


Plant Sociology, Vol. 50, No. 1, June 2013, pp. 3-16
DOI 10.7338/pls2013501/01

The reed die-back syndrome and its implications for floristic and vegetational 
traits of Phragmitetum australis

D. Gigante1, F. Landucci1,2 & R. Venanzoni1

1 University of Perugia, Department of Applied Biology, Borgo XX giugno, 74, I-06121 Perugia, Italy.
2 Masaryk University, Department of Botany and Zoology, Kotlárská 2, CZ-611 37 Brno, Czech Republic.

Abstract
Common reed [Phragmites australis (Cav.) Steud.] die-back is a well known phenomenon in Central Europe, recently detected also in Italy. It has 
been described as a complex syndrome affecting reed populations, including multiple symptoms of retreat and decline, with significant impacts 
on important wetland ecosystem services. The present study takes into account, for the first time, floristic and vegetational traits in a declining 
reed bed and tries to search for possible relations between die-back and plant community features. 45 phytosociological relevés were carried out 
in the years 2006, 2007 and 2009 in 19 permanent plots at Lake Trasimeno (Central Italy), where reed die-back has been detected and monitored 
in former studies. Relevés have been clustered into 3 groups: dying-back, suboptimal and optimal stands, on the ground of the level of decline of 
the corresponding reed plots. The considered traits are: number of species, total and specific cover values, diversity indexes, Ellenberg’s ecologic 
indicator values, number of nitrophilous species. The differential species in the three groups are also pointed out. Results show that both floristic 
and vegetational traits in stands affected by reed decline are significantly different from optimal and suboptimal stands. Number of species, total 
cover value and biodiversity indexes are significantly lower in the declining stands, while Ellenberg’s indicators for nitrogen (N) and moisture (M) 
point out interesting correlations. It appears that reed tends to form monospecific stands in permanently flooded areas rich in autogenous litter, where 
the symptoms of decline are more severe. Species rich stands develop in terrestrial areas where reed shows vigorous growth and healthy condition, 
however this floristic richness is largely due to invasive and nitrophilous taxa which originate a ‘pseudo-reed bed’, often lacking in typical palustrine 
species, referred to as a variant with Rubus ulmifolius of Phragmitetum australis Savič 1926. The results draw attention to the risk of loss of an 
ecosystem which plays an important role in biodiversity conservation.
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Introduction

Phragmites australis (Cav.) Steud. is generally con-
sidered as a strong, often invasive species, especially 
in NE-America (Marks et al., 1994; Chambers et al., 
1999; Talley & Levin, 2001; Saltonstall, 2002; Win-
dham & Meyerson, 2003; Kettenring et al., 2011) 
and sometimes even in Europe (Brülisauer & Klötzli, 
1998). It is well known that common reed can survi-
ve in hypertrophic waters (Klötzli, 1971; Tscharntke, 
1983) and can even work as a heavy metals accumula-
tor (Schierup & Larsen, 1981; Baldantoni et al., 2004; 
Bragato et al., 2006). 

However, in Europe in the last decades large reed 
beds showed clear symptoms of retreat and decline, 
with significant impacts on important wetland ecosy-
stem services such as stability of river and lake mar-
gins, water quality, local economy, biodiversity; it 
shouldn’t be neglected that helophytic communities 
have often been included among the most productive 
vegetation types (Wetzel, 1989; Westlake et al., 1998) 
and they represent unique ecotones between land and 
water, attracting many kinds of wildlife (Wetzel, 2001; 
Raspopov et al., 2002; Schmieder, 2004). 

Reed die-back has been defined as ‘a visible, abnor-

mal and non-reversible spontaneous retreat, disinte-
gration or disappearance of a mature stand of common 
reed within a period not longer than a decade’ (Van 
Der Putten, 1997). It consists of a complex syndrome 
of decline affecting reed populations, which appears 
by symptoms such as smaller size, weaker culms, dead 
rhizomes and buds, flowering delay, abnormal lignifi-
cation and suberization, presence of callus, low starch 
levels in the rhizomes, clumped habit together with 
an evident retreat especially from deep waters (for a 
general overview see Den Hartog et al., 1989; Osten-
dorp, 1989; Van Der Putten, 1997; Brix, 1999).

