Yellow-green tides could become a
recurrent event along the Ligurian coast
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Fig. 1. A) Sestri Levante and Baia del Silenzio bay, characterized

by shallow water and mixed rocky-sandy seabed containing the
macrophyte, Posidonia oceanica (dark grey) and carpet-like “matte”
(light grey) habitat. B) Liguria Region and the sites (yellow stars)
included in the harmful algal bloom monitoring program
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Fig. 2. Cell densities of Alexandrium taylorii and Pyramimonas spp.
and seawater temperature (°C) from Sestri Levante Bay (Genoa,

Italy), summer 2019.

Alexandrium blooms are becoming an
increasing phenomenon in the Mediter-
ranean Sea. These blooms mainly occur
in semi-enclosed areas exposed to an-
thropogenic pressures from aquacul-
ture, tourism and nutrient enrichment
[1]. Alexandrium taylorii Balech is a po-
tentially toxic dinoflagellate that causes
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a yellow-green water discoloration.
Some published studies suggest that
four western Mediterranean areas are
affected by blooms of this species: the
Catalan Coast (NE Spain), the Balearic
Islands, northern Sardinia and Sicily
(Vulcano Island, Italy) [2].

During the summer of 2019, blooms

of A. taylorii impacted the eastern Ligu-
rian coast (north-western Italy) causing
significant long lasting yellow-green
water discolorations. These were es-
pecially noticeable along the Sestri
Levante area (Fig. 1) causing concern
from both the tourism industry and lo-
cal authorities.

The first bloom of A. taylorii in Ligu-
rian coastal waters, with a maximum
density of 1.4 x10¢ cells L1, was re-
ported by the Regional Environmental
Protection Agency of Liguria (ARPAL)
in the summer of 2010. Although sam-
ples from this bloom did not test posi-
tive for algal toxins, since then ARPAL
have increased monitoring efforts in
compliance with the European Bath-
ing Water Directive. Every year, from
June to September, ARPAL collects and
analyses samples of both seawater and
macrophytes according to the Italian
monitoring protocols for harmful algal
blooms [3].

Significant A. taylorii blooms have
been reported during the summers of
2012 (up to 6.0 x 104 cells L'1), 2013
(> 3.0 x 108 cells L1), 2016 (5.0 x 104
cells L-1) and 2019 (> 3.0 x 105 cells L-1)
(Fig.2). This suggests an increased fre-
quency in the occurrence of A. taylorii
blooms, especially on the eastern Ligu-
rian coast. These blooms often co-occur
with high cell densities of Pyramimonas
spp., a nano-phytoplankton taxon be-
longing to the Chlorophyta group that
may cause “bright green tides”.

During the summer of 2019, addition-
al water discoloration events at different
sites along the eastern Ligurian coast (e.g.
Paraggi, S. Margherita Ligure) with more
than 6.5 x 104 cells L-! were recorded by
the local sanitary agency and Genoa Uni-
versity. A study was performed isolating
that causative organisms into laboratory
culture to confirm species identification by
molecular analysis, thecal plate morphol-
ogy using epifluorescence microscopy,
and toxin analysis. Unfortunately, it was
not possible to maintain the algal culture
for the toxin characterization of the strain.

In general, A. taylorii is considered a
high biomass HAB species that negatively
impacts the use of coastal waters for rec-
reational purposes. This species also has
the potential to produce Paralytic Shellfish
Toxins (PSTs) and other unknown harmful
compounds [4]. To date, there have never
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Table 1. Physico-chemical parameters of
P. quadridentatum bloom area in Cochin
Estuary

Parameters
Water Temperature (°C) 28
Salinity (psu) 20
Dissolved Oxygen (ml L-1) 2.01
Nitrate (umol L-1) 10.6
Silicate (umol L-1) 233
Phosphate (umol L1) 1.3
Chlorophyll a (mg m-3) 27.5

higher turbidity, lower planktonic spe-
cies richness and discolouration of
water [7-9]. Even though P quadriden-
tatum has been reported from different
parts of the world, unil now there have
been no records of blooms or harmful
effects of this species in Indian waters.
The study reports the first bloom of P
quadridentatum along the tropical wa-
ters of Cochin estuary (Southwest coast
of India).

Cochin backwater is a productive
estuarine system with a high plankton
diversity. It is highly influenced by the
monsoon run off and inputs from an-
thropogenic activities which results in
a dynamic change in the overall func-
tioning of the system between seasons
[10,11]. In November 2018, a sudden
discolouration of water was observed
near the Marine Science Jetty (Lat.
09°57’51”N; Long. 76°16’56” E) in
Cochin estuary (Fig.1). Phytoplankton
samples were collected from the bloom
area by filtering ~50 liters of surface
water through 20pm mesh bolting silk
and analysed using a Leica DM2000 mi-
croscope. Hydrobiological parameters
such as temperature, salinity and dis-
solved oxygen were measured imme-
diately and dissolved nutrients (nitrate
and silicate) were estimated according
to standard protocols. Chlorophyll a
was measured spectrophotometrical-
ly using a Hitachi U-2900 UV/Visible
spectrophotometer following the ace-
tone extraction method.

Microscopic examination of samples
collected from the bloom event revealed
that the discoloration was caused by
the dinoflagellate P. quadridentatum
(Fig. 2). The cells were solitary, small
in size and little longer than wide. The
cell was overall ovoid in shape and di-
vided by a cingulum in the middle. The
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epitheca was conical with pointed apex
and the hypotheca was round in shape
with four antapical spines, which var-
ied in length. The cells included numer-
ous chloroplasts which were small and
somewhat yellow-greenish in colour.
A number of P quadridentatum cells
undergoing encystment were also ob-
served (Fig. 2).

During the bloom event, the surface
chlorophyll a concentration was rela-
tively high (27.5 mg m-3) and P. quadri-
dentatum contributed more than 70%
of the overall phytoplankton population
with a cell density 6.2 x 104 cells L-1. As
well as P quadridentatum, the dinoflag-
ellate community included Noctiluca
scintillans, Tripos muelleri and Protop-
eridinium sp. Skeletonema costatum and
Nitzschia sigma were the dominant dia-
tom species.

The P quadridentatum bloom oc-
curred when physical and chemical
conditions during the bloom revealed
the surface water temperature was
280C, salinity 20 psu, and nitrate and
silicate concentrations were 10.6 pmol
L-1and 23.3 pumol L1 respectively. A low
dissolved oxygen concentration (2.01
mg L-1) was recorded during the bloom
event, but there were no reports of fish
mortalities from the bloom area.

This observation is the first bloom
report of P quadridentatum along
Cochin estuary and further investiga-
tion on the bloom dynamics is required.
This information will be useful in plan-
ning for potential HAB events along
Cochin estuary.
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been any reports of toxicity associated
with Mediterranean strains of 4. taylorii
[5]. For these reasons, further studies will
be planned to better understand the poten-
tial risks associated with this microalga
and its co-occurrence with other phyto-
plankton species along the Ligurian coast.
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