecta (100%), Veronica ana-
gallis-aquatica (56%), Mentha aquatica (56%), Ranuncu-
lus repens (39%), Glyceria notata (39%), Rumex conglo-
meratus (33%) 
Dominant species: Berula erecta 
This association dominated by Berula erecta grows along 
streams and channels characterized by low to high cur-
rent speeds, and by mesotrophic, well-oxygenated fresh 
water rich in calcium. It can occur as submerged, partially 
submerged or emergent stands. Emergent stands on riv-
erbanks are usually rich in terrestrial species from other 
classes and alliances. This community is probably rather 
common in Italy but it has often been overlooked be-
cause of its frequent occurrence in mosaic-like stands 
with Helosciadietum nodiflori  (PIRONE et al. 1997; 
LASTRUCCI et al. 2004; CESCHIN & SALERNO 2008; PE-
DROTTI 2008). 

27. Helosciadietum nodiflori Maire 1924
Syn.: Apietum nodiflori  Braun-Blanquet 1931, 
Helosciadietum nodiflori  Braun-Blanquet et al. 
1952, Veronico-Apietum submersi Buchwald 1992
Diagnostic species: Helosciadium nodifl orum (0.36)
Constant species: Helosciadium nodifl orum (100%), Ve-
ronica anagallis-aquatica (40%), Glyceria notata (34%) 
Dominant species: Helosciadium nodifl orum
Helosciadium nodifl orum is a Mediterranean species that 
occurs along oligotrophic to mesotrophic streams char-
acterized by cold water (maximum summer temperature 
lower than 20°) and a high concentration of carbonates 
and dissolved oxygen (BUCHWALD 1994). This species oc-
curs in both submerged and emergent form and it can 
form stands that are completely or partially submerged, 
or stands on exposed riverbanks. In both types of stands, 
submerged and emergent, the dominant species H. nodi-
fl orum is accompanied by other species which can also 
grow as both submerged and emergent, e.g. Veronica ana-
gallis-aquatica, Nasturtium offi cinale, Glyceria notata, 
Sparganium erectum s.l. and Berula erecta. Aquatic 
stands can be enriched by species of the class Potametea 
such as Potamogeton natans, Ranunculus trichophyllus or 
Callitriche obtusangula. In contrast, stands in drained 
habitats can be enriched by species of the class Molinio-
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Arrhenatheretea such as Ranunculus repens, Agrostis 
stolonifera or Mentha longifolia. These differences in 
ecology and species composition have led some authors 
to distinguish two associations: Helosciadietum nodi-
flori  Braun-Blanquet et al. 1952, included in the alliance 
Glycerio-Sparganion, for emergent stands, and Ve-
ronico-Apietum nodiflori  Buchwald 1992, included 
in the alliance Ranunculion fluitantis, for totally 
submerged or partially submerged stands (BUCHWALD 
1992, 1994; PIRONE et al. 1997; SBURLINO et al. 2008; PE-
DROTTI 2008). In the present work, it was not possible to 
separate these two communities due to the low number 
of species in the sampled stands and a frequent absence of 
data on environmental conditions or growth form. More-
over, in most cases these two associations were recorded 
as occurring in contact. For these reasons, we decided to 
assign both terrestrial and aquatic stands dominated by 
H. nodifl orum to a single association Helosciadietum 
nodiflori , considering this association as being charac-
terized by the dominant species with a broad ecology. 
This association is rather frequent in Italy (e.g. CANULLO 
et al. 1988; PIRONE et al. 1997; BALDONI & BIONDI 1993; 
PROSSER & SARZO 2003; PEDROTTI 2008; SBURLINO et al. 
2008).

28. Oenantho aquaticae-Rorippetum amphi-
biae Lohmeyer 1950
Diagnostic species: Rorippa amphibia (0.69), Ranuncu-
lus peltatus subsp. peltatus (0.37) 
Constant species: Rorippa amphibia (100%), Calystegia 
sepium (56%), Helosciadium nodifl orum (44%) 
Dominant species: Rorippa amphibia, Ranunculus tri-
chophyllus, Potentilla reptans
Rorippa amphibia usually forms species-poor stands in 
shallow mesotrophic to eutrophic water bodies, in ad-
vanced stage of terrestrialization or subject to drying out 
in summer, such as natural and artifi cial ponds, swamps, 
lakes and oxbows. This vegetation type is rather rare in 
Italy probably due to the restricted distribution of the 
dominant and characteristic species across the Italian 
Peninsula (BALDONI & BIONDI 1993; BIONDI & BALDONI 
1994; LASTRUCCI et al. 2007). 

29. Leersietum oryzoidis Eggler 1933
Diagnostic species: Leersia oryzoides (0.80), Erigeron sp. 
(0.55), Bidens frondosus (0.40) 
Constant species: Lythrum salicaria (100%), Leersia 
oryzoides (100%), Bidens frondosus (100%), Persicaria 
lapathifolia (67%), Paspalum distichum (67%), Schoeno-
plectus tabernaemontani (33%), Persicaria amphibia ter-
restrial ecophene (33%), Mentha aquatica (33%), Iris 
pseudacorus (33%), Eupatorium cannabinum (33%), Eri-
geron sp. (33%), Equisetum arvense (33%), Echinochloa 
crus-galli (33%), Cyperus longus (33%), Carex elata 
(33%), Calystegia sepium (33%) 

Dominant species: Leersia oryzoides, Paspalum disti-
chum, Lythrum salicaria
This vegetation type dominated by the tall grass Leersia, 
occurs along rivers and on the banks of eutrophic lakes 
and ponds. The dominant species is often accompanied 
by species of the class Bidentetea tripartiti , favouring 
habitats characterized by nutrient-rich soil and substrata 
that dry out. This association has been recorded by a few 
authors in Italy, from the north-eastern part of the Italian 
Peninsula by MARCHIORI & SBURLINO (1997), PROSSER & 
SARZO (2003), TOMASI et al. (2004) and from central Italy 
by LASTRUCCI et al. (unpublished). 

