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Abstract
The examination of macrophyte, water and sediment samples, collected at depths less than 1.5 m from 50 different sites along
the North Aegean coasts, has revealed, for the first time in Greek coastal waters, the presence of two Ostreopsis species (O. ovata
and O. cf. siamensis) and Coolia monotis in the majority of the sampling sites (94% and 100%, respectively). Other epiphytic
dinoflagellates of the genera Prorocentrum and Amphidinium and diatoms were accompanying species in this epiphytic community.
Morphometric features, plate formula and thecal ornamentation were used for species identification. O. ovata cells were smaller in
dorsoventral (DV) diameter and width (W) (26.18–61.88 mm and 13.09–47.60 mm, respectively) in comparison with O. cf.
siamensis (35.70–65.45 mm and 23.80–49.98 mm, respectively). In contrast, the anterioposterior (AP) diameter of O. cf. siamensis
was smaller (14.28–26.18 mm) resulting in DV/AP  3, whereas the above ratio for O. ovata was less than 2 (AP ranging between
14.28–35.70 mm). Moreover, the theca of O. ovata cells was ornamented with scattered pores, which fluctuated in a wider range
(0.07–0.32 mm) than those of O. cf. siamensis (0.23–0.29 mm). Coolia monotis cells were almost round with average DV diameter
26.88 mm, AP 25.66 mm and width 26.76 mm. Small and large cells were recorded in both field and culture populations of
Ostreopsis spp. and C. monotis, while hyaline cysts were observed for O. ovata. The presence of O. ovata and O. cf. siamensis
exhibited a clear seasonal pattern dominating (maximum abundance up to 4.05  105 cells gr1 fwm) the period from midsummer
to late autumn in years 2003 and 2004, while C. monotis was found also in winter and spring months.
# 2006 Elsevier B.V. All rights reserved.
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1. Introduction
In summer 2003, recurrent positive DSP results,
obtained by mouse bioassay during the routine monitoring programme for marine biotoxins (Greek Ministry of
Rural Development and Food), in mussels (Mytilus
galloprovincialis) collected from farms in North Aegean
coastal waters, triggered off the investigation for
potentially toxic epiphytic dinoflagellates. The absence
of the common planktic DSP-producing microalgae was

* Corresponding author. Tel.: +30 2310 998375/6;
fax: +30 2310 998389.
E-mail address: nikola@bio.auth.gr (G. Nikolaidis).
1568-9883/$ – see front matter # 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.hal.2006.02.005

the reason for the first intensive survey of benthic
dinoflagellates leading to the detection of Ostreopsis and
Coolia species in Greek coastal waters.
Epiphytic dinoflagellates of these genera are usually
found in association with Gambierdiscus, Prorocentrum
and Amphidinium species in ciguatera affected areas
(Morton et al., 1992), which are localized in the tropical
and subtropical regions of the Pacific, Atlantic and Indian
Oceans (Fukuyo, 1981; Bagnis et al., 1985; Carlson and
Tindall, 1985; Quod, 1994; Faust, 1995a; Faust et al.,
1996; Morton and Faust, 1997; Holmes et al., 1998).
Benthic dinoflagellates belonging to the genera
Ostreopsis and Coolia are well documented in the
Western Mediterranean Sea both on macrophytes and in
the water column (Meunier, 1919; Halim, 1960; Taylor,
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1979; Tognetto et al., 1995; Vila et al., 2001a,b; Sansoni
et al., 2003; Penna et al., 2005), while their occurrence
has not yet been implicated with ciguatera. On the
contrary, there are limited records of the detection of
Ostreopsis species (Abboud-Abi Saab et al., 2000) and
C. monotis (Halim, personal communication) in the
Eastern Mediterranean Sea.
Higher abundances of Ostreopsis and Coolia species
are usually recorded during the warm period, while
summer blooms of Ostreopsis species, detected in the
Tyrrhenian and South Adriatic Seas, have been
associated with human health problems, such as
respiratory and skin irritations (Sansoni et al., 2003).
While it is well known that both genera Ostreopsis and
Coolia include species which are toxin producers
(Nakajima et al., 1981; Yasumoto et al., 1987; Holmes
et al., 1995; Usami et al., 1995; Rhodes and Thomas,
1997; Rhodes et al., 2000; Tamiyana et al., 2003; Lenoir
et al., 2004), toxic activity has so far been proved only
for Ostreopsis spp., but not for C. monotis in the
Mediterranean Sea (Riobó et al., 2004; Penna et al.,
2005). However, it cannot be excluded that the same
species may present different toxic activity in different
areas, as previously found for Gambierdiscus and
Alexandrium species (Bomber et al., 1989b; Yoshida
et al., 2001). Toxicological evaluations of benthic
dinoflagellates in Greek coastal waters, which are at

early stages, presuppose exact taxonomy and cultures
establishment.
Thus, the aim of this study is to present the first
record of O. ovata, O. cf. siamensis and C. monotis in
Greek coastal waters providing sufficient morphological data, given that there are apparent discontinuities on
the genus Ostreopsis taxonomy, and to show the great
extent of the presence of the specific species in the
North Aegean Sea.
2. Materials and methods
2.1. Study area
A total number of 50 sampling sites along North
Aegean coasts (39o450 –418000 N and 0228300 –0268000
E) were selected (Fig. 1) in order to establish the spatial
distribution of the potentially toxic benthic dinoflagellates of the genera Ostreopsis and Coolia. The sites
included both rocky and sandy beaches, while
samplings were carried out between August 2003 and
February 2005. From the 50 sampling sites, six stations
(s10, s19, s26, s47, s48, s50) were sampled on a monthly
basis to examine the temporal pattern of benthic
dinoflagellates, and are called monitoring stations,
whereas the other 44 sites were sampled once or twice
each warm period (2003 and 2004). For the sites s26 and