The causes of reed decline are still far from a comple-
te explanation. The phenomenon derives from a co-oc-
currence of multiple driving forces, which can also act 
on the long term. Among them, chemical traits of the 
sediment, artificially stabilised water tables, low ge-
netic diversity, increased eutrophication, parasitic at-
tacks, grazing by alien species (e.g. coypus, Myocastor 
coypus Molina) seem to play a basic role (Sukopp & 
Markstein, 1989; Weisner & Graneli, 1989; Cizkova-
Koncalová et al., 1992; Hellings & Gallagher, 1992; 
Armstrong et al., 1996a, 1996b; Rea, 1996; Weisner, 
1996). 

Evidences of reed decline have been frequently re-
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ported in Central Europe, giving rise to a large scien-
tific production (for a review: Van Der Putten, 1997). 
In Italy, this phenomenon has been reported for a bra-
ckish lagoon in the Po river delta (Fogli et al., 2002) 
and was recently detected also at the Lake Trasimeno 
(Gigante et al., 2008, 2010, 2011; Gigante & Venan-
zoni, 2012; Angelini et al., 2012; Reale et al., 2011, 
2012). According to the mentioned investigation, the 
die-back condition at Trasimeno appears to be related 
to permanently flooded stands, still totally submerged 
at the end of august (when, due to climatic reasons, 
the water level reaches its minimum), rich in organic 
deposits, mainly composed by autogenous reed litter. 
For more details, see Gigante et al. (2011).

In spite of the large number of scientific papers dea-
ling with this topic, they generally limited their focus 
on the reed populations. Only a few studies took into 
account the floristic and vegetational changes of reed-
dominated plant communities in relation with type of 
sediment and flooding (Lenssen et al., 1999; Greco & 
Patocchi, 2003; Mäemets & Freiberg, 2004; Van Geest 
et al., 2005; Brock et al., 1987). Clear evidences of flo-
ristic and vegetational differences between declining 
and healthy reed stands drove us to take into account 
also this aspects, as possible trait caused by, or at least 
related to, reed die-back syndrome.

Materials and Methods

The study was carried out along the shore of the Lake 
Trasimeno (average altitude: 257 m a.s.l., average 
surface of the lake: 121.5 km2, average water column 
depth: 4.2 m), a wide shallow lake hosting one of the 
largest freshwater ecosystems in central Italy (Lan-
ducci et al., 2011). Based on climatic data recorded 
in Monte del Lago thermo-pluviometric station (295 
m a.s.l.; data from a period of 30 years), applying 
the bioclimatic indexes proposed by Rivas-Martínez 
et al. (1999), processed according to Rivas-Martínez 
& Rivas-Saenz (2009), the study area belongs to the 
Mediterranean pluviseasonal-oceanic bioclimate, up-
per mesomediterranean low subhumid belt (Gigante 
& Venanzoni, 2007). The water level is irregular and 
depends almost completely on the rainfall; notable 
tributaries are lacking. The negative balance rains/
evapotranspiration constantly works towards a decre-
ase of the lake's level which is progressively dropping 
down, due to the long time for water replacement and 
the high evaporation rate (respectively: 24.4 years and 
155 x 106 m2/year, according to De Bartolomeo et 
al., 2004). For this reason, at the end of the ‘50s the 
catching basin was artificially enlarged, causing a dra-
matic rise of the water level (about 2,5 m from 1959 
to 1966) and the submersion of the reed beds located 
on the flatter shores (Gambini, 1995). This remarkable 
flooding has been indicated as a possible co-cause of 

the reed die-back in the area (Gigante et al., 2011; Gi-
gante & Venanzoni, 2012).

