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compressed cells, and therefore
almost always seen in apical or
antapical view. The cells are more or
less ovoid in apical and antapical
view. The apical pore is a long slit,
displaced to the left dorsal side.

Gulfof Thadand

The first species of Ostreopsis to b

described was O. siamensis from
Koh Chang Island in the Gulf of
Thailand (Schmidt 1901).

Species of Ostreopsis are widely
distributed in warm temperate to
tropical waters and epiphytic on
macroalgae, corals, coral rubber,
and in mangrove habitats.

wh

Mats of Ostreopsis sp. in the aquaria at
the Institute of Oceanography, Nha
Trang, Vietnam.
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] Species of Ostreopsis may produce
The genus currently comprises 11 palytoxin (PLTX) like compounds

recognizes species six of which may
produce toxins according to the IOC
Taxonomic Reference List (high-lighted).
Type species: O. siamensis Schmidt 1901.

Ostreopsis belizeana Faust 1999

Faust 1999

O. caribbeana Faust 1999

Faust 1999

O. fattorussoi Accoroni et al. 2016

Accoroni et al. 2016, Penna et
al. 2010

O. heptagona Norris et al. 1985

Norris et al. 1985

O. labens Faust et Morton 1995

Faust & Morton 1995, Moreira
et al. 2012

O. lenticularis Fukuyo 1981

Fukuyo 1981, Larsen &
Nguyen 2004, Moreira et al.
2012, Penna et al. 2012,
Chomérat et al. 2019

O. marina Faust 1999

Faust 1999

o

. mascariensis Quod 1994

Quod 1994, Lenoir et al. 2004,
Chomérat et al. 2020a

O. ovata Fukuyo 1981

Fukuyo 1981, Larsen &
Nguyen 2004, Penna et al.
2005, 2012, Selina & Orlova
2010

. rhodesiae Verma et al. 2016

Verma et al. 2016

Q|0

. siamensis Schmidt 1901

Schmidt 1901, Fukuyo 1981,

Penna et al. 2005, 2012,
Selina & Orlova 2010,
Chomérat et al. 2020b,

Nguyen-Ngoc et al. 2021

(including ostreocin and ova-
toxins) which are highly toxic.
These toxins have been linked to
human intoxication through con-
sumption of crabs and various
species of fish including tropical
clupeoids (clupeotoxism) with the
same symptons as CFP (Parsons
et al. 2012, Verma et al. 2019, and
references therein). PLTX-like
toxins may also accumulate in
shellfish. In addition, O. lenti-
cularis may produce different
compounds, ostreotoxins (Parsons
et al. 2012).

In the Mediterranean, blooms of
O. cf. ovata have been associated
with asthma-like symptoms in
humans presumably due to
aerosol-borne toxins.
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Species DV - range W - range | poference
average (pm) average (Hm)
O. belizeana 78-92 38-48 Faust 1999
O. caribbeana 56-81 26-47 Faust 1999
O. fattorussoi 43-73 (60) 26-50 (40) Accaroni et al. 2016
O. heptagona 96-122 (108) 62-84 (70) Norris et al. 1985
Faust et Morton
O. labens 81-110 70-80 1995
60-100 45-80 Fukuyo 1981
0. lenticularis @ [—-—-——-—-——-—-——=—-f~-———=—=—=-=---F- h--------l----
Chomérat et al.
73-94 (81) 58-78 (68) 2019
O. marina 83-111 73-85 Faust 1999
113-195 (148) 79-138 (103) | Quod 1994

O. mascariensis

Chomérat et al.

112-142 (124) 83-109 (96) 2020

O. ovata 50-56 25-35 Fukuyo 1981

O. cf. ovata 27-65 19-57 Penna et al. 2005
45-62 29-48 Aligizaki &

1
&5 EnCIZIE) 26-43 13-26 Nikolaidis 2006
O. cf. ovata 55-94 (70) 30-62 (45) David et al. 2013
T20-48 (35)2 | 15440 (25) | . "7
O. cf. ovata Tawong et al. 2014
24-59 (39)3 16-47 (28) 9

O. rhodesiae 32-56 (44) 23-46 (32) Verma et al. 2016
~ 90 Schmidt 1901

0. siamensis 60-100 45-90 :“"“V° 1:81 ‘ol
_ _ guyen-Ngoc et al.

46-92 (73) 41-75 (59) 2021
52-68 40-55
. cf. si ist Rh tal. 2
O. cf. siamensis 3040 | 2030 | kM o _d(_es_e_ ._a_ _0_01)_ |
O. cf. siamensis* 63-90 34-56 Penna et al. 2005
. . Aligizaki &
O. cf. siamensis 48-65 29-50 Nikolaidis 2006
O. cf. siamensis 55-75 (67) 27-56 (46) David et al. 2013

1) Two size classes; 2) samples from the Gulf of Thailand; 3) samples from
the South China Sea; 4) wild material. Figures in brackets indicate averages.