Fig. 1. Map showing study area and sampling sites along North Aegean coasts.
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s47, the monitoring initiated in August 2003, while for
the s10, s19, s48 and s50 in May 2004.
2.2. Samplings and analysis
Samples of macrophytes (15–50 gr fresh weight) and
sediment (50–150 gr wet weight) were collected from
depths between 0.5 and 1.5 m, placed in plastic bottles
with filtered seawater and kept in the dark. A surface
water sample was immediately fixed with lugol’s
solution in order to estimate the abundance of epiphytic
dinoflagellates in the water column. Sediment and
surface water samples were collected systematically
from the monitoring stations, while such samples had
been taken from the other stations since May 2004. Sea
surface temperature and salinity were simultaneously
measured.
Macrophyte and sediment samples were vigorously
shaken for more than one minute to detach the epiphytic
cells. The material was then passed through 250 and
100 mm mesh sieves to remove large particles, and was
finally fixed with lugol’s solution. The macrophyte
samples were weighed in order to obtain their fresh
weight. The sediment was dried and then weighed. The
fixed material was settled in 2–10 ml chambers for the
appropriate time according to Utermöhl’s sedimentation method (Utermöhl, 1958). Samples were examined
for benthic dinoflagellates and counted in an inverted
microscope. The epiphytic abundance was expressed in
cells gr1 fresh weight of macrophyte (fwm) and in cells
gr1 dry weight of sediment (dws).
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according to Fritz and Triemer (1985) by using
fluorescent brightener 28 (Sigma–Aldrich Chemie
Gmbh, Steinheim, Germany). Moreover, culture material
was examined for comparative measurements and further
observations on swimming behaviour, cells shape and
potential cyst formation. More detailed characteristics,
such as the thecal pores, were observed in scanning
electron microscope (SEM). For SEM preparation,
samples were filtered on either isopore polycarbonate
membrane filters (diameter 25 mm, pore size 0.2 mm,
Millipore) or GF/F Glass microfibre (diameter 47 mm,
pore size 0.7 mm, Whatman), washed with distilled
water, dehydrated through a graded ethanol series
(ethanol concentrations 30%, 50%, 70%, 90%, 95%
(twice) and 100% (twice) for 10min each), critical point
dried with CO2 (Critical Point Dryer, Balzers CPD 030),
filter-mounted to a stub (Standard JEOL stubs made of
Cu and Zn, 32 mm) and coated with gold; samples were
observed under a JEOL JSN 6400.
2.5. Statistical analyses
In order to examine the possible relationships
between the benthic dinoflagellates abundance on
macrophytes, water column and sediment, the nonparametric Spearman’s test was used (SPSS software).
Data for the statistical analyses derived from stations
10, 19, 26 and 47, as these stations presented the higher
number of samples and detectable abundance levels in
all macrophytes, surface and sediment.
3. Results

2.3. Isolation and clonal cultures establishment
3.1. Cell morphology
Cells were obtained mainly from epiphytic microflora
on different macrophytes at several locations along North
Aegean coasts and were isolated by micropipetting.
Clonal cultures of Ostreopsis and Coolia species were
established in F/2 or K (Guillard, 1975) medium and
grown at temperature 19  1 8C and photoperiod 14:10 h
light:dark. Illumination was at about 70 mmol m2 s1.
2.4. Species identification
Field specimens were examined in order to identify
benthic dinoflagellates based on the original (Schmidt,
1901; Meunier, 1919; Fukuyo, 1981; Norris et al., 1985;
Quod, 1994; Faust, 1995b; Faust, 1999; Ten-Hage et al.,
2000) and other descriptions (Balech, 1956; Faust et al.,
1996; Chang et al., 2000; Rhodes et al., 2000; Penna et al.,
2005). Morphometric features and the plate formula were
mainly observed under epifluorescence microscopy,

3.1.1. Ostreopsis ovata Fukuyo, 1981
Cells were ovoid to oblong (Fig. 2A–C), pointed
toward the ventral area in apical view, with many golden
chloroplasts. In some cells, one or two red bodies were
observed on the dorsal side of the cell (Fig. 2A). Live
cells swam with a geotropic orientation, remaining
attached to a substrate (macrophytes or the petri dish)
most of the time.
Two different size classes of O. ovata cells were
observed in both field and culture populations (Fig. 3A
and B). In field specimens, large cells had a dorsoventral
diameter (DV) ranging from 45.22 to 61.88 mm,
transdiameter (W) between 28.56 and 47.60 mm and
anterioposterior (AP) diameter 21.42–35.70 mm; the
DV of smaller cells ranged between 26.18 and
42.84 mm, the transdiameter from 13.09 to 26.18 mm
and the AP between 14.28 and 23.80 mm. Based on
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Fig. 2. Ostreopsis ovata in LM (A and D) and SEM (B, C, E and F). (A) Cell with a red body (arrow) in the dorsal side. (B) Epithecal view. (C)
Hypothecal view. (D) Hyaline cyst with a centrally located red body (arrow). (E) Short, slightly curved Po with scattered pores (arrowheads) on cell
surface. (F) Internal theca side showing pore structure (arrowheads) and a minute pore (arrow). Scale bar, 20 mm: A–D, 5 mm: E, 2 mm: F.

