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INTRODUCTION  
 
Pergusa Lake is a shallow polymictic endorheic 

lake (Calvo et al. 1993), located in the centre of 
Sicily at 667 m a.s.l. (Fig. 1). The lake is famous be-
cause connected - since classic Roman period - 
with the myth of the Rape of Proserpina, but also 
for its recurring “red waters” caused by the bloom 
of phototrophic sulphur-bacteria, in turn caused by 
recurring dry periods (Calvo et al. 1995); the hydro-
logic balance is in fact mainly controlled by rainfalls, 
because of the limited extension of the basin (ca. 
10 Km2). The lake today has an area of ca. 1.4 Km2, 
with the maximum depth at ca. 2.2 m, and is pro-
tected as a Nature Reserve as well as a Natura2000 
site (cod. ITA06002) (Papini et al. 2009). 

During ongoing investigations on charophytes 
in Sicily (Romanov et al.  2019), it emerged that 
an important bisexual population of the cha -
 rophyte Chara canescens Loisel. (Characeae, Cha -
rales, Charophyceae) was reported in the XIX 
century for this lake (Ross 1905). The species is 
widely distributed in northern hemisphere and 
Australia (Nowak et al. 2019), but limited to saline 
habitats (salinity range between 4 and 16‰) 
(Winter & Kirst 1991); it does not tolerate more 
than a temporary enhancement of salinity up to 
that of seawater or decrease in salinity to that of 
freshwater (Winter & Kirst  1991). 

The species is dioecious, but most populations 
all over the world are made only by female plants: 
currently, only two bisexual populations are 

known, namely in the National Park Neusiedler 
See-Seewinkel at the border between Hungary 
and Austria, and in a single site in Sardinia (Nowak 
et al.  2019). Hence, the reported bisexual popu-
lation of Pergusa could represent the third one in 
the world. 

 
 

MATERIAL AND METHODS 
 
Available published data on the charophytes 

and aquatic vascular plants occurring in the Lake 
of Pergusa have been collected, and field investi-
gations were made to locate the population of 
Chara canescens.  

In addition, literature on the history and lim-
nology of the lake has been analysed. 

 
 

RESULTS 
 

Historical records of charophytes and aquatic 
plants in the Pergusa Lake 

 
Herman Ross (1862–1942) was a German bo-

tanist who spent some years in Sicily at the end 
of the XIX century (Stafleu & Cowan 1983). He 
was the first, as far as we know, to describe the 
presence of charophytes in the Pergusa Lake: in 
June 1893 he visited the water body and saw a 
single species covering most of its bottom and 
often reaching the water surface (Ross 1905). 
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Ross collected specimens and sent them to 
another German scientist, Ludwig Holtz, specialist 
based in Greifswald, who identified the char-
ophytes from Pergusa Lake as Chara crinita Wallr.; 
moreover, he found that Sicilian specimens were 
different from the “typical” C. crinita, so that he 
described a new form: Chara crinita f. pseudo-spi-
nosissima (Holtz in Ross 1905: 255). Today, that 
form is considered not being different from the 
typical C. crinita, which in the meantime has been 
considered a synonym of Chara canescens Loisel. 

The area of Pergusa has not been well studied, 
as far as the aquatic vascular flora is concerned. 
Few years after the visit of Ross, Lopriore (1901) 
confirmed the presence of Chara (sp.), adding the 
sporadic presence of Potamogeton pectinatus. 
Also Forti (1933) wrote that in July 1928, after a 
long dry period (between 1921 and 1927) inter-
rupted by heavy rains, the submersed vegetation 
was constituted by Chara crinita (= C. canescens) 
and Potamogeton pectinatus; four years later, in 
Autumn 1932, red waters will characterize again 
the lake (Forti 1933). 

In the following decades, between 1920 and 
today, a lot of things happened: dry periods and 
red waters, a project of reclamation of the area, 
the construction of houses, public and private wells 
(closed in 1988) and a racetrack around the lake 
(still active), the release of alien species (fishes, 
turtles, etc.), blooms of ichtyotoxic microalgae. 