Illustrations to scale, modified from Accaroni et al. 2016
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Ostreopsis sp.1
Ostreopsis sp.2
Ostreopsis sp.3

Ostreopsis sp.8

Ostreopsis rhodesiae

Ostreopsis sp.9
= O. cf. siamensis

Ostreopsis sp.7

Ostreopsis sp.4

Ostreopsis fattorussoi

Ostreopsis lenticularis

Ostreopsis siamensis

Species of Ostreopsis are highly variable
morphologically (Parsons et al. 2012,
Berdalet et al. 2017), and - with the
exception of O. lenticularis which may be
distinguished by two types of thecal pores
visible in LM (Fukuyo 1981, Chomérat e/ al.
2019) and possibly O. heptagona (Norris et
al. 1985), and O. mascarenensis (Quod 1994,
Chomérat et al. 2020a) - cannot be identified
by their morphological features.

Many species of Ostreopsis are poorly
described which contributes to the
taxonomic confusion and uncertainly in this
genus. Species are often identified
tentatively as cf. which is an abbreviation for
the Latin: confer/conferatur, meaning
'‘compare'. Thus, phylogenetic analyses
some authors have used tentative names
such O. cf. ovata and O. cf. siamensis or
attached numbers, like Ostreopsis sp. 1-9, to
the clades which have emerged from these
studies (e.g. Tawong et al. 2014, Chomérat
et al. 2019, 2020b).

A recent study by Nguyen-Ngoc et al. (2021)
has shown that the type species, O.
siamensis, is identical to Ostreopsis sp. 6 in
these phylogenetic analyses. Ostreopsis
siamensis is a tropical species, and it may be
not distinguished from other similar-sized
species by its morphological features, and
molecular analysis is needed for proper
identification. It is genetically distinct from
O. cf. siamensis (referred to as Ostreopsis
sp- 9 by Nguyen-Ngoc et al. 2021) reported
from temperate areas including the
Mediterranean Sea; and this appears to be a
different as yet undescribed species.
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e 1.3 Ostreopsis in the South Pacific

Ostreopsis siamensis (type species), O. lenticularis and O. ovata have all been reported from the South
Pacific (Fukuyo 1981, Chomérat et al. 2019, Chomérat et al. 2020b, Nguyen-Ngoc et al. 2021).

Ostreopsi.; siamensis (illustrations . . . . .
from Schmidt 1901 Nguyen- Ostreopsis lenticularis (illustrations from Fukuyo 1981,

Ngoc 2021). The shape of this Nguyen-Ngoc 2021, and original). Rounded shape and this
species is va.riable species may be confused with Gambierdiscus, see next slide.

Ostreopsis ovata (illustrations from Fukuyo
1981, Nguyen-Ngoc 2021. This species is
smaller than O. siamensis and O.
lenticularis, and probably the most
common species of Ostreopsis.
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Two cells of Coolia sp. in ventral view.

Species belonging to this genus can usually
be identified by the oblique longitudinal axis
and the obtuse angle formed by the girdle.

Species of Coolia are asymmetrical. The apical pore is
an elongated slit (like in Ostreopsis) and displaced to
the left dorsal side of the epitheca. Therefore the
longitudinal axis of the cell is tilted and oblique. The
cingulum is median, but tilted anteriorly so the ends
of the girdle form an obtuse angle. Species of Coolia
are smaller (about 20-50 pm long) than species of
Gambierdiscus and Ostreopsis.

Coolia spp. are widely distributed in warm temperate
to tropical waters and epiphytic on macro algae,
corals, coral rubber, sediment, and in mangrove
habitats.

C. areolata Ten-Hage et al. 2000

Ten-Hage et al. 2000

C. canariensis Fraga 2008

Fraga et al. 2008

Coolia guanchica David, Laza-
Martinez,
Rodriguez & Fraga 2020

David et al. 2020

C. malayensis Leaw, Lim et Usup
2009

Leaw, Lim et Usup 2009,
Mohammad-Noor et al.
2013, Wakeman et al. 2015

C. monotis Meunier 1919

Meunier 1919

C. palmyrensis Karafas, Tomas et
York

Karafas et al. 2015

C. santacrose Karafas, Tomas et York

Karafas et al. 2015

C. tropicalis Faust 1995

Faust 1995, Mohammad-
Noor et al. 2013

The genus was described by Meunier
(1919) from the Belgian coast with C.
monotis as the only species.

[ &L R

The genus currently comprises 8 recognized
species two of which may produce toxins. Type
species: C. monotis Meunier 1919.
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Phyloginetic analyses have
revealed two species com-
plexes of Coolia.