culture observations, differences were found between
cells from culture and field especially in the transdiameter and the anterioposterior diameter. Cells from
culture were less oblong and more rounded (DV/
W  1.37, n = 50; DV/AP = 1.84, n = 30) compared to
field specimens (DV/W  1.77, n = 50; DV/AP = 2.07,
n = 30). The dorsoventral diameter and the length of Po,
however, were more constant characteristics in field and
cultured specimens.
Furthermore, a third cell size class comprised of
larger cells (DV: 59.50–71.40 mm, W: 38.08–52.36 mm,

AP: 32.13–35.70 mm, n = 20) with DV/AP and DV/W
ratios in the range of the ones found for O. ovata was
observed at the end of the detection period of Ostreopsis
populations (November). At the same time, large
roundish forms, with a centrally located red body,
enclosed in a hyaline membrane (Fig. 2D) were also
found. Similar hyaline cysts were also observed in
ageing cultures of O. ovata.
O. ovata cells had the plate pattern Po, 30 , 700 , 6C,
6S(?), 5000 , 20000 , 1p (Fig. 2B and C), while the thecal
plates were thin and delicate.
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Fig. 3. Size variability in transdiameter (W) and dorsoventral diameter (DV) of (A and B) Ostreopsis ovata, (C and D) Ostreopsis cf. siamensis and in
DVof (E) Coolia monotis based on field specimens observations. The vertical bold lines distinguish between the presented size classes of cells (small
and large).

Epitheca and hypotheca were about equal in size. Po,
situated in the left dorsal side of epitheca (Fig. 2B), was
almost straight in contact with plates 10 , 20 , 30 , 200 and 300
with an average length 10.9 mm (S.D. = 0.77, n = 100)
(Fig. 2E). Plate 20 was small, but elongated in close
relation with Po. The first apical plate (10 ) was
dorsoventrally elongated and hexagonal, in contact
with plates 20 , 30 , 100 , 200 , 600 and 700 (Fig. 2B). The 30 was
irregularly pentagonal and situated dorsocentrally
(Fig. 2B). The 100 was irregularly quadrangular and
relatively small. The 200 was oblong and dorsoventrally
elongated. The 300 , 400 and 500 were quadrangular and
relatively small, whereas 500 was larger than 300 and 400 .
The 600 was pentagonal and the largest pre-cingular,
while 700 was trapezoidal and quadrangular (Fig. 2B).

Post-cingular plates were all dorsoventrally elongated; 3000 and 4000 were the largest, quadrangular and
occupied most of the dorsal half of the hypotheca
(Fig. 2C). The 2000 was quadrangular and dorsoventrally elongated (Fig. 2C). The 5000 was oblong and
irregularly triangular (Fig. 2C). The 1000 was the
smallest post-cingular plate and triangular (Fig. 2C).
The 10000 was small and quadrangular; 20000 was very
small. Plate 1p was dorsoventrally elongated (Fig. 2C)
with a l=w ratio about 2.08  0.22 (mean  S.D.,
n = 100) for cultured cells and 2.52  0.23 (n = 100)
for field specimens.
The cingulum, which was approximately 2.8 mm
wide, comprised of six cingular plates. The sulcal plates
were not precisely identified.
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The theca was ornamented with scattered pores
(Fig. 2E) that ranged in diameter from 0.07 to 0.32 mm
(most frequently between 0.17 and 0.25 mm, n = 30).
The inner thecal surface of O. ovata cells revealed a
more complex pore structure with additional minute
pores only seen from inside (Fig. 2F).
3.1.2. Ostreopsis cf. siamensis
Based on field specimen’s observations, cells were
broadly ovoid, pointed toward the sulcal area in apical
view with numerous chroloplasts, anterioposteriorly
compressed (AP = 14.28–26.18 mm) and sometimes
undulated in side view (Fig. 4A and B). Cell movement
was mainly geotropical around the dorsoventral axis of
the body with the ventral area usually attached to a
substrate.
The cells had a dorsoventral diameter (DV) ranging
between 47.60 and 65.45 mm, while the transdiameter
(W) ranged from 28.56 to 49.98 mm. Moreover, small
cells (DV = 35.70–45.22 mm, W = 23.80–25.12 mm)
were detected in field populations (Fig. 3C and D).
In both large and small cells, the DV/AP ratio was
around 3 (2.83  0.36, n = 40), whereas the W/AP ratio
around 2 (1.82  0.19, n = 40).