The phenomenon has been formerly investigated at 
the Lake Trasimeno by monitoring 19 permanent plots 
in the reed population, in 7 locations randomly scatte-
red along the lake shore (Gigante et al., 2008, 2010, 
2011). Each plot has been indicated by an ID, formed 
by the code of the location (OAS: Oasi La Valle di S. 
Savino; BRA: Poggio di Braccio; POR: Porto di Pani-
carola; POM: Rio Pescia; IDR: Castiglion del Lago; 
BOR: Borghetto; PAS: Passignano) and a number. On 
the ground of the analyses provided in those studies, 
each surveyed stand could be assigned to a different 
die-back status: OP (optimal condition), SU (subop-
timal condition), DB (die-back condition). Following 
this existing experimental design, we investigated the 
floristic and vegetational traits in homogeneous reed 
stands surrounding and including the 19 mentioned 
permanent plots. Field surveys have been carried out 
at the end of the vegetative season (between the end of 
August and the start of September) in the years 2006, 
2007 and 2009. A total amount of 45 phytosociologi-
cal relevés (Braun-Blanquet, 1928, 1964), consisting 
of the complete list of vascular species and the relati-
ve cover values, have been carried out in square areas 
(size: 3x3 m2) set around each permanent plot. Each 
stand is characterized by flat slope. Cover values have 
been recorded both as percentage and by adopting 
Braun-Blaunquet’s cover scale, modified by Barkman 
et al. (1964). 

Based on floristic-vegetational data, some indexes 
have been calculated for each relevé: number of spe-
cies, individual species cover values (%), biodiversity 
indexes and ecologic indicator values, number of ni-
trophilous and synanthropic species. The used diversi-
ty indexes are: Shannon-Wiener Diversity index (Hill, 
1973), Simpson Diversity Index (Simpson, 1949) and 
Shannon’s Equitability, which is an Evenness Index 
(Pielou, 1975). As ecologic indexes, we used the wide-
ly adopted system of indicator values developed by El-
lenberg for central Europe (Ellenberg, 1974; Ellenberg 
et al., 1991) and adapted by Pignatti (2005) to the Ita-
lian flora, referring to species needs of light, tempera-
ture, continentality, moisture, reaction, nutrients. One 
of their advantages is that they summarize complex 
environmental factors (Skaffers & Sykora, 2000), can 
be used to relate vegetation to environmental changes 
(Persson, 1980; Diekmann, 2003) and in general to 
analyse the synecology of plant communities (Jurko, 
1984), especially when analysing one single vege-
tation type (Wamelink et al., 2002; Otýpková et al., 
2011; Balkovič et al., 2012). Ter Braak & Barendregt 
(1986) and Ter Braak & Gremmen (1987) supported 
their use with a robust theoretical basis. 

The nitrophilous and synanthropic species were 
counted for each relevé and correlated with the total 
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number of species. We considered as ‘nitrophilous and 
synanthropic’ the species with a value of Ellenberg’s 
‘N’ (nutrients) equal or higher than 7 (Pignatti, 2005); 
in addition, we included also the other species belon-
ging to the classes Artemisietea vulgaris (Artemisia 
vulgaris, Daucus carota, Picris hieracioides) and Stel-
larietea mediae (Abutilon theophrasti, Bromus horde-
aceus, Galium aparine, Lactuca serriola, L. virosa), 
considering the nitrophilous and synanthropic ecology 
of these vegetation classes.

The phytosociologic relevés were analysed in the 
light of the decline status as reported in Gigante et al. 
(2008, 2010, 2011) and grouped according to the 3 
mentioned cathegories (OP, SU, DB). All the selected 
indexes have been calculated for each single relevé by 
using the Juice program (Tychý, 2002) and averaged 
for the 3 groups (DB, SO and OP). Kolmogorov-Smir-
nov Test and Skewness and Kurtosis coefficients have 
been applied to test if the data distribution was con-
form to normality. The statistical significance of the 
differences detected among groups has been tested by 
non-parametric Kruskal-Wallis Test, Mann-Whitney 
U-Test and Median Test. For data with normal distri-
bution, correlation analysis was based on both linear 
regression and Spearman’s rank coefficient R. All the 
Statistical analyses were performed by using the sof-
tware Analyst Soft Stat Plus: mac v2009.

