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A B S T R A C T

Harmful algal blooms (HABs) have increased throughout the world's coastal oceans during the last century
mostly due to water eutrophication and climate change. These blooms are often accompanied by extreme ex-
tensive negative impacts to fisheries, coastal resources, public health and local economies. However, limited
studies have reported HAB events in Red Sea coastal waters. This article reviews potentially harmful microalgae
in the Red Sea, based on available published information during the last 3 decades. Five harmful algal blooms
were recorded in the Red Sea; of which 3 blooms are formed by dinoflagellates (Noctiluca scintillans, Pyrodinuium
bahamense, Protoperidinium quinquecorne), one by raphidophytes (Heterosigma akashiwo) and one by cyano-
bacteria (Trichodesmium erythraeum). Additionally, mangrove swamps in the Red Sea were occupied by cyano-
bacterial mats, which contain microcystin and saxitoxin-producing species. The existing data in this review could
be a catalyst for the establishment of monitoring and management program for HABs and their toxins in Red Sea
coastal waters. This review also identifies current research gaps and suggests future research directions.

1. Introduction

The Red Sea is a semi-enclosed narrow tropical sea separating
northern Africa from the Arabian subcontinent (Western Asia), ex-
tending from (12.5oN) to about (30oN) over a distance of about
2250 km with an average width of 280 km (Acker et al., 2008). At the
northern end, it separates into the Gulf of Aqaba (Eliat) and the Gulf of
Suez, which is connected to the Mediterranean Sea via the Suez Canal.
At the southern end, it is connected to the open Indian Ocean through
the Gulf of Aden, and Arabian Sea via the Strait of Bab-el-Mandeb (Zhai
et al., 2011). The Red sea is bordered by seven countries, namely Egypt,
Sudan, Eritrea, Yemen, Saudi Arabia, Jordan and Israel. However, the
region is sparsely populated, and no more than 5 million people are
estimated to live along the coast. The Red Sea is considered as a region
of high biodiversity, providing habitats for a wide range of marine or-
ganisms (Nassar et al., 2014). It is an oligotrophic sea without reverine
inputs (Acker et al., 2008; Raitsos et al., 2015). The nutrients supply in
the Red Sea occurs through water intrusion from the Arabian Sea via
Bab-el-Mandeb (Churchill et al., 2014; Dreano et al., 2017), the sub-
surface mixing below the nutricline in the Northern Red Sea
(Triantafyllou et al., 2014) or via dust deposition (Brindley et al.,
2015). Generally, nutrient concentrations in the southern Red Sea are
higher than those in the central and northern regions Acker et al.,
2008). The southern part of the Red Sea, therefore exhibits the highest

phytoplankton productivity. However, the distribution of nutrients in
the entire Red Sea basin is predominantly controlled by eddy circula-
tions pumping of nutrients from subsurface could sustain higher levels
of production over a substantial spread of the Red Sea (Zhan et al. 2014;
Wafar et al., 2016). Additional nutrients come from pollution caused by
numerous industrial and domestic activities including oil spills and
excessive loading of nutrients through addition of fertilizers and in-
dustrial wastewater and sewage into the Red Sea water (El-Tahera and
Madkour, 2014; Nassar et al., 2014; Mustafa et al., 2016). This increase
in nutrient concentrations (e.g. nitrate, ammonium, phosphate, and
silicate) in seawater promotes the growth of phytoplankton to the ex-
tent that algal blooms may occur at the water surface (Raitsos et al.,
2013). The rise in temperature due to climate change might also sti-
mulate the proliferation of some phytoplankton species, particularly
cyanobacteria (Rigosi et al., 2014; Chaidez et al., 2017). Based on re-
motely sensed sea surface temperature data from 1982 to 2006, the Red
Sea has experienced rapid warming with average increase in annual
temperature of 0.74 °C, comparable to the global average of 0.85 °C
(Raitsos et al., 2011). Additionally, Chaidez et al. (2017) showed that
the overall rate of warming for the Red Sea during the period
1982–2015 is 0.17 °C decade−1. The climate warming in the Red Sea
seems to be spatially heterogeneous, where the northern Red Sea,
particularly the Gulf of Suez and Gulf of Aqaba, is warming faster (0.4
and 0.45 °C decade−1) than central and southern regions ((0.1 and
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0.2 °C decade−1) (Chaidez et al. (2017). Climate warming may have a
twofold impact on phytoplankton growth in tropical marine ecosystems
including reduction in phytoplankton abundance and alterations in the
timing of seasonal phytoplankton blooms (Gittings et al., 2018). In light
of this, climate warming reduced phytoplankton abundance and shor-
tened their bloom time in the northern Red Sea (Gittings et al., 2018).
However, the rest of the Red Sea seems to experience higher biomass
during warmer climate phases like El Nino (Raitsos et al., 2015). These
conditions may favor HABs abundance, and add an extra pressure to the
ecosystem especially during El Nino phases. Given that all coastal
countries in the world can be affected by HABs (Villacorte et al., 2015),
the Red Sea coasts are most likely plagued with HABs. Some of these
blooms may be toxic leading to illness and death of marine organisms
and humans as well (Anderson et al., 2012). Other blooms are non-
toxic, but can cause ecological impacts such as oxygen depletion and
damage of fishery resources, besides their impacts on commercial and
recreational activities such as beach fouling and retardation of desali-
nation plants (Anderson et al., 2012). There have been many studies
concerning phytoplankton populations in the Red Sea. Most of these
studies however, have provided information about phytoplankton
species composition and community structure in relation to environ-
mental factors (El-Tahera and Madkour, 2014; Ismael, 2015), and only
a few studies have focused on harmful algal blooms in the Red Sea
(Mohamed and Mesaad, 2007; Mohamed and Al-Shehri, 2012, Alkawri
et al., 2016a,b; Banguera-Hinestroza et al., 2016). This paper reviews
available information on the occurrence of potentially harmful and/or
bloom-forming microalgae in the Red Sea (Fig. 1). This review also
identifies research gaps and emphasizes the need for harmful algae
monitoring programs in the Red Sea coastal waters.