The plate pattern of O. cf. siamensis cells was Po, 30 ,
7 , 6C, 6S(?), 5000 , 20000 , 1p (Fig. 4A and B).
The apical pore (Po), with a length of about
10.9  1.24 mm (n = 100), appeared relatively curved
on the left dorsal side of epitheca (Fig. 4A). The 10 plate
was hexagonal, elongated and relatively narrow, in
contact with 20 , 30 , 100 , 200 , 600 and 700 (Fig. 4A). The 30 was
pentagonal and situated towards the left dorsal side of the
epitheca (Fig. 4A). The seven (7) precingular plates
differed from each other in size and shape (Fig. 4A). The
200 and 600 were dorsoventrally elongated; 600 was the
largest of the precingular. The 200 is the smallest, while 100 ,
300 , 400 and 500 were intermediate in size.
In the hypotheca, plate 1p was dorsoventrally
elongated (Fig. 4B) with a l/w ratio about 2.40 
0.35 (n = 100). The 2000 and 5000 were oblong with the latter
being smaller. The 3000 and 4000 were the largest postcingular plates and quadrangular in shape (Fig. 4B). The
1000 is the smallest post-cingular. The 10000 was quadrangular, while 20000 was very small.
The thecal pores were visible even in light
microscope in high magnification (400), although
their size and structure was observed in SEM. From the
outer side of the theca, the pores ranged in diameter
00

Fig. 4. Ostreopsis cf. siamensis in SEM. (A) Epithecal view showing cells undulation and short AP diameter. (B) Hypothecal view. (C) External
thecal pores. (D) Internal theca side showing the complex pore structure (arrowheads) and the minute pores (arrows). Scale bar, 20 mm: A and B,
2 mm: C and D.
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between 0.23 and 0.29 mm (n = 30) (Fig. 4C). The
observation from the internal theca side showed a more
complex pore structure, and numerous minute internal
pores were detected (Fig. 4D).

Fig. 5. Coolia monotis in SEM (A and C) and LM (B). (A) Small and
large cells. (B) Large cell showing red body (arrow). (C) Antapical
view showing deep sulcus, left and right sulcal lists (arrowheads), deep
cingulum and cingular pores (arrows). Scale bar, 20 mm: A, 10 mm: B
and C.
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3.1.3. Coolia monotis Meunier 1919
Cells of C. monotis were roundish and compressed
anterioposteriorly (Fig. 5A and B). Field specimens size
ranged from 21.42 to 33.32 mm dorsoventrally, 22.50 to
33.75 mm in transdiameter and 17.5 to 33.75 mm
anterioposteriorly, while two cell size classes were
observed both in field and culture populations (Fig. 5A).
Small field cells ranged in dorsoventral diameter from
21.42 to 24.99 mm, while the typical (larger) cells
between 26.16 and 33.32 (Fig. 3E). Cells were
swimming actively in close relation to the substrate,
while in some relatively large cells one red body was
observed (Fig. 5B).
The plate formula was Po, 30 , 700 , 5000 , 20000 , while the
epitheca was slightly smaller than the hypotheca
(Figs. 5A, 6A and B).
Po, visible under light microscopy and situated
adjacent to 20 (Fig. 6A), was slightly curved with a
length of about 6 mm (0.36, n = 40). The first apical
plate (10 ) was large and oblong and situated on the left
part of the epitheca in contact with Po, 20 , 30 , 600 and 700
(Fig. 6A). The 30 plate was pentagonal and situated

Fig. 6. Coolia monotis in SEM. (A and B) Side views showing
epithecal and hypothecal plates and deep cingulum. Scale bar, 10 mm.
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centrally in the dorsal part of the epitheca. From the
precingular plates, 600 was the largest, 100 , 200 , 400 , 500 and
700 were intermediate, whereas 300 was the smallest. The
cingulum was narrow, lipped with well-developed lists

(Figs. 5C and 6A and B), while the sulcus was also
surrounded by left, right and antapical lists (Fig. 5C). The
3000 and 4000 were the largest postcingular and almost equal
in size, while 1000 was the smallest. The 10000 was like a wing

Table 1
Locations on North Aegean coasts, periods, temperature values and substrates, where Ostreopsis spp. were detected
Site no.

Location

Detection periods

Temperature (8C)

Most preferable substrate

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Kok. brachia
N. Makri
Dikella
Maroneia
Samothraki Isl.
Samothraki Isl.
Samothraki Isl.
Samothraki Isl.
Abdira
Fanari
Limnos Isl.
Limnos Isl.
Limnos Isl.
Limnos Isl.
Limnos Isl.
Limnos Isl.
Limnos Isl.
Limnos Isl.
Keramoti
Thassos Isl.
Thassos Isl.
Thassos Isl.
Thassos Isl.
Thassos Isl.
Palio
Irakleitsa
Ammolofoi
Pyrgos
Stauros
Olympiada
Ierissos
Vourvourou
Sarti
Porto Koufo
Kalogria
Potidaia east
Fokies
Polychrono
Paliouri
Posidi
Sani
Potidaia west
Mouries
N. Irakleia
Epanomi
N. Michaniona
Aggelochori
N. Krini
Chalastra
Makrigialos

Aug 03, Oct 03
Aug 03, Oct 03, Aug 04, Sep 04
Oct 03
Aug 03, Aug 04
Aug 04
Aug 04
Aug 04
Aug 04
Oct 03, Jul 04, Sep 04
Aug 03, Oct 03, Jul–Nov 04
Aug 04
Aug 04
Aug 04
Aug 04
Aug 04
Aug 04
Aug 04
Aug 04
Aug 03, Oct 03, Jul–Nov 04
Jul 04
Jul 04, Aug 04
Jul 04
Jul 04
Jul 04
Aug 03
Aug–Nov 03, Jul–Nov 04
Aug 03
Aug 03, Jul 04, Sep 04
Aug 03
Aug 03, Aug 04, Sep 04
Aug 04, Sep 04
Aug 04, Sep 04
Aug 04, Sep 04
Aug 04, Sep 04
Sep 03, Aug 04, Sep 04
Aug 04, Sep 04
Aug 03
Aug 04, Sep 04
Aug 04, Sep 04
Aug 03, Sep 03, Aug 04, Sep 04
Aug 04, Sep 04
Aug 03, Aug 04, Sep 04
Aug 03
Aug 03, Aug 04, Sep 04
Aug 03, Aug 04, Sep 04
Aug 03
Aug–Nov 03, Jul–Nov 04
Aug–Nov 04a
Sep 03, Sep 04a
Jul 04–Nov 04 a

