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Abstract: Recent reports of Najas marina L. (Hydrocharitaceae) from Sicily have been interpreted as a confirmation of its
presence on the island, where it was earlier mentioned in the 1800s. However the recent finds do not represent “N. marina’ (cur-
rently N. major All.) but N. marina subsp. armata Horn (= N. delilei Rouy), a different taxon, previously not recorded from Sicily.
According to those reports and several new finds presented here, it appears to be invading reservoirs and lakes in southern Sicily
and seems to be naturally expanding its range. Climate change is suggested as possible cause of this shift. The same trend appears
to be taking place across the whole N Mediterranean area, from Portugal to Cyprus. The old Sicilian record of “N. marina” (i.e.
N. major) remains unconfirmed: the only site where it was collected was completely destroyed to make space for houses and
touristic exploitation.
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Introduction

Najas L. (Hydrocharitaceae) “is a taxonomically prob-
lematic genus, making it difficult at times to associate
published research reports with the correct taxon” (Les
2020). Najas marina L. (the type of the genus) in its
broad sense is a dioecious submerged plant with wide
distribution and variability (Triest 1988).

Studies in recent years have shown that the name Na-
Jjas marina hides two distinct species in Europe, N. major
All. and N. marina, which are distinct also as to karyo-
types and genetic markers (Brduchler 2015). The former
corresponds to “karyotype A” of Viinikka (1976) and to
what was previously known as N. marina subsp. marina,
and the latter to “karyotype B” of Viinikka (1976) and
to what was previously referred to as N. marina subsp.
intermedia (Wolfg. ex Gorski) Casper. The delimitation
of these two taxa is important because they are used as
water quality indicator organisms within the European
Water Framework Directive (Riiegg & al. 2019).

A third taxon present in S Europe, and more abundant
in the subtropical and tropical areas of the Old World (as
far as Australia), is Najas marina subsp. armata Horn.
Although morphologically and geographically separate,
this taxon certainly appears linked to what is currently

known as N. marina subsp. marina (Triest 1989; Riiegg &
al. 2017). In support of subspecific rank there are several
pieces of evidence: for example, it shows the “karyotype
B” (Viinikka & al. 1987) like N. marina subsp. marina,
while molecular markers seem to be unable to distinguish
the two subspecies (e.g. Ito & al. 2017). On the other
hand, in support of specific rank (an option adopted in
recent times, for example by Feinbrun-Dothan 1991), the
chromosome number 2n = 24, counted for plants from
Israel (Viinikka & al. 1987), might indicate N. marina
subsp. armata as a tetraploid, compared to the diploid
taxa N. major and N. marina subsp. marina. However, C
African plants of N. marina subsp. armata were also dip-
loid (Viinikka & al. 1987). Further investigations on the
chromosome numbers of N. marina subsp. armata will
certainly be useful in clarifying the situation. Subspecific
rank, adopted here, reflects the separability of N. marina
subsp. armata from similar taxa but also its affinity with
subsp. marina (and not with N. major).

Apparently unknown in Sicily until the end of the
19" century (but see note on Cupani below), the first to
report the presence of Najas marina s.1. in Sicily was
Lojacono-Pojero (1908-1909), under N. major (long
considered a synonym of N. marina). Because there
were no further confirmations after this report and the
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only wetland in which the species was found (Mondello)
was destroyed, the species was considered extinct at the
regional level (Raimondo & al. 1994; Conti & al. 1997).
The discovery of populations of “N. marina” around
the 2000s (Barone & al. 2007; Galesi in Giardina & al.
2007; Sciandrello 2009) was regarded as a confirma-
tion of the presence of the species in Sicily, so that it
reappeared in the regional Red List as Vulnerable (Rai-
mondo & al. 2011). Actually, Barone & al. (2007), who
highlighted the confirmation, mentioned generally “N.
marina L., while other botanists (Galesi, CAT 011688
& CAT 011696, see Appendix; Sciandrello 2009) were
more precise and referred the Sicilian populations that
they found (in various locations in SE Sicily) to N. ma-
rina var. delilei (Rouy) Maire, which corresponds to V.
marina subsp. armata.

The recent finds (reported here) of other Sicilian
populations confirm that two taxa of Najas have been re-
ported for Sicily: N. major, present until the end of the
19 century in Mondello, and which is the only taxon of
this genus reported for the island in the latest regional
(Raimondo & al. 2010), national (Bartolucci & al. 2018)
and European (Uotila 2009) checklists; and N. marina
subsp. armata, which seems to have arrived recently, be-
ing now present in the broad hottest hilly belt between
Trapani and Gela, along the S side of the island.

In this contribution, the distribution in space and time
of Najas marina subsp. armata in Sicily is analysed,
making use of both field and bibliographic data, to hy-
pothesize its recent and autonomous arrival in Sicily. The
scope is also broadened to the situation in the whole N
Mediterranean area.

Material and methods

Recent literature on the taxonomy, systematics and no-
menclature of Najas marina s.l. was examined, from
Viinikka (1976) to Riilegg & al. (2019). Data on the geo-
graphic distribution of N. marina subsp. armata were as-
sembled through a literature search as well as through
floristic and herbarium surveys. Field investigations were
made in Sicily, in 2017-2021.

For herbarium investigations, PAL was consulted
personally, other herbaria online (AMD, B, BM, BR,
BRNU, CAT, G, GJO, GZU, JE, K, LD, LZ, MA, MJG,
MW, P, PI, PRC, UPS, W, WU, Z, ZT) or by asking for
help from their curators (COI, FI, FT, LISI, MPU); her-
barium codes according to Thiers (2021+).