2. Occurrence of potentially harmful and bloom-forming
microalgae in the Red Sea

2.1. In Egyptian Red Sea waters

Studies on phytoplankton and its productivity in the Red Sea have
been carried out since 1900, and several species belonging to different
groups (cyanobacteria, dinoflagellates, diatoms, chlorophytes, prym-
nesiophytes, rhaphidophytes) have been recorded (Ismael, 2015). Fur-
thermore, the name of the Red Sea is attributed to the color of the
water, which is thought to be due to red tides of T. erythraeum (Hoyt,
1912). Examination of published data from the literature about phy-
toplankton composition in the Red Sea has revealed the presence of
species that have been confirmed as harmful and/or bloom-forming
species elsewhere in the world. At Egyptian coasts, many of potentially
harmful and bloom-forming species were recorded in the main body of
the Red Sea, Gulf of Aqaba and Gulf of Suez. In the main body of the
Red Sea, potentially harmful species of the dinoflagellates Ceratium,
Protoperidinium, Dinophysis and Gonyaulax were recorded in consider-
able numbers (1–2x 103 cells L−1) during spring 2008 at Hurghada and
Sharm El-Sheikh coasts (Madkour et al., 2010, Table 1). The harmful
diatoms Pseudonitzschia, Chaetoceros and Thalassionema also dominated
phytoplankton population in these sites during winter 2007 (Madkour
et al., 2010, Table 1). Recently, harmful species of diatoms (Chaeto-
ceros, Skeletonema, Proboscia) and dinoflagellates (Ceratium furca)
dominated phytoplankton population in Egyptian waters of the main
body of the Red Sea at Al-Gemsha, Hurghada, Safaga and Al Qusir re-
gions during winter and autumn 2013, respectively (Nassar et al.,
2014). The abundance of such harmful species was correlated with high
nutrient concentrations as well as low water salinity in these regions
(Nassar et al., 2014). Additionally, potentially harmful dinoflagellates
(C. furca, Dinophysis caudata, Noctiluca miliaris, Peridinium cerasus),
Diatoms (Chaetoceros decipiens, Rhizosolenia alata) and cyanobacteria
(Oscillatoria limnetica) were also reported in mangrove ecosystems of
the Red Sea at the Southeastern Egypt (Halayib-Shalatin sector), but
with low counts (15–117 individual L−1) during summer 2001 (Abel
Rahman and Nassar, 2005). Besides harmful dinoflagellates and dia-
toms, the main body of the Red Sea at Egyptian coasts showed a peak of
the toxic cyanobacterium T. erythraeum (3× 103 individual L−1) in
summer 2008 (Madkour et al., 2010).

For the Gulf of Aqaba, eutrophication from anthropogenic sources
such as sewage and fish farms has contributed significantly to the
abundance of potentially harmful algal and cyanobacterial species in
the Gulf water (Stambler 2005). A bloom of the potentially toxic cya-
nobacteria T. thiebautii and T. erythraeum with>106 colonies m−3 was
detected in the coastal waters of the Gulf during fall 1997 (Post et al.,
2002). Similarly, Al-Najjar et al. (2007) reported that Trichodesmium
spp. showed an increase in the cell density reaching up to 4×104 cells
L−1 during the summer/autumn 1999. In addition to Trichodesmium,
Synechococcus sp. flourished in the Jordanian coasts of the Gulf of
Aqaba with a peak (2×107 cells L−1) obtained during early spring
1999. A strain of this species isolated from the Salton Sea has been
confirmed as toxic with the capability of microcystin production
(Carmichael and Li, 2006). Additionally, the prokaryotic Pro-
chlorococcus marinus dominated phytoplankton population in the Gulf
of Aqaba with concentrations around 2× 107 cells L−1 during the
stratified summer period 1999 (Stambler 2005; Al-Najjar et al., 2007).
A strain of this species isolated from Sargasso Sea (Atlantic Ocean) was
found to produce the neurotoxic nonprotein amino acid, b-N-methyla-
mino-L-alanine (BMAA) (Cox et al., 2005). Some potentially harmful
diatoms were also recorded in the Gulf water including Thalassiosira
spp. which was prevalent throughout the year, with maximum con-
centrations in winter 1999 (1× 105 cells L−1), and Chaetoceros spp.
which formed patchy blooms up to 1× 105 cells L−1 in spring 1999 (Al-
Najjar et al., 2007). The diatom Proboscia alata also dominated the
phytoplankton community in the upper 10 m of the Gulf of Aqaba, with

Fig. 1. Distribution map of potentially harmful microalgae in Red Sea coastal
waters off different bordering countries. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this
article.)
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Table 1
Potentially harmful and bloom-forming species of microalgae and cyanobacteria, and their highest recorded concentrations in the Red Sea waters.

Algal group Country/Coordinates Season of
abundance

Species Algal concentration
(cells L−1)

Potential harmful effects References

Dinoflagellates Saudi Arabia, Al-Shuqaiq
(19°65′N,42°18′E)

Winter 2004,
2005

Noctiluca scintillans 3×106 (∗Bloom) High biomass (fish kill) Mohamed and Mesaad
2007

Spring 2004 Alexandrium sp. 920 Saxitoxins, PSP
Dinophysis acuta 900 Okadaic acid, DSP

dinophysistoxin
Saudi Arabia, Jeddah
(21°40′N, 39° 10′E)

Spring 2004 Ceratium dens, C. furca,
C.fusus

310 High biomass (hypoxia) Touliabah et al., 2010

Prorocentrum micans 145 Palytoxin
Saudi Arabia, Jeddah,
lagoon
(22°23.7′ N, 39°07.92′ E)

Fall 2013 Pyrodinium bahamense 9.9× 104 (∗Bloom) Saxitoxins, PSP Banguera-Hinestroza
et al., 2016

Saudi Arabia, inshore reefs
(22°17.91′N, 38°58.05′ E)

Spring 2012,
2013

Gambierdiscus belizeanus
Ostreopsis sp.