Species names follow Conti et al. (2005) and the no-
menclatural updatings reported in anArchive (2003-
2013). Syntaxonomic nomenclature refers to Rivas-
Martínez et al. (2001) and to Landucci et al. (2013). 
All the relevés have been archived in VegItaly data 

bank (Landucci et al., 2012; Venanzoni et al., 2012; 
Gigante et al., 2012).

Results

The complete phytosociological table, including 45 
relevés grouped according to the decline status, is re-
ported in Tab. 1. The floristic list of the surveyed ve-
getation counts 76 species, including 2 helophytes, 
4 hydrophytes, 29 hemicryptophytes, 11 geophytes, 
21 therophytes, 2 nanophanerophytes and 7 phane-
rophytes (the last 2 categories always represented by 
juveniles). Reed cover is 69% on average and all the 
relevés can be referred to the association Phragmite-
tum australis Savič 1926, although some remarkable 
floristic differences can be noted, allowing the iden-
tification of 2 ecologic variants: one corresponding to 
the dying-back reed bed, differentiated by a very low 
number of species, almost monospecific (DB stands), 
and the second, including SO and OP stands, where 
Phragmites australis is almost always accompanied 
by Rubus ulmifolius, Urtica dioica, Calystegia sepium.

When we consider the 3 groups separately, we can 
observe that the floristic-vegetational traits in stands 
affected by reed decline (DB) are significantly diffe-
rent from both optimal and suboptimal stands (Fig. 1, 
Tab. 2). The number of species per relevé is drastically 
lower in the DB group (2.42 on average), while it ran-
ges around 8.08 and 9.05 in the SO and OP groups, re-
spectively. Analogous result is expressed by Shannon-
Wiever’s and Simpson’s Indexes, reaching the lowest 
values in the declining reed stands. Also Evenness, 

Fig. 1 - Range of values (average, median, 1st and 3rd quartile, max, min) for number of species, vegetation cover value, Shannon’s 
Index, Simpson’s Index, Evenness for the three groups of plots (DB = dying back stands; SO = stands in sub-optimal conditions; OP 
= stands in optimal conditions); p values refer to Kruskal-Wallis Test; different letters indicate statistically significant differences 
(Mann-Whitney U-Test).
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expressed by the Shannon’s Equitability Index, which 
quantifies how equal the community is numerically, 
shows remarkably lower levels in the DB group of re-
levés. All the values recorded in the declining plots are 
significantly different from those recorded in the SO 
and OP groups of relevés.

As concerns the total vegetation cover, it ranges 
around 64.17% in the declining stands, reaching far 
higher values in the sub-optimal plots (81.92) and the 
highest rates on average in the optimal stands (88.75). 
When we consider which species are more significant 
to differentiate the 3 groups (Tab. 3), it appears that 
Phragmites australis, although always present and do-
minant, shows significantly different cover values in 
the 3 groups of relevés (p<0.001), just like Calyste-
gia sepium and Eupatorium cannabinum (p<0.01 and 
p<0.001 respectively). Among the species with avera-
ge cover value per group >1% and average frequency 
value per group >10%, it appears that Cirsium creti-
cum subsp. triumfetti, Carex riparia, Solanum dulca-
mara, Iris pseudacorus, Sparganium erectum, Mentha 
aquatica subsp. aquatica, Sambucus nigra, Bidens tri-
partita, Agrostis stolonifera, Urtica dioica, Rubus ul-
mifolius are good differential species, totally missing 
in the declining reed stands. It should be stressed that 
many of these species are typically representatives of 
palustrine ecosystems, while the last 2 are generally 
ascribable to disturbed environments.