Results
Najas marina subsp. armata as a separate taxon

Najas marina subsp. armata Horn in Kew Bull. 7: 29.
1952 = Najas muricata Delile, Descr. Egypte, Hist. Nat.:
281. 1813, nom. illeg. [non Najas muricata Thuill., Fl.
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Env. Paris, ed. 2: 509. 1799] = Najas delilei Rouy in Rouy
& Foucaud, Fl. France 13: 294. 1912 = Najas armata H.
Lindb. in Acta Soc. Sci. Fenn., Ser. B, Opera Biol. 1(2):
8. 1932, nom. illeg. = Najas marina var. delilei (Rouy)
Maire, Fl. Afrique N. 1: 205. 1952. — Protologue citation:
“au bord d’un lac d’eau saumatre avec le Zannichellia
palustris, prés de Fareskour, dans la basse Egypte”. —
Lectotype (designated by Triest 1987: 29): Egypt, De-
lile in Herb. Delile (MPU 007340 [image!]). — Notes: the
type was indicated as “holotype” by Triest (l.c.), to be
corrected to lectotype (McNeill 2014) under Art. 9.10 of
the Code (Turland & al. 2018). I was unable to find du-
plicates of MPU 007340 or other relevant specimens, but
the illustration published as part of the protologue is an-
other element of original material (Art. 9.4(b)). Both N.
delilei and N. armata are replacement names for N. mu-
ricata Delile, which is a later homonym of N. muricata
Thuill. and therefore illegitimate (Art. 53.1); N. armata
was nomenclaturally superfluous when published and is
therefore illegitimate (Art. 52.1); consequently N. ma-
rina subsp. armata is not a new combination but rather a
replacement name (Art. 58.1).

Najas marina subsp. armata is the name and rank
adopted by Triest in his revisions of the genus Najas in
Africa (Triest 1987) and the Old World (Triest 1988).
Before him, the taxon was variously treated: as a variety
(Rendle 1899; Fiori 1923; Maire 1952; Cirujano & Lopez
Alberca 1984), subspecies (Horn af Rantzien 1952) or
species (Delile 1813-1814; Braun 1864; Rouy 1912;
Lindberg 1932; Taeckholm & Drar 1941). After Triest,
the taxon has been generally accepted at infraspecific
rank (Uotila 2009), sometimes doubtfully (Pignatti 1982;
Bartolucci & al. 2018), but sometimes it was merged
with N. marina subsp. intermedia (POWO 2022) or not
mentioned at all (Pignatti & al. 2017). Rarely it is ac-
cepted as a separate species, and in that case the correct
name is N. delilei (Feinbrun-Dothan 1991).

Najas marina subsp. armata is a well-separated taxon
and, according to the available knowledge, subspecific
rank seems to be the most appropriate. Diagnostic char-
acters were already identified by Triest (1988, 1989), but
they are summarized below in a new key also to update
the nomenclature (with seed length measurements modi-
fied according to Riiegg & al. 2019).

1. Seeds (3.3-)4-6(-7.5) mm long; ovary (3-)4-6 x
2-2.5 mm; style and stigma 2-3 mm long; anther
384mmlong ................... Najas major

— Seeds 2.5-4(-5.1) mm long; ovary 0.7-3.4 x 0.4—
1.7 mm; style and stigma 0.2-1.4 mm long; anther
1-33mmlong .......... . ... ... 2

2. Stems and back of midrib not very spiny, (0-)2-10

(=15) spines in 2 cm; seeds 3.7-4.3 mm long

.................. Najas marina subsp. marina
Stems and back of midrib very spiny, (10-)15-30
(=50) spines in 2 cm; seeds 2.5-3.5 mm long

.................. Najas marina subsp. armata
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Fig. 1. “Fluvialis atrorubens, angusto brevique folio, undequaque spinis infesto” in Cupani
(1713: t. 160), clearly showing Najas marina subsp. armata (on the right).

Najas marina subsp. armata seems to differ from subsp.
marina also in ecology (see below) and distribution.
They are allopatric: subsp. marina is restricted to cold
and temperate areas from Europe to C Asia, whereas
subsp. armata is distributed in tropical and subtropical
Africa, Sri Lanka (but see Silva & al. 2020) and Australia
(Triest 1988). The only critical area seems to be in Tur-
key, where it is difficult to separate the two taxa (Triest
1988: 64; Triest & Uotila 1988).

It is interesting to report that, in addition to being
eaten by wild birds such as waterfowl (Aves: Anatidae)
(Les 2020), in Egypt Najas marina subsp. armata is col-
lected and dried to be used as fodder for sheep and goats
(Yousif & al. 2020).
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Najas marina subsp. armata
in Sicily

Although Najas marina sub-
Sp. armata was not reported
from Sicily in the check-
lists and floras of Lojacono-
Pojero (1908-1909), Uotila
(2009), Pignatti & al. (2017)
and Bartolucci & al. (2018),
its presence on the island
was reported in some 20"
century works, namely Fiori
(1923), Maire (1952), Horn af
Rantzien (1952) and Pignatti
(1982). Also Triest (1987) had
some doubts: “whether subsp.
armata occurs in Sicily could
not be stated here”. Owing to
the lack of specific reports and
specimens, it can be hypoth-
esized that these references
are based on occasional casual
populations (and misidentifi-
cations cannot be excluded, at
least in the first case).

Even before Fiori (1923),
the taxon was clearly drawn
in the pre-Linnaean work of
Francesco Cupani (1657-
1710), under the polynomial
“Fluvialis atrorubens, angusto
brevique folio, undequaque
spinis infesto” (Cupani 1713:
t. 160; Fig. 1). It can be as-
sumed that the collection site
was in Sicily, but it is impos-
sible to know if the depicted
dal, e plant was cultivated, escaped
from cultivation or casual.
Even though the full details
are not known, this is a very
interesting report, deserving
further investigation, also because the period 1675-1715
has been said to denote the climax of the “Little Ice Age”
in Europe (Luterbacher & al. 2001).

The oldest herbarium specimens found are dated
between 2005 and 2008 (Barone & al. 2007; Galesi in
Giardina & al. 2007; Sciandrello 2009; see above in Intro-
duction). In addition to the records mentioned above, new
populations were found during the present investigations
(see Table 1 and Appendix), all of them in the thermo-
mediterranean bioclimatic belt (Bazan & al. 2015).

