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Abstract: This study examined the taxonomy, spatial and seasonal occurrences of the Orders Dinophysiales and Prorocentrales in
the Atlantic Ocean, from the Bight of Benin to the Bight of Bonny in Gulf of Guinea Nigeria. Samples were collected from Oceanic
stations in ten (10) locations drawn from the eight (8) coastal states of Nigeria. Six (6) species of Dinophysiales and 11 species of
Prorocentrales were found. Whereas the Prorocentrales comprised exclusively of Prorocentrum species, Dinophysiales consisted of
species of Dinophysis (2), Ornitocercus (2), Plalacroma (1) and Ceratocorys (1). The species exhibited differential spatial and
temporal variations. Spatially, the distribution of Dinophysiales was generally relatively scanty, with most widely distributed being
D. caudata, while D. rotundata and Amphisolenia schauinslandii were rare, while Prorocentrales had a wider distribution with
Prorocentrum gracile and Prorocentrum micans as cosmopolitan species and Prorocentrum aporum, P. balticum, P.compressum P.
obtusum, P. scutellum and P. rhathymum as restricted species. In terms of seasonal occurrence, D. caudata (Dinophysiales), P.
gracile, P. triestinum and P. micans (Prorocentrales) were found at all seasons- dry-wet, wet, wet-dry and dry while D. rotundatum
occurred only in the wet season. P. balticum and P. compressum, occurred only in the wet, dry-wet and dry season respectively.
Species that were extremely sparse, both spatially and seasonally, were Phalacroma hastatum, Prorocentrum aporum, P. balticum,
P. lima and P. compressum. Global distribution of the identified species is also presented. A total of 47.6% of the collection of
species identified in this study are known to be toxic and harmful such as Dinophysis caudata, D. rotundata Prorocentrum micans,
P. emaginatum, P. lima. P.redfieldii, P.reticulatum and P. rhathymum.
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l. Introduction

Dinophysales and Prorocentrales are both members of the Class Dinophyceae and division Dinophyta or dinoflagellates.
Prorocentrum Ehrenberg is one of the most diverse and wide spread genus in marine tropical areas (Hernandez-Becerril et al.,
2000). These groups belong to algae causing harmful algal blooms. Harmful algal blooms (HABS) are increasing worldwide in
occurrence, geographic expansion and persistence (Anderson et al., 2012, Berdalet et al. 2016, Heisler et al 2008), affecting
ecology, economy, ecosystems and health.

Some of these Dinophysiales and Prorocentrales produce toxins which cause harm to human and animals. The major vectors for
these toxins are shellfish (Costa 2016, Likumahua et al., 2020). The shellfish consumption when contaminated elicit five different
types of syndromes namely, Paralytic Shellfish Poisoning (PSP), Diarrhoetic Shellfish Poisoning (DSP), Neurotoxic Shellfish
Poisoning (NSP), Amnesic Shellfish Poisoning (ASP), and Azaspiracid Shellfish Poisoning (AZP). Dinophysales and
Prorocentrales produce PSP and DSP. In recent decades, Paralytic shellfish poisoning (PSP) has increased worldwide (Anderson,
2009). Harmful algae produce Paralytic Shellfish toxins (PSTs).

PSTs are divided into three groups namely, carbamoyls with high toxicity (saxitoxin (STX), neosaxitoxin (NEO) and gonyautoxins
(GTX1-4)), decarbomoyls with intermediate toxicity (dcSTX, dcGTX and dcNEOQ); and N-sulfocarbamoyls with least toxicity (C1-
4, B1 and B2) (Costa et al., 2010). Interconversions of the various toxins is possible both chemically and ezymatically (Falconer,
1993). The symptoms of PSP include weakness, ataxia and paresthesia, dizziness, weakness, drowsiness, incoherence and headache,
nausea, vomiting, diarrhea (Hurley et al., 2014).

PSTs when ingested by humans and marine mammals culminates in voltage-gated sodium channels blockage, leading to symptoms
such headache, nausea, vomiting, diarrhea, muscular paralysis and respiratory difficulty (Costa et al., 2010; James et al., 2010).
DSP results from the proliferation of Gymnodinium spp. They produce diarrhetic shellfish toxins (DSTs) such as okadaic acid (OA)
and dinophysistoxins (DTXs) as well as pectenotoxins (PTXs) as secondary metabolites, which accumulate in filter feeders,
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resulting in human poisoning and symptoms of nausea, vomiting, diarrhea, chills and abdominal pain (Li et al., 2014, Hu et al.,
2017, Likumahua et al. , 2020) ). DSP symptoms include nausea, vomiting, diarrhea, chills and abdominal pain (James et al., 2010).

This study encompasses the seasonal occurrence, spatial distribution and taxonomy of the Orders Dinophysiales and Prorocentrales.
There is no previous study on these Orders in the Atlantic Ocean of Nigeria, Gulf of Guinea. This location supports shellfish
aquaculture, commercial fishing and tourism, all activities that are usually seriously affected by the presence of these organisms.
Fringing records include Kadiri (2001) which has in the collection of marine phytoplankton, listed three species of Protoperidinium
and Kadiri (2002) lists Dinophysis caudata from the Eastern Niger Delta.

The genus Dinophysis (Dinophysaceae) Ehrenberg is one harmful dinoflagellate of global significance (Ajani et al., 2016). Being
cosmopolitan, this genus has over 100 species represented worldwide, several of which have been have been unambiguously found
to be toxic, producing diarrhetic toxins (okadaic acid and dinophysistoxins) and pectenotoxins (Reguera et al., 2014) in many parts
of the world (Taylor et al., 2013; Whyte et al. 2014). Similarly, Prorocentrum Ehrenberg is one of the most diverse and wide spread
genus in marine tropical areas (Hernandez-Becerril et al., 2000). Thus these genera are the focus of many harmful algal monitoring
programs throughout the world. In view of the ecological significance of these microalgae in causing mortality of humans and
animals, it is imperative to document their occurrence and taxonomy. This will provide valuable insights to shellfish farmers, public
health practitioners, phycologists, hydrobiologists and ecologists.