120 cells g−1 algae
40 cells g−1 algae

Ciguatoxin
Palytoxin

Catania et al., 2017

Egypt, Gulf of Suez
(29°57′.2 N, 32°31′.8 E)

Spring 2015 Ceratium furca 400 High biomass Nassar et al., 2016
C. fusus 136

Summer 2014 Protoperidinium cerasus 278
Prorocentrum hentschelii 400

∗Bloom, indicates that bloom event occurred in the Red Sea coastal waters during that period. Algal concentrations are given in cells L−1, unless otherwise specified. ND, not
determined.

Algal group Country/Coordinates Season of
abundance

Species Algal concentration
(cells L−1)

Potential harmful effects References

Dinoflagellates Egypt, Gulf of Suez
(29° 52′N, 32° 29′E)

Fall 2012 Ceratium furca 50 High biomass Nassar et al., 2015
C. fusus 50
C. tripos 100
Prorocentrum micans 50 Palytoxin
P. minimum 50 Neurotoxins

(29°60′N, 32°31′E) Fall 2014 Katodinium sp., ND Potentially toxic El Semary, 2016
Gyrodinium sp. ND Potentially toxic
Gymnodinium sp ND Potentially toxic

Yemen, Al Hodeidah coast
15°26′N, 42°57′ E

Spring 2009 Nictiluca. miliaris 5.5×105 (∗Bloom) High biomass (Fish kill) Alkershi and Nandini
Menon, 2011

(14°49′N,42°55‴E) Summer 2012 Protoperidinium
quinquecorne

14.3× 106 (*Bloom) Toxic/Fish kill Alkawri et al., 2016a

Gonyaulax verior 3.04× 103 Yessotoxins
Prorocentrum micans 640 Palytoxin (Fish kill)

14°48′ N, 42°56′E Summer 2013 Pyrodinium bahamense var.
bahamense

3.3×105 (∗Bloom) Saxitoxins, PSP Alkawri et al., 2016b

Dinophysis caudata 650 Okadaic acid, DSP
dinophysistoxin, DSP

D. acuminata 500 Azaspiracid toxins
Protoperidinium
quinquecorne

7.7×103 Palytoxins

Prorocentrum micans 1.84× 103 High biomass
Scrippsiella acuminata 195

∗Bloom, indicates that bloom event occurred in the Red Sea coastal waters during that period. Algal concentrations are given in cells L−1, unless otherwise specified. ND, not
determined.

Algal group Country/Coordinates Season of abundance Species Algal concentration (cells
L−1)

Potential harmful
effects

References

(continued on next page)
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Table 1 (continued)

Algal group Country/Coordinates Season of abundance Species Algal concentration (cells
L−1)

Potential harmful
effects

References

Dinoflagellates Yemen, Al Salif, coast
15°19ʹ N, 42°40ʹE

Spring, Summer, Fall
2012–2013

Akashiwo sanguine 2×103 High biomass
(hypoxia)

Alkawri 2016

Alexandrium minutum 3×103 Saxitoxins, PSP
Dinophysis acuminata 115 Okadaic acid, DSP
D. acuta 133 Okadaic acid, DSP
D. caudata 1.3× 103 Okadaic acid, DSP
Gonyaulax digitale 2.05×103 High biomass

(hypoxia)
Kryptoperidinium foliaceum 2.26×106 High biomass

(hypoxia)
Prorocentrum compressum 320 High biomass

(hypoxia)
P.concavum 1.81×103 Okadaic acid, DSP
P. gracile 240 High biomass

(hypoxia)
P. lima 96 Okadaic acid, DSP
P. micans 1.36×103 High biomass

(hypoxia)
P. minimum 613 High biomass

(hypoxia)
Protoperidinium quinquecorne 4.75×103 High biomass

(hypoxia)
Scrippsiella acuminate 1.37×103 High biomass

(hypoxia)
Sudan, Port Sudan coast
19°36‴N, 37°13′E

Fall 1986 Ceratium, Gonyaulax, Peridinium,
Prorocentrum

1×105 (mixed species) Potentially toxic/high
biomass

El Hag and Nasr
1989

Diatoms Egypt, Northern Red
Sea harbors
29° 56′ N, 32° 34′ E

Winter 2015 Asterionellopsis glacialis 1×104 High biomass/hypoxia Nassar et al., 2016
Chaetoceros tortissimus 3.3× 103

Autumn 2014 Proboscia alata 10×103

Spring 2015 Thalassionema nitzschioides 1.33×104

Pseudo-nitzschia pungens 1.4× 103 Domoic acid toxin,
ASP

Egypt, Gulf of Suez
29 °52′N, 32°29′E

Spring 2013 Chaetoceros lorenzianus 100-200 individ. L−1 High biomass/hypoxia Nassar et al., 2015
Pseudo-nitzschia pungens 100-200 individ. L−1 Domoic acid toxin
Skeletonema costatum 50 individ. L−1 High biomass/hypoxia
Proboscia alata >200 individ. L−1 High biomass/hypoxia

∗Bloom, indicates that bloom event occurred in the Red Sea coastal waters during that period. Algal concentrations are given in cells L−1, unless otherwise specified. Individ.,
individual.