Ellenberg’s indicators point out interesting differen-
ces among the 3 groups of relevés (Fig. 2, Tab. 4). The 
strongest statistical significance regards the parameter 
M (moisture, p<0.001); the highest values are reached 
in the declining reed stands (DB). The parameters T 
(temperature) and N (nitrogen) are both significantly 
lower in the dying-back plots (p<0.01 for both), whi-
le R (reaction) is higher (p<0.01). Continentality (C), 
although still significantly different (p<0.05), widely 
ranges inside the DB group of relevés, while light (L) 
doesn’t appear to be a relevant ecological character 
when comparing the 3 groups.

We searched for any correlation existing between the 
total number of species and the number of nitrophilous 
and synanthropic species for each relevé. According to 

Kolmogorov-Smirnov Test and Skewness and Kurto-
sis coefficients, the data had a normal distribution; by 
applying both linear regression and Spearman’s corre-
lation, it appeared that a very high correlation exists 
between these 2 parameters (linear regression R2 = 
0.851, p<0.001; Spearman’s correlation rank = 0.94; 
p<0.001; Fig. 3).

Discussion

Although reed die-back is a largely investigated phe-
nomenon, this is the first time that floristic traits are 
analysed in a declining reed bed and that dying-back 
symptoms are put in relation with the plant communi-
ty features. Phragmitetum australis has generally been 
considered as a paucispecific vegetation type (Baláto-
vá-Tuláckova et al., 1993; Gerdol, 1987; Philippi, 
1977). However, on the ground of several published 
phytosociological tables referring to this association 
in Peninsular and Northern Italy (Biondi & Baldoni, 
1993; Baldoni & Biondi, 1993; Iberite et al., 1995; Ve-
nanzoni & Gigante, 2000; Landi et al., 2002; Maiorca 
et al., 2002; Pirone et al., 2003; Venanzoni et al., 2003; 
Presti et al., 2004; Biondi & Bagella, 2005; Brusa et 
al., 2006; Ceschin & Salerno, 2008; Tomaselli et al., 
2008; De Martis & Serri, 2009; Lastrucci et al., 2010; 
Allegrezza et al., 2010), it appears that the number of 
species in reed beds is 7.84 ± 4.45 (average ± st. dev.), 
ranging from a minimum of 1 species to a maximum of 
19 (number of considered relevés: 134).

In the present case-study, the reed stands affected by 
die-back syndrome appear significantly correlated to 
species-poor or even monospecific plant communities 
(Tab. 1, group DB); their floristic diversity and even-
ness are far lower when compared to healthy and sub-
optimal stands, indicating a reduced number of species 
and an unequal distribution of the species dominance. 
Also the total vegetation cover is lower in the decli-
ning reed stands: it is well known that the dying-back 
reeds, although sometimes showing higher stem den-
sity (Gigante et al., 2011; Reale et al., 2011, 2012), are 
typically characterized by significantly lower stem’s 
diameter and height, thus producing reduced biomass 

8 D. Gigante et al. 

Tab. 2 - Values of the number of species, vegetation cover value, Shannon’s Index, Simpson’s Index, Evenness (average ± SE) for 
the three groups of plots (DB = dying back stands; SO = stands in sub-optimal conditions; OP = stands in optimal conditions); p 
values refer to Kruskal-Wallis Test; different letters indicate statistically significant differences (Mann-Whitney U-Test).

 DB (n=12) SO (n=13) OP (n=20) p value 

Number of species 2.42±1.00a 8.08±0.98b 9.05±1.06b <0.001 

Cover value (%) 64.17±7.28a 81.92±7.24b 88.75±3.57b <0.05 

Biodiversity indexes 

Shannon-Wiener’s Diversity 0.36±0.17a 1.13±0.15b 1.05±0.13b <0.01 

Simpson’s Diversity 0.17±0.07a 0.49±0.06b 0.46±0.05b <0.01 

Shannon’s Equitability 0.23±0.10a 0.53±0.06b 0.47±0.04b <0.05 

 



(Van Der Putten, 1997). At the same time, the total 
vegetation cover value is further reduced by the low 
number of species.