I1. Materials and Methods
Study Area

The study area covered 8 coastal states with 10 regions located in south-south and south-west Nigeria which extends from Lagos
State in south-west to Cross River State in south-south (Cross River, Akwa Ibom, Rivers, Bayelsa, Delta, Ondo, Ogun, Lagos —
Lekki, Bar beach and Badagry (Fig. 1) along Nigerian coast. The sampling was done in the Atlantic Ocean and the adjoining water
bodies.
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Figure 1: Map of study area: Coastal Area of Nigeria
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Identification and Enumeration

Identification of algae was done through observation of their gross morphology and with the aid of appropriate text such as Tomas
(1997), Botes (2001), Faust and Gulledge (2002); Faust et al., (1999). Hoppenrath et al. (2009), Al-Kandari et al. (2009) and
Kraberg et al. (2000) and enumeration was done using the Lackey method (1938).

Global distribution of the species were obtained from GBIF (2023) Global Biodiversity Information Facility (GBIF) www.gbif.org
and Guiry and Guiry (2023).

111. Results

The results of the study are organized under taxonomy, seasonality, spatial variation and global distribution.
Taxonomic Description of Species

Amphisolenia schauinslandii Lemmermann (Plate C, Fig. 5)

Cells long, thin, straight, not bifurcated, with four antapical spinules; fusiform (inflated in their middle part), slightly widening at
the truncate posterior end, with no sub-terminal spine at elbow.

Dimension: 382 -400um x 14-16 pm. Okolodkov (2014) recorded dimensions of 415-440 pm x 20-25 um while Gul and Saifullah
(2007) reported dimensions of 400.5-420 um x 36-38 um.

Spatial occurrence: Bar Beach, Ogun, Rivers

Seasonality: Dry, Dry-wet seasons

Global Distribution: North America: Mexico (Atlantic)
South America: (Brazil), Caribbean Sean
Asia: (China, Taiwan), Indian Ocean, Arabian sea (Pakistan)
Australia,
Africa (Mozambique)

Ornithocercus magnificus Stein (Plate A, Figs. 6-8)

Cells bodies are relatively small, sub-circular in lateral view, slightly asymmetrical in relation to the longitudinal axis, directed
from the posterior dorsal end to anterior ventral end. The girdle list, with a convex and concave outline is very large with a
spreading anterior skirt-like wing. The sulcal list is supported by radial ribs. The girdle list characterizes a convex and concave
outline compared to other Ornithocercus species (Koffi et al. 2015).

Dimension: 96-107 x 55-68 um

Koffi et al. (2015) reported length 88-100 pum x 40-47 pm
Spatial occurrence: Badagry

Seasonality: Dry season

Global Distribution

Atlantic Islands (Canary Islands, Madeira

Europe: Adriatic Sea, Croatia, Mediterranean, Portugal
North America: Mexico (Pacific

Central America: Gulf of California.

South America: Brazil, Colombia.

Indian Ocean Islands: Maldives.

Middle East: Kuwait, Turkey.

South-west Asia: Lebanon
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Asia: China
Australia and New Zealand: Australia, New Zealand
Ornithocercus quadratus F.SChutt (Plate A, Fig. 9)

Cells are large, sub-oval, slightly deeper than long, epitheca markedly displaced to the ventral side. Cingulum is dorsally
excavated and distinctly wider than ventrally. Size: 45 x 37 um (Kaoffi et al., 2015). Wilke et al. 2018 reports 120-165.0 Im x 100-
140 Im

Dimension: 90 x74 um

Spatial occurrence: Bar Beach

Seasonality: Wet season

Global Distribution:

Atlantic Islands: Atlantic Ocean, Canary Islands, Madeira
Europe: Adriatic Sea, Mediterranean, Portugal

North America: Mexico (Pacific)

South America: Brazil, Colombia

Middle East: Iraq, Turkey

South-west Asia: Lebanon

Asia: China, Taiwan

Australia and New Zealand: Australia

Pacific Islands: Pacific Ocean

Africa: Egypt

Dinophysis caudata Saville-Kent (Plate A, Figs. 2,3)

Cell large, long, widest at the base, irregularly sub-ovate or sub-urceolate, with a long extended anterior ventral process or
projection on the hypotheca; a smooth, narrow ridge produced along the dorsal border of the inflated portion of the posterior
segment, and two conspicuous fin-like angular ventral plates, with concave, operculum-like, and dilated anterior segment and
shagreened posterior segment. D. caudata is similar to D. diegenesis but differs from it by the reduced hypotheca process of D.
diegenesis (Faust and Gulledge 2002).

Dimensions: 100.5-112.5um x 45-48um. Faust and Gulledge (2002) report dimensions of 70-110 x 37-50 um. D. caudata is very
similar to D. diegensis, but differ in that the latter has a reduced hypothecal process (Faust and Gulledge 2002).

Spatial occurrence: Delta, BarBeach, Bayelsa

Seasonality: dry- wet, wet, wet-dry, and dry seasons

Global Distribution:

Atlantic Islands: Atlantic Ocean, Canary Islands, Madeira

Europe: Adriatic Sea, Mediterranean, Baltic Sea. Black Sea, Portugal, Britain, France, Romania, Scandinavia, Spain, Croatia,
North America: Mexico (Pacific)

North America: Baja California, Mexico (Atlantic), Mexico (Pacific)

Central America: Gulf of California

Caribbean Islands: Cuba

South America: Brazil, Colombia

Middle East: Irag, Kuwait, Turkey
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South-west Asia: Lebanon

Asia: China, Korea, Taiwan

Australia and New Zealand: Australia, New Zealand

Africa: Nigeria; Egypt

Dinophysis rotundata C. & L) Plate A Fig 1)

Syn: Phalacroma rotundatum (Claparéde & Lachmann) Kofoid & J.R.Michener

Cell medium sized, broadly rounded in lateral view with convex ventral and dorsal margins, posterior region rounded, ventral plates
with two transverse linear thickenings. This species is similar to D. Rudgei (Phalacroma rudgei), but D. rudgei has a more prominent
epitheca (Faust and Gulledge 2002)