Most of the sites where Najas marina subsp. arma-
ta occurs in Sicily (Fig. 2) are reservoirs or farm ponds
(Table 1), which are artificial habitats of different sizes
(from 0.001 to 0.9 km?). There are two important excep-
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tions in coastal, natural, shal-

low lakes within protected ar-
eas. The first is Lago Murana,
within the Reserve “Lago Pre-
ola e Gorghi Tondi”; this lake
was dry for 23 years owing
to reduced rainfall and illegal
wells but returned to being a
lake in 2005 (Andreotti 2007);
in 2012 a submerged meadow
with Chara sp. was present
(Salvatore Pasta pers. comm.),
and only in 2018 was N. mari-
na subsp. armata found there
instead of the Chara meadow
(Troia & al. 2018). The sec-
ond is Biviere di Gela, also a
shallow lake within a reserve;
N. marina subsp. armata was
not reported there in 2006
(Brullo & Sciandrello 2006)
but was collected there in
2008 (Minissale & Sciandrel-
lo, CAT 031869, see Appen-
dix). In both cases, it is clear
that N. marina subsp. armata
recently arrived and colonized
those sites.

According to the available 10e
data, the taxon in Sicily grows
in permanent waters (but in
Spain it was reported also in
temporary waters; Cirujano &
Lopez Alberca 1984).

Data for Sicilian populations seem to confirm the ecol-
ogy of Najas marina subsp. armata, which according to
the literature prefers waters rich in CIl-, Ca** and SO,*
(Cirujano & Lopez Alberca 1984; Triest 1989), with con-
ductivities ranging from 1.45 to 9 mS/cm™' (Triest 1989).
Najas marina subsp. marina seems to be different, with
results showing it to be absent in waters rich in Ca** and
HCO," but with a similar range of conductivities (Triest
1988, 1989, under N. marina subsp. intermedia). Najas
major grows mainly in waters rich in Ca** and HCO,~ with
a conductivity of 0.34-1.25 mS/cm™" (Triest 1989, under
N. marina subsp. marina).

Najas marina subsp. armata in the N Mediterranean

It seems that the taxon has extended its range northward
in the Mediterranean area (Fig. 3) until c. 40°N. Note
that it was not mentioned for Europe by Dandy (1980).
Details of its finds in the main geographical (or political)
units of the N Mediterranean are as follows.

Portugal — Even though not reported in local or Europe-
an floras and checklists (e.g. Sequeira & al. 2011), speci-
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Fig. 2. Distribution of Najas marina subsp. armata in Sicily (red dots) and unique (extinct)
location of N. major at Mondello (blue square). For each population, the year of first finding is
shown (see also Table 1 and Appendix).

mens were found in COI and LISI that show the typical
spiny stem of this taxon.

Spain — Spain hosts one of the oldest populations of Na-
jas marina subsp. armata in Europe, already reported
by Triest (1988). Cirujano & Lopez Alberca (1984) cor-
rectly identified the taxon (as N. marina var. delilei) and
documented its colonization in an artificial wetland in
1980-1982, hypothesizing the role of waterfowl.

Balearic Islands — Recently found in Minorca (Fraga
Arguimbau & al. 2020).

Corsica — The only confirmed record was made by
Lambinon and Triest (in Jeanmonod & Burdet 1989) from
a single pond in 1988. The conductivity of the pond was
5.7 mS/cm~'. The taxon was neither collected before nor
confirmed after from Corsica (Alain Delage pers. comm.).

Sardinia — Recently found in S Sardinia (Lazzeri & al.
2013).

Crete — Collected in Crete, and for the first time in Eu-
rope, in 1974 (Triest 1988). The taxon was considered
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Fig. 3. Distribution of Najas marina subsp. armata in the Mediterranean area (red dots), on the basis of herbarium specimens (see text
and Appendix) and selected bibliographic records, with the year of each specimen/finding shown; in case of more records for the same
locality, only the first year of occurrence is shown. The taxon has been reported also from Tunisia (Dobignard & Chatelain 2010), but
no herbarium specimen or specific locality was found, and from Libya (Baayo 2021). 18xx denotes 19" century but year unknown.
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Fig. 4. Historic warming of the atmosphere (annual mean temperature anomalies with respect to the period 1880-1899), in the
Mediterranean basin (blue lines) and for the globe (green lines), with and without smoothing (from Cramer & al. 2018), with red as-
terisks indicating the first year of occurrence of all known N Mediterranean populations of Najas marina subsp. armata (see Fig. 3).

native in Crete by Dimopoulos & al. (2020) but alien by Discussion

Korakaki & al. (2021).
The role of birds in the dispersion of aquatic organisms

Cyprus — Recently found in Cyprus (Hand 2006).

Turkey — Uotila (1984) did not report N. marina subsp.
armata in his treatment, but Triest (1988) and Triest
& Uotila (1988) listed five herbarium specimens of
this subspecies, collected in Turkey between 1979 and
1981.
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is well known (Figuerola & Green 2002), and specific
data are available for Najas marina s.1. (Agami & Waisel
1986; Les 2020), so it seems very reasonable to hypoth-
esize the role of migrating birds (as was already done
by Cirujano & Lopez Alberca 1984), and specifically
waterfowl, in the northward shifting of N. marina subsp.
armata in the Mediterranean area.
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To explain why this northward shifting happened
in recent years but not before, it is reasonable to relate
it to increasing temperatures in the same years. In the
Mediterranean area, the annual mean temperature of the
atmosphere started to increase since 1980 (Cramer & al.
2018; Fig. 4), and in detail the water temperature of a
studied Mediterranean lake showed an increasing trend
in the years 1984-2019, more evident from 2000 on-
ward (De Santis & al. 2022). Both trends fit well with
the spread of Najas marina subsp. armata (Fig. 2 and 3).
Probably the first occurrences in S Europe (Crete 1974,
Spain 1980, Sicily between Fiori 1923 and Pignatti 1982)
can be interpreted as colonization attempts, as was evi-
dent in Cirujano & Lopez Alberca (1984), where N. ma-
rina subsp. armata first colonized an artificial wetland (in
1980) but disappeared few years later.

Although the present analysis highlights changes over
the last 40 years, correlations with water temperature
should be made to confirm the effect of climate change,
but this is beyond the scope of this paper.