The C. monotis-complex
C. monotis

C. malayensis

C. palmyrensis

C. santacrose

The C. canariensis-complex

i B .98 |- KESSGEST (INT3EHL Pomagal)
C. canariensis R 0414220 Du2SEHU Span
i . 1001 | AMB02742 (CBAL Tuly)
C. cf. canariensis 1997 | kriramcomes s . 0sh) | C, monotis
. KIT31414 (Coan S Tusda)
C. guanChlca 66| % 1781412 (Cout 10 Tumbi

18071

muy
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MRS (smroapsts sp. VOOSS 1)

—
010
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*{: AMSY
AMSOZ
6/~ AMNY

RO ¢

HQSS7275 ¢

1412-2 Domescan R.)
QAIFG0 Avstrakn)
i KP172268 (Cmi1303.1 US, Vigm Is.)
KP172278 (Crofé0 -1 N. Carobrm USA)
KJ&228%4 (CAWDI141 N. Zeshnd)
KFS06320 (D1 | 4EHU Poern Rico)
KM259618 (131 N. Zealind)
KJ422858 (NLIM2 N. Zealmd)
076 | KIA22857 (NLD9 N. Zeakad)
T A0S148 (TP20C Thedendy
S4.6T R KEu96841 (Dol 1 TEHU Pueno Rico)
KROU3173 (Cml 41241 Domancan &)
1001 | ABSORIAT (P1C Thaitind)
T KA (Clone | Japan)
[ INSS6050 (K-0972 Malnysie)
| FU165203 (FILES Flonda USA)
T "I KJ42284 (CAWDI TS N, Zeabnd)
66/~ | PRI K 1422948 (CAWDILA N, Zeakind)
94 | AMBI2TAT (VGO 783 Gireece)
BT (LoA-Covad Gresee)

C. malayensis

KFEGEA2 (ING6FEHU Spean)
HQA14217 (Dn36EHL Span)
AMSO2T48 (SZNIGE Ial)
KXE45010 ({CMEZT14 Tmsi)

1 C. santacroce

—— HOQS9727T (NQAIF 103 Awseala)
KPIT2270 (Cpl 208-1 Peissyys Awol)

091 [Jl,\':“\‘N:I(').ﬂl\'-l Cuba)
91/ MF&53S53 (UTS

C. palmyrensis

£ (VGOTE?, Canary. K, Span)
T (VGOTSS, Casary. B, Span)
KFS96337 (Dal 66EHU, Span)
AMM27II (VGOTTS, Canmary Is., Sgeetiy
KFS96339 (De20TEHU, Spax)
IOE | ¢ 1506338 (D1 37EHU, Spei

KF$96336 (De20GEHL, Specn)
FRA46173 (OMIIL, S, Kores)
HOSIT2TE (NOQAIF252, Australa)
HO4 14221 (Ta29EHL, Spai)
KR21999 (DICZ, Clem)
KUSI400T (INW, Canary Is., Spain)
KUST4008 (INN, Canary Is,, Spain)
KUS14006 (VGO1158, Canary Is,, Spain)

IXBNG] (K-1156, Madnvsin)

41 (CCOMP1 744, Bels)
T40 (VGOI23, Indoresis)

| C. canariensis

{

C. cf. canariensis

C. guanchica

C.

xa]dwod-sizouow "9 ayy

x2|dwod

The species belonging in the two complexes and
C. tropicalis may be distinguished morphologically
by minor differences in tabulation (shape of 6"'-
plate) but this is difficult to observe in LM and
requires considerable experience.

/

2 24l

-SIsUu2140upd

v

tropicalis

66/.67 | KR220997 (DSSF4, Clamm)

‘ ABORIS9 (CTICI, Thaiant)
HOS9T276 (NQATFSO, Awraks)

AF244M0 ( Ostrenpsts of ovata OVPROM)

Phylogeny of Coolia based on D1/D2 region of the nuclear
encoded LSU rDNA sequences, From David et al. 2020.
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2.2 Diversity of Coolia

Distribution
of Coolia spp--
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® Coolia monotis

® Coolia malayensis * Coolia santacroce

) Coolia tropicalis * Coolia canariensis
Coolia palmyrensis Jv Coolia cf. canariensis

Jv Coolia areolata B Coolia guanchica

Previously, C. monotis was believed to
be cosmopolitan but more recent studies

i have shown that it has a North Atlantic-

Mediterranean distribution while
based on molecular data - earlier reports
of this species from subtropical and
tropical areas are C. malayensis.

Coolia tropicalis is found only in tropical
regions.

Coolia areolata is poorly known and has
been reported only once, and it is the
only species of Coolia which has not
been studied genetically.
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Coolia ‘monotis-complex’
(€. malayensis/palmyrensis)

Coolia canariensis

Four species of Coolia, notably C. malayensis, C. palmyrensis, C.
canariensis, and C. tropicalis have been reported from Guam and
may occur in the South Pacific (Phua et al. 2021). They found toxin
production in strains of C. malayensis, C. canariensis phylogroup IV
and C. palmyrensis, while C. tropicalis was non-toxic. However,
toxin production in C. tropicalis has been but other. This study also
showed that the production of toxic compounds in Coolia can vary
in the same strain.

Holmes et al. (1995) reported production of cooliatoxin in a culture of C. monotis but this was presumably a toxic clone of C.
tropicalis (Mohammad-Noor et al. (2013). Wakeman et al. (2015) found that C. malayensis may produce five different toxic
compounds, which are unique to this species and different from cooliatoxin.

Tibirica et al. (2020) found toxicity in Coolia malayensis and C. tropicalis. They found that C. tropicalis may produce gambierone
analogues, and this appears to be the first time that these toxins are found in dinoflagellates other than Gambierdiscus. Tibirica
et al. (2020) concluded that role of C. tropicalis in CFP deserved to be considered in further investigations.
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