Algal group Country/Coordinates Season of
abundance

Species Algal concentration (cells
L−1)

Potential harmful
effects

References

Diatoms Saudi Arabia, Jeddah
21°40′N, 39°10′E

Spring 2004 Chaetoceros (C. curviselum, C. affine) 168 High biomass/
hypoxia

Touliabah et al., 2010
Thalassiossira (T. decipien, T.
hyaline)

600

Saudi Arabia, Al-Shuqaiq
19°65′N,42°18′E

Spring 2004 Thalassiossira rotula 1.1× 105 High biomass/
hypoxia

Mohamed and Mesaad
2007

Pseudonitzschia sp. 70 Domoic acid toxin
19°80′N,42°18′E Spring 2010 Skeletonema sp. 1.83× 103 High biomass/

hypoxia
Mohamed and Al-
Shehri 2012

Jordan, Gulf of
Aqaba
29°27′ N, 34 °57′

Spring 1999 Chaetoceros sp. 4× 105 High biomass/
hypoxia

Al-Najjar et al., 2007
Winter 1999 Thalassiosira sp. 1× 105

Northeren tip of Gulf of
Aqaba
29°28′N, 34°55′E

Summer 1996 Proboscia alata 30 High biomass/
hypoxia

Post et al., 2002

Yemen, Al-Hodeidah
coast
14°48′ N, 42°56′E

Summer 2013 Lithodesmioides polymorphum 2.93× 103 High biomass/
hypoxia

Alkawri et al., 2016b
Chaetoceros sp. 230
Rhizosolenia cochlea 1.42× 104

Rhizosolenia setigera 6×103

Thalassiosira sp. 500
14°49′N,42°55′E Summer 2012 Lithodesmioides polymorphum 630 High biomass/

hypoxia
Alkawri et al., 2016a

Thalassionema nitzschioides 53
Sudan, Port Sudan coast
19°36′ N, 37° 13′E

Fall 1986 Chaetoceros, Nitzschia, Rhizosolenia
(mixed species)

6.8× 105-1.1× 106 High biomass/
hypoxia

El Hag and Nasr 1989

∗Bloom, indicates that bloom event occurred in the Red Sea coastal waters during that period. Algal concentrations are given in cells L−1, unless otherwise specified.

Algal group Country/Coordinates Season of
abundance

Species Algal concentration
(cells L−1)

Potential harmful
effects

References

Raphidophytes Saudi Arabia, Al-Shuqaiq
19°80′N,42°18′E

Spring 2010 Heterosigma akashiwo 4.6× 107 (∗Bloom) Brevetoxins/fish kill Mohamed and Al-Shehri
2012Chattonella sp. 142 Brevetoxins/fish kill

(continued on next page)
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densities of 1×105 cells m−3 during early spring 1996 (Post et al.,
2002). It has been suggested that warmer temperature and increase in
nutrient concentrations are the main factors contributing to the dom-
inance of these species in the Gulf water (Post et al., 2002; Al-Najjar
et al., 2007). The dinoflagellates, Dinophysis, Neoceratium and Proto-
peridinium were found with low concentrations in association with
Trichodesmium sp. blooms in the Gulf of Aqaba during fall 1997 (Post
et al., 2002).

The Gulf of Suez is increasingly exposed to different sources of
pollution including agricultural, industrial and domestic wastes, and oil
exploration and ship ballasts (Nassar et al., 2015). This pollution in-
creases nutrient concentrations in the Gulf water which eventually ac-
celerate the growth of phytoplankton and harmful algal bloom forma-
tion. The phytoplankton community structure in the Gulf of Suez was
investigated by several authors who showed variable biodiversity of
species to different ecological conditions and different spatial and
temporal scales (Nassar et al., 2015). The results of these studies also
revealed the presence of potentially harmful algal species in the Gulf
water. The potentially harmful dinoflagellates, Ceratium sp and Pro-
rocentrum sp. (Table 1) were found in both eastern and western coasts of
the Gulf with highest densities recorded in Autumn 2006 (Nassar, 2007)
and autumn 2012 (Nassar et al., 2015). Meanwhile, the harmful dia-
toms, Chaetoceros spp., Pseudo-nitzschia pungens, Skeletonema spp. and
Proboscia spp. have also flourished in the water of Suez Gulf during
spring 2006 and 2013 (Table 1; Nassar, 2007; Nassar et al., 2015).
Harmful species of cyanobacteria also showed frequent abundance in
the coastal water of the Gulf of Suez. Among these species, T.

erythraeum showed a peak (7×103 individuals L−1) in eastern Gulf
coasts during summer 2008 (Madkour et al., 2010, Table 1), but re-
corded with low counts in summer 2013 (Nassar et al., 2015, Table 1).
Other potentially toxic species of cyanobacteria (e.g. Lyngbya majuscula,
Oscillatoria agardhii, O. tenuis, O. formosa, Pseudoanabaena lymnetica)
have also been investigated in both eastern and western coasts of the
Gulf of Suez (Nassar, 2007; Nassar et al., 2015, Table 1).

More recently, a study by Nassar et al. (2016) revealed the presence
of potentially toxic and bloom-forming dinoflagellate species (C. furca,
C. Fuscus, Protoperidinium cerasus, Prorocentrum hentscheli) with cell
densities ranging from 136 to 400 cells L−1 in different harbors along
this Gulf. The dominance of these species correlated with high tem-
perature in summer 2014, and with the increase in nutrient con-
centrations resulting from treated sewage discharge into the Red Sea
waters of Suez Bay. In addition to dinoflagellates, harmful diatoms
including fish killing non-toxic species (Asterionellopsis glacialis, Chae-
toceros tortissimus, P. alata, Thalassionoema nitzschioides) and toxic spe-
cies (P. pungens) were also found in these harbors (Nassar et al., 2016).
These diatom species showed high abundances (1400–13333 cell L−1,
Table 1) in autumn 2014 and spring 2015, in association with highest
values of dissolved nitrate (0.170–1.262 μmol L−1). The noxious
blooms of nontoxic diatoms cause fish mortality due to anoxic condi-
tions resulting from high cell densities of these species (López-Cortés
et al., 2015). Otherwise, these species, even in low densities, may cause
obstruction and injuries in fish gills, which stimulate mucus production
in the respiratory epithelium, leading to suffocation (Smayda, 2006).
On the other hand, domoic acid (DA) toxin produced by diatoms has no

Table 1 (continued)

Algal group Country/Coordinates Season of
abundance

Species Algal concentration
(cells L−1)