26.3, 21.0
26.5, 21.2, 26.1, 20.7
26.5
26.1, 25.8
26.1
26.4
27.1
28.6
21.4, 27.8, 23.0
25.8, 20.9, 27.2–18.5
29.0
26.4
26.2
28.0
27.6
29.4
28.2
28.4
26.5, 22.0, 26.2–14.0
25.7
26.2
26.6
27.6
27.0
27.0
27.0–14.5, 26.7–16.0
27.1
26.7, 26.4, 23.9
25.6
25.4, 25.3, 23.1
26.2, 22.9
29.5, 21.5
28.5, 21.6
29.7, 24.9
23.2, 28.3, 24.9
27.5, 23.8
26.5
26.2, 22.6
26.2, 22.8
24.8, 23.1, 24.2, 22.7
26.2, 23.8
28.0, 27.9, 24.8
26.7
27.1, 26.4, 25.1
26.3, 26.9, 25.7
27.1
17.0–27.0, 16.0–26.0
14.5–26.0
25.3, 25.0
13.5–28.0

Padina, Cystoseira
Ulva, Padina, Cystoseira
Padina, Ulva
Ulva, Padina, Cystoseira
Cystoseira, Ulva
Padina, Cystoseira
Padina
Padina, Cystoseira, Ulva
Padina, Ulva
Padina, Cystoseira, Ulva
Padina, Cymodocea
Padina, Cystoseira
Padina
Padina, Cystoseira, Ulva
Padina, Cystoseira
Padina, Cystoseira
Padina
Padina
Cymodocea, Codium
Posidonia, Cymodocea
Padina, Ulva
Cystoseira, Padina
Cystoseira, Padina
Cystoseira, Padina
Cystoseira, Padina
Cystoseira, Codium, Corallina, Jania
Padina, Cystoseira
Cystoseira, Padina
Padina, Cystoseira
Padina, Cystoseira
Padina, Cystoseira
Padina, Cymodocea
Padina, Cystoseira
Padina, Corallina
Padina, Cystoseira
Cystoseira
Padina, Cystoseira
Padina
Padina
Ulva, Padina, Cystoseira
Ulva, Padina
Cystoseira, Corallina
Ulva, Padina
Ulva, Padina
Ulva, Padina
Ulva, Cymodocea
Ceramium, Ulva
Ceramium, Ulva
Cymodocea, Ulva
Ulva, Gracilaria

a

Only C. monotis was detected.
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over the sulcus (Fig. 6B) and smaller than the 20000 , which
was pentagonal.
Thecal pores (Fig. 6A) ranged in diameter between
0.2 and 0.3 mm (n = 30) and were of the same size with
the pores inside the cingulum (Fig. 5C).
3.1.4. Temporal and spatial pattern
Sea surface temperature and salinity ranged from 9.0
to 30.0 8C and 16.7 to 37.1 psu, respectively, in all
sampling stations during the study period.
O. ovata and O. cf. siamensis were detected from the
end of July until November in both 2003 and 2004, when
the surface sea water temperature ranged between 29.7
and 13.9 8C (Table 1) and were the most abundant
benthic dinoflagellates (up to 4.05  105 cells gr1 fwm,
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maximum abundance of all stations) during that time. On
the contrary, C. monotis was furthermore detectable in
winter and spring months, while maximum abundance
(1.6  104 cells gr1 fwm, maximum abundance of all
stations) was recorded in August. The temporal patterns
of the epiphytic abundance of Ostreopsis spp. and C.
monotis are presented in Fig. 7, indicatively for one
sampling site (st. 47). From the 50 sampling sites
(Table 1), Ostreopsis spp. was found in 47 (94% of the
sampling sites), while C. monotis was present in all
sampling sites. It is interesting to note that the three sites
(s48, s49, s50) where Ostreopsis species were not
detected, are all located in the inner and western part of
Thermaikos Gulf, whereas in the south eastern part of the
gulf (s45, s46, s47) high abundance levels of O. ovata and