However, in addition to the hypothesized thermal
stresses, aquatic species face a variety of anthropogenic
constraints such as water contamination and habitat change
(Nicolas & al. 2011), and also ecological preferences have
to be taken into account (Hoffmann & al. 2013). As a
consequence, the northward expansion of Najas marina
subsp. armata is a combination of global- and local-scale
processes. Relevant to the latter are changes in water qual-
ity and the construction of (large and small) reservoirs.
The massive creation of reservoirs and farm ponds, started
in the 1950s, evidently helps the colonization of N. marina
subsp. armata not only in Sicily but also elsewhere (e.g.
Spain, Cirujano & Lopez 1984; Cyprus, Christodoulou &
al. in Hand 2006) and could be listed as one of the negative
effects of these waterbodies (Rahel & Olden 2008; Bol-
pagni & al. 2018), even if they could have positive effects
on environment and biodiversity (Panzeca & al. 2021).

Interestingly, a similar northward migration is report-
ed for Najas marina s.1. in North America (Freeman &
Pfingsten 2021).

Another case of a non-marine aquatic species ex-
panding northward in the Mediterranean region is Chara
zeylanica J. G. Klein ex Willd. in Sardinia (Becker & al.
2021), and maybe some crustaceans follow the same pat-
tern (Jaume 1989; Marrone & al. 2020).

After the (too many) cases of alien species coloniz-
ing Italian and European waterbodies (e.g. Troia & al.
2020), Najas marina subsp. armata is probably the first
recognized case of a “range shifter” (using the definitions
of Wallingford & al. 2020) naturally expanding its range
northward, the first of the projected or expected species
migrations (Bolpagni & al. 2018). This expansion is
“natural” because it starts from autochtonous populations
and is helped by wild dispersers (waterfowl), but it is now
clear that the new (warmer) climatic conditions, which
are supposed to make the colonization of new northern
regions possible, are due to human activity.
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“The movement of populations in response to climate
change is, in many ways, similar to the invasion of in-
troduced species” (Wallingford & al. 2020), although a
shared evolutionary history should decrease the potential
negative impacts. Species with major or massive impacts,
however, might need to be actively managed (Walling-
ford & al. 2020). According to the criteria proposed in
Blackburn & al. (2014), Najas marina subsp. armata
could have a major impact, at least according to what was
seen in Lago Murana, where it today covers the lake bot-
tom with monospecific meadows, instead of the Chara
meadows reported few years earlier. However, probably
there are too scarce data (also considering turnover and
dynamics in aquatic habitats), and monitoring is the first
action that needs to be applied in inland waters in Sicily
and in all the N Mediterranean countries.

Acknowledgements

Thanks are due to: the staff of the PAL herbarium for
their assistance; Udo Schwarzer (Aljezur) and Pe-
dro Arsenio (Lisboa), Caroline Loup (MPU), Rosario
Galesi (CAT) and the staff of the FI herbarium for sup-
plying images of herbarium specimens; Salvatore Pasta
(Palermo) for sharing information about the flora of
Lago Murana; Stefania D’Angelo and the staff of the
reserve “Lago Preola e Gorghi Tondi” (Mazara del
Vallo) for permissions and support during field investi-
gations in their reserve; David Draper (Lisboa), Teresa
Vasconcelos (Lisboa), Pablo Garcia Murillo (Sevilla),
Stephen Mifsud (Malta), Khadija Ali Baayo (Flora of
Libya project), Alain Delage and Letitia Hugot (Corte)
for useful information on the genus in different regions
of the Mediterranean area; Annalisa Santangelo (Na-
poli), Riccardo M. Baldini and Lia Pignotti (FT) and
Bruno Massa (Palermo) for helping to find some bib-
liographic sources; Teresa Napolitano (Palermo) and
Francesco Napolitano (Riesi) for sharing some field
investigations; Giuseppe Bazan (Palermo) and Michael
Rodewald (Berlin) for preparing the maps (Fig. 2 and
3). Finally, thanks to Pertti Uotila (Helsinki) and an-
other anonymous reviewer for their remarks and sug-
gestions that significantly improved the manuscript.

References

Agami M. & Waisel Y. 1986: The role of mallard ducks
(Anas platyrhynchos) in the distribution and germi-
nation of seeds of the submerged hydrophyte Najas
marina L. — Oecologia 68: 473—475. Crossref.

Andreotti A. (ed.) 2007: Piano d’azione nazionale per
I’ Anatra marmorizzata (Marmaronetta angustriros-
tris). Quaderni di Conservazione della Natura 23. —
Roma: Ministero dell’Ambiente, Istituto Nazionale
per la Fauna Selvatica.


https://doi.org/10.1007/BF01036757

98 Troia: Northward expansion of Najas marina subsp. armata in the Mediterranean area

Baayo K. A. 2021: Flora of Libya. — Published at W
floraoflibya.services.ly/display.php?selected=home
[accessed 30 Dec 2021].

Barone R., Castelli G., Marrone F. & Naselli Flores L.
2007: Conferma della presenza di Najas marina L.
(Najadaceae, Alismatales) in Sicilia. — P. 217 in:
Riassunti del 102° Congresso della Societa Botanica
Italiana, Palermo, 2629 Settembre 2007.

Bartolucci F., Peruzzi L., Galasso G., Albano A., Alessan-
drini A., Ardenghi N. M. G., Astuti G., Bacchetta G.,
Ballelli S., Banfi E., Barberis G., Bernardo L., Bou-
vet D., Bovio M., Cecchi L., Di Pietro R., Domina
G., Fascetti S., Fenu G., Festi F., Foggi B., Gallo L.,
Gottschlich G., Gubellini L., lamonico D., Iberite M.,
Jiménez-Mejias P., Lattanzi E., Marchetti D. Marti-
netto E., Masin R. R., Medagli P., Passalacqua N. G.,
Peccenini S., Pennesi R., Pierini B., Poldini L., Pros-
ser F., Raimondo F. M., Roma-Marzio F., Rosati L.,
Santangelo A., Scoppola A., Scortegagna S., Selvaggi
A., Selvi F,, Soldano A., Stinca A., Wagensommer R.
P., Wilhalm T. & Conti F. 2018: An updated checklist
of the vascular flora native to Italy. — P1. Biosyst. 152:
179-303. Crossref!.