Potential harmful
effects

References

Cyanobacteria Saudi Arabia, Jeddah
21°40′N, 39° 10′E

Summer 1978 Trichodesmium spp. 1.6× 104 Saxitoxins Shaikh et al., 1986
Touliabah et al., 2010Spring/summer

2004
Trichodesmium
erythraeum, T. hiebautti

4×105

3.5× 105

Saudi Arabia, Al-Shuqaiq
19°65′N,42°18′E

Spring 2011 Aphanothece elabens 2.9× 104 cells cm−2 Toxic/high biomass Mohamed and Al-Shehri
2015Calothrix breviarticulata 9×103 cells cm−2

Lyngbya majuscula 1.55× 104 cells cm−2

Leptolyngbya tenuis 2.64× 104 cells cm−2

Oscillatoria accuminata 1.1× 104 cells cm−2

O. tenuis 2.34× 104 cells cm−2

Saudi Arabia, Farasan
islands, Jazan
16°40′N,42°00′E

Spring 1990/
Winter2004

Lyngbya majuscula Large mats Lyngbyatoxins/skin
irritants

Hussain and Khoja 1993;
Al-Shehri and Mohamed
2007

16°31′N,42°07′E Fall 2011 T. erythraeum Bloom patches Saxitoxins Kürten et al. (2015)
Jordan, Gulf of
Aqaba
29°28′N,34°55′E

Fall 1997 T. erythraeum, T. thiebautii 103 individ. L−1 saxitoxins Post et al., 2002

∗Bloom, indicates that bloom event occurred in the Red Sea coastal waters during that period. Algal concentrations are given in cells L−1, unless otherwise specified.

Algal group Country/Coordinates Season of
abundance

Species Algal concentration (cells
L−1)

Potential harmful
effects

References

Cyanobacteria 29°27′ N, 34 °57′E Summer/Fall
1999

Trichodesmium sp 4×104 Saxitoxins Al-Najjar et al.,
2007

Early spring 1999 Prochlorococcus spp.
Synechococcus spp

1×107 Potentially neurotoxic
ND

Al-Najjar et al.,
20072×107

Egypt, Northern Red Sea
harbors
29° 56′ N, 32° 34′ E

Spring 2015 Oscillatoria sp. 436 individ. L−1 Neurotoxins/
microcystins

Nassar et al., 2016

Egypt, Gulf of Suez
29° 52′N, 32° 29′E

Summer 2013 Trichodesmium erythraeum >200 individ. L−1 Saxitoxins Nassar et al., 2015
Pseudoanabaena limnetica >200 individ. L−1 Microcystins
Oscillatoria tenuis 50-100 individ. L−1 Microcystins
Lyngbya majuscula 100-200 individ. L−1 Lyngyatoxins

Yemen, Al-Hodeidah
Coast
(14°49′N,42°55‴E

Summer 2012 Trichodesmium erythraeum 3.8×103 Saxitoxins Alkawri et al.,
2016a

14°48′ N, 42°56′E Summer 2013 T. erythraeum 1.65× 104 Saxitoxins Alkawri et al.,
2016b

Sudan, Port Sudan coast
19°36′ N, 37° 13′ E

Fall 1986 Trichodesmium spp. 3.33× 105 Saxitoxins El Hag and Nasr
1989

∗Bloom, indicates that bloom event occurred in the Red Sea coastal waters during that period. Algal concentrations are given in cells L−1, unless otherwise specified. Individ.,
individual.
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toxic effects on fish, but can accumulate in fish tissues with potential
transfer to higher trophic levels including humans and causes amensic
shellfish poisoning, ASP (Lefebvre et al., 2012). Cyanobacteria were
also present in the Gulf of Suez harbors and represented mainly by
potentially toxic Oscillatoria spp. which has dominated in spring 2015
in correlation with high temperature and high nutrient concentrations
(Nassar et al., 2016). In addition to planktonic species, potentially
harmful benthic dinoflagellates (Katodinium sp., Gyrodinium sp. and
Gymnodinium sp.) were also investigated in the northwestern part (290

60\ N and 320 31\ 67\\ E) of the Gulf of Suez (Ain Sokhna) (El Semary,
2016). Although the author did not test the toxicity of these species,
such benthic dinoflagellates are known to be potentially toxic (Tester
et al., 2014). Seven cases of ciguatera poisoning were reported in a
costal Egyptian city (Port Said), in which populations may consume fish
as a major part of their diet (Abd Elhaleem and Abd Elkarim, 2011).
Ciguatera Fish Poisoning (CFP), the most commonly reported seafood
nonbacterial disease in the world (Fleming et al., 1998) is due to the
accumulation of toxins produced by the benthic dinoflagellate Gam-
bierdiscus in fish tissues. Nevertheless, the study of Abd-Elhaleem and
Abd-Elkarim (2011) did not define CFP–causing dinoflagellates in
coastal waters at this region.

