
INTRODUCTION

Macrophytes are one of the most important primary
producers in lacustrine environments and represent a key
element of the aquatic ecosystems (Carpenter and Lodge,
1986). The decline in quality and functionality docu-
mented in the last two centuries (Sala et al., 2000; Dudg-
eon et al., 2006) has led to critical regime shifts in primary
production, promoting phytoplankton at the expense of
macrophytes (Scheffer et al., 2001; Sayer et al., 2010).
Charophytes represent one of the most threatened groups
of macrophytes (Baastrup-Spohr et al., 2013), and Chara-
dominated vegetation is one of the habitats of community
interest (Habitat Directive 92/43 EEC), owing to its en-
dangered and jeopardized status throughout Europe.

Charophytes, which are green algae of Characeae
family and include the genus of Chareae (Chara, Lam-
prothamnium, Nitellopsis, and Lychnothamnus) and Nitel-
leae tribes (Nitella and Tolypella), have long been
considered the closest sister group to vascular plants
(Karol et al., 2001). Recently other authors have recon-
sidered this proximity (Leliaert et al., 2012), though
stoneworts are still clearly one of the most important pri-
mary producers in lakes, playing a central role in the con-
trol of nutrient availability (Kufel and Kufel, 2002;

Blindow et al., 2002, Rodrigo et al. 2007). Stoneworts
display a high sensitivity to water pollution and eutroph-
ication phenomena, and are the first to disappear at the
occurrence of pollution (Blindow, 1992; Blindow et al.,
2002). As human activities have threatened their habitat
in the last 100 years (Goldin 2010, Baastrup-Spohr et al.,
2013), stonewort numbers are declining across Europe
and many Red Lists now include them (Stewart and
Church, 1992). Their sensitivity to water pollution allows
stoneworts to be used as biological indicators (Melzer,
1999), a role that has been emphasized in the recent years
following implementation of the Water Framework Di-
rective (WFD - EU 2000/60) (Stelzer et al., 2005; Pall and
Moser, 2009). However, knowledge about stoneworts in
Italy is still scarce and incomplete. Some authors de-
scribed the Italian stonewort flora in the 19th century and
early 20th century (Bazzichelli and Abdelahad, 2009 and
references therein). Since then, no other authors have at-
tempted to collect information on the overall distribution
of stoneworts in Italy, with all the modern reports deriving
from regional (Tomasella and Oriolo, 2006) or local stud-
ies (Bolpagni et al., 2013). Therefore, no updated assess-
ment on the presence and distribution in Italy exists, and
an Italian Red List of charophytes is consequently still
lacking. The scanty Italian literature available on the con-
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ABSTRACT
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belts characterized the Chara dominated IVL, as in other pristine deep calcareous European lakes. A Chara aspera belt grew at a lower
depth, followed by a Chara polyacantha belt at a medium depth and a Chara globularis dominated belt at a higher depth, up to the max-
imum growing depth. The most common species was Chara globularis, whereas seven species were rare. Sixteen of the 17 species found
belong to the IUCN threatened categories throughout Europe. The most interesting taxa are Nitella hyalina, Nitella gracilis and Lych-
nothamnus barbatus. Nitella hyalina is extinct in Switzerland and Great Britain, critically endangered in the Balkans and in Germany.
Nitella gracilis is extinct in Denmark and endangered in the Balkans, Sweden and Switzerland. The Lychnothamnus barbatus population
found in Martignano is the only one known in Italy. Lakes Vico, Martignano, Bolsena and Bracciano host from 18% to 44% of European
charophytes. The high number of species in each lake allows the selection of these lakes as European hotspots of charophyte diversity.
Therefore, the IVL can be a reference system for the conservation of aquatic species that are typical of Italian and European deep lakes.
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servation status of freshwater habitats points to a strong
decline in the presence and distribution of macrophytes
(Bresciani et al., 2012), mainly due to intensive agricul-
ture, industrialization and urbanization (Bolpagni et al.,
2012). A comparable trend may be hypothesised for
charophytes.