30. Mentho aquaticae-Caricetum pseudocyperi 
Orsomando et Pedrotti 1986
Diagnostic species: Carex pseudocyperus (0.62) 
Constant species: Carex pseudocyperus (100%), Mentha 
aquatica (89%), Lycopus europaeus (84%), Phragmites 
australis (68%), Lythrum salicaria (43%), Calystegia 
sepium (41%), Bidens tripartitus (36%), Galium palustre 
s.l. (34%), Cyperus fuscus (34%), Typha angustifolia 
(32%), Scutellaria galericulata (32%), Eupatorium can-
nabinum (32%), Berula erecta (32%) 
Dominant species: Carex pseudocyperus, Cyperus fus-
cus, Mentha aquatica 
This association, dominated by Carex pseudocyperus, oc-
curs in mesotrophic to eutrophic shallow water bodies in 
an advanced stage of terrestrialization, with muddy and 
organic sediments on the bottom. It was originally de-
scribed from some lakes of central Italy as a submediter-
ranean vicariant community of central and north-western 
European Cicuto virosae-Caricetum pseudocy-
peri Boer et Sissingh in Boer 1942, and it was assigned in 
the alliance Magno-Caricion elatae (syn. Caricion 
rostratae). However, considering the fact that the opti-
mum habitat of this community is fl oating islands, we 
prefer to include it in the alliance Carici-Rumicion 
hydrolapathi. This vegetation type is recorded exclu-
sively from central and southern Italy (ORSOMANDO & 
PEDROTTI 1986; VENANZONI & GIGANTE 2000; VENAN-
ZONI et al. 2003; CORBETTA & PIRONE 1989; TAMMARO 
1995), while in northern Italy it is substituted by Cicuto 
virosae-Caricetum pseudocyperi (Anoè & Can-
iglia 1987).

31. Caricetum elatae Koch 1926
Syn.: Scutellario-Caricetum elatae Passarge 1964
Diagnostic species: Carex elata (0.69), Lysimachia vul-
garis (0.33)
Constant species: Carex elata (100%), Lysimachia vul-
garis (63%), Lythrum salicaria (59%), Galium palustre 
s.l. (56%), Calystegia sepium (44%), Iris pseudacorus 
(37%)
Dominant species: Carex elata
Stands dominated by Carex elata occur in mesotrophic 
to eutrophic still water rich in carbonates and nutrients. 
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Habitats of this association are swamps, lakeshores and 
fl oodplains such as karst plains. This association grows at 
sites characterized by a large seasonal fl uctuation of the 
water table. Carex elata usually forms tall hummocks 
separated from each other by a layer of dead leaves, where 
also other species characteristic of this association usually 
grow, including Scutellaria galericulata, Lysimachia vul-
garis, Rumex hydrolapathum and Galium palustre s.l. In 
Italy this vegetation type occurs from sea level to the 
mountains (BRACCO 1981; BUCHWALD 1994; VENANZONI 
& GIGANTE 2000; MERLONI & PICCOLI 2001; TOMASI & 
CANIGLIA 2004; PROSSER & SARZO 2003; LASTRUCCI et al. 
2008). 

32. Cladietum marisci  Allorge 1921
Syn.: Phragmito-Cladietum marisci  von Soó 1930, 
Mariscetum serrati  Zobrist 1935 
Diagnostic species: Cladium mariscus (0.85) 
Constant species: Cladium mariscus (100%), Phrag-
mites australis (82%), Lycopus europaeus (41%), Lyth-
rum salicaria (36%), Mentha aquatica (32%), Carex elata 
(32%) 
Dominant species: Cladium mariscus
Cladium mariscus is typical of oligotrophic to meso-
trophic (rarely eutrophic) calcareous marshes such as 
fens or springs, where it can form dense stands (BALÁTOVÁ-
TULÁČKOVÁ & VENANZONI 1989; BALÁTOVÁ-TULÁČKOVÁ 
1991). This vegetation is rather rare in Italy, but occurs in 
different ecological conditions, from sea level to the karst 
plains of the Apennines (PEDROTTI et al. 1992; BIONDI et 
al. 1994; BUCHWALD 1994; VENANZONI & GIGANTE 2000; 
MERLONI & PICCOLI 2001; VENANZONI et al. 2003a).

33. Caricetum acutiformis Eggler 1933
Syn.: Caricetum acutiformis Sauer 1937, Carice-
tum acutiformi-ripariae Soó 1938, Caricetum 
acutiformis Sauer ex Weber 1977, Hyperico tetrap-
teri-Caricetum acutiformis Corbetta et Pirone 
1990.
Diagnostic species: Carex acutiformis (0.62) 
Constant species: Carex acutiformis (100%), Lythrum 
salicaria (42%), Calystegia sepium (35%) 
Dominant species: Carex acutiformis 
This marsh community, dominated by Carex acutiformis, 
occurs in mesotrophic to eutrophic shallow water, such 
as the littoral zones of lakes, swamps, springs, depres-
sions in wet meadows and periodically fl ooded river-
banks. It grows on peat and humic, usually nutrient and 
base-rich, but also moderately acid soil. In Italy this as-
sociation occurs from the lowlands at sea level to the sub-
montane belt, but the stands are often fragmented due to 
human disturbance (e.g. CORBETTA & PIRONE 1989; VE-
NANZONI 1992; TAMMARO 1995; BIONDI et al. 1997; 
BIONDI et al. 1999; VENANZONI & GIGANTE 2000; PROSSER 
& SARZO 2003; LASTRUCCI et al. 2008).