On the ground of the analysed data, and in accordan-
ce with the results reported in Gigante et al. (2011, 
2012), the species-poor, declining reed stands appear 
to be located only in the permanently flooded areas, 
on the water-front; this matches with the high values 
of the moisture (M) index. Reed beds tend to become 
monospecific in permanently flooded areas, where the 
sediment gets rich in autogenous not-decomposed lit-
ter, and where the symptoms of decline are more seve-
re (Cízková et al., 1996; Rea, 1996; Schmieder et al., 
2002; Gigante et al., 2011). It is evident that the deep 
waters alone should not be considered as an exhausti-
ve explanation of reed decline; the remarkable flori-
stic poverty in permanently flooded reed beds can be 
related to the fact that litter originated from emergent 
macrophytes (especially reed itself) is rich in lignin 
and cellulose, slowly decomposable under permanent 
flooding and originating adverse conditions for growth 
(Clevering & Van Der Putten, 1995; Van Der Putten et 
al., 1997; Pieczyńska, 1993; Boschker et al., 1995). 
Reed creates shade and organic litter to detriment of se-
veral macrophyte taxa whose frequency progressively 
decrease (Mäemets & Freiberg, 2004). Also Lenssen 
et al. (1999) pointed out that waterlogged reed-origi-
nated litter can decrease the growth of several wetland 
species. Long-term submersion and inundations often 
result in low species richness, in both hydrophytes and 
helophytes (Van Geest et al., 2005; Brock et al., 1987); 
on the long term, the sediment deposition can strongly 

interfere with the growth of aquatic plants (Bornette 
& Puijalon, 2011). Reed-derived litter can inhibit the 
growth of wetland species, including Phragmites au-
stralis itself (Van Der Putten, 1993; Van Der Putten et 
al., 1997; Clevering, 1998), in spite of its strong ca-
pacity for rhizosphere oxidation (Conlin & Crowder, 
1989; Armstrong et al., 1992). 

Mäemets & Freiberg (2004) noticed that the occur-
rence of periods of low-water can be correlated to lar-
ge reed expansion, while permanent flooding affects 
reed’s growth on the medium-long term (Schmieder et 
al., 2002; Clevering, 1998). Indeed, it is well known 
that reed die-back generally affects aquatic stands 
(Güsewell & Klötzli, 2000) and that reed tends to re-
treat from deep waters (Boar et al., 1989; Cízková et 
al., 1996; Ostendorp, 1999). The accumulation of lit-
ter, especially when deriving from reed itself, seems to 
be harmful to reed stands (Van Der Putten, 1993; Van 
Der Putten et al., 1997; Granéli, 1989; Weisner, 1996; 
Cízková et al. 1996; Clevering, 1998). Even sugge-
stions about the auto-toxicity of the genus Phragmites 
have been reported in literature (Gopal & Goel 1993): 
autotoxic effects have been noticed in Phragmites 
karka (Retz) Trin. ex Steud., the South-Asian reed, in 
India (Sharma et al., 1990). Szczepanska (1971) ob-
served that the growth of reed’s seedlings is inhibited 
by the presence of litter from several macrophytic spe-
cies. Furthermore, algae such as Cladophora sp. pl. 
can play an allelopathic effect on the sprouting of rhi-
zomes and growth of roots of reed (Schroeder, 1987); 
species of this algal genus have been observed at the 
Lake Trasimeno (Lazzerini et al., 2011). The perma-

The reed die-back syndrome in Phragmitetum australis 9

Fig. 2 - Range of values (average, median, 1st and 3rd quartile, max, min) for Ellenberg parameters for the three groups of plots (DB 
= dying back stands; SO = stands in sub-optimal conditions; OP = stands in optimal conditions); p values refer to Kruskal-Wallis 
Test; different letters indicate statistically significant differences (Mann-Whitney U-Test).



10 D. Gigante et al. 

Tab. 3 - Statistical significance of the differences in individual species cover values for the 3 groups of relevés (DB = dying back 
stands; SO = stands in sub-optimal conditions; OP = stands in optimal conditions), calculated by the Median Test; each species cover 
(average ± SE) per group (%) is indicated (only the species with average cover value per group > 1% and average frequency value 
per group > 10% have been considered).

nence of water might enhance the allelopathic effect, 
especially in anaerobic conditions (Gopal & Goel, 
1993; Patrick et al., 1964). 