2.2. In Saudi Red Sea waters

The abundance and species composition of phytoplankton in the
Red Sea coasts off Saudi Arabia have been largely explored by many
authors (Ismael, 2015), but little information is available on harmful
algal blooms in this region. The first bloom of dinoflagellates in Saudi
Red Sea coasts was observed at southern regions (Al Shuqayq and
Gazan) in February 2004 and caused by N. scintillans (Mohamed and
Mesaad, 2007). The highest cell density of this bloom (3× 10 cells L−1)
was recorded during February 2004. This species, being heterotrophic,
did not correlate with high nutrient concentrations, but such high nu-
trient concentrations increased the growth of autotrophic phyto-
plankton which Noctiluca may feed on. Therefore, the authors suggested
that the increase in Noctiluca abundance could be linked to increasing
eutrophication, possibly caused indirectly by an increase in prey
abundance (Mohamed and Mesaad, 2007). In addition to N. scintillans,
other potentially harmful phytoplankton species including the diatom
T. rotula, and the dinoflagellates (Alexandrium sp., Ceratium sp., Dino-
physis sp., Prorocentrum sp.) were also found in this region (Table 1).
These species were abundant in the absence of an N. scintillans bloom,
but their densities decreased sharply upon the appearance of an N.
scintillans bloom (Table 1). The negative relationship between the
abundance of N. scintillans and that of some of the phytoplanktonic
species during the present study is indicative of predation by N. scin-
tillans on these species, which was confirmed by the presence of cells of
these species in the food vacuoles of Noctiluca (Mohamed and Mesaad,
2007). At Jeddah coast, the harmful dinofalgellates, C. furca, C. fusus, C.
dens and Prorocentrum micans dominated the spring peak of phyto-
plankton in 2004 (Touliabah et al., 2010). In addition to dino-
flagellates, Jeddah coastal waters exhibited flourishing of the harmful
diatoms, Chaetoceros affine and Thalassiossira decipiens during spring
2004 (Touliabah et al., 2010, Table 1). The high nutrient concentra-
tions due to sewage runoff were the main reason for the dominance of
dinoflagellate and diatom species in this area. Banguera-Hinestroza
et al. (2016) recorded a bloom of the harmful dinoflagellate P. baha-
mense in a Red Sea lagoon north of Jeddah, Saudi Arabia (22° 23.700 N,
39°07.924 E). The peak of this bloom was recorded in November 2013
(8× 104 cells L−1), correlating with high temperature at that time of
the year. Those authors also demonstrated that P. bahamense bloom can
produce saxitoxins, and the highest toxin production coincided with the
peak and culmination of P. bahamense bloom. The potentially harmful
algae, Dinophysis miles and Gonyaulax spinifera, were also encountered,
but with low numbers (19500, 3033 cells m−3) in southern Red Sea
coasts in the vicinity of the aquaculture facilities at Al Lith area (Kürten

et al., 2015, Table 1). More recently, Catania et al. (2017) demonstrated
the presence of the toxic benthic dinoflagellates Gambierdiscus beli-
zeanus and Ostreopsis spp. On Turbinaria and Halimeda macroalgae in
coral reefs off Saudi Red Sea coasts. These species were observed at low
cell densities (< 200 cells g−1 wet weight algae) and were negatively
correlated with seawater salinity. The authors confirmed G. belizeanus
as a ciguatoxin (CTX) producer, with a maximum toxin content of
6.50×10−5 pg cell−1, but they did not test the toxicity of Ostreopsis sp.
However, Ostreopsis species were found to produce palytoxin (PTX), and
a number of deaths directly associated with the ingestion of PTX con-
taminated seafood elsewhere in the world (Faimali et al., 2012). Besides
dinoflagellate blooms, southern Red Sea coasts of Saudi Arabia have
witnessed a large bloom of the harmful raphidophyte H. akashiwo
during May and June 2010 (Mohamed and Al-Shehri, 2012). The for-
mation of Heterosigma bloom was linked to nutrient discharge from a
nearby shrimp farm into the study site (Al Shouqiq area). Specifically,
the intensity of H. akashiwo bloom correlated with high nutrient con-
centrations, a rise in temperature (up to 24 °C) and a decrease in salinity
to below 30‰ at this site (Mohamed and Al-Shehri, 2012). The authors
found that only the raphidophyte Chattonella was found in association
with H. akashiwo, while phytoplankton from other groups disappeared
during the period of H. akashiwo bloom, suggesting that the presence of
H. akashiwo bloom might have an inhibitory allelopathic activity
against other phytoplankton leading to biodiversity loss. Additionally,
H. akashiwo bloom was found to have haemolytic activity (as de-
termined by erythrocyte lysis assay (ELA) that may cause ichthyotoxi-
city and mortality in fish in the Red Sea and in shrimp aquacultures
(Mohamed and Al-Shehri, 2012). In addition to dinoflagellates and
raphidophytes, harmful cyanobacteria were also recorded in the Red
Sea at Saudi coasts. Trichodesmium spp. dominated phytoplankton at
Jeddah coasts and peaked in summer 1978 at the time of maximal
stratification and minimal surface water nutrient levels (Shaikh et al.,
1986). T. erythraeum and T. thiebautti have flourished again in Jeddah
coastal waters, and attained two peaks in spring and summer 2004
(Touliabah et al., 2010, Table 1). Trichodesmium spp. were also found at
southern coasts of Saudi Arabia (Al- Shouqiq area) but with low cell
numbers (54 cells L−1) at the time of the absence Heterosigma bloom in
May 2010 (Mohamed and Al-Shehri, 2012). Recently, extensive surface
bloom patches of T. erythraeum were observed in southern Red Sea of
Saudi Arabia, including Al-Lith, Doga and Farasan islands (Kürten et al.,
2015). However, the cell densities of this species in these areas were
low (91000, 122727, 79268 cells m−3, respectively) because they were
calculated based on total water volume (12 m−3) filtered by phyto-
plankton net towed horizontally parallel to the reef through the surface
mixed layer for 10–15min. Furthermore, Mohamed and Al-Shehri
(2015) demonstrated that mangrove swamps in the Red Sea off the
southern coast of Saudi Arabia are occupied by cyanobacterial mats
residing on plant pneumatophores and surrounding sediments. These
mats harbor saxitoxin-producing species (e.g., L. majuscula, Lepto-
lyngbya tenuis and Oscillatoria accuminata) and microcystin-producing
species (e.g., Aphanothece elabens, Oscillatoria tenuis and Calothrix bre-
viarticulata) (Table 1).