Bazan G., Marino P., Guarino R., Domina G. & Schicchi
R. 2015: Bioclimatology and vegetation series in Sic-
ily: a geostatistical approach. — Ann. Bot. Fenn. 52:
1-18. Crossref.

Becker R., Schubert H. & Nowak P. 2021: Chara zeylani-
ca J. G. Klein ex Willd. (Charophyceae, Charales,
Characeae): first European record from the island of
Sardinia, Italy. — Plants 10: 2069. Crossref.

Blackburn T. M., Essl F., Evans T., Hulme P. E., Jeschke
J. M., Kiihn I., Kumschick S., Markova Z., Mrugata
A., Nentwig W., Pergl J., PySek P., Rabitsch W., Ric-
ciardi A., Richardson D. M., Sendek A.,Vila M.,
Wilson J. R. U., Winter M., Genovesi P. & Bacher S.
2014: A unified classification of alien species based
on the magnitude of their environmental impacts. —
PLoS Biol 12(5): €1001850. Crossref.

Bolpagni R., Laini A., Stanzani C. & Chiarucci A. 2018:
Aquatic plant diversity in Italy: distribution, drivers
and strategic conservation actions. — Frontiers PI. Sci.
9: 116. Crossref.

Bréauchler C. 2015: Towards a better understanding of
the Najas marina complex: notes on the correct ap-
plication and typification of the names N. intermedia,
N. major, and N. marina. — Taxon 64: 1028—-1030.
Crossref.

Braun A. 1864: Revision of the genus Najas of Linnaeus.
—U. Bot. 2: 274-279.

Brullo S. & Sciandrello S. 2006: La vegetazione del ba-
cino lacustre “Biviere di Gela” (Sicilia meridionale).
— Fitosociologia 43(2): 21-40.

Calvo S., Barone R., Naselli-Flores L., Frada Orestano
C., Dongarra G., Lugaro A. & Genchi G. 1993: Lim-
nological studies on lakes and reservoirs of Sicily. —
Naturalista Sicil. 27(Suppl.): 1-292.

Downloaded From: https://bioone.org/journals/Willdenowia on 27 Jul 2024
Terms of Use: https://bioone.org/terms-of-use

Cirujano S. & Lopez Alberca M. D. 1984: Ecologia de
Najas marina L. en La Mancha. — Anales Jard. Bot.
Madrid 40: 415-419.

Conti F., Manzi A. & Pedrotti F. 1997: Liste Rosse regio-
nali delle piante d’Italia. — Camerino: Associazione
Italiana per il WWF, Societa Botanica Italiana.

Cramer W., Guiot J., Fader M., Garrabou J., Gattuso J.-P.,
Iglesias A., Lange M. A., Lionello P., Lla-sat M. C.,
Paz S., Pefiuelas J., Snoussi M., Toreti A., Tsimplis
M. N. & Xoplaki E. 2018: Climate change and in-
terconnected risks to sustainable development in the
Mediterranean. — Nat. Clim. Change 8: 972-980.
Crossref.

Cupani F. 1713: Panphyton siculum 2. — Panormi [Paler-
mo]: Ex typographia regia Antonini Epiro. — Online
at https://www.academia.edu/34568079/Cupani_Parl
phyton_siculum_v_2 [accessed 21 Jan 2022].

Dandy J. E. 1980: Najas L. — Pp. 13—14 in: Tutin T. G.,
Heywood V. H., Burges N. A., Moore D. M., Valen-
tine D. H., Walters S. M. & Webb D. A. (ed.), Flora
europaea S. — Cambridge: Cambridge University
Press.

De Santis D., Del Frate F. & Schiavon G. 2022: Analysis
of climate change effects on surface temperature in
central-Italy lakes using satellite data time-series. —
Remote Sensing 14: 117. .

Delile A. 1813-1814: Flore d’Egypte. Explication des
planches. — Pp. 145-320 in: Description de 1’Egypte.
Histoire Naturelle 2. — Paris: Imprimerie Imperiale.

Dimopoulos P., Raus Th. & Strid A. (ed.) 2020: Flora of
Greece web. Vascular Plants of Greece. An Annotated
Checklist. Version III (April 2020). — Published at
https://portal.cybertaxonomy.org/flora-greece/  [ac-
cessed 1 Jan 2022].

Dobignard A. & Chatelain C. 2010: Index synonymique
de la Flore d’Afrique du nord. Volume 1: Pterido-
phyta, Gymnospermae, Monocotyledonae. — Geneve:
Editions des Conservatoire et Jardin botaniques de la
Ville de Geneve.

Feinbrun-Dothan N. 1991: Contributions to the flora of
Israel and Sinai. VII. Does Najas marina occur in the
Flora Palaestina area? — Israel J. Bot. 40: 237-238.

Figuerola J. & Green A. J. 2002: Dispersal of aquatic
organisms by waterbirds: a review of past research
and priorities for future studies. — Freshw. Biol. 47:
483-494. Crossref.

Fiori A. 1923: Nagjas L. — Pp. 220-221 in: Nuova flora
analitica d’Italia 1. — Firenze: Ricci. .

Fraga Arguimbau P., Mascaré Sintes C., Pallicer Alles X.,
Carreras Marti D., Seoane Barber M. & Fernandez
Rebollar I. 2020: Notes i contribucions al coneixe-
ment de la flora de Menorca (XVI). Notes floristi-
ques. — Boll. Soc. Hist. Nat. Balears 63: 191-208.