34. Caricetum ripariae Máthé et Kovács 1959 
Syn.: Caricetum ripariae Soó 1928 (nomen nudum), 
Galio palustris-Caricetum ripariae Balátová-
Tuláč ková in Balátová-Tuláč ková et al. 1993
Diagnostic species: Carex riparia (0.51)
Constant species: Carex riparia (100%), Phragmites 
australis (51%), Calystegia sepium (43%), Iris pseuda-
corus (33%), Lythrum salicaria (32%), Galium palustre 
s.l. (32%)
Dominant species: Carex riparia, Phragmites australis 
This association, dominated by Carex riparia, is typical 
of mesotrophic to eutrophic wetlands, such as swamps, 
lakes, natural and artifi cial ponds and riverbanks. Stands 
of Carex riparia often grow together with other associa-
tions with similar ecological requirements such as Cy-
peretum longi or Phalaridetum arundinaceae, in 
a landward zone behind the Phragmitetum australis 
zone. They are usually fl ooded only during the winter 
and early spring. This association is rather frequent 
across the Italian Peninsula, but it is restricted to lower 
altitudes of below 800 m (e.g. ARRIGONI & RICCERI 1982; 
ANOÈ & CANIGLIA 1987; BUCHWALD 1994; PIRONE et al. 
1997; SARZO et al. 1999; VENANZONI & GIGANTE 2000; 
VENANZONI et al. 2000; PEDROTTI 2008; LASTRUCCI et al. 
2010a).

35. Mentha aquatica-community
Diagnostic species: –  
Constant species: Mentha aquatica (100%), Lycopus eu-
ropaeus (77%), Lythrum salicaria (54%), Ranunculus re-
pens (46%), Calystegia sepium (46%), Phragmites austra-
lis (38%), Eupatorium cannabinum (38%), Agrostis 
stolonifera (38%), Urtica dioica (31%), Iris pseudacorus 
(31%), Galium palustre s.l. (31%) 
Dominant species: Mentha aquatica 
Stands dominated by Mentha aquatica occur on dis-
turbed riverbanks and lakeshores on a layer of plant litter 
or mud rich in organic matter. This vegetation type prob-
ably represents the fi nal stage of terrestrialization occur-
ring in the habitat of the association Mentho aquati-
cae-Caricetum pseudocyperi Orsomando et Pe-
drotti 1986, or a post-disturbance stage of marsh 
vegetation. This community is probably frequent across 
Italy in disturbed habitats, but similar vegetation was re-
corded only by us and LASTRUCCI et al. (2010a). More 
studies are necessary to understand the dynamics and 
syntaxonomical position of this community.

36. Cyperetum longi Micevski 1957
Diagnostic species: Cyperus longus (0.52)
Constant species: Cyperus longus (100%), Calystegia 
sepium (47%), Galium palustre s.l. (44%), Lythrum sali-
caria (42%), Ranunculus repens (36%), Lycopus euro-
paeus (36%), Iris pseudacorus (31%), Elytrigia repens 
(31%) 
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Dominant species: Cyperus longus
Cyperus longus usually forms dense and extensive stands 
on the shores of mesotrophic to eutrophic lakes, swamps 
and in wet depressions, along rivers and natural or artifi -
cial channels on arable land, where the soil is waterlogged 
for most of the year. In Italy this vegetation type usually 
occurs in a wet zone between reeds and crops in contact 
with other communities of the class Phragmito-
Magno-Caricetea  such as Caricetum ripariae, or 
of the class Molinio-Arrhenatheretea such as Holo-
schoenetum vulgaris  Braun-Blanquet ex Tchou 1948 
or Junco inflexi-Menthetum longifoliae Loh-
meyer ex Oberdorfer 1957 (e.g. CORBETTA & PIRONE 
1989; BRULLO et al. 1994; TAMMARO 1995; VENANZONI & 
GIGANTE 2000; PIRONE et al. 2003; VENANZONI et al. 2003; 
PEDROTTI 2008; LASTRUCCI et al. 2010a).

37. Phalaridetum arundinaceae Libbert 1931
Diagnostic species: Phalaroides arundinacea (0.50) 
Constant species: Phalaroides arundinacea (100%), 
Phragmites australis (42%), Lythrum salicaria (42%), Iris 
pseudacorus (42%), Persicaria amphibia terrestrial 
ecophene (31%), Mentha aquatica (31%),
Dominant species: Phalaroides arundinacea 
This marsh vegetation type, dominated by Phalaroides 
arundinacea, occurs in shallow depressions or in swamps 
in an advanced stage of terrestrialization, usually in con-
tact with other associations of the alliance Magno-Ca-
ricion gracil is , such as Caricetum gracil is ,  C. 
vesicariae or C. ripariae  and with those of the alli-
ance Phragmition australis, such as Phragmitetum 
australis,  Glycerietum maximae and Iridetum 
pseudacori. In contrast to the association Rorippo-
Phalaridetum arundinaceae, this association is less 
nitrophilous and more frequently exposed to regular 
fl ooding. This community is rather frequent across the 
Italian Peninsula (e.g. BRACCO 1981; MARCHIORI et al. 
1993; BUCHWALD 1994; VENANZONI & GIGANTE 2000; 
PROSSER & SARZO 2003; TOMASI & CANIGLIA 2004; LAS-
TRUCCI et al. 2007, 2010; CESCHIN & SALERNO 2008). 