In recent years, Calvo et al. (1993) were the 
last authors reporting Chara meadows in the lake, 
observed during their visits to the lake between 
April 1987 and March 1988: in spring “dissolved 
oxygen percentage saturation increases from the 
surface to the bottom and pH values are close to 
9.0, probably because of the presence of Chara 

sp., which colonizes the lake’s bottom” (Calvo et 
al. 1993). Although the species reported by Calvo 
et al. (1993) is probably C. canescens, we cannot 
confirm: the only herbarium charophyte collected 
in this lake and preserved in the Herbarium Medi-
terraneum (PAL) of the University of Palermo is a 
XIX century specimen of C. canescens (without 
collector and date) (!) (Ferreri 1998).  

Between 1988 and 1989 a dry period caused 
the lake to dry out almost completely. The same 
happened between 2000 and 2002. After that sec-
ond event, water from the Ancipa reservoir (lo-
cated about 40 km NE from Pergusa) was directed 
to the lake of Pergusa, a first time between De-
cember 2002 and May 2003, a second time be-
tween March and May 2004 (Amore & Termine 
2005). As a consequence, the lake was “restored” 
and filled, also thanks to abundant rains of those 
years and the closure of the wells. The salinity of 
the lake changed according to these events: it was 
up to 127 g/l in summer 1990 (Battaglia et al. 
1991), 57.6 g/l in 2001-2002, 8.5 g/l in 2003–2004, 
5 g/l in 2005–2006 (Amore & Termine 2007). 

After the water input from outside the basin, 
large amount of Characeae oospores in the sedi-
ments are reported in 2004 (Amore & Termine 
2005) and in 2006 (Amore & Termine 2007); but 
between April and September 2006 those oo-
spores significantly decreased (Amore & Termine 
2007), totally disappearing in 2008-2010 (Termine 
2012). In the same time, in July 2006 an increased 
presence of the macrophyte Ruppia sp. (already 
reported for the lake by Amore & Termine 2005) 
was highlighted (Amore & Termine 2007), as well 
as the first reports of the common Carp, Cyprinus 
carpio (Linnaeus, 1758), in the lake (Termine et al. 
2008). 
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Figure 1. View of the Pergusa Lake (photo T. Puma, July 2010).
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The Management Plan of the Natura2000 site 
(Papini et al. 2009), on the basis of field investi-
gations probably made in the previous couple of 
years, reports the presence of Chara globularis 
Thuill. (sub Chara fragilis), together with Ruppia 
sp.; Termine (2012) confirms that C. globularis 
was present till 2007, but notes that from 2008 to 
2010 (period covered by that last report) no cha -
rophyte or vascular aquatic plant occurred in the 
lake. 

  
Submerged macrophytes today 

 
After several visits to the lake during 2017 and 

2018, including an exhaustive tour in boat to-
gether with the colleague Rosa Termine (using a 
hook to check the bottom of the lake, considering 
the turbidity of the water), we never found any 
charophyte. 

On 28 July 2018, during the tour in boat, we 
found some plants of Zannichellia cf. palustris 
(Fig. 2) in a restricted area of the lake. Also Abita 
et al. (2019), in the same period, collected Zanni-
chellia palustris as the only submerged macro-
phyte, in just one of the five areas they studied.  

During our visits, the water of the lake was al-
ways yellowish and turbid; according to Abita et 
al. (2019), on the basis of samplings and analyses 
made during 2018, the chemical and ecological 
status of the Lake was “not good”. 

 
 

DISCUSSION 
 
It is not easy to homogenize data about salinity, 

reported in different ways in the last 130 years, 
but it is clear that Pergusa Lake - in spite of the 

input of freshwater from outside the basin - is a 
saline lake (sensu Hammer 1986), subject (as 
other saline endorheic lakes) to fluctuations in sa-
linity, area and depth (Afonina & Tashlykova 2020). 

Before 2007, the Pergusa Lake was a Chara-
lake (sensu Azzella 2014,  Pukacz et al. 2016 and 
references cited therein). Probably the most sig-
nificant way in which charophytes affect aquatic 
ecosystems is through biomass production, which 
is an important factor in nutrient cycling (Kufel & 
Kufel 2002). Charophytes are also able to decal-
cify the ambient water (influencing alkalinity and 
pH) resulting in the storage of a large portion of 
incorporated carbon in the sediment. Addi-
tionally, the deposition process is accompanied 
by the co-precipitation of inorganic phosphorus. 
All the above effects stabilize the trophic status 
and stimulate the clear water state of a lake (Pu-
kacz et al. 2016). 