With regard to the species rich aspects, the highest 
number of taxa is recorded in the stands where die-
back was not (or only slightly) detected: the plots in 
optimal and suboptimal conditions show a changeable 
floristic composition but none of them is monospecific 
(Tab. 1, groups SO and OP). These stands are always 
located in dry or temporarily flooded areas (Gigante 
et al., 2008, 2010, 2011), generally on the land-facing 
margin of the reed bed, often in contact with agricultu-
ral areas. In fact, reed shows the most vigorous grow-
th and healthy condition in the species richest stands, 
which develop in terrestrial areas. In wetlands, recur-
ring lowering of water level are usually considered to 
increase plant biodiversity, compared to stable water-
levels (Riis & Hawes, 2002). However, in the study 
area this high number of species is to be referred, at 
least in part, to taxa which are not typical elements 
of Phragmitetum australis. The observed floristic rich-
ness is mostly due to invasive, nitrophilous and alien 
taxa, which originate a reed bed often co-dominated 
by disturbance-indicating species, above all Rubus 
ulmifolius and Urtica dioica (Tab. 1). This interpre-
tation is supported by the high values of the nitrogen 
indicator value (N) and in general by the high rate of 
nitrophilous species (Fig. 2, Fig. 3). According to stu-
dies which took into account both Ellenberg’s indica-
tor values and measured parameters in the field (Hill 

Fig. 3 - Number of nitrophilous species vs. total number of 
species per relevé; the regression line is reported.

& Carey, 1997; Schaffers & Sýkora, 2000), N can be 
interpreted as an indicator of productivity.

From the phytosociological point of view, the heal-
thy reed stands are differentiated by a large number 
of transgressive elements from the nitrophilous classes 
Stellarietea and Artemisietea. This pattern shows that 
Phragmites australis can vigorously grow in disturbed 
environments. Indeed, in the study area reed tends to 
invade landward sites, often successfully competing 
with other species. Similar vegetation types had alrea-
dy been observed at the Lake Trasimeno by Venanzoni 
& Gigante (2000) and referred to Phragmitetum vul-
garis Soó 1927 (syn.: Phragmitetum australis Savič 

 DB (n=12) SO (n=13) OP (n=20) p value 

Phragmites australis (Cav.) Trin. 63,0±7,86 68,8±6,71 72,8±4,38 <0.001 

Calystegia sepium (L.) R.Br. 1,0±0,75 1,3±0,69 10,6±3,72 <0.01 

Eupatorium cannabinum L. 0,0±0,04 1,8±0,90 2,8±2,05 <0.001 

Oxybasis urbica (L.) S. Fuentes, Uotila et 

Borsch 
0,7±0,73 - 2,0±1,87 <0.001 

Rubus ulmifolius Schott - 4,4±1,97 1,3±0,61 <0.01 

Cirsium creticum (Lam.) D’Urv. subsp. 

triumfetti (Lacaita) Werner 
- 5,5±3,05 0,7±0,45 <0.01 

Carex riparia Curtis - 8,6±5,33 4,2±2,58 <0.001 

Solanum dulcamara L. - 0,3±0,23 2,0±1,87 <0.001 

Iris pseudacorus L. - 0,3±0,23 1,1±0,94 <0.001 

Sparganium erectum L. - 0,5±0,31 1,1±0,94 <0.001 

Urtica dioica L. - 3,3±1,56 7,9±4,66 <0.01 

Bidens tripartita L. - 0,0±0,04 1,0±0,93 <0.001 

Mentha aquatica L. ssp. aquatica - 0,2±0,23 1,9±1,87 <0.001 

Sambucus nigra L. - - 1,1±0,94 <0.001 

Agrostis stolonifera L. - - 7,1±3,88 <0.001 

 