38. Galio palustris-Juncetum inflexi Venanzoni 
et Gigante 2000
Diagnostic species: Juncus infl exus (0.46) 
Constant species: Juncus infl exus (100%), Galium palus-
tre s.l. (65%), Ranunculus repens (53%), Carex hirta 
(47%), Phragmites australis (35%), Equisetum palustre 
(35%)
Dominant species: Juncus infl exus, Scutellaria galericu-
lata 
This vegetation type occurs on sandy and muddy river-
banks and lakeshores that are periodically fl ooded. The 
dominant species of this association, Juncus infl exus, has 
a broad ecological range, growing both in wetlands, ac-
companied by species of the class Phragmito-Magno-
Caricetea, and in wet meadows, accompanied by spe-

cies of the class Molinio-Arrhenatheretea. Stands 
dominated by Juncus infl exus in wetland habitats are 
rather frequent in Italy but are usually fragmentary, 
sometimes monospecifi c, often growing at sites that are 
subject to anthropogenic disturbance (CORBETTA & 
PIRONE 1989; VENANZONI & GIGANTE 2000; LASTRUCCI et 
al. 2005).

39. Leersio oryzoidis-Juncetum effusi Lastrucci 
et al. 2010
Syn.: Equiseto palustris-Juncetum effusi sensu 
Venanzoni et Gigante 2000 non Minissale et Spampinato 
1990  
Diagnostic species: Juncus effusus (0.51) 
Constant species: Juncus effusus (100%), Galium palus-
tre s.l. (73%), Mentha aquatica (35%), Juncus infl exus 
(35%)
Dominant species: Juncus effusus
Juncus effusus is a species with a broad ecological range, 
tolerant to different water regimes, which can form dense 
or fragmentary stands both in wetlands and wet mead-
ows. The association Leersio oryzoidis-Juncetum 
effusi is typically characterized by the occurrence of 
several species of the class Phragmito-Magno-Cari-
cetea such as Galium palustre s.l., Mentha aquatica, Ly-
thrum salicaria and Iris pseudacorus. It occurs on the 
shores of shallow lakes, swamps, ponds and along lentic 
sections of streams subject to frequent fl ooding. This 
community is different, both in its ecology and species 
composition, from the association Equiseto palu-
stris-Juncetum effusi described by Minissale and 
Spampinato (1990) from Sicily and included in the class 
Molinio-Arrhenatheretea. Wetland stands domi-
nated by Juncus effusus with constant species composi-
tion are reported by some authors from different locali-
ties, especially from central Italy, often without assign-
ment to an association (BUCHWALD 1994; SCOPPOLA 1998; 
VENANZONI & GIGANTE 2000; LASTRUCCI et al. 2010b).

40. Caricetum gracilis  Savič 1926
Syn.: Caricetum acutiformi-gracil is  von Soó 1927, 
Caricetum gracil is  Graebner et Hueck 1931, Carice-
tum gracil is  Eggler 1933, Caricetum gracil is 
(Almquist 1929) Tüxen 1937
Diagnostic species: Carex acuta (0.53)
Constant species: Carex acuta (100%), Ranunculus re-
pens (52%), Galium palustre s.l. (52%), Deschampsia ces-
pitosa (40%), Ranunculus fl ammula (38%), Veronica scu-
tellata (33%)
Dominant species: Carex acuta
This vegetation, dominated by the rhizomatous sedge 
Carex acuta, occurs in mesotrophic to eutrophic wet-
lands, on wet soil rich in organic matter. The concentra-
tion of bases is usually lower than in other communities 
of Magno-Caricion gracil is  (BALÁTOVÁ-TULÁČKOVÁ 
et al. 1993; VALACHOVIČ 2001; ŠUMBEROVÁ et al. 2011). In 
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central Italy, this association occurs almost exclusively at 
altitudes above 700 m, occupying the lowest areas of 
karst plains, where the water depth does not exceed 
50 cm. When the water level becomes too high, this as-
sociation is replaced by other communities such as Cari-
cetum vesicariae or Phalaridetum arundinaceae 
(PEDROTTI 1967; CORTINI PEDROTTI et al. 1973; PIRONE 
1987; CANULLO et al. 1988; BUCHWALD 1994; CIANFAGLI-
ONE 2009). This community is more frequent in northern 
Italy but is recorded from several localities across the 
Italian Peninsula (e.g. PROSSER & SARZO 2003; MARTINI & 
POLDINI 1980; MARCHIORI & SBURLINO 1986; MARCHIORI 
et al. 1987, 1993; BUFFA et al 1995; MARCHIORI & SBURLINO 
1997; SARTORI & BRACCO 1997). 

41. Caricetum vesicariae Chouard 1924
Syn.: Caricetum vesicariae Braun-Blanquet et Denis 
1926, Caricetum inflato-vesicariae Koch 1926, 
Caricetum vesicariae Rübel 1933, Caricetum vesi-
cariae Eggler 1933, Caricetum acuto-vesicariae 
(Koch 1926) Westhoff 1949
Diagnostic species: Carex vesicaria (0.71) 
Constant species: Carex vesicaria (100%), Carex acuta 
(49%), Galium palustre s.l. (43%), Ranunculus fl ammula 
(40%) 
Dominant species: Carex vesicaria
This vegetation, dominated by Carex vesicaria, grows in 
mesotrophic to eutrophic wetlands and depressions in 
meadows, which are permanently fl ooded or saturated 
with water for most of the year. It grows on mineral and 
or partly organic soil with a high concentration of nitro-
gen, phosphorous and potassium and a low concentra-
tion of calcium and magnesium (BALÁTOVÁ-TULÁČKOVÁ 
et al. 1993). In central Italy this association is rather rare 
and occurs especially in depressions of karst plains in the 
Apennines, where the concentration of carbonates is 
lower due to the accumulation of clay (CORTINI PEDROTTI 
et al. 1973; BUCHWALD 1994; PIRONE 1987). It is also re-
corded from the lowlands to the mountain belt in other 
parts of Italy (MARCHIORI & SBURLINO 1997; GERDOL & 
TOMASELLI 1997; MONTANARI & GUIDO 1980; ROSSI & 
ALESSANDRINI 1998; LASTRUCCI et. al. 2008). 