A recent study has shown that large, deep Italian vol-
canic lakes (IVL) can be classified as Chara-lakes sensu
Alquist (1929) and Vestergaard and Sand-Jensen (2000a)
(Azzella et al., 2013b). In this paper, I will focus on charo-
phyte species of IVL to evaluate their role in the conser-
vation of Italian and European charophyte species
richness. The gathering of information on plant diversity
and species distribution is necessary to preserve biodiver-
sity (Jackson et al., 2009; Vellak et al., 2009). The Global
Strategy for Plant Conservation (GSPC) stresses the need
to protect at least 50% of areas that are of high conserva-
tion value for plant diversity at the local or national level
(Blasi et al., 2011). Therefore, identifying lakes in which
charophyte habitats are well preserved is essential to I)
study ecosystem processes in a reference system and II)
elaborate conservation policies and restoration actions for
the implementation of GSPC, WFD and Habitat Directive
(92/43 EEC). Moreover, the identification of lakes in
which charophytes are well preserved may help to con-
serve such lakes because stoneworts could be collected
and reintroduced in areas where they are locally extinct
(Auderset Joye and Schwarzer, 2012). 

METHODS

Study area

The IVL system (Fig. 1) contains 94% of the fresh-
water volume in central and southern Italy, 80% of the
deep lake surfaces within the Mediterranean coastal re-
gion and 42% of the area occupied by deep lakes, as de-
fined in accordance with the WFD (Mediterranean
Intercalibration Group - GIG). According to the Italian
hydroecoregion classification, which was developed to-
gether with the WFD (Law Decree 152/06), most IVL
belong to the Roma Viterbese hydroecoregion (i.e.,
coastal region, from the south of Tuscany to Rome), with
only two lakes, i.e., Lago Grande and Lago Piccolo
(Laghi di Monticchio), belonging to the hydroecoregion
Appennino Meridionale (i.e., inner region in the south-
ern part of the Apennines). Despite the limnological sim-
ilarities with the Alpine lakes, Buraschi et al. (2005)
classified IVL in a separate category (M7 - Mediter-
ranean lakes of volcanic origin and with a mean depth
greater than 15 m). According to the Italian macrocli-
mate classification (Blasi and Frondoni, 2011), most vol-
canic lakes belong to the temperate regions, with the
exception of the lakes Bracciano and Martignano, which
belong to the Mediterranean region. 

Sampling methods

The floristic data in this study were collected during
the 2009 and 2010 growing seasons (July-September)
using two different methods of sampling, i.e., a phytolit-
toral inventory (Kanninen et al., 2013) in 2009, and the
macrophyte survey method developed to analyze deep
circular-shaped lakes in 2010 (Azzella et al., 2013b).
Briefly, in 2010 a representative number of transects were
selected for each lake. Then, data on macrophyte species
occurrence and abundance were collected from each 1-
m depth interval up to the maximum colonization depth
along the depth gradient. The nomenclature of charo-
phytes follows Bazzichelli and Abdelahad (2009). Data
collected in 2010 were used to evaluate the abundance of
species in each lake. Water samples were collected in the
winter and summer of 2010 to assess the chemical char-
acteristics of IVL (Tab. 1). Water samples were collected
in the center of the lakes, at five different depths on the
water column. For each column, 3 samples were col-
lected above the summer thermocline and 2 below it.
Temperature, conductivity and pH were measured with a
portable pH/EC/TDS meter (Hanna Instruments 9810)

Fig. 1. Study area. The Italian volcanic lakes system.
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and water samples were stored and subsequently ana-
lyzed using standardized techniques (analysis methods in
Legnani et al. 2005) to measure total phosphorus (TP),
total nitrogen (TN) and alkalinity (Alk). CNR-IRSA
(Centro Nazionale Ricerche - Istituto di Ricerca sulle
Acque) laboratories performed the analyses. 