Fig. 7. Temporal pattern of (A) Ostreopsis spp. and (B) Coolia monotis abundance (mean monthly values) on macrophytes (epiphytic), surface and
sediment during the study period in station 47.
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O. cf. siamensis (up to 1.64  105 cells gr1 fwm) have
been recorded.
During August and September (2003 and 2004)
benthic dinoflagellate aggregations dominated by
Ostreopsis species (O. ovata and/or O. cf. siamensis)
accompanied by C. monotis, Prorocentrum lima, P.
rhathymum, P. emarginatum and Amphidinium spp.
formed a brownish mucilaginous mass, like an
hymenium visible to the naked eye, epiphytically on
macrophytes. This phenomenon was more common and
intense on the Phaeophyceae Padina pavonica and
Cystoseira spp. Significant abundances were still
recorded on Rhodophyceae (Corallina sp., Ceramium
spp.) and lower cell densities on Chlorophycae (Codium
sp., Ulva sp., Enteromorpha sp.) as well as on the
marine phanerogams Posidonia oceanica and Cymodocea nodosa (data not shown). Benthic diatoms of the
genera Striatella, Coscinodiscus, Licmophora, Cylindrotheca, Pleurosigma and Nitzschia were found along
with the dinoflagellates epiphytically on macrophytes.
Moreover, Ostreopsis spp. and C. monotis were
present in the water column (up to 16  103 cells L1
for Ostreopsis spp. and 0.5  103 cells L1 for C.
monotis, maximum abundances of all stations) and
in neighbouring sediment samples during the
period of their higher abundance (maximum abundance of all stations 1.35  102 cells gr1 dws and
0.27  102 cells gr1 dws for Ostreopsis spp. and C.
monotis, respectively). The highest abundance levels
in the water column and the sediment were recorded
simultaneously with the maximum epiphytic abundance (Fig. 7). After statistical analysis (Spearman’
test) for stations 10, 19, 26 and 47, significantly
positive correlations were found between surface and
epiphytic abundance (R = 0.85, p < 0.01, n = 93),
sediment and epiphytic cell densities (R = 0.88,
p < 0.01, n = 93) and also between surface and
sediment abundance (R = 0.78, p < 0.01, n = 93).
4. Discussion
4.1. Morphological observations
The taxonomy of Ostreopsis species is mainly based
on their cell size, shape and thecal plate pattern
(Table 2). However, apart from O. heptagona, in which
plate 500 is in contact with the first apical plate (10 ) and 600
does not touch 30 (Norris et al., 1985), all the other
Ostreopsis species present similar thecal plate arrangements, making it difficult to distinguish between
species. Moreover, the taxonomy of the genus
Ostreopsis has become more problematic since more

recent descriptions (Faust et al., 1996; Chang et al.,
2000) are in contradiction with the older ones (Schmidt,
1901; Fukuyo, 1981).
The inconsistency mainly concerns the number of
thecal pore sizes in O. siamensis and O. lenticularis;
Fukuyo (1981) mentioned that there is one size of thecal
pores in O. siamensis and two in O. lenticularis. The
exact opposite, however, was observed for the former
species by Faust et al. (1996) and Chang et al. (2000).
Another perspective on the issue of thecal pores was
given by Penna et al. (2005), who have observed that in
O. cf. siamensis and O. ovata in the Western
Mediterranean Sea there is a relatively great range in
the size of the thecal pores, an observation that could
possibly explain the differences between previous
studies (Fukuyo, 1981; Faust et al., 1996; Chang
et al., 2000). Moreover, Penna et al. (2005) have
introduced the ratios between Ostreopsis species
dimensions in order to distinguish between O. cf.
siamensis and O. ovata. DV/AP and DV/W ratios could
be a useful tool for Ostreopsis species identification
given the disputation regarding cell dimensions
(Table 2). As far as O. siamensis is concerned, Schmidt
(1901) referred to a ‘‘sagital axis of O. siamensis of
about 90 mm’’ while Fukuyo (1981) and Faust et al.
(1996) described O. siamensis cells much larger (DV up
to 123 mm). More recent studies (Vila et al., 2001a;
Penna et al., 2005) described O. cf. siamensis with
intermediate cell dimensions (Table 2).
Based on cell and thecal pores sizes and cell shape,
as it is expressed by DV/AP and DV/W ratios, two
Ostreopsis species have been identified in Greek coastal
waters to date: O. cf. siamensis and O. ovata (Table 2).
The size of thecal pores of Greek O. cf. siamensis (0.23–
0.29 mm) resembled the predominant size class (0.25–
0.30 mm) reported by Penna et al. (2005). However, in
O. ovata, a relatively great range in the size of thecal
pores (0.07–0.32 mm) with only one predominant size
was also found, while Penna et al. (2005) mentioned
two predominant size classes. Regarding the cell size
and the ratios, the measurements of both O. ovata
and O. cf. siamensis from Greek coastal waters fit well
with those by Penna et al. (2005) (Table 2). As far as
plate 1p is concerned, our findings regarding O. ovata
are in agreement with Faust et al. (1996), while they
are smaller for O. cf. siamensis. Furthermore, in
contrast to Faust et al. (1996), who have observed an
apical pore with a length of about 27 mm for O.
siamensis, Po in O. cf. siamensis from Greek coastal
waters was much shorter (10.9  1.24 mm, n = 100),
while it was within the same range for that reported
for O. ovata.
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Table 2
Morphometric features of the existing Ostreopsis species in comparison with O. ovata and O. cf. siamensis of the present study (shown in bold font)
Species

DV (mm)

O. siamensis

90
60–100
108–123

45–90
76–86

60–85

38–45

30–68a

20–55a

50–75
63–90
36–66a

38–62
34–56
24–50a

O. cf. siamensis
Ostreopsis sp.
O. cf. siamensis
O. lenticularis

O. ovata

O. heptagona
O. labens
O.
O.
O.
O.

a

marinus
belizeanus
caribbenaus
mascarensis

W (mm)

60–100
65–75
70–95

45–80
57–63
55–75

50–56

25–35

34–67
47–55
38–50
27–65
26–62a

25–40
27–35
25–35
19–57
13–48a

96–112
80–108
81–110
86–98
83–111
79–92
56–81
113–195

48–70
46–59
70–80
70–80
73–85
38–48
26–47
79–138

155–178
156–175

118–134
112–131

AP (mm)

DV/AP

Po (mm)