2.3. In Yemeni Red Sea waters

In the past few decades, harmful algal blooms have been observed
and increased drastically in Yemeni coastal waters (Alkershi and
Nandini Menon, 2011; Alkawri et al., 2016a). This could be due to high
nutrient concentrations received from intermediate water inflow
through the Gulf of Aden in the summer (Churchill et al., 2014; Dreano
et al., 2016), besides the discharge of large quantities of nutrients from
domestic, industrial and agricultural wastes. However, limited scientific
studies have documented harmful algal blooms in the Red Sea off Ye-
meni coasts. The first bloom in Red Sea Yemeni coasts was caused by
Noctiluca miliaris at Al-Hodeidah during March 2009 (Alkershi and
Nandini Menon, 2011). The highest density of this bloom
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(5.5× 105 cells L−1) was recorded at a station where large amounts of
remains of slaughtered fishes and wastes from fishing boats are dis-
charged. The second bloom was observed in June 2012 in Khor Al-
Khateeb lagoon at the coast of Al Hodeidah. The dinoflagellate Proto-
peridinium quinquecorne contributed most to this bloom, with highest
cell number of 1.4× 107 cells L−1 (Alkawri et al., 2016a, Table 1). The
P. quinquecorne bloom was accompanied by a massive die-off sardine
fish (Sardinella sp.) observed along Al Hodeidah coast (Alkawri et al.,
2016a). The third bloom was caused by the toxic dinoflagellate P. ba-
hamense var. bahamense, and has been witnessed along the coast of Al-
Hodeidah City in August 2013 (Alkawri et al., 2016b). The highest cell
density of this bloom (3.3×105 cell L−1) was recorded when water
temperature was 32 °C and salinity was 37‰. In addition to P. baha-
mense bloom, other toxic and potentially toxic species were also present
in Al-Hodeidah coastal waters during the period Nov. 2012–Sep.2013.
Among these species, the dinoflagellates (Dinophysis caudata, D. acu-
minata, P. quinquecorne, Scrippsiella acuminata and P. micans), the dia-
toms (Lithodesmioides polymorphum, Cyclotella sp., Cocconeis sp. and
Diploneis sp.) and the red tide-forming cyanobacterium, T. erythraeum
were prevalent (Alkawri et al., 2016b, Table 1). It is interesting that
these species were found in few cell numbers during P. bahamense
bloom compared to their higher cell counts in absence of this bloom,
suggesting the inhibitory allelopathic activity of P. bahamense against
other phytoplankton species. Such antagonistic properties of P. baha-
mense may eventually lead to loss of biodiversity in this region. Re-
cently, Alkawri (2016) identified 20 harmful dinoflagellate species in
Yemeni waters of the Red Sea at Al Salif coast during the period
2012–2013. Twelve of these species have been assigned as toxin pro-
ducers (Table 1). The abundance of these species showed seasonal
variation, as the lowest values were obtained in winter and the highest
ones were in spring. Among toxic dinoflagellates, Alexandrium species
are known to produce saxitoxins responsible for paralytic shellfish
poisoning, PSP (Bazzoni et al., 2015), and Prorocentrum species are
producers of okadaic acid and its derivatives, responsible of diarrhetic
shellfish poisoning, DSP (Sahraoui et al., 2013).

2.4. In Sudanese Red Sea waters

The surface seawaters in Sudanese part of the Red Sea are char-
acterized by high temperature and salinity, weak currents, lack of up-
welling and limited freshwater (Triantafyllou et al., 2014; Ali et al.,
2018). However, seasonal rainfall can form short-lived streams (Khors).
These seasonal streams along with rapid population growth combined
with economical and industrial developments represent nutrient inlets
into Sudanese coastal waters (Beyer et al., 2015). These conditions
favor the growth of harmful microalgae in this region. Nevertheless, a
few studies have been made on distribution and abundance of harmful
phytoplankton species in Sudanese Red sea coasts. El Hag and Nasr
(1989) recorded high population densities of potentially harmful phy-
toplankton species including the dinoflagellates (Ceratium sp., Go-
nyaulax sp., Peridinium sp. and Prorocentrum sp.), diatoms (Chaetoceros

and Nitzschia), and cyanobacteria (Trichodesmium spp.). Dinoflagellates
and diatoms contributed to the highest phytoplankton peaks recorded
at most sites studied, but Trichodesmium established the highest peaks
attained at one site during summer period. In a recent study, Ali (2015)
registered potentially toxic phytoplankton species in the Red Sea off
Port Sudan coast. The most abundant species in this study are belonging
to some genera of dinoflagellates (Ceratium, Dinophysis, Peridinium,
Prorocentrum), diatoms (Chaetoceros, Nitzschia, Rhizosolenia) and cya-
nobacteria (T. erythraeum).

In other countries bordering the red sea such as Eritrea, no in-
formation is available on phytoplankton communities.

3. Cysts of potentially toxic dinoflagellate species in the Red Sea

Several species of dinoflagellates (200 out of 2300) produce re-
sistant resting cysts that can be preserved in sediments as a part of their
life cycle to ensure the survival through unfavorable conditions (Head,
1996; Matsuoka and Fukuyo, 2003.). About 10% of these cyst-produ-
cing species are known to produce toxins and cause harmful algal
blooms (Nehring, 1993). Cysts in sediments can germinate under sui-
table conditions forming motile dinoflagellate cells, and thus initiate
algal blooms in the water column (Orlova et al., 2004; Mohamed and
Al-Shehri, 2011). Therefore, cysts may indicate the presence of species
in the water column, and provide an early warning signal for HABs
caused by dinoflagellates (Aydın et al., 2015). Distribution of dino-
flagellate cysts has been largely investigated in many coastal areas
around the world (Ho et al., 2013). Nevertheless, studies on dino-
flagellate cysts in the Red Sea coastal areas remain limited. Mohamed
and Al-Shehri (2011) investigated the abundance of dinoflagellate cyst
assemblages in surface sediments from south-western Red sea coasts of
Saudi Arabia. The authors stated that cyst abundance in south-western
Red sea coasts of Saudi Arabia was strongly correlated with sediment
characteristics, the highest numbers being recorded in sediments with
large contents of organic carbon, silt and clay. Cyst assemblages in this
region were dominated by potentially toxic species, including Co-
chlodinium polykrikos, Prorocentrum minimum, Dinophysis acuminata,
Alexandrium catenella and Scrippsiella trochoidea (Table 2). Recently,
Elshanawany et al. (2016) identified 35 taxa of dinoflagellate cysts in
sediments of the northern Red Sea and Gulf of Aqaba. Noticeably, most
of these cysts are related to potentially harmful and toxic dinoflagellate
species including Gonyaulax spinifera, Gymnodinium nolleri, Lingulodi-
nium polyedrum, Protoceratium reticulatum, Protoperidinium spp. and
Pyrodinium bahamense, (Table 2). Those authors recorded a high cyst
abundance of mixtrophic dinoflagellates (e.g. Lingulodinium polyedrum
and Gonyaulax spinifera) in the northern Red Sea and Gulf of Aqaba,
when their prey of the cyanobacterium Synechococcus spp. was found
with high cell densities. More research on the distribution of dino-
flagellate cysts in the Red Sea coasts is needed to improve under-
standing of environmental conditions and changes.