Analysis methods

The data collected did not allow the in-lake relation-
ship between ecological gradients and stoneworts to be
assessed because they were not collected in the sampling
stations along the depth gradient. Nevertheless, the cor-
relation between winter chemical characteristics and the
lakes’ morphological characteristics and some stoneworts
indices were calculated. Spearman’s rank correlation co-
efficient was used to test the significance of the associa-
tion between stonewort indices and the lakes’
characteristics. Three stonewort indices were evaluated in
the nine IVL: i) the stonewort maximum growing depth
(Zcch), a very common index used to assess water conser-
vation status in relation to the Secchi disk (SD) (Sønder-
gaard et al., 2013; Azzella et al. 2014a); ii) the ratio
between stonewort abundance and vascular plants abun-
dance (C/VP), to verify the hypothesis that higher nutrient
concentrations imply a higher abundance of vascular
plants and a lower abundance of charophytes (Vestergaard
and Sand-Jensen 2000a); iii) the number of stonewort
species (Nch) was tested in relation to the lakes’ area (Ar)
to verify whether the bigger lakes host a higher number
of charophytes (Rørslett 1991, Vestergaard and Sand-
Jensen 2000b). All the analyses were performed using
PAST 3.01 (Hammer et al., 2001).

Originally, Myers (1988) defined biodiversity hotspots
as: areas featuring exceptional concentrations of endemic
species and experiencing exceptional loss of habitat.
However, most authors currently use a simplify definition,
based on the presence of a particularly high species rich-

ness or the high frequency of rare species (Reid 1998).
The rarity of the species was evaluated by using the num-
ber of sampling stations in which the species were found.
In the present work a species is defined rare when it was
found fewer than 10 times, and very rare when it was
found only once. On the other hand, the stoneworts found
in at least 100 sampling stations were classified as very
common species, stoneworts found between 50 and 100
times as common species, and stoneworts found between
10 and 50 times as fairly common species. 

To evaluate the conservation value of IVL and deter-
mine whether they could be considered as diversity
hotspots and refuges for European charophytes, I refer to
the red data list of charophytes in the Balkans (Blaženčić
et al., 2006), where lakes that host more than 18% of Eu-
ropean charophyte species were considered a hotspot.

RESULTS AND DISCUSSION

Globally, 17 taxa of stoneworts were identified (11
species of the genus Chara, four species of the genus
Nitella, one species of Nitellopsis and one species of Ly-
chnotamnus) (Tab. 2). If we consider that there are a total
of 54 charophyte species in Europe (Krause, 1997) and
32 species in Italy (Bazzichelli and Abdelahad, 2009),
IVL host more than 50% of the Italian species and about
30% of the European charophyte species. Lakes Bolsena,
Bracciano, Martignano and Vico contain large submerged
stonewort beds (Fig. 2). Lakes Bracciano and Bolsena
host the highest number of species (16 and 14 species, re-
spectively) (Tab. 2). This finding is compatible with the
hypothesis that larger lakes host higher numbers of
stonewort species, as is also suggested by the fact that the
Nch is significantly higher in IVL with higher Ar (Spear-
man rs=0.96, P<0.001). 

The most common species in IVL was Chara globu-
laris, which was present in all the lakes and was recorded
in more than 100 sampling stations (Tab. 2), while four

Tab. 1. Morphometric characteristics and hydrochemical features of Italian volcanic lakes. 