42. Caricetum acutiformi-paniculatae Vlieger et 
van Zinderen Bakker in Boer 1942
Syn.: Caricetum paniculatae Wangerin 1916 (nomen 
nudum), Caricetum paniculatae Wangerin ex von 
Rochow 1951, Eupatorio-Caricetum paniculatae 
Passarge 1999
Diagnostic species: Carex paniculata (0.86)
Constant species: Carex paniculata (100%), Galium 
palustre s.l. (92%), Epilobium hirsutum (54%), Ranuncu-
lus repens (46%), Iris pseudacorus (38%), Eupatorium 
cannabinum (31%), Equisetum palustre (31%), Carex 
hirta (31%), Carex acutiformis (31%)
Dominant species: Carex paniculata

This vegetation type, dominated by Carex paniculata, is 
described in the literature as characteristic of springs or 
cold water, rich in carbonates and nutrients, on mineral 
and organic soils (BALÁTOVÁ-TULÁČKOVÁ & PAVLÍČEK 
1980; ŠUMBEROVÁ et al. 2011). The occurrence of this as-
sociation in central and southern Italy is strictly defi ned 
by climatic factors, which infl uence soil formation and 
water regime; it therefore only occurs above 800 m in the 
Apennines (PIRONE 1987; VENANZONI 1988; CORBETTA & 
PIRONE 1989; BUCHWALD 1994; TAMMARO 1995; VENAN-
ZONI et al. 2003a). For this reason this community is con-
sidered as rare, although it is more frequent in northern 
Italy (PEDROTTI 1963; BALÁTOVÁ-TULÁČKOVÁ & VENAN-
ZONI 1990; MINGHETTI & PEDROTTI 2000).

43. Caricetum vulpinae Nowinski 1927
Syn.: Caricetum vulpinae von Soó 1927; Caricetum 
otrubae Pedrotti 1982 
Diagnostic species: Carex vulpina (0.91), Deschampsia 
cespitosa (0.36), Viola palustris (0.35), Carex leporina 
(0.33), Epilobium parvifl orum (0.31), Alopecurus praten-
sis (0.30)
Constant species: Carex vulpina (100%), Deschampsia 
cespitosa (62%), Carex hirta (50%), Carex acuta (50%), 
Veronica scutellata (38%), Ranunculus repens (38%), Ra-
nunculus fl ammula (38%), Galium palustre s.l. (38%), 
Carex leporina (38%), Alopecurus pratensis (38%), 
Agrostis canina (38%)
Dominant species: Carex vulpina
This association, dominated by Carex vulpina, is de-
scribed in the literature as typical of fl oodplain meadows 
and alluvial pools in an advanced stage of terrestrializa-
tion, with soil characterized by high concentration of po-
tassium and phosphorus (ŠUMBEROVÁ et al. 2011). It is 
very rare in Italy and relevés are available only from the 
karst plains of the Apennines at altitudes above 1000 m 
(CORTINI PEDROTTI et al. 1973; PIRONE 1987), where 
Caricetum vulpinae is in contact with other associa-
tions of the alliance Magno-Caricion gracil is , such 
as Caricetum gracil is  and Caricetum vesicariae. 
Other records are from the Venetian plain (CANIGLIA & 
BASSO 1995). This community was probably overlooked 
in the past because of the similarity of Carex vulpina to 
C. cuprina. 

Discussion

Application of the Cocktail method

This study is the fi rst that applied a supervised formal-
ized classifi cation to Italian vegetation, using a large data 
set from a new national vegetation database (VENANZONI 
et al. 2012). The classifi cation obtained by applying the 
Cocktail method to the vegetation data of the class 
Phragmito-Magno-Caricetea in central Italy corre-
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sponds well with previous classifi cations reported in 
both the European and Italian literature. It reproduced 
most of the traditional associations, but also identifi ed 
some inconsistencies of the previous schemes and open 
questions.

In most cases, formal defi nitions of species-poor asso-
ciations do not include any species group, but they are 
based on the dominance of certain species. The same ap-
proach was used in central Europe by ŠUMBEROVÁ et al. 
(2011) for similar vegetation types. However, the role of 
sociological species groups was fundamental to the defi -
nition of some syntaxonomic units. The group Mentha 
aquatica occurs frequently in all alliances and is not dia-
gnostic for any of them. Nevertheless, it is faithful to one 
association, Mentho aquaticae-Caricetum pseu-
docyperi, and for this reason it is an important part of 
its defi nition. In contrast, the groups Helosciadium nodi-
fl orum and Eleocharis palustris occur almost exclusively 
in the alliances Glycerio-Sparganion and Eleocha-
rito palustris-Sagittarion sagittifoliae, respecti-
vely, and may be considered as diagnostic of these al-
liances. Moreover, some species groups (Urtica dioica, 
Persicaria lapathifolia or Tetragonolobus maritimus 
Group) were typical of other classes but were needed to 
distinguish associations dominated by the same species 
but growing in different ecological conditions, such as 
Phalaridetum arundinaceae vs. Rorippo-Phalari-
detum arundinaceae, or Phragmito-Typhetum 
minimae vs. Mentho aquaticae-Typhetum mini-
mae. In such cases, species of these groups served as dif-
ferential or transgressive differential species. 