Our spceis is slightly bigger than that recorded by Faust and Gulledge (2002) with dimensions of 36-56 x 36-46um.
Dimension: 45-48 pm x 42-46.5um

Spatial occurrence: Bar Beach

Seasonality: Wet season

Global Distribution:

Atlantic Islands: Canary Islands

Europe: Baltic Sea, Britain, Croatia, France, Germany, Greece, Helgoland, Mediterranean, Netherlands, Norway, Scandinavia
North America: Mexico (Pacific)

South America: Brazil

Middle East: Kuwait

South-west Asia: Lebanon

Asia: China, Korea, Russia (Far East)

Phalacroma hastatum Pavillard (Plate A, Figs. 4,5)

Synonym: Dinophysis hastata F.Stein, 1883

Cells are irregularly ovoid or sometimes regularly ovoid, with a sub-truncate anterior end and broadly or narrowly rounded posterior
end, terminated with a strong triangular antapical spine directed posteriorly-ventrally or in rare cases backward, often supported by

athick central rib; very short flat or slightly convex epitheca; slightly asymmetrical and more narrowly rounded hypotheca, slightly
convex cingulum.

Dimensions: 60-62um x 43-46um
Spatial occurrence: Bar Beach
Seasonality: Dry season

Global Distribution:

Asia: Taiwan
Atlantic Islands: Canary Islands, Madeira

Europe: Adriatic Sea, Baltic Sea, Black Sea, Britain, Croatia, Mediterranean, Portugal, Romania, Scandinavia
North America: Mexico (Atlantic), Mexico (Pacific)

South America: Brazil, Colombia

Indian Ocean Islands: Maldives

Middle East: Iraq, Turkey

South-west Asia: Lebanon
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Asia: China, Taiwan

Australia and New Zealand: Australia

Genus: Prorocentrum Ehrenberg

Cell ovate in plate view with slight notch at anterior end, Thecal plates without obvious pores or any ornamentation.
Prorocentrum aporum (Schiller) Dodge (Plate C, Figs. 2, 3)

Cell broadly ovate, strongly constricted laterally, thick and symmetrical thecal plates, without pores.
Dimension: 30-32um x 26-27pum

Spatial occurrence: Ogun

Seasonality: Dry Season

Global Distribution:

Atlantic Islands: Canary Islands

Europe: Mediterranean, Adriatic Sea, Black Sea, Netherlands, Scandinavia

Caribbean Islands: Caribbean

Middle East: Turkey

Prorocentrum balticum (Lohmann) Loeblich (Plate B, Figs. 1)

Cell small, round to ovoid in valve view, with very minute two apical projections, presence of rimmed pores on the cell surface.
Both P. minimum and P. balticum are small species but P. balticum can be distinguished from P. minimum by its small size, its
almost spherical shape and its two apical projections (Faust and Gulledge, 2002).

Although this species is always confused with P. minimum, P. balticum is smaller than P. minimum and of different shape
(Steidinger and Tangen (1997).

Dimension: 45-48 um x 42-46.5um Dodge and Bibby (1973) recorded dimensions of Length =9-10 um, width =7-20 pm.
Spatial occurrence: Lekki

Seasonality: Wet season

Global Distribution:

Australia and New Zealand: New Zealand

Atlantic Islands: Canary Islands

Europe: Georgia, Latvia, Adriatic Sea, Baltic Sea, Black Sea, Britain, France, Helgoland, Mediterranean, Netherlands, Portugal,
Romania, Scandinavia,

North America: Mexico (Pacific)

South America: Brazil

Middle East: Kuwait, Turkey

South-west Asia: Lebanon

Asia: China, Korea, Russia (Far East)

Australia and New Zealand: New Zealand

Antarctic and Antarctic islands: Antarctica/Sub-antarctic Islands
Africa: Egypt

Prorocentrum compressum (Baily) Abé ex Dodge (Plate B, Fig.4)
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Cell broadly ovate; or elliptical, widest in the middle, surface of plates covered with rows of poroids; thecal plates not spiny;
posterior end of cell rounded, anterior end partly depressed but with one or more small spines; small anterior spine(s) present.

Dimensions: 32.5-36um x 27- 30pm. Gul and Saifullah (2011) recorded dimensions of Length=35-50um Width: 20-30 um
Spatial occurrence: Ogun

Seasonality: Dry-wet season

Global Distribution:

Acrctic: Svalbard (Spitsbergen)

Atlantic Islands: Canary Islands, Madeira

Europe: Adriatic Sea, Baltic Sea, Black Sea, Britain, Croatia, Mediterranean, Netherlands, Portugal, Romania, Scandinavia.
North America: Mexico (Atlantic), Mexico (Pacific)

South America: Brazil, Colombia.

Middle East: Kuwait, Turkey

South-west Asia: Lebanon

Asia: Taiwan

Australia and New Zealand: Australia, New Zealand.

Antarctic and Antarctic islands: Antarctica/Sub-antarctic Islands

Africa: Egypt

Prorocentrum emarginatum Y.Fukuyo (Plate C, Fig.1)

Cells round to oval, asymmetrical slightly, dorsoventrally flattened, smooth thecal surface, deep depression at the anterior end with
deep excavation into a V- shaped periflagellar area

Dimension: 37um x 27um. Lee and Kim (2009) reported dimensions of L= 33.7—40.9 um and W= 28.9-38.7 um
Spatial occurrence: Bar beach

Seasonality: Dry-wet

Global Distribution:

Europe: Mediterranean, Spain

North America: Mexico (Atlantic), Mexico (Pacific

Central America: Belize

South America: Brazil

Indian Ocean Islands: Réunion

Middle East: Saudi Arabia

South-east Asia: Malaysia

Asia: Russia (Far East)

Australia and New Zealand: New Zealand

Pacific Islands: Fiji, French Polynesia, New Caledonia, Ryukyu Islands
Prorocentrum gracile Schutt (Plate C, Fig. 4)

Cell slender or elongate, lanceolate with pointed posterior end, rounded anterior end; anterior spine long, sharp, narrow plate in
plate view and broad lanceolate in side view.