Table 2
Occurrence of cysts of potentially harmful dinoflagellates in the Red Sea sediments.

Country Region/Coordinates Algal species Temp (°C) Salinity References

Saudi Arabia Southern Red Sea,
Al-Shuqaiq coast
19°65′-19°80′N, 42°18′E

Alexandrium catenella Alexandrium minutum 17–19 37–39 Mohamed and Al-Shehri
2011Cochlodinium polykrikoides

Scrippsiella trochoidea Prorocentrum minimum Dinophysis acuminata
Cochlodinium spp. Protoperidnium spp.

Egypt Northern Red Sea&
Gulf of Aqaba
29°24′ −29°31′N, 34°54′-
34°58′E

Gonyaulax spinifera 24 40.8 Elshanawany et al., 2016
Lingulodinium polyedrum 24.5 40.8
Protoceratium reticulatum 26 40.1
Protoperidinium spp. 24 40.8
Pyrodinium bahamense 26 40.1
Gymnodinium nolleri 24 40.8
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4. Conclusions, current research gaps and future directions

The available data indicate that many potentially harmful and toxic
species of microalgae have spread along the Red Sea coasts. Among
these, certain species (e.g. H. akashiwo, N. scintillans, P. bahamense, P.
bahamense var. bahamense and Trichodesmium sp.) were associated with
the occurrence of HAB events and have been confirmed to be toxic in
the Red Sea region and elsewhere in the world. These data could be the
catalyst for the establishment of a monitoring and management pro-
gram for harmful algal blooms in the Red Sea coastal waters. However,
there remain some gaps that require additional and collaborative efforts
from researchers and authorities. The majority of studies presented in
this review are sporadic describing the seasonal abundance and bloom
dynamics of algal species only, ignoring toxins produced by these
blooms. It is therefore important to establish collaborative research and
monitoring programs on HABs and their toxins at a national govern-
mental level with systematic sampling along the Red Sea coasts at
regular time intervals. Indeed, remotely sensed HABs in the Red Sea has
never been attempted yet. Therefore, it is also essential to use satellite
remote sensing to monitor HABs and coordinate satellite data with in
situ measurements of marine environmental parameters in the Red Sea
(Brewin et al., 2013, 2015; Racault et al., 2015; Dreano et al., 2017).
The Red Sea is indeed a highly dynamic environment and its circulation
features (eddies, surface currents) can move water masses between the
two continents of the Red Sea (> 250 km away) within two weeks
(Raitsos et al., 2017). Perhaps the strength of these currents can re-
distribute HABs in the Red Sea, and future studies are therefore needed
to address this issue. Studying the cysts in the sediments of the Red Sea
should be broadened to include the coasts of all bordering countries.
This assists in mapping the distribution of cysts of harmful dino-
flagellate species and provides information about the mechanism of
recurrence and spreading of HAB species in the Red Sea. HABs are well
known to have public health, fisheries, ecological and societal impacts
worldwide (Anderson et al., 2012). Unfortunately, these impacts have
not been well quantified and documented in the countries bordering the
Red Sea. For example, many die-off fish incidents have frequently oc-
curred in the Red Sea coastal regions, but only one study linked die-off
fish to HABs in the Red Sea region (Alkawri et al., 2016a, Table 1).
Furthermore, although all microalgae responsible for various types of
fish and shellfish poisoning of humans such as PSP, DSP and ASP are
present in Red Sea coastal waters, no linked cases of phycotoxin poi-
soning have yet been verified from eating fish or shellfish collected
from the Red Sea. This is probably the result of a lack of knowledge of
the general public, vets and physicians about phycotoxins in the Red
Sea countries. Misdiagnosis of some phycotoxin poisoning cases may
reflect the large gap between environmental toxicologists and the
medical community in these countries. Therefore, an effective mon-
itoring and risk management program for the presence of phycotoxins
in fish and shellfish collected from the Red Sea waters should be un-
dertaken by experts in multiple fields, such as biology, chemistry,
toxicology, medicine and public health. HABs can cause reduction in
desalination plants production because of HABs toxin remains in the
produced water (Berktay, 2011); and damage to desalination plants by
clogging the intake filters and damaging sensitive membrane (Caron
et al., 2010); . In extreme cases, HAB events have caused sealing off of
the desalination plants held on the Arabian seas, particularly in UAE
and Oman (Al Shehhi et al., 2014). Unfortunately, such negative im-
pacts on desalination facilities have not been addressed yet in the Red
Sea countries, and a dedicated program is needed to assess the potential
impact of HABs on operations of desalination plants along the Red Sea.
The presence of harmful dinoflagellates and their cysts in ballast water
and sediments of ships has been documented worldwide and has been
suggested as one of the dominant vectors responsible for the distribu-
tion of invasive species and the global increase of harmful algal blooms
in the marine environments (Choi, 2009; Fahnenstiel et al., 2009). This
issue has received little attention and is poorly known in the Red Sea

region. Therefore, the presence of potentially harmful dinoflagellates in
ballast water and sediments should be examined in commercial ships
from the Red Sea coasts.
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