Ar* Al* Md* V* Alk Cond pH TP TN SD
Lake km2 m asl m m3 106 m2 L–1 µS cm–1 20°C µg L–1 mg L–1 m

Albano 6.0 293 170 464.3 3.6 302 8.7 21.6 0.3 5.2
Bolsena 114.5 305 146 8922.0 4.1 494 8.1 17.2 0.3 12.0
Bracciano 57.5 164 160 4950.0 3.2 482 8.0 14.2 0.2 13.5
Lago Grande 0.4 656 35 3.4 3.4 398 7.4 123.6 1.7 1.2
Lago Piccolo 0.2 658 38 38.0 3.1 318 7.7 24.1 3.7 2.3
Martignano 2.5 207 54 71.2 2.7 373 7.5 11.4 0.3 4.5
Mezzano 0.5 455 31 8.1 1.4 179 7.6 22.0 0.6 2.5
Nemi 1.7 318 34 32.5 2.3 190 8.8 34.0 0.6 5.0
Vico 12.1 507 50 268.0 2.4 401 8.0 22.1 0.4 2.5

Ar, area; Al, altitude; Md, max depth; V, volume; Alk, alkalinity; Cond, conductivity; TP, total phosphorus; TN, total nitrogen; SD, Secchi disk. *Data
from Tartari et al., 2004.
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Tab. 2. Presence of stoneworts in the Italian volcanic lakes and rarity of the species. 

Bracciano Bolsena Vico Martignano Albano Mezzano Nemi FQR

Chara globularis Thuillier        ++
Nitellopsis obtusa (Desv. in Lois) J. Gr.       ++
Chara aspera Detharding ex Wildenow      ++
Chara hispida L. sensuauct. nonnull.      ***
Chara vulgaris Linnaeus      ***
Nitella hyalina (de Candolle) C. Agardh      +
Chara intermedia A. Braun     +
Chara polyacantha A. Braun in Br.,Rab. & Sti.     ++
Chara tomentosa Linnaeus     ++
Chara delicatula C. Agardh    **
Nitella gracilis (Smith) C. Agardh    **
Nitella opaca (C. Agardh ex Bruzelius) C. Agardh    ++
Nitella tenuissima (Desvaux) Kutzing    **
Chara gymnophylla A. Braun   **
Chara crassicaulis S. chleicher  *
Chara contraria A. Braun ex Kützing  *
Lychnothamnus barbatus (Meyen) Leonh.  *

*FQR, rarity of the species; *very rare species (only one sampling station); **rare species (fewer than 10 sampling stations); ***fairly common (between
10 and 50 sampling stations); +, common species (between 50 and 100); ++, very common species (more than 100).

Fig. 2. Macrophyte cover in Italian volcanic lakes. Four lakes are Chara-dominated lakes, with a high percentage of charophyte cover
(black). The last four lakes are dominated by vascular plants (grey).
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species were rare (Chara delicatula, C. gymnophylla,
Nitella gracilis and N. tenuissima, which were found
fewer than 10 times) and three were very rare (Lych-
nothamnus barbatus, Chara crassicaulis and C. con-
traria, which were found only once). Lakes Albano, Nemi
and Mezzano displayed a low number of charophytes,
while no species were found in Lake Grande and Lake
Piccolo. Although historical information about IVL is
scant (Azzella et al., 2014b), there are reports on the his-
torical presence of Nitellopsis obtusa populations in Lake
Grande (Trotter, 1908) and of Chara-dominated belts
down to 12 meters of depth in Albano (Stella, 1951). Re-

cently, other studies have reported the recovery and the
appearance of charophytes in Nemi, i.e. a lake in which
they had not previously been recorded (Mastrantuono and
Sforza, 2008; Azzella et al., 2014b). Thus, the absence of
stoneworts in some lakes and the low cover values in
other lakes may be the result of recent human impacts. 

Chara polyacantha dominated the aquatic vegetation
in Bracciano and Martignano. Chara tomentosa yielded its
highest value of abundance in Lake Bolsena, while Nitel-
lopsis obtusa was most abundant in Lake Vico. The species
abundance gradient along depth showed similar patterns in
the four Chara-dominated lakes (Fig. 3). Recently, follow-