1926), in spite of the high cover values of species like 
Urtica dioica, which might address towards the de-
scription of a reed-dominated community to be refer-
red to, e.g., Convolvuletalia sepium Tüxen ex Mucina 
1993 Riv.-Mart., T.E. Díaz, Fernández-González, Izco, 
Loidi, Lousã & Penas 2002 nom. mut. propos. On the 
ground of the here reported data, Rubus ulmifolius and 
Urtica dioica can be used to point out a variant of the 
typical association, since the presence of elements 
from the class Phragmito-Magno-Caricetea is still 
remarkable (Tab. 1, Tab. 3). Similar vegetation pat-
terns were observed in S-Switzerland and inspired the 
word ‘pseudo-reed bed’ (Greco & Patocchi, 2003) to 
indicate a vegetation type where Phragmites australis 
colonizes terrestrial stands, often on nutrient-rich soils 
(Brülisauer & Klötzli, 1998). 

Conclusive remarks

On the ground of the anlysed data, a clear picture 
of the floristic-vegetational traits characterizing the 
dying-back reed stands can be outlined. Results sup-
port the idea that in permanently flooded stands, rich in 
organic deposits and autogenous reed litter, the pheno-
menon of reed die-back matches with an extreme flo-
ristic poorness, often stretched to monospecific phyto-
coenoses. On the other side, species-rich reed beds are 
often related to terrestrial disturbed sites, which seem 
to be the healthiest condition for the species Phragmi-
tes australis. However, their floristic richness is main-

ly due to the presence of invasive species.
From the point of view of nature conservation, reed 

die-back is a dramatic phenomenon affecting wide por-
tions of European reed beds and should be considered 
with attention. The presence of large stands of ‘pseudo-
reed bed’, although species-rich, cannot be considered 
as a compensation since their floristic composition is 
often jeopardized by conditions of strong disturbance, 
as indicated by the present study. The overall result is a 
trivialization of the plant communities, both in the flo-
oded and the drier locations, drawing attention to the 
risk of loss of an ecosystem which plays an important 
role in biodiversity conservation.

Although not included in any of the specific Habi-
tats listed in Annex I of 92/43/EEC Directive (Biondi 
et al., 2009, 2012), reed beds and in general the plant 
communities belonging to the alliance Phragmition 
represent valuable ecosystems for biodiversity con-
servation. Wetlands are also highly vulnerable to alien 
species invasions, especially neophytes (Chytrý et al. 
2005, 2009). Their increasing decline and contraction 
call for a deeper knowledge of the dynamics lying 
behind the observed phenomena. It seems therefore 
more and more necessary to find out suitable models 
and traits in order to detect and monitor the declining 
condition of these delicate ecosystems. With this aim, 
floristic and phytosociological aspects combined with 
population analysis can be taken into account as im-
portant and visible indicators of the die-back pheno-
menon.
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Tab. 4 - Values of the Ellenberg parameters (average ± SE) for the three groups of plots (DB = dying back stands; SO = stands in sub-
optimal conditions; OP = stands in optimal conditions); p values refer to Kruskal-Wallis Test; different letters indicate statistically 
significant differences (Mann-Whitney U-Test).

Syntaxonomic scheme

PHRAGMITO-MAGNO-CARICETEA Klika in Klika et Novák 1941
PHRAGMITETALIA AUSTRALIS Koch 1926
Phragmition australis Koch 1926
Phragmitetum australis Savič 1926
var. with Rubus ulmifolius

 DB (n=12) SO (n=13) OP (n=20) 
p 

value 

Ellenberg parameters     

Moisture (M) 9.37±0.27a 7.49±0.42b 7.13±0.21b <0.001 

Nitrogen (N) 5.59±0.26a 6.04±0.17a 6.59±0.15b <0.01 

Temperature (T) 5.32±0.17a 6.18±0.20b 6.33±0.13b <0.01 

Reaction (R) 7.01±0.06a 6.35±0.11b 6.52±0.08b <0.01 

Continentality (C) 2.07±0.74a 4.65±0.39b 4.78±0.26b <0.05 

Light (L) 7.12±0.05 7.18±0.09 7.25±0.07 n.s. 
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