One size (small)
Two sizes
(0.50 and 0.10)
Two sizes
(0.08–0.10
and 0.18–0.38)
One size

27

>4
22
14–26a

Thecal pores (mm)

3

7.4–9.7
10
11

16

0.11–0.56
0.10–0.20
0.23–0.29
Two sizes
0.40
One size
One size
(minute pores)

8

14–36a

<2
2

60–86

6.9–9.6
11

15
18
18
24
16
17
26

26

0.07
One size (small)
0.16–0.55
0.07–0.32

0.30
0.30
0.30
0.33
0.42
0.60
Multipore
structures
(1–1.2)
0.60
Round with two
small openings

References
Schmidt (1901)
Fukuyo (1981)
Faust et al. (1996)
Chang et al. (2000)

Rhodes et al. (2000)
Penna et al. (2005)
Vila et al. (2001a,b)
Present study
(field specimens)
Fukuyo (1981)
Faust et al. (1996)
Chang et al. (2000)
Fukuyo (1981)
Tognetto et al. (1995)
Faust et al. (1996)
Chang et al. (2000)
Penna et al. (2005)
Present study
(field specimens)
Norris et al. (1985)
Faust et al. (1996)
Faust and Morton (1995)
Faust et al. (1996)
Faust (1999)
Faust (1999)
Faust (1999)
Quod (1994)

Faust et al. (1996)
Lenoir et al. (2004)

Size values referring to both small and large cells.

Cells of O. ovata were more rounded in comparison
with O. cf. siamensis cells, which were conspicuously
anterioposteriorly compressed giving a high DV/AP
ratio (3). In Greek specimens, hypothecal plates were
more oblong in O. ovata compared to the ones of O. cf.
siamensis, while 1p of O. ovata was relatively shorter
and narrower than in O. cf. siamensis. Po was as long in
O. cf. siamensis as in O. ovata. The dominant size of
thecal pores was smaller in O. ovata, while in O. ovata
and O. cf. siamensis a complex pore structure was
revealed when the internal thecal surface was observed;
furthermore, in O. cf. siamensis the minute internal
pores seemed to be more numerous.
The three hitherto known Coolia species are similar
in shape, size, number and arrangement of epithecal and

hypothecal plates (Faust, 1992; Faust, 1995b; Ten-Hage
et al., 2000). C. monotis from Greek coastal waters fits
well with previous descriptions (Meunier, 1919; Balech,
1956; Fukuyo, 1981; Tolomio and Cavolo, 1985; Penna
et al., 2005). However, according to Faust (1992), the
length of Po plate is about 12 mm, while it is smaller (9–
10 mm and 7 mm) for C. areolata and C. tropicalis,
respectively (Faust, 1995b; Ten-Hage et al., 2000); Greek
specimens presented an apical pore length of about 6 mm.
Such differences in Po length have also been reported by
Rhodes and Thomas (1997) and Pearce et al. (2001) for C.
monotis from New Zealand and Australia, respectively.
On the other hand, 10 in C. monotis from Greek coastal
waters was oblong and located on the left part of
the epitheca, a feature that differentiates it from the
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wedge-shaped 10 in C. tropicalis (Faust, 1995b) and the
centrally on the epitheca located 10 in C. areolata (TenHage et al., 2000). Moreover, the thecal pores (average
diameter 0.27 mm) and the pentagonal shape of 20000 and 30
agree with the descriptions of C. monotis by Faust (1992)
and older ones (Meunier, 1919; Balech, 1956; Fukuyo,
1981).
Small cells were detected in populations of O. ovata,
O. cf. siamensis and C. monotis, a fact which is consistent
with previous observations on the above species by Pin
et al. (2001), Rhodes et al. (2000) and Silva and Faust
(1995), respectively. The formation of small cells has
been interpreted variously (budding-amitosis, successive
depauperating divisions, gametogenesis or sexual conjugation between anisogamous gametes) by different
authors (e.g. Von Stosch, 1973; Pfiester and Anderson,
1987; Silva and Faust, 1995), while it has been suggested
that their role is to increase the population by rapid
divisions or to serve as gametes for subsequent cyst
formation (Silva and Faust, 1995; Reguera, 2002).
According to our findings, the coincidence of small cells
occurrence with the period of high epiphytic dinoflagellates abundance might reflect the role of small cells in
increasing the population; however, more data from both
field and culture studies are required in order to clarify
their exact function.
The red bodies observed in both O. ovata and C.
monotis field cells in combination with their absence or
low abundance levels at low water temperatures during
winter could possibly reflect the presence of a resting
and/or temporary cyst in their life cycle as suggested for
other dinoflagellates (Faust, 1992; Garcés et al., 1998;
Kim et al., 2002). A sexually produced resting cyst has
been described for C. monotis by Faust (1992); however,
for Ostreopsis species (O. siamensis) there is only one
reference (Pearce et al., 2001) about a resting stage in
laboratory conditions, while something similar has never
been observed in field. Our findings on the presence of a
hyaline cyst for Ostreopsis spp. in unfavorable conditions
in both natural populations and laboratory culture, and
the relatively large cells observed in Ostreopsis populations at the end of their detection period, which may
represent zygotes that could subsequently form resting
cysts, indicate an intricate life cycle of Ostreopsis spp.,
which requires further investigation.
4.2. Spatial and temporal pattern
Ostreopsis species have exceeded the biogeographical
boundaries once considered for them and their presence
in the Mediterranean Sea is presently well-documented.
Furthermore, some of the highest abundances ever