The scenario is definitely complex, but it 
seems evident that the concurrence of two new 
factors (namely, the input of freshwater from out-
side the basin, and the introduction of the carps), 
in addition to other factors (such as the racetrack 
caging the lake, or the impact of “black” waters 
from human settlements, etc.), contributed to the 
destabilization of the lake ecosystem, with an 
upset of the water chemical-physical traits and a 
revolution in the trophic chain, starting from the 
destruction of the primary producers i.e. the 
Chara canescens meadows. Graphs in Amore & 
Termine (2007, Fig. 15), Barone et al. (2008, Fig. 
7) and Naselli-Flores et al. (2016, Fig. 2A) clearly 
show the temporal relationship between the 
input of freshwater and the decrease of 
salinity/conductivity. As noted in the introduction, 
Chara canescens is connected to saline habitats 
(Nowak et al. 2019), and the current salinity is 
probably not compatible with its needs; after 
freshwater input, another freshwater charophyte 
(Chara globularis) seems to have tried to establish 
(or expand) but without success, probably be-
cause of the carps. So today charophytes and vas-
cular plants are absent (with the exception of 
some rare individuals of Zannichellia cf. palustris). 
Also the observed variation in the bird community 
composition, namely the decrease of herbivorous 
species and the increase of piscivorous ones, at-
tributed to a bloom of a microalga (Barone et al. 
2008), could be indeed ascribed to the disappea-
rance of the Chara meadows. 

In the turbid state (which we see today), the 
development of submerged vegetation is pre-
vented by low underwater light levels. The unpro-
tected sediment frequently is resuspended by 
(alien) fish searching for food causing a further 
decrease of transparency. Since there are no 
plants that could serve as refuge, zooplankton is 
grazed down by fish to densities insufficient to 
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Figure 2. Detail of the fruits of Zannichellia cf. palustris 
collected in the Pergusa Lake (photo A. Troia).
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control algal blooms (Scheffer 2001). On the ef-
fects of a carp invasion on the macrophytes of a 
Mediterranean shallow lake, see Florian et al. 
(2016). 

Restoration of non-vegetated turbid shallow 
lakes to the clear vegetated state is notoriously 
difficult, but strong measures such as the removal 
of part of the fish stock and changes in the water 
level have been used successfully as a way to 
break the feedback that keeps such lakes turbid 
(Scheffer 2001). 

Oospores of Chara canescens, adapted to long 
time survival in a dormant state (Rodrigo et al. 
2010), are probably (and hopefully) still present 
in the sediments of the lake; so that we hope that 
- after an attempt to apply strong measures as 
suggested above - no further disturbances will af-
fect the lake, allowing the recovery of its cycles of 
floods and droughts, including red waters and all 
the micro-organisms involved. 

 
 

CONCLUSIONS 
 
The basic error in the recent management of 

the Pergusa Lake is probably in wanting to con-
sider the basin as a classic “lake”; if not really a 
“pond” (as defined by Forti 1933), it should be 
considered a shallow lake naturally subject to cyc-
lical or irregular oscillations (Forti 1933), with 
periods of partial or total desiccation that fall 
within the normality of the basin; in this sense, 
see also figures 7 and 9 in Sadori & Narcisi (2001), 
where the pollen of aquatic or hygrophilous 
species during the last 10,000 years occurs dis-
continuously (“In the last 2000 years, (...) unstable 
shallow waters possibly causing temporary emer-
sions may account for sediment filling of the lake 
besides the climate aridification which started in 
the mid-Holocene”, Sadori & Narcisi 2001).  

However, natural variability cannot be an ex-
cuse for inaction, and some possible measures 
have been suggested (at the end of the dis-
cussion) to face the two recent disturbances af-
fecting the lake. In any case further studies and 
more attention to the lake are needed. 

Finally, the case of the Pergusa Lake is impor-
tant to appreciate the difference between protec-
tion of the landscape and protection of the 
ecosystems: often the two go together, but not al-
ways. Not in this case. 
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