Fig. 3. Distribution of the four most abundant stonewort species in the Chara-dominated Italian volcanic lakes.
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ing the implementation of the Water Framework Directive
(EU/2000/60), Pall and Moser (2009) created a multimetric
index based on aquatic plants, the Austrian Index Macro-
phyte (AIM). One of the metrics of the AIM is character-
istic zonation, which assigns considerable importance to
the presence of three different Chara-dominated vegetation
belts in pristine lakes. Other authors found this character-
istic zonation in Lake Garda (Bolpagni et al., 2013). Similar
conditions were found in IVL, with typical Chara-domi-
nated vegetation belts (Fig. 3): a Chara aspera belt at
lower depth, followed by a Chara polyacantha belt at
medium depth and a Chara globularis dominated belt at
higher depth. This pattern is evident in Lakes Bracciano
and Martignano, where TP and TN values were lowest
(Tab. 1). Some differences emerged in the characteristic
zonation of Bolsena, where Chara tomentosa is the dom-
inant species, followed by a marked presence of Chara
polyacantha, as well as in that of Vico, where Nitellopsis
obtusa and Chara polyacantha co-dominate. Four belts

were identified in Bracciano in 2010, probably as a result
of the very high Secchi disk value. The last belt reached
26 meters of depth and was dominated by Nitella opaca.
Although this depth is impressive, it is not the highest ever
reported for this species. Indeed, a maximum growing
depth of 37 meters for Nitella opaca has previously been
reported in Lake Vrana (Golubić, 1963), of 33 meters in
Lake Thingvallavatn (Kairesalo et al. 1992) and of 27 me-
ters in Lake Towada (Jimbo et al., 1955). In IVL, Nitella
opaca and Chara globularis were the commonest species
at high depths, as is generally reported in the northern
hemisphere (Kairesalo et al., 1992; Frantz and Cordone,
1967). The analyses of the selected indices showed that
the Zcch is significantly higher in lakes with a higher SD
(Spearman rs=0.89, P<0.01) and lower TP (Spearman rs=-
0.85, P<0.01) and TN (Spearman rs=-0.98, P<0.01) val-
ues, while the C/VP ratio was significantly higher in lakes
with a lower TP (Spearman rs=0.69, P<0.05) and TN
(Spearman rs=-0.91, P<0.01). These findings thus confirm

Tab. 3. Risk status of the Italian volcanic lakes’ charophyte species in the European red lists. The red lists from the Balkans to Hungary
use IUCN categories (IUCN, 2001).

Balkans Sweden Switzerland Norway Great Finland Bulgaria Hungary Germany Denmark Poland Czech
Britain Republic