reported for epiphytic dinoflagellates have been found in
the western (5.9  105 cells gr1 fwm, Vila et al., 2001a)
and eastern (4.05  105 cells gr1 fwm, the present
study) Mediterranean Sea.
The biogeographical spreading of benthic dinoflagellates constitutes a major issue since the majority of
them are capable of producing toxins (Nakajima et al.,
1981), and raises questions about their origin and
possible dispersal mechanisms (Bomber et al., 1988b;
Tognetto et al., 1995; Masó et al., 2003). It is possible
that Ostreopsis species were previously missed or
overlooked in the Mediterranean Sea due to low
abundance levels, while the probability that they are
introduced species from ciguatera endemic areas cannot
be excluded. On the other hand, C. monotis appears to
be genuine in the Mediterranean (Tognetto et al., 1995),
while phylogenetic analyses have revealed distinct
differentiation between Asian and European strains, a
fact that holds also for O. ovata but it is less pronounced
(Penna et al., 2005).
The wider geographical distribution of C. monotis has
been attributed to the greater temperature range it
survives (Rhodes et al., 2000), a fact that fits well with our
observations. On the contrary, according to the present
study, the populations of Ostreopsis species were
detectable only between the end of July and the end of
autumn (November) repeatedly in 2003 and 2004 in a
specific temperature range, while no vegetative cells
were found during winter and spring. This pattern of
seasonal distribution agrees in general with studies in
other geographical areas (e.g. Tasmania, Australia
(Pearce et al., 2001)), while it reveals remarkable
differences compared to the Western Mediterranean Sea.
According to Vila et al. (2001a), Ostreopsis sp. (=O. cf.
siamensis, Penna et al., 2005) was present all year round
with maximum abundance levels from March to
September, while water temperature in the Western
Mediterranean fluctuated less widely in comparison with
our measurements in the North Aegean Sea. However,
water temperature is only one of the factors affecting
epiphytic dinoflagellates growth; salinity, nutrients, light
(intensity and duration), water movement and substrate
availability also have an important role (Carlson and
Tindall, 1985; Bomber et al., 1988a; Morton et al., 1992;
Morton and Faust, 1997; Chateau-Degat et al., 2005).
Despite the fact that Ostreopsis spp. and C. monotis
are found not only on macrophytes but in the water
column and sediment as well, their preferred habitat is
considered to be epiphytic on macrophytes and their
occurrence in the water column is possibly a
circumstantial result of resuspension or release from
the macrophytes surface, as suggested by Vila et al.
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(2001a) and as indicated by the significantly positive
correlations between cell densities in the water column
and sediment with those on macrophytes (present
study). Moreover, Carlson and Tindall (1985) and
Bomber et al. (1989a) have contended that specific
macroalgal species could provide promoting compounds for dinoflagellates growth, while Lobel et al.
(1988) and Vila et al. (2001a) propose that benthic
dinoflagellates do not have preference for specific
macrophytes, but they just prefer three-dimensional,
flexible and high surface area algae. Our preliminary
findings regarding substrate preference fit well with the
latter authors, since in the majority of sampling sites,
the maximum abundances were recorded in branched
macroalgae, while the abundance levels of Ostreopsis
spp. and C. monotis were remarkably lower in the less
leafy Chlorophyceae and marine phanerogames.
The elaboration of more data could explain the
parameters affecting the spatial and temporal distribution
of benthic dinoflagellates, while the clonal cultures of
Ostreopsis and Coolia that have already been established
could provide useful material for further life cycle,
molecular genetic and toxicological investigations of the
benthic dinoflagellates in Greek coastal waters.
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Inst. Océanogr. 38, 123–232.
Holmes, M.J., Lewis, R.J., Jones, A., Wong Hoy, A.W., 1995. Cooliatoxin, the first toxin from Coolia monotis (Dinophyceae). Nat.
Toxicol. 3, 355–362.
Holmes, M.J., Lee, F.C., Teo, S.L.M., Khoo, H.W., 1998. A survey of
benthic dinoflagellates on Singapore Reefs. In: Reguera, B.,

730

K. Aligizaki, G. Nikolaidis / Harmful Algae 5 (2006) 717–730

Blanco, J., Fernández, M.L., Wyatt, T. (Eds.), Harmful Algae.
Xunta de Galicia and Intergovernmental Oceanographic Commission of UNESCO, pp. 50–51.
Kim, C.-H., Cho, H.-J., Shin, J.-B., Moon, C.-H., Matsuoka, K., 2002.
Regeneration from hyaline cysts of Cochlodinium polykrikoides
(Gymnodiniales, Dinophyceae), a red tide organism along the
Korean coast. Phycologia 41 (6), 667–669.
Lenoir, S., Ten-Hage, L., Turquet, J., Quod, J.-P., Bernard, C.,
Hennion, M.-C., 2004. First evidence of palytoxin analogues from
an Ostreopsis mascarensis (Dinophyceae) benthic bloom in southwestern Indian Ocean. J. Phycol. 40, 1042–1051.
Lobel, P.S., Anderson, D.M., Durant-Clement, M., 1988. Assessment
of ciguatera dinoflagellate populations: sample variability and
algal substrate selection. Biol. Bull. 175, 91–101.
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Utermöhl, H., 1958. Zur vervollkommung der quantitativen Phytoplankton Methodik. Mitt. Int. Ver. Theor. Angew. Limnol. 9, 1–38.
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