Spatial occurrence: Cross River, Bayelsa, Ondo, Ogun, Lekki, BarBeach, Badagry
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Seasonality: Dry-wet, Dry, Wet-dry season, wet season

Dimensions: 84pum x 15um, 90um x 24pm (with spine) 75um x 24um (without spine). In the pacific coast of Mexico, Cohen-
Fernandez et al., (2006) recorded for this species, length of 40-60 pum, width of 23-25 pum and spine length of 8-11 um, while Dodge
and Bibby (1973) reported a length of 40-60 um and Gul and Saifullah (2011)recorded dimensions of Length: 45-60pm Width: 20-
30 um. This species is similar to P. micans but distinguishable by their general shape, a much longer anterior spine and twice as
long as broad of P. gracile.

Prorocentrum sigmoides is considered to be synonymous with P. gracile (Cohen-Fernandez et al., (2006)cf Gul and Saifullah
(2011). Both species are similar except that P. gracile is concavely depressed along one seam margin and in having an apical
depression with regular and trichocyst pores (Gul and Saifullah (2011) and possession of a mucron — a small tooth on the antapical
part of the cell (Cohen-Fernandez et al.,2006).

Global distribution:

Acrctic: Svalbard (Spitsbergen)

Atlantic Islands: Canary Islands

Europe: Black Sea, Britain, France, France (Breizh), Mediterranean, Portugal
North America: Baja California, Mexico (Atlantic), Mexico (Pacific), Nova Scotia
Central America: Gulf of California

Caribbean Islands: Cuba

South America: Brazil, Colombia

Middle East: Kuwait, Saudi Arabia, Turkey

South-west Asia: Lebanon

Asia: China

Australia and New Zealand: Australia, New Zealand

Africa: Egypt

Prorocentrum lima (Ehrenberg) F.Stein (Plate C, Fig. 5)

Cell medium sized, ovate to oblong/ ellipsoid shape, small to medium size, symmetrical and dorsoventrally flattened. Widest at the
mid-region narrow towards anterior end with triangular concavity; smooth thecal plates, cell surface covered with pores; wide V-
shaped perflagellar area

Dimensions: 33-50pum x 21-30pm. Luo et al. (2018) recorded dimensions of L=37.6-45.3 pm and W=26.4-30.5 pum in northern
South China Sea, while Hoppenrath et al. (2013) recorded dimensions of 30-57 x 21-46 um in their review report, while Faust and
Gulledge (2002) recorded 32-50 x 20-28 um as dimensions.

Spatial occurrence: Ogun

Seasonality: Dry-wet season

Global distribution:

Acrctic: Svalbard (Spitsbergen)

Atlantic Islands: Bermuda, Canary Islands, Madeira

Europe: Adriatic Sea, Baltic Sea, Black Sea, Britain, France, Germany, Italy, Mediterranean, Netherlands, Portugal, Scandinavia,
Spain, Helgoland, Romania

North America: Florida, Maine, Mexico (Atlantic), Mexico (Pacific), Nova Scotia
Central America: Belize, Costa Rica.
South America: Brazil, Colombia.

Indian Ocean Islands: Maldives, Comoros and Mayotte
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South-east Asia: Indonesia, Malaysia, Philippines.

Asia: China, Japan, Korea, South China Sea.

Australia and New Zealand: Australia, New Zealand, New South Wales
Pacific Islands: Galapagos Islands, Tahiti

Africa: Egypt

.Prorocentrum micans Ehrenberg (Plate B, Fig. 5)

Cell medium to large, elliptical, tear-drop to heart shaped, lanceolate or widest at mid-section, pointed at posterior end and rounded
and concave at anterior end. Presence of a well-developed winged apical spine (6-7.5 pm), smooth thecal plates. P. micans and P.
gracile differ from each other on the basis of body size and pattern of pores which is slightly different. Secondly, P. gracile is more
elongated than P. micans and P.micans is broader than P. gracile (Gul and Saifullah 2011).

Dimensions: 40.5-46.5um x 24pum (with spine) 39um x 24um (without spine);Cohen-Fernandez et al., (2006) recorded length of
15-80 um, width of 15-50 um and spine length of 7-12 um in Mexican pacific coast, while Faust and Gulledge (2002) reported 35-
70 x 20-50um and Lee and Kim (2017) reported cell size ranges from small to medium (15- 100 um), while Gul and Saifullah 2011
recorded dimensions Length: 35-70 um Width: 22-35 um Length of spine: 8-12 pum.

Spatial occurrence: Cross River, Akwa Ibom, Rivers, Bayelsa, Delta, Ondo, Ogun, Bar Beach, Badagry
Seasonality: (Dry-wet, wet, wet-dry and dry season)

Global distribution:

Arctic: Svalbard (Spitsbergen)

Atlantic Islands: Canary Islands

Europe: Adriatic Sea, Baltic Sea, Black Sea, Britain, Croatia, France, France (Breizh), Germany, Greece, Helgoland, Ireland,
Mediterranean, Netherlands, Norway, Portugal, Romania, Scandinavia, Spain.

North America: Baja California, Mexico (Atlantic), Mexico (Pacific), Nova Scotia, Rhode Island, Virginia
Central America: Gulf of California

Caribbean Islands: Cuba.

South America: Argentina, Brazil, Colombia.

Indian Ocean Islands: Maldives

Middle East:, Irag, Kuwait, Saudi Arabia, Turkey).

South-west Asia: Lebanon.

Asia: Caspian Sea, China, Korea, Russia (Far East), Taiwan.

Australia and New Zealand: Australia, New Zealand, South Australia

Africa: Morocco, Egypt.