In some cases, in this work we created broad defi ni-
tions of associations/communities as interim solutions 
for vegetation types that cannot currently be defi ned due 
to taxonomic diffi culties or lack of data. This is the case 
for the Bolboschoenus maritimus agg.-community, which 
includes all stands dominated by different species of the 
Bolboschoenus maritimus aggregate (in Italy including 
Bolboschoenus maritimus s.str., B. glaucus, B. planiculmis 
and B. laticarpus). Another case is the defi nition of Gly-
cerio-Sparganietum neglecti , which includes com-
munities dominated by Sparganium erectum s.l. (inclu-
ding the two subspecies S. erectum subsp. erectum and S. 
erectum subsp. neglectum). These “multi-inclusive defi -
nitions” should be modifi ed after suffi cient data on the 
ecology and distribution of the dominant species become 
available. 

The defi nition created for the association Phragmi-
tetum australis  also includes an unpublished relevé 
(by Gigante, Lastrucci and Landucci from Lake Chiusi) 
dominated by Phragmites australis with Thelypteris pa-
lustris occurring with a cover value of less than 5% (+). 
The occurrence of this stand on a fl oating reed island and 
the presence of T. palustris could suggest that this relevé 
be assigned to the association Thelypterido-Phrag-
mitetum Kuiper ex van Donselaar et al. 1961, reported 

from the same locality by ARRIGONI & RICCERI (1982). 
However, we decided not to create a defi nition of the as-
sociation Thelypterido-Phragmitetum  at this point 
in time because of the insuffi cient number of relevés and 
low cover value of T. palustris. We consider this stand to 
be transitional between the associations Thelypterido-
Phragmitetum  and Phragmitetum australis, re-
fl ecting the degradation of the fl oating reed island. Ne-
vertheless, this observation opens a more general ques-
tion as to whether the occurrence of a single species with 
a low cover value (less than 5%) should be used as a single 
decision criterion for assigning a relevé to an association. 
Overall, such solutions could lead to infl ations of the as-
sociations described; there are however specifi c cases 
when the use of specialist species with particular ecologi-
cal requirements, occurring in species-poor vegetation, 
might be justifi ed. However, some formal criterion dis-
tinguishing such specialist species should be developed.

Syntaxonomy of tall-sedge vegetation

The order Magno-Caricetalia  includes two distinct 
ecological groups, identifi ed by some authors as two alli-
ances (Magno-Caricion gracil is  Géhu 1961 and 
Magno-Caricion elatae  Koch 1926), or by others as 
two suballiances of the alliance Magno-Caricion ela-
tae  Koch 1926 (Caricenion gracil is  (Neuhäusl 1959) 
Oberdorfer et al. 1967 and Caricenion rostratae 
(Balátová-Tuláč ková 1963) Oberdorfer et al. 1967) (e.g. 
RIVAS-MARTÍNEZ et al. 2001; VALACHOVIČ 2001; PROSSER 
& SARZO 2003; HRIVNÁK 2004; HRIVNÁK et al. 2011). In 
both cases this distinction is based mainly on the mineral 
and organic content of the soil, vegetation physiognomy 
and structure, presence or absence of rhizomatous spe-
cies, and tolerance to human disturbance (BALÁTOVÁ-
TULÁČKOVÁ 1994; ŠUMBEROVÁ et al. 2011). However, in 
the southern European literature this distinction is often 
neglected (MERIAUX 1981; MOLINA & MORENO 2003), and 
in the Italian literature the alliance Magno-Caricion 
gracil is  (or suballiance Caricenion gracil is) is rarely 
mentioned. The authors who use this distinction include 
in this alliance/suballiance the associations Caricetum 
gracil is  (PEDROTTI 1981; CANULLO et al. 1988; CATORCI 
et al. 1996; ORSOMANDO & CATORCI 1999), Caricetum 
ripariae  (PEDROTTI 1980; ORSOMANDO et al. 1993), 
Caricetum vulpinae  (PEDROTTI 1982), Caricetum 
vesicariae  (MONTANARI & GUIDO 1980), Caricetum 
hispidae  (GÉHU & BIONDI 1988) and Phalaridetum 
arudinaceae  (BALLELLI et al. 1981). Similarly the subal-
liance Caricenion rostratae (more often indicated in 
the Italian literature as the alliance Caricion rostratae 
Balátová-Tuláčková 1963) is mentioned only by a few au-
thors, who include in this group the associations Cari-
cetum paniculatae  (VENANZONI 1988), Caricetum 
rostratae  (MONTANARI & GUIDO 1980; GUIDO & MON-
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TANARI 1983; BALÁTOVÁ-TULÁČKOVÁ & VENANZONI 
1990), Caricetum elatae (PEDROTTI 1980) and Men-
tho-Caricetum pseudocyperi (ORSOMANDO & PE-
DROTTI 1986). All the other associations of the order 
Magno-Caricetalia, and also often the previously 
mentioned ones, are usually included in the single broadly 
conceived alliance Magno-Caricion  (e.g. MARCHIORI 
& SBURLINO 1986; CORBETTA & PIRONE 1989; BRULLO et 
al. 1994; SARTORI & BRACCO 1997; VENANZONI & GI-
GANTE 2000; LASTRUCCI et al. 2005; PIRONE et al. 2003; 
PROSSER & SARZO 2003; TOMASI & CANIGLIA 2004; CE-
SCHIN & SALERNO 2008; LASTRUCCI et al. 2010a, 2010b). 
This simplifi ed approach is probably more often adopted 
in Italy and southern Europe due to the objective diffi -
culty of assigning some communities that have a broad 
ecological range to one of the two alliances (or suballi-
ances). In the present paper, we decided to maintain the 
distinction into two groups, trying to interpret the Italian 
vegetation in the framework of the main classifi cations 
proposed in central Europe (BALÁTOVÁ-TULÁČKOVÁ 
1994; VALACHOVIČ 2001; HRIVNÁK 2004; HRIVNÁK et al. 
2011; ŠUMBEROVÁ et al. 2011), because the concept of a 
single alliance seems to be too simplistic to refl ect the ex-
isting ecological differences. However, the broad ecologi-
cal ranges determined for several associations are evident 
from the analysis of the data from central Italy (Figs. 3D, 
4, 5). DCA and box-plots nonetheless reveal two main 
groups that represent the cores of the two alliances. The 
fi rst one, identifi able as Magno-Caricion gracil is , is 
represented by the associations Caricetum gracil is , 
Caricetum vesicariae and Caricetum vulpinae. 
These three associations are related to nutrient-rich but 
usually calcium-poor soil, in accordance with the litera-
ture. In central Italy these associations are rare and occur 
more frequently on the karst plains of the Apennines at 
altitudes above 800 m, occupying the lowest zones of 
plains with accumulations of clay created by limestone 
weathering. These habitats are not very rich in calcium 
and their soils remain moist for most of the year. The 
other group, identifi able as Magno-Caricion elatae, 
includes the associations Caricetum elatae and Cla-
dietum marisci . According to the European literature, 
these two associations are characteristic of oligotrophic 
to mesotrophic habitats rich in carbonates and fl ooded 
for a long time during the year. These communities are 
rather rare and fragmentary in central Italy because they 
occur mostly at altitudes below 800 m, usually in areas 
with a strong human impact that does not represent the 
optimum conditions for these communities. In addition 
to these, another group including all associations with in-
termediate requirements is visible in the DCA diagram. 
We decided to include all the transitional associations in 
the alliance Magno-Caricion gracil is  based on their 
higher frequency in eutrophic habitats subjected to hu-
man disturbance. An exception is the association Cari-
cetum acutiformis, assigned to Magno-Caricion 