Chara aspera LR VU NT DD 3 E HE

Chara contraria LR LC VU CR VU * V

Chara delicatula VU VU * V HE

Chara gymnophylla CE

Chara globularis LR LC VU * V CS

Chara hispida VU VU NT DD VU 3 E ES

Chara intermedia EN EN NT EN NT 3 TE VS

Chara polyacantha EN NT CR EN 3 ER E VS

Chara tomentosa VU VU CR DD 3 R R VS

Chara vulgaris LR VU EN LR * V CS

Lychnothamnus barbatus EN 2 E

Nitella gracilis EN NT EN VU VU VU NT 2 RE I HE

Nitella hyalina CR RE RE VU 1

Nitella opaca LR VU RE 3 TE I ES

Nitella tenuissima VU RE CR EN DD 3 I VS

Nitellopsis obtusa VU VU NT VU VU VU EN * R VS

RE, extinct at the national level; CR, critically endangered; EN, endangered; VU, vulnerable; NT, near threatened; LR, low risk; LC, least concern;
DD, data deficient. The last 4 lists (from Germany to the Czech Republic) use different codes. Germany: *ungefährdet (no risk); 1, vom Aussterben
bedroht (critically endangered); 2, stark gefährdet (endangered); 3, gefährdet (vulnerable). Denmark: RE, extinct at the national level; TE, threatened
by extinction; R, rare; ER, extremely rare. Poland: E, critically endangered; V, vulnerable; R, rare; ER, extremely rare; I, data deficient. Czech Republic:
VS, vanishing species; CE: critically endangered; HE, highly endangered; ES, endangered species; CS, common species. Data References: Blaženčić
et al., 2006 (Balkans. Balkans included Serbia & Montenegro, Croatia, Macedonia, Slovenia, Bosnia & Herzegovina, Bulgaria, Romania, Greece, Al-
bania), Gärdenfors, 2010 (Sweden), Auderset Joye and Schwarzer, 2012 (Switzerland), Kålås et al., 2010 (Norway), Stewart and Church, 1992 (Great
Britain), Koistinen, 2010 (Finland), Temniskova et al., 2008 (Bulgaria), Németh, 2005 (Hungary), Korsch et al., 2012 (Germany), Baastrup-Spohr et
al., 2013 (Denmark), Siemińska et al., 2006 (Poland), Caisová and Gąbka, 2009 (Czech Republic).
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the hypothesis that charophyte communities need trans-
parent water with low TP and TN concentrations to colo-
nize lakes at great depth, and that the higher the
phosphorus and nitrogen concentrations, the lower the
charophyte abundance. 

Out of the 17 species found, 16 species belong to the
IUCN threatened categories throughout Europe (Tab. 3).
In particular, Nitella hyalina, which is a common species
in IVL, is extinct in Switzerland and Great Britain, and
critically endangered in the Balkans and in Germany.
Nitella gracilis is extinct in Denmark and endangered in
the Balkans, Sweden and Switzerland. The Lychnotham-
nus barbatus population found in Lake Martignano is the
only one known in Italy (Azzella and Abdelahad, 2011).
Chara polyacantha and C. tomentosa, the most abundant
species in Lakes Bracciano and Bolsena, are included in
many European red lists. Blaženčić et al. (2006) identified
four Balkan lakes as hot-spots and potential centers of di-
versity of charophytes in the Balkan Peninsula. The lakes
identified as hotspots host from 19% to 51% of the total
stonewort species found in the Balkans and from 18% to
44% of the European charophytes. Four IVL host more
than 19% of the total Italian stonewort flora and more than
18% of the European stonewort flora. These lakes
(Bolsena, Bracciano, Martignano and Vico) may be con-
sidered as hotspots and centers of charophyte diversity at
both the national and European levels. Furthermore, these
lakes fulfill all three criteria required to be considered as
Important Plant Areas (Marignani and Blasi, 2013). Lake
Bracciano hosts the largest number of stoneworts and
many interesting and endemic vascular macrophytes
(Troia and Azzella, 2013). It may, therefore, serve as a ref-
erence system for the conservation of aquatic species typ-
ical of Italian and European deep lakes. Moreover, the
similarities in the distribution of charophyte vegetation
between IVL and Lake Garda and Austrian limestone
foothill lakes suggest that the vegetation across European
deep lakes is to some extent shared. These common char-
acteristics might allow the implementation of the WFD to
be coordinated, thereby obviating the need for a distinc-
tion between intercalibration groups (GIG) for macro-
phytes. The presence of negative trends highlighted in the
flora (Azzella et al., 2014b) and vegetation (Azzella et al.,
2013a) of IVL highlights the need for monitoring pro-
grams to protect these important ecosystems.

CONCLUSIONS

The Italian Volcanic Lakes system is a strategic re-
serve of freshwater that is threatened by over-exploitation
owing to the potential economic value it represents. The
biggest lakes within the system (Lakes Bolsena, Brac-
ciano, Vico and Martignano) host an extraordinary num-
ber of freshwater macro algae of the Characeae family,
which are critically endangered throughout Europe.

Therefore, these lakes may be considered a European
hotspot of charophyte biodiversity and should be included
in the Italian Important Plant Areas. An increase in the
level of human pressure as well as climate change might
affect these hotspots.

One future challenge will be to maintain the correct
balance between the environment and human interests,
according to the management polices recommended by
the Global Strategy for Plant Conservation and the Water
Framework Directive.
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