Prorocentrum redfieldii Bursa (Plate B, Fig. 3)

Cell Small to medium-sized, globular, lanceolate or sigmoid in shape, bilateral thecate flagellates.
Dimensions: 19.5-21 pm x 9-12 pm

Spatial occurrence: BarBeach, Ogun

Seasonality: Wet, Dry-wet seasons

Global distribution:
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Europe: Helgoland, Scandinavia
Asia: Taiwan
Prorocentrum rhathymum A.R.Loeblich I11, Sherley & Schmidt (Plate B, Fig. 6)

Cell oval to oblong in shape, asymmetric, with rounded margins, circular in outline with thick theca/ thecal plates foveate,
periflagellar area wide, shallow and V-shaped; thecal surface smooth, apical apical excavation of the right valve with a characteristic
simple apical spine

P. rhathymum was erroneously considered as a synonym of P. mexicanum for a long time (Faust, 1990), but differs on the basis of
habitat, pore arrangement and number of horned spines. Whereas pores are arranged in organized pattern in the P. mexicanum, they
are disorganized in P. rhathymum (Aligizaki et al., 2009). Additionally, P.rhathymum species has 2 to 3 horned spines whereas P.
mexicanum has only one simple spine (Gul and Saifullah 2011). Also P. mexicanum is a planktonic, lenticular in lateral view,
species which has a centrally located pyrenoid, an areolated valve surface and a large, winged and two or three-pointed apical spine,
while P. rhathymum is a benthic/epiphytic species with smooth valve surface bearing trichocysts pores and a simple apical spine
and no pyrenoid (Corte” s-Altamirano and SierraBeltra'n, 2003 cf Aligizaki et al. 2011).

Dimensions: 27-28um x 21- 23um. Gul and Saifullah (2011) reported dimensions of Length= 30-40 um Width= 18-24 pm

Reports measurements of L= 31.0-33.5 um, W=23.6— 26.9 um, while Aligaziki et al. (2009) recorded L= 27.4 - 33.3 mm and W=
19.0-22.6 mm.

Seasonality: Dry, Wet, Dry-Wet

Spatial occurrence: Badagry, Lekki, Ogun

Global distribution

North America: Florida, Mexico (Atlantic), Mexico (Pacific)
Central America: Gulf of California

Caribbean Islands: Virgin Islands

South America: Brazil

Europe: Spain

Indian Ocean Islands: Maldives

Middle East: Kuwait

Asia: Korea

Australia and New Zealand: Australia, New Zealand
Prorocentrum scutellum B. Schroder (Plate B, Fig. 7)

Cell broadly heart-shaped, with prominent anterior spine or projection, anterior projection a median spine and broad wing;
posterior end of cell pointed.

Dimension; 30 pm x 27 um
Spatial occurrence: BarBeach
Seasonality: Wet-dry season
Global distribution:

Atlantic Islands: Canary Islands

Europe: Adriatic Sea, Baltic Sea, Black Sea, Britain, Croatia, France, Mediterranean, Netherlands, Portugal, Romania,
Scandinavia, Spain

North America: Mexico (Atlantic), Mexico (Pacific), Nova Scotia, Baja California Virginia (VA) South America: Brazil

Indian Ocean Islands: Maldives
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Middle East: Saudi Arabia, Turkey

Asia: Caspian Sea

Australia and New Zealand: Australia

Prorocentrum triestinum J. Schiller (Plate B, Fig. 2)

Cell with distinct small anterior spine, posterior end of cell pointed or acute, Thecal plates not spiny, thecal plates delicate and not
spiny. This species is somewhat similar to P. rotundata but differ from it in that P. triestinum is narrower and has a pointed
posterior end

Dimensions: 33-37.5 pm x15-18 pm

Spatial occurrence: Ogun, Lekki, BarBeach, Badagry
Seasonality: Wet, Wet-dry, Dry seasons

Global distribution:

Acrctic: Svalbard (Spitsbergen)

Atlantic Islands: Canary Islands

Europe: Adriatic Sea, Black Sea, Britain, Croatia, Italy, Mediterranean, Netherlands, Portugal, Scandinavia
North America: California, Mexico (Pacific)

South America: Brazil, Colombia

Africa: South Africa

Middle East: Kuwait, Turkey

Asia: China, Korea, Russia (Far East), Taiwan
Australia and New Zealand: Australia, New Zealand
Ceratocorys horrida Stein (Plate C, Figs 7,8)

Cell medium sized, angular to round in shape, with 6-8 winged spines of varying lengths, emanating posteriorly from antapical
plates and ventrally or dorsally from postcingular plates. Some of the spines are as long as the width of the main body.

Dimension; L- 68um; W- 83 um (width plus furthest opposing projections);W- 54 um (width excluding projections)
Spatial Occurrence: Bayelsa

Seasonality: Wet-Dry season

Global Distribution

Mediterranean
Atlantic Islands: Canary Islands, Madeira

Europe: Adriatic Sea, Portugal

N. America: Mexico (Caribbean), Mexico (Pacific)
Western Atlantic: Brazil-Malvinas Confluence

S. America: Brazil, Colombia

Indian Ocean Islands: Maldives

Middle East: Egypt, Saudi Arabia, Turkey
South-west Asia: India, Lebanon

Asia: China, Taiwan

Australia and New Zealand: Australia
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World: World

Seasonal Occurrence of Dinophysiales and Prorocentrales in Atlantic Ocean, Nigeria

For Dinophysiales, D. caudata was found at all seasons- dry-wet, wet, wet-dry and dry while D. rotundatum occurred only in the
wet season. For Prorocentrales, P. gracile, P. triestinum and P. micans occurred at all seasons. P. balticum occurred in the wet
season only, while P. compressum occurred in the dry-wet period only.

Spatial Occurrence of Dinophysiales and Prorocentrales in Atlantic Ocean, Nigeria

The distribution of Dinophysiales was generally very scanty. The most widely distributed was D. caudata, reported in BarBeach,
Delta and Bayelsa D. rotundata and Amphisolenia schauinslandii were both restricted to BarBeach.