elatae, because of its frequent occurrence in central Italy 
on calcium-rich soils and in mesotrophic conditions.

Conclusions and outlook

The present work is the fi rst comprehensive survey of the 
class Phragmito-Magno-Caricetea in a large area of 
Italy. Although based on data from central Italy, it pro-
vides formal criteria for the extension of the proposed 
classifi cation to the rest of the country. Communities for-
mally defi ned in this paper represent 70% of the associa-
tions of Phragmito-Magno-Caricetea  that occur in 
Italy (Table 3). In this study, we have attempted to give an 
example for possible development of a comprehensive, 
formalized national vegetation survey of Italy. The devel-
opment of a complete national vegetation database, as as-
sumed in the project VegItaly (VENANZONI et al. 2012), 
will provide suffi cient data for the extension of similar 
studies to other vegetation types, and to the whole Italian 
territory and beyond.
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Locality Administrative 
region Latitude Longitude Locality Administrative 

region Latitude Longitude

Abbadia di S. Ruffino (Fermo) Marche 42° 58' N 13° 21' E
Punte Alberete - Valle Mandriole, Natural Reserve 
(Ravenna)

Emilia Romagna 44° 29' N 12° 14' E

Alfadena (L'Aquila) Abruzzo 41° 43' N 14° 01' E River Cesano (Ancona) Marche 43° 44' N 13° 09' E

Ansa Baldella (Arezzo) Toscana 43° 30' N 11° 38' E River Chiascio (Perugia) Umbria 43° 08' N 12° 34' E

Bisegna (L'Aquila) Abruzzo 41° 55' N 13° 45' E River Chienti mouth (Macerata) Marche 43° 16' N 13° 28' E

Bosco ai Frati (Firenze) Toscana 43° 59' N 11° 17' E River Clitunno springs (Perugia) Umbria 42° 49' N 12° 46' E

Caldarola (Macerata) Marche 43° 08' N 13° 12' E River Corno (Perugia) Umbria 42° 47' N 12° 59' E

Campo Imperatore  (L'Aquila) Abruzzo 42° 25' N 13° 37' E River Elsa (Siena) Toscana 43° 30' N 10° 58' E

Cannara (Perugia) Umbria 42° 59' N 12° 34' E River Esino (middle course - Macerata) Marche 43° 26' N 13° 01' E

Capo d'Acqua (L'Aquila) Abruzzo 42° 16' N 13° 47' E River Esino mouth (Macerata) Marche 43° 35' N 13° 20' E

Castel S. Vincenzo (Isernia) Molise 41° 39' N 14° 03' E River Fiastra  (Macerata) Marche 43° 13' N 13° 24' E

Colfiorito (Perugia) Umbria-Marche 43° 01' N 12° 52' E River Marecchia (lower course - Rimini) Emilia Romagna 44° 04' N 12° 30' E

Fiume Nera (Perugia) Umbria 42° 42' N 12° 49' E River Marecchia (middle course - Rimini) Emilia Romagna 43° 55' N 12° 19' E

Fiuminata plain (Macerata) Marche 43° 11' N 12° 56' E River Marecchia (upper course - Rimini) Emilia Romagna 43° 45' N 12° 11' E

Fresagradinaria (Chieti) Abruzzo 41° 58' N 14° 39' E River Merse (lower course - Siena) Toscana 42° 57' N 11° 20' E

Gavelli (Perugia) Umbria 42° 41' N 12° 54' E River Merse (middle course - Grosseto) Toscana 42° 49' N 11° 14' E

Grutti (Perugia) Umbria 42° 50' N 12° 29' E River Merse (upper course - Grosseto) Toscana 42° 42' N 11° 04' E

Gualchiera (Prato) Toscana 43° 33' N 12° 01' E River Musone A (Ancona) Marche 43° 28' N 13° 37' E

La Pianca plateau (Arezzo) Toscana 43° 44' N 12° 07' E River Musone B (Ancona) Marche 43° 27' N 13° 27' E

Lake  Alviano (Terni) Umbria 42° 36' N 12° 14' E River Pescara, Villareia (Pescara) Abruzzo 42° 20' N 14° 07' E

