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Abstract

The present study reports widespread aquatic mortality during an unprecedented harmful
algal blooms (HABs) in Chabahar Bay, the largest bay of the Oman Sea and one of the
most important fishing areas of Iran, on 15 and 16 June 2019. This volume of aquatic
death stopped fishing and tourist activities in this area for a short time. During this event,
the microalgae Karlodinium Cf. veneficum with a density of 6.8 x 10 cells mL™* was
identified as the bloom former species. The toxic dinoflagellate K. veneficum has
contributed to the aquatic mortality in many coastal areas of the world by producing
karlotoxin. The phytoplankton community was studied in this bloom and 46 species of
phytoplankton were identified, including 22 species of diatoms, dinoflagellates (22),
Cryptophyta (1), and Chlorophyta (1). This is the first occurrence of HABs associated
with the dinoflagellate Karlodinium bloom and the first report of the presence of two
toxic and dinoflagellate species, Amphidinium carterae and Ostreopsis ovata associated
with the algal bloom in the northern Oman Sea. Chabahar Bay is considered one of the
most important areas of aquatic fishing grounds in the region. The occurrence of HABs
regarding toxic dinoflagellates can be a serious risk to aquaculture activities, human
health, and the ecosystem in the area. Water consumption of the residents of Chabahar
relies on desalination plants, therefore the bloom of toxic microalgae in the Chabahar bay
can disrupt the operation of the desalination plant and pose a potential threat to the water
supply in this area.
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Introduction

Widespread aquatic animal mortality
(Naeem and Sattar, 2007; Pinheiro et al.,
2010; La and Cooke, 2011, Eissa et al.,
2013) has been reported in many areas of
the world under the influence of two
major factors including hypoxia (Ram et
al., 2014) and harmful algal blooms
(HABs) (Kangur et al., 2005). HABs can
cause damage in two ways; through
toxin production or high biomass
accumulation; in some cases, they can
have both features (Polikarpov et al.,
2020). Phycotoxins released by toxic
microalgae not only contaminate fishery
products but can eventually enter the
human body through the food chain via
shellfish and cause poisoning or even
death in some cases (Tubaro et al.,
2011). The toxic of HABs are spread in
different ways, including contaminated
seafood (Gerssen et al., 2010),
inhalation of suspended particles of
dried algal material from the air,
drinking water from desalination plants
located near waters subject to toxic
blooms (He et al., 2016), ingestion of
water, and skin contact while swimming
(Werner et al., 2012).

The occurrence of harmful algal
blooms in the Oman Sea has spread
during the last three decades, which has
sometimes caused damage to the
environment (AlIKindi et al., 2007,
Thangaraja et al., 2007; Richlen et al.,
2010; Al Gheilani et al., 2011; Jalili et
al., 2022). Although Chabahar Bay has
experienced numerous algal blooms for
a long time, algal blooms related to the
genus Karlodinium have not been
reported in this area before (Attaran-

Fariman, 2010; Koochaknejad et al.,
2017, Ershadifar et al., 2020; Dolatabadi
et al., 2021; Asefi and Attaran-Fariman,
2023). The present study reports a large-
scale aquatic mortality event associated
with a massive phytoplankton bloom
that occurred in June 2019 in Chabahar
Bay, the largest bay in the Oman Sea.
Karlodinium veneficum (D. Ballantine)
J. Larsen (=K. micrum) is a
cosmopolitan dinoflagellate (