For Prorocentrales, distribution was wider. Species such as Prorocentrum gracile and Prorocentrum micans were cosmopolitan,

occurring at all locations. P. triestinum was found in four out of the ten locations. Other species of Prorocentrum were less frequent,
and restricted to one or two locations

Global Distribution of Species

Generally, the global distribution of the species studied shows that, of the Dinophysiales found, the least distributed was
Amphisolenia schauinslandii, while D. caudata was the most widely distributed. Ceratocorys horrida had an impressive global
distribution record as well. Within the Prorocentrales, the most widely distributed globally was Prorocentrum micans, followed by
P. triestum, then P. lima, P. gracile etc, while P. obtusum and P. redfieldii had minimal occurrences, with the latter being the least.

It is also very remarkable that records from African region is extremely poor or totally non-existent. The few African records are
Amphisolenia schauinslandii (Mozambique), Ornithocercus quadratus (Egypt), Prorocentrum triestinum (South Africa), P. micans
(Morocco), P. micans (Egypt and Morocco). P. balticum, P. gracile, P. lima, P. compressum and P. caudata were all reported in
Egypt.

PLATE A

Dinophysis rotundata
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PLATE B

Prorocentrum micans Prorocentrum thathymum Prorogentrum scutellum
PLATE C

gracile Prorocentaum, lima

Cosatogomys bossida (apical view)
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Global Map distribution of Dinophysales and Prorocentrales

Prorogentrum gracile
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Provosenirum scutellum

I1V. Discussion
The diversity of Dinophysiales and Prorocentrales in the Nigeria coastal waters is remarkable.

Gul and Saifullah (2011), who also observed high species diversity of especially Prorocentrum in Arabian Sea, ascribing such high
diversity to heterogeneity in environment, caused by intrusion of sea water into adjacent waterbodies and vice versa. Other authors
implicate high temperature and salinity regimes, both factors which favour the growth of dinoflagellates (Dodge & Marshall, 1994
cf Gul and Saifullah (2011), describing most species except Prorocentrum gracile, as eurythermal (wide temperature range) and
stenohaline (narrow salinity range). Gomez et al. (2008) indicated that species of Prorocentrum were encountered in the more
eutrophic conditions. Koffi et al. (2015), though unusually and surprisingly found some species such as O. quadratus, O magnificus
in alagoon in Cote d’Voire, they confirmed that their presence was due to seawater incursion in the dry season.

Amongst the collection of Dinophysis of Morton et al. (2009), it was observed that D. caudata and D. rotundata, along with D.
acuminata, D. acuta, D. hastata, D. fortii, D. norvegica, D. tripos and D. sacculus were most common at the Caucasian Coast and
D. caudata and D. rotundata were the most common Dinophysis species in the Black Sea. Ajani et al. (2016) reported Dinophysis
acuminata, Dinophysis caudata, Dinophysis fortii and Dinophysis tripos- with D. acuminata and D. caudata being most abundant
in South-eastern Australia. Highest abundance of D. acuminata occurred in the austral spring, whilst highest D. caudata occurred
in the summer to autumn noting that D. acuminata was significantly linked to season, thermal stratification and nutrients, whilst D.
caudata was associated with nutrients, salinity and dissolved oxygen.

D. caudata has been noted as prevalent in tropical waters, where it probably represents the most abundant species of the genus of
all Dinophysis spp, and in warm-temperate seas, it is a late season (summer-autumn) species that follows preceding blooms of D
acuminata and/or D. sacculus (Reguera et al., 2014)]. D. caudata amongst other dinoflagellates have been described as dominant
frequent and subdominant in Malaysian marine and estuarine tropical waters (Naqgqgiuddin et al., 2013; Saifullah et al. 2019).
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Kudella et al. (2010) reported Dinophysis acuta, Dinophysis acuminata, Dinophysis caudata, Dinophysis fortii, Dinophysis sacculus
and Dinophysis tripos and species of Phalacroma rotundatum (which has been until recently been included in the genus Dinophysis)
as the most frequently occurring dinoflagellates in Adriatic Sea.

Prorocentrum species, seem to be cosmopolitan (Aligizaki et al, 2011). P. micans and P. gracile were cosmopolitan in the present
study, but Bosak et al. (2012) reported P. gracile, P. micans and P, rotundata in Mediterranean bay and a bloom of P.micans and
P.gracile in the summer. P. micans according to Carstensen et al. (2007) is a very common species in enclosed and semi-enclosed
basins or estuarine waters, which may at times be heavily eutrophic, and where it often forms intensive blooms.

Prorocentrum micans has been reported as highly abundant in warm and nutrient-rich waters, such as that of Guanabara Bay (GB)
(Barrera-Alba et al. 2019). Prorocentrum micans was also reported as a producer of putative palytoxin and ovatoxin-a (Ignatiades
& Gotsis-Skretas 2010).

P. gracile, P. compressum, and P. micans have been earlier described as cosmopolitan (Steidinger & Tangen, 1997cf Gul and
Safullah, 2011). Gul and Saifullah (2011) found P. compressum, P. gracile, P. rhathymum and P. micans from the North Arabian
Sea shelf of Pakistan, noting that P. micans was the only bloom forming species found and P. compressum was more common than
other species. This latter assertion is however contrary to the situation in Atlantic Ocean, Nigeria, where P. compressum was
recorded as a very rare species, occurring only in Ogun State.

P. lima was initially described (Ehrenberg, 1860) from the Mediterranean Sea (Gulf of Sorrento, Italy) and has also been recorded
in various areas of the world. P. rhathymum is a benthic species and occurs preferably in the tropical waters (Licea et al., 2004).
Very recently, it was found that this species holds promise as a marine bioresource for antibiotics generally, in particular agents
against Vibrio parahaemolyticus (Mussai et al., 2023)

Munir et al. (2016) recorded, in Pakistani coastal waters, toxic species of D. caudata, D. rotundata ,Prorocentrum lima,
Prorocentrum emarginatum, among others and non-toxic species of P. gracile, P. micans, P.compressum and ichyotoxic species
of Prorocentrum donghaiense, P. balticum, P. minimum amongst others, noting that D. caudata, P. minimum, P. balticum,
Prorocentrum donghaiense were dominant in the dinoflagellate assemblage while D. rotundata was rare. This report of D. rotundata
as rare, is contrary to the observations of the present study where D. rotundata occurred in three out of the ten locations and in two
seasons.