Lake Bolsena (Viterbo) Lazio 42° 38' N 11° 54' E River Pescara springs, Popoli (Pescara) Abruzzo 42° 09' N 13° 49' E

Lake Calamone (Reggio-Emilia) Emilia Romagna 44° 22' N 10° 16' E River Potenza, Pioraco (Macerata) Marche 43° 10' N 12° 59' E

Lake Chiusi (Siena) Toscana 43° 03' N 11° 58' E River Potenza, Porto Recanati (Macerata) Marche 43° 25' N 13° 40' E

Lake Marruchetone (Grosseto) Toscana 42° 30' N 11° 26' E River Potenza, Recanati (Macerata) Marche 43° 22' N 13° 34' E

Lake Montepulciano (Siena) Toscana 43° 05' N 11° 54' E River Scarsito (Macerata) Marche 43° 10' N 12° 57' E

Lake Montisola (Contigliano, Rieti) Lazio 42° 28' N 12° 47' E River Serchio (Pisa) Toscana 43° 57' N 10° 25' E

Lake Nemi (Roma) Lazio 41° 43' N 12° 42' E River Taro (Regional Park - Parma) Emilia Romagna 44° 46' N 10° 10' E

Lake Pescaie (Firenze) Toscana 43° 34' N 11° 59' E River Tevere (lower course A - Roma) Lazio 41° 47' N 12° 23' E

Lake Piediluco (Terni) Umbria 42° 32' N 12° 45' E River Tevere (lower course B - Roma) Lazio 42° 00' N  12° 31' E

Lake Portonovo (Ancona) Marche 43° 33' N 13° 35' E River Teverone, Bevagna (Perugia) Umbria 42° 56' N 12° 38' E

Lake S. Liberato (Narni) Umbria 42° 31' N 12° 33' E River Tirino, Bussi (Pescara) Abruzzo 42° 13' N 13° 49' E

Lake Scanno (L'Aquila) Abruzzo 41° 55' N 13° 52' E River Tirino, Capestrano (L'Aquila) Abruzzo 42° 16' N 13° 47' E

Lake Serranella (Chieti) Abruzzo 42° 07' N 14° 22' E River Trigno Vastogirardi (Isernia) Abruzzo 41° 46' N 14° 16' E

Lake Trasiemno (Perugia) Umbria 43° 08' N 12° 06' E Rognosi mountains (Arezzo) Toscana 43° 31' N 11° 58' E

Lake Ventina (Terni-Rieti) Umbria-Lazio 42° 30' N 12° 45' E Sanbucheto, Montecassino (Macerata) Marche 43° 21' N 13° 28' E

Lake Vetoio  (L'Aquila) Abruzzo 42° 21' N 13° 21' E Spello (Perugia) Umbria 42° 59' N 12° 40' E

Macerata  (Macerata) Marche 43° 18' N 13° 26' E Spring Capo Volturno (Isernia) Molise 41° 38' N 14° 04' E

Marcite di Norcia (Perugia) Umbria 42° 47' N 13° 05' E Stream Anione, Tivoli (Roma) Lazio 41° 57' N 12° 49' E

Montelago (Sefro) Marche 43° 07' N 12° 58' E Stream Farfa (Rieti) Lazio 42° 12' N 12° 41' E

Monticchio Lakes (Potenza) Basilicata 40° 55' N 15° 36' E Stream Fiumicello (Perugia) Umbria 43° 20' N 12° 27' E

Mount Rufeno, Natural Reserve  (Viterbo) Lazio 42° 47' N 11° 54' E Stream Lima (Pistoia - Lucca Toscana 44° 01' N 10° 38' E

Nocera Scalo (Perugia) Umbria 43° 05' N 12° 45' E Stream Stirone (Regional Park - Parma) Emilia Romagna 44° 51' N 10° 01' E

Nocera Umbra (Perugia) Umbria 43° 06' N 12° 47' E Stream Treja (Viterbo) Lazio 42° 17' N 12° 25' E

Opi (L'Aquila) Abruzzo 41° 46' N 13° 49' E Stream Tresubbie (Grosseto) Toscana 42° 47' N  11° 15' E

Pescasseroli plain (L'Aquila) Abruzzo 41° 47' N 13° 48' E Stream Val S. Angelo, Camerino (Macerata) Marche 43° 08' N 13° 04' E

Pian Grande (Castelluccio di Norcia) Umbria 42° 47' N 13° 11' E Stream Ventia (Perugia) Umbria 43° 12' N 12° 28' E

Pian Perduto di Gualdo (Perugia) Umbria 42° 50' N 13° 12' E Sulmona basin (L'Aquila) Abruzzo 42° 02' N 13° 54' E

Pian Piccolo (Perugia) Umbria 42° 46' N 13° 12' E Swamp Fucecchio (Pisa) Toscana 43° 48' N 10° 47' E

Plain of  Pescocostanzo (L'Aquila) Abruzzo 41° 53' N 14° 05' E Upper Tiber valley (Arezzo - Perugia) Umbria-Toscana 43° 34' N 12° 03' E

Plain of Cinquemiglia (L'Aquila) Abruzzo 41° 52' N 14° 00' E Upper Velino valley (Rieti) Lazio 42° 33' N 13° 08' E

Plain of Rascino (Rieti - L'Aquila) Lazio-Abruzzo 42° 16' N 13° 07' E Valdichiana (Arezzo) Toscana 43° 16' N 11° 50' E

Ponte a Buriano (Arezzo) Toscana 43° 30' N 11° 46' E Valley S. Angelo (Pesaro e Urbino) Marche 43° 39' N 12° 22' E

Ponte Zittola, Castel di Sangro (L'Aquila) Abruzzo 41° 45' N 14° 05' E

App. 2. List of the main localities included in the study. Provinces are indicated in the brackets. The geographic coordinates are
expressed in WGS84.   
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