Freeman S. L. & Pfingsten 1. A. 2021: First record of
Najas marina (Hydrocharitaceae) for Montana and
an update on the North American distribution. — Phy-
toneuron 2021-51: 1-7.



http://floraoflibya.services.ly/display.php?selected=home
http://floraoflibya.services.ly/display.php?selected=home
https://doi.org/10.1080/11263504.2017.1419996
https://doi.org/10.5735/085.052.0202
https://doi.org/10.3390/plants10102069
https://doi.org/10.1371/journal.pbio.1001850
https://doi.org/10.3389/fpls.2018.00116
https://doi.org/10.12705/645.12
https://www.biodiversitylibrary.org/page/15640275
https://doi.org/10.1038/s41558-018-0299-2
https://www.academia.edu/34568079/Cupani_Panphyton_siculum_v_2
https://www.academia.edu/34568079/Cupani_Panphyton_siculum_v_2
https://doi.org/10.3390/rs14010117
https://portal.cybertaxonomy.org/flora-greece/
https://doi.org/10.1046/j.1365-2427.2002.00829.x
https://doi.org/10.5962/bhl.title.9998
https://www.phytoneuron.net/2021-publications/
https://www.phytoneuron.net/2021-publications/

Willdenowia 52 — 2022

99

Giardina G., Raimondo F. M. & Spadaro V. 2007: A cat-
alogue of plants growing in Sicily. —
5-582.

Hand R. (ed.) 2006: Supplementary notes to the flora of
Cyprus V. — Willdenowia 36: 761-809. Crossref.

Hoffmann M., Sacher M., Lehner S., Raeder U. & Melzer
A. 2013: Influence of sediment on the growth of the
invasive macrophyte Najas marina ssp. intermedia in
lakes. — Limnologica 43: 265-271. Crossref.

Horn af Rantzien H. 1952: Notes on some tropical Af-
rican species of Najas in the Kew herbarium. — Kew
Bull. 7: 29-40. Crossref.

Ito Y., Tanaka N., Gale S. W., Yano O. & LiJ. 2017: Phy-
logeny of Najas (Hydrocharitaceae) revisited: impli-
cations for systematics and evolution. — Taxon 66:
309-323. Crossref.

Jaume D. 1989: Metadiaptomus chevreuxi (Copepoda:
Calanoida: Diaptomidae) and Leptestheria mayeti
(Branchiopoda: Conchostraca: Leptestheriidae), two
African freshwater crustaceans recorded in Majorca.
— Limnetica 5: 101-109. Crossref.

Jeanmonod D. & Burdet H. M. (ed.) 1989: Notes and
contributions on Corsican flora, IV. — Candollea 44:
337-401.

Korakaki E., Legakis A., Katsanevakis S., Koulelis P. P.,
Avramidou E. V., Soulioti N. & Petrakis P. V. 2021:
Invasive alien species of greece. — Pp. 124-189 in:
Pullaiah T. & Ielmini M. R. (ed.), Invasive alien spe-
cies 3. — Hoboken: Wiley-Blackwell. .

Lazzeri V., Mascia F., Sammartino F., Campus G.,
Caredda A., Carlesi V., Fois M., Gestri G., Mannocci
M., Mazzoncini V., Lombraifia A. C. & Santinelli M.
2013: Novita floristiche per le regioni Sardegna e
Toscana. — Acta Plantarum Notes 2: 42-59.

Les D. H. 2020: Aquatic monocotyledons of North Amer-
ica: ecology, life history, and systematics. — Boca Ra-
ton: CRC Press. Crossref.

Lindberg H. 1932: Itineria mediterranea. —lActa Soc. Scil
Fenn., Ser. B, Opera Biol. 1(2): 1-178, t. 1—5”.

Lojacono-Pojero M. 1908-1909: Flora sicula 3. — Paler-
mo: Scuola Tip. Boccone del Povero.

Luterbacher J., Rickli R., Xoplaki E., Tinguely C., Beck
C., Pfister C. & Wanner H. 2001: The Late Maun-
der Minimum (1675-1715) — a key period for study-
ing decadal scale climatic change in Europe. — Clim.
Change 49: 441-462. Crossref.

Maire R. 1952: Flore de 1’ Afrique du Nord (Maroc, Al-
gerie, Tunisie, Tripolitaine, Cyrenaique et Sahara) 1.
— Paris: Le Chevalier.

Marrone F., Ortega F., Mesquita-Joanes F. & Guerrero F.
2020: On the occurrence of Metadiaptomus chevreuxi
(Calanoida, Diaptomidae, Paradiaptominae) in the
Iberian Peninsula, with notes on the ecology and
distribution of its European populations. — Water 12:
1989. Crossref.

McNeill J. 2014: Holotype specimens and type citations:
general issues. — Taxon 63: 1112—1113. .

Downloaded From: https://bioone.org/journals/Willdenowia on 27 Jul 2024
Terms of Use: https://bioone.org/terms-of-use

Nicolas D., Chaalali A., Drouineau H., Lobry J., Uriarte
A., Borja A. & Boét P. 2011: Impact of global warm-
ing on European tidal estuaries: some evidence of
northward migration of estuarine fish species. — Reg.
Environ. Change 11: 639-649. Crossref.

Palumbo V. (ed.) 2018: Convenzione ARPA — DAR per
I’aggiornamento del quadro conoscitivo sullo stato di
qualita delle acque sotterranee, superficiali interne, e
marino-costiere, ai fini della revisione del Piano di
Gestione del Distretto Idrografico della Regione Si-
cilia. Piano Operativo Acque Sotterranee. Task T.3.
Report attivita. ARPA Sicilia, Palermo, Luglio 2018.
— Published at https://www.arpa.sicilia.it/wp-content

uploads/2018/08/REPORT_MODELLISTICA

26_06_ 2018 senzaGEODBfin_.pdf [accessed 8 Jan
2022].

Panzeca P, Troia A. & Madonia P. 2021: Aquatic mac-
rophytes occurrence in Mediterranean farm ponds:
preliminary investigations in north-western Sicily
(Italy). — Plants 10: 1292. Crossref.

Pignatti S. 1982: Flora d’Italia. — Bologna: Edagricole.

Pignatti S., Guarino R. & La Rosa M. 2017: Flora d’Italia,
ed. 2, 1. — Milan, Bologna: Edagricole-New Business
Media.

POWO 2022: Plants of the World Online. Facilitated
by the Royal Botanic Gardens, Kew. — Published at
https://powo.science.kew.org/ [accessed 8 Jan 2022].

Rahel F. J. & Olden J. D. 2008: Assessing the effects of
climate change on aquatic invasive species. — Conser-
vation Biol. 22: 521-533. Crossref.

Raimondo F. M., Bazan G. & Troia A. 2011: Taxa a
rischio nella flora vascolare della Sicilia. — Biogeo-
graphia 30: 229-239. Crossref.

Raimondo F. M., Domina G. & Spadaro V. 2010: Check-
list of the vascular flora of Sicily. — Quad. Bot. Amb.
Appl. 21: 189-252.

Raimondo F. M., Gianguzzi L. & Tlardi V. 1994: Inventario
delle specie “a rischio” nella flora vascolare nativa del-
la Sicilia. — Quad. Bot. Amb. Appl. 3: 65-132.

Rendle A. B. 1899: A systematic revision of the genus
Najas. — Trans. Linn. Soc. London, Bot. 5: 379-436.
Crossref.

Rouy G. 1912: Flore de France 13. — Paris: Deyrolle.

Riiegg S., Brauchler C., Geist J., Heubl G., Melzer A.
& Raeder U. 2019: Phenotypic variation disguises
genetic differences among Najas major and N. ma-
rina, and their hybrids. — Aquatic Bot. 153: 15-23.
Crossref.

Riiegg S., Raeder U., Melzer A., Heubl G. & Briuchler
C. 2017: Hybridisation and cryptic invasion in Najas
marina L. (Hydrocharitaceae)? — Hydrobiologia 784:
381-395. [Crossref.

Sciandrello S. 2009: La vegetazione igrofila dei bacini
artificiali della Provincia di Caltanissetta (Sicilia cen-
tro-meridionale). — Inform. Bot. Ital. 41: 53-62.

Sequeira M., Espirito-Santo D., Aguiar C., Capelo C. &
Honrado J. J. (ed.) 2011: Checklist da flora de Portu-



https://www.herbmedit.org/Bocconea20.html
https://www.herbmedit.org/Bocconea20.html
https://doi.org/10.3372/wi.36.36211
https://doi.org/10.1016/j.limno.2012.11.002
https://doi.org/10.2307/4117654
https://doi.org/10.12705/662.2
https://doi.org/10.23818/limn.05.09
https://doi.org/10.1002/9781119607045.ch29
https://www.actaplantarum.org/ap_notes/ap_notes.php
https://doi.org/10.1201/9781315166339
https://bibdigital.rjb.csic.es/idurl/1/14295
https://bibdigital.rjb.csic.es/idurl/1/14295
https://doi.org/10.1023/A:1010667524422
https://doi.org/10.3390/w12071989
https://doi.org/10.12705/635.7
https://doi.org/10.1007/s10113-010-0196-3
https://www.arpa.sicilia.it/wp-content/uploads/2018/08/REPORT_MODELLISTICA_26_06_2018_senzaGEODBfin_.pdf
https://www.arpa.sicilia.it/wp-content/uploads/2018/08/REPORT_MODELLISTICA_26_06_2018_senzaGEODBfin_.pdf
https://www.arpa.sicilia.it/wp-content/uploads/2018/08/REPORT_MODELLISTICA_26_06_2018_senzaGEODBfin_.pdf
https://doi.org/10.3390/plants10071292
https://powo.science.kew.org/
https://doi.org/10.1111/j.1523-1739.2008.00950.x
https://doi.org/10.21426/B630110586
https://doi.org/10.1111/j.1095-8339.1899.tb00200.x
https://bibdigital.rjb.csic.es/idurl/1/10262
https://doi.org/10.1016/j.aquabot.2018.11.005
https://doi.org/10.1007/s10750-016-2899-z

100 Troia: Northward expansion of Najas marina subsp. armata in the Mediterranean area

gal continental, Acores e Madeira. — [Lisboa]: ALFA,
Associagdo Lusitana de Fitossociologia.

SilvaS.D.G.T.M., DahanayakaD.D. G.L. & Wijeyaratne
M. J. S. 2020: A remote sensing approach for assess-
ing the invasion of Najas marina in Madu Ganga estu-
ary, Sri Lanka. — Int. J. Aquat. Biol. 8: 377-382.

Taeckholm V. & Drar M. 1941: Flora of Egypt 1. — Cairo:
Fouad I University.

Thiers B. 2021+ [continuously updated]: Index herbari-
orum: a global directory of public herbaria and as-
sociated staff. New York Botanical Garden’s virtual
herbarium. — Published at http://sweetgum.nybg.org
[accessed 30 Dec 2021].

Triest L. 1987: A revision of the genus Najas L. (Naja-
daceae) in Africa and surrounding islands. — Mém.
Acad. Roy. Sci. Outre-Mer, Cl. Sci. Nat. Méd., Col-
lect. 8vo, n.s., 21: 1-88.

Triest L. 1988: A revision of the genus Najas L. (Naja-
daceae) in the Old World. — Mém. Acad. Roy. Sci.
Outre-Mer, Cl. Sci. Nat. Méd., Collect. 8vo, n.s., 22:
1-172.

Triest L. 1989: Electrophoretic polymorphism and diver-
gence in Najas marina L. (Najadaceae): molecular
markers for individuals, hybrids, cytodemes, lower
taxa, ecodemes and conservation of genetic diversity.
— Aquatic Bot. 33: 301-380. Crossref.

Triest L. & Uotila P. 1988: Najas. — Pp. 216-217 in:
Davis P. H.,, Mill R. R. & Tan K. (ed.), Flora of Turkey
and the East Aegean Islands 10. — Edinburgh: Edin-
burgh University Press.

Troia A., Geraci A., Oddo E. & Vizzini S. 2018: Investi-
gating the ecology of Chara cf. baltica (Characeae)
in the Lago Preola ecosystem (Sicily, Italy). — P. 42
in: 22nd Meeting of the Group of European Charo-
phytologists (GEC) Palermo, Italy 17-21 September
2018, Programme & Abstracts. — Palermo: Palermo
University Press.

Troia A., Ilardi V. & Oddo E. 2020: Monitoring of alien
aquatic plants in the inland waters of Sicily (Italy). —
Webbia 75: 77-83. Crossref.

Turland N. J, Wiersema J. H., Barrie F. R., Greuter
W., Hawksworth D. L., Herendeen P. S., Knapp S.,
Kusber W.-H., Li D.-Z., Marhold K., May T. W., Mc-
Neill J., Monro A. M., Prado J., Price M. J. & Smith
G. F. (ed.) 2018: International Code of Nomenclature
for algae, fungi, and plants (Shenzhen Code) adopted
by the Nineteenth International Botanical Congress
Shenzhen, China, July 2017. — Glashiitten: Koeltz
Botanical Books. — Regnum Veg. 159. .

Uotila P. 1984: Najas. — P. 16 in: Davis P. H. (ed.), Flora
of Turkey and the East Aegean Islands 8. — Edin-
burgh: Edinburgh University Press.

Uotila P. 2009: Hydrocharitaceae Juss. — In: Euro+Med
PlantBase — the information resource for Euro-Med-
iterranean plant diversity. — Published at http://ww2

begbm.org/EuroPlusMed/PTaxonDetail.asp?Nameld

=36329&PTRefFk=7300000 [accessed 8 Jan 2022].

Downloaded From: https://bioone.org/journals/Willdenowia on 27 Jul 2024
Terms of Use: https://bioone.org/terms-of-use

Viinikka Y. 1976: Najas marina L. (Najadaceae). Karyo-
types, cultivation and morphological variation. — Ann.
Bot. Fenn. 13: 119-131.

Viinikka Y., Agami M. & Triest L. 1987: A tetraploid cy-
totype of Najas marina L. — Hereditas 106: 289-291.
Crossref.

Wallingford P. D., Morelli T. L., Allen J. M. & al. 2020:
Adjusting the lens of invasion biology to focus on the
impacts of climate-driven range shifts. — Nat. Clim.
Change 10: 398-405. Crossref.

Yousif K. M., Elshamy M. M. & El-Sherbeny G. A.
2020: Environmental drivers for the distribution of
Najas marina L. subsp. armata in Lake Burullus,
Egypt. — Egypt. J. Aquat. Biol. Fish. 24: 741-755.
Crossref.

Appendix

Selected specimens examined. Those in PAL were exam-
ined physically, all others were examined as images.

Najas major

ITaLy: Sicilia: Mondello, s.d., Ross & Riccobono (PAL
74301) (cited by Lojacono-Pojero 1908—1909); ibidem,
Jul 1884, Ross (AMD 76304); fosse di Mondello, Jul
1893, Ross (LKMD 7630§|, |KMD 7631§|); Calabria: Rog-
giano Gravina (Cosenza), Lago dell’Esaro (WGS84:
39.638220°N, 16.160279°E), 135 m, sponde, 23 Aug
2018, Peruzzi (F1I065581).

Najas marina subsp. armata

PorTUGAL: Ag. Vila Real de Santo Anténio, Pontdo da
foz do Rio Guadiana 37.17346°N, 07.40605°W, 4 Mar
2020, Rita Pina & Paes (LISI032726); Ervideira, Oct
2020, Palhas 22 (COI 00100975).

SpAIN: Andalucia, Almeria, Adra, estanque de agua para
riego, albufera y salinas viejas, 25 Oct 1969, Sagredo
(MA-01-00382393); Castilla-La Mancha, Toledo Quero,
Laguna Chica del Taray, 4 Sep 1980, Santos Cirujano
(MA-01-00229648, P02108900); Andalucia, Huelva,
Puebla de Guzman, represa cercana al pueblo, 20 Jul
1989, Silvestre (MA-01-00490893); Comunidad de Ma-
drid, Madrid, Arganda del Rey, laguna de las Madres,
8 Sep 1991, Cirujano & Gil Pinilla (MA-01-00501439,
BR0000027288436V)); Comunidad Valenciana, Alican-
te, Elche, El Hondo, Charca Norte de Levante, 22 Jun
1994, Cirujano & Medina (MA-01-00548194); Anda-
lucia, Mélaga, desembocadura del Guadalhorce, 4 Jun
1997, Conde Alvarez & Orozco (MA-01-00593733);
Castilla-La Mancha, Albacete, Ossa de Montiel, lagunas
de Ruidera, laguna Lengua, 13 Aug 1998, Cirujano &
Medina 113898 (MA-01-00639760); Comunidad Valen-
ciana, Castellén, Almenara, Pardo (MA-01-00432942).
ITAaLy: Sicilia: calanchi a monte dell’invaso Cimia
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(Mazzarino), 4 Sep 2005, Galesi (CAT 011688); invaso
Cimia (Mazzarino), 4 Sep 2005, Galesi (E AT 011696);

GREECE: Kriti (Crete): Prov. Rethimno, Kournas-See,
17 Jul 2009, Mrkvicka (photos at https://flora.nhm-wier|

Diga Cimia (Gela-Mazzarino), 15 Dec 2006, Sciandrello
(CAT 008700); Diga Cimia, tra Gela e Mazzarino, 2 Aug
2008, Sciandrello (CAT 008699); Biviere di Gela, 16 Oct
2008, Minissale & Sciandrello (CAT 031869); lago Gor-
go pressi Montallegro (AG), 27 Jul 2007, Marrone & Si-
cilia (PAL 70286); laghetto presso Gibbesi Nuovo, c. 3.5
km NW da Ravanusa (AG), 37.296117°N, 13.950898°E,
c. 350 m, 16 Aug 2019, Troia (PAL); ibidem, 13 Nov
2021, Troia (PAL).

Willdenowia

lac.at/seiten-arten/najas-marina-armata.htm)).

CyPRuUs: Achna dam, 2 Oct 2016, Konstantinou (photos
at http://biodiversitycyprus.blogspot.com/2016/10/najas
Fmarina-l-cyprus.html).

Ecypt: Egypt, Delile in Herb. Delile (MPU 007340 lec-
totype); Envir. De Darniette, Sieber (P01756902).
ALGERIA: Alger, 1878, Battandier (P01756797).
Morocco: In aquis substagnantibus ad ostium omnis

Ait-Amer, 15 Jun 1939, Maire & Weiller (P01756898).
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