The two groups of dinoflagellates in this study- Dinophysiales and Prorocentrales have either been earlier reported as co-occurring
or successional. The co-occurrence of Dinophysis and Prorocentrum blooms were previously observed and reported by several
studies (Reguera et al. 2012, Hattenrath-Lehmann et al. 2015), or successional (as the occurrence of a bloom of Prorocentrum after
Dinophysis events in US Gulf of Mexico (Campbell et al. (2010), Barrera-Alba et al. (2019), Northwestern Mediterranean (Jamet
et al. 2005).

The scanty spatial occurrence of P. lima and in dry-wet season is at variance with its observed all- year round occurrence, with
maximum epiphytic abundances at the end of autumn, coinciding with the presence and blooms of Ostreopsis spp. in Greek waters,
indicating a succession pattern between the toxic dinoflagellates Ostreopsis spp and P.lima (Aligizaki et al. 2011).

There was differential distribution of Dinophysiales and Prorocentrales in different regions within the Atlantic Ocean. The disparity
in differential species reported in the various areas in this study can only corroborates the notion of Theriot & Fryxell (1985) that
scale in both space and time affects apparent species groupings. The rarity of some of the species found (eg P. aporum, P.
compressum, P.scutellum, etc) can only be explained by observation of Vanormelingen et al. (2008) that restricted distribution and
differences in species composition between regions are as a consequence of restricted dispersal.

In Nigeria, Kadiri (2011) earlier reported D. caudata and P. micans in the Atlantic Ocean, while Opute, (1991) recorded D.
caudata, Ornithocercus quadratus, O. steinii (Dinophysiales) and the Prorocentrales Exuviella compressa in Warri Forcados
Estuary of Southern Nigeria.

Gomez (2005) listed all the species found in this study among the species in the world oceans comprising 57 species of
Prorocentrum and 105 species of Dinophysis. The observation of similarity of the species in this study and other world oceans is
ascribable to the massive movements (eg via ballast water, oceanic current etc) of species between the different oceans of the world
(Bailey 2015) and attest to the global distribution nature of species.

Amongst the species reported in this study, 6 are included in e IOC-UNESCO reference list of harmful microalgae. Of the 12
Dinophysiales species in the list are D. caudata, P. rotundatata (Zingone et al., 2020), and the Prorocentrales are three out of 11,
and these are P. emaginatum, P. lima and P. rhathymum (Hoppenrath, 2020). Although some species listed in this report were not
included in IOC-UNESCO toxic list, they can still be considered harmful, as potential toxin producers, as well as other effects such
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as anoxia, ecosystem alteration, trophic transfer function, water quality deterioration with concomitant increased water treatment
costs, food-web alteration, tourism disruption etc when they form blooms.

The composition of the Dinophysiales and Prorocentrales reported in this study, from Nigerian coast, contain harmful and
potentially toxic algae communities. Some of the species present with well-expressed toxic potential include Dinophysis caudata,
D. rotundata, Prorocentrum recticulatum (Reguera et al., 2014; Dana et al, 2019). Several species of the genus Dinophysis produce
lipophilic toxins (okadaic acid, its congeners and pectenotoxins).They cause Dierrhetic Shellfish Poisoninig (DSP). Phalacroma
rotundata is an example of neurotoxic species, producing OA/PTX Lassus et al. (2016)

The occurrence of Dinophysis spp., has been linked to the accumulation of OA group toxins and DSP in Asia (Mak et al., 2005),
North America —[Canada(Subba Rao et al.,1993); US- Campbell et al., 2010, Fux et al, 2011), South America (Garcia et al., 2004,
Fux et al, 2011), Australasia (Madigan et al., 2006), North of Europe (Fux et al., 2009) and South of Europe (Mouratidou et al.,
2006).

Evidence of Okadaic Acid (OA) and Pectenotoxin (PTX2) attributable to the presence of Dinophysis is available in Nigerian coastal
waters (Zendong et al., 2016). Okadaic acid (OA) and PTX have been reported in Phalacroma rotundata. P. lima also produces
OA while P. reticulatum produces yessotoxin (YTX). DTX1 has been reported from P. lima (Pan et al., 1999). It has been shown
that even toxins from P. lima can accumulate to significant levels in shellfish locally (Lawrence et al., 2000), and hence constitute
a public health risk.

Some species produce harmful toxic substances such asP. limaand related species have ciguatera and okadaic acid, some
populations of P. minimum also cause shellfish poisoning (Lee and Kim, 2017). Ajani et al. (2013) in a synthesis of harmful
phytoplankton species in oyster growing estuaries of 77 New South Wales, Australia, identified Dinophysis as one of three
potentially high-risk genera for biotoxin events 78 (others being Alexandrium and Pseudo-nitzschia).

Among the species reported in this study, Dinophysis caudata is considered as Diarrhetic Shellfish Poisoning Species (DSP). The
production of Diarrhetic Shellfish Toxins (DSTs) has been confirmed in several Dinophysis species, including D. fortii, D.
acuminata, D. acuta, D. norvegica, D. mitra, D. rotundata, D. sacculus, D. caudata and D. tripos, and in the benthic dinoflagellates
Prorocentrum lima, P. concavum (or P. maculosum), P. micans, P. minimum and P. redfieldii (Viviani, 1992). Reguera et al. (2014)
confirms ten species of Dinophysis—D. acuminata, D. acuta, D. caudata, D. fortii, D. infundibula, D. miles, D. norvegica, D.
ovum, D. sacculus, D. tripos—and two species of Phalacroma—P. mitra, P. rotundatum—have been found to contain DsT.
Diarrheic shellfish toxins (DST) and pectenotoxins (PTXs) have to date been found unambiguously in 12 species
of Dinophysis Ehrenberg. Of these, 7 species (D. acuminata, D. acuta, D. caudata, D. fortii, D. miles, D. ovum, D. sacculus) have
been associated with DSP events or outbreaks in the world (Reguera et al, 2014).

Blooms of D. caudata and its associated toxins (DTs) have been variously reported globally. In Western Europe, serious outbreak
of DSP were by Prorocentrum micans, Dinophysis acuminata (claiming 5000 victims) in Rias Atlas, Spain, D. acuminata
(intoxicating 3300 people) in Brittany and Normandy, France and Dutch and D. acuta in Skagerrak, Southern Sweden and Norway
(Reguera et al., 2014).

D. caudata combined with D. acuminata in Uruguay and Argentina (Reguera et al., 2014). D. caudata in Uruguay (Mendez et al.,
2002) as well as Argentina (Sar et al., 2010) caused DSP oubreaks. DSP shellfish toxicity has been related to elevated abundance
of D. caudata.

As observed from this study, despite the fact that the proportion of Dinophysis spp was small relative to other microplankton or
dinoflagellate community, Dinophysis produce potent lipophilic shellfish toxins (okadaic acid, its derivatives and the pectenotoxins)
and pose a major threat to shellfish aquaculture in Europe, Chile, Japan, and New Zealand (Reguera et al., 2012).

Most Dinophysis species are often a rare component of the phytoplankton assemblage, occurring at very small concentrations, but
the species D. acuminata, D. acuta, D. caudata, D. fortii, D. norvegica, D. rotundata and D. sacculus are able to reach higher
concentrations in coastal waters and are responsible for chronic DSP events (Reguera and Pizarro 2000; Trainer et al., 2013).
Dinophysis are known to exist in thin layers (Reguera et al., 2012) that can be dispersed through the surface water column mixed
zone during events such as summer storms.

Reports of DSTs in shellfish have been associated with densities of Dinophysis as low as a few hundred cells/L (Yasumoto et al.,
1985). The appearance of Dinophysis, even at low densities such as 200 cells/L, can cause a toxification of shellfish that is enough
to affect humans (Trainer et al., 2013, Berdalet et al., 2016). Observations of Dinophysis abundance show promise in providing
early warning to DSP events (Trainer et al., 2013). Thus precautionary closures/measures need to be taken even when low
abundances of Dinophysis is observed.
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The occurrence of some of the observed species in Nigerian coastal waters is worrisome. The toxins Dinophysistoxin, Okadaic acid,
Pectonotoxin and Yessotoxin are all toxins responsible for the Diarrhetic Shellfish Poisoning (DSP). Different algal species
producing these toxins were found in the coastal waters. These were, among others, Dinophysis caudata (Okadaic Acid,
Pentenotoxin (PTX-2) Palytoxin), Dinophysis rotundata (Dinophysistoxin-1), and Prorocentrum lima (Okadaic Acid,
Dinophysistoxin-1, Dinophysistoxin-2, Prorocentrolide). The toxins Saxitoxins and Gonyautoxins cause Paralytic Shellfish
Poisoning (PSP) and the causative organisms found in the Nigerian coastal waters. P. rhathymum was found to produce haemolytic
(Nakajima et al., 1981) and/or fast acting methanol soluble toxins (Pearce et al., 2005), but not OA or its analogues.

Of special note, is also the occurrence of Prorocentrum lima in Nigerian coastal water, which is also worrisome. These are
prorocentrolide- and spiro-prorocentrimine- producing organisms (Moglo et al., 2015). These toxins were reported to be very lethal
when administered to mouse with an animal lethality of 0.4mg/kg mouse (prorocentrolide) [Torigoe et al.1988 Moglo et al., 2015];
and much less toxicity at 2.5 mk/kg mouse (spiro-prorocentrimine). OA diol esters (DTX4 ) have been reported in Prorocentrum
lima (Fernandez ;Fux et al, 2011). P. lima produces okadaic acid, implicated in DSP and ciguatera poisoning (CFP) (Anderson et
al.2017). Dinophysis rotundata, D. caudata and Prorocentrum lima as the most ubiquitous of the known dinoflagellates associated
with diarrhetic shellfish poisoning (DSP).

The destruction of seafood consequent on the syndromes elicited by toxic algae is of global occurrence. Several of the species found
in this study have been known to cause harmful algal syndromes and mortality of seafoods in different parts of the world. Morton
et al. (2009) found that populations of D. caudata, D. rotundata and P. lima cause contamination of wild and aquacultured mussels
from the Black Sea with DSP toxins notably, okadaic acid, dinophysistoxin-1, dinophysistoxins-2 and pectenotoxin (Aligizaki et
al. 2011). In the Gulf of Thailand, food poisoning with diarrhea from mussels collected during the bloom of D. caudata (Marrasigam
et al. 2001) occurred. This species is one of the toxic species that causes DSP. Similarly, Okadaic acid (OA) and dinophysistoxin-
1 (DTX1) were detected from D. caudata cells in Sapian Bay, the Philippines, Seto Inland Sea, Japan and in Singapore (Marasigan
et al. 2001)

V. Conclusion

The study addressed the taxonomy, nomenclatural and distributional records of the Orders Dinophysiales and Prorocentrales-
dinoflagellates in the Atlantic Ocean (Nigeria) from the Bight of Bonny to Bight of Benin, with varied occurrences, both spatially
and seasonality, at different locations and regions within the Atlantic Ocean. Similar species were found between this study and
other parts of the world.

Most of the species found in this study cause three (DSP, PSP, CFP) very important of the 5-6 syndromes of harmful algae. In most
coastal countries of the world, an intense monitoring program is instituted for the surveillance of toxic algae occurrence and shellfish
contamination in order to protect public health via early warning of bloom occurrence and toxins safety limit
examination/determination. Since there is great variation in the distribution, composition and seasonality of dinoflagellates
including Dinophysiales and Prorocentrales, routine continuous coastal monitoring programmes and comprehensive studies are
suggested. This should include rapid development and deployment of new detection methods for individual species, density,
diversity of species, toxins and toxicities necessary for the prediction and early detection of the devastating consequences of harmful
algal species, inclusive of Dinophysiales and Prorocentrales.

This is the first study simultaneously investigating the taxonomy, diversity and composition of Dinophysiales and Prorocentrales
in this area, consequently making it a veritable document for future studies, whether in ecology, environmental science,
biotechnology, taxonomy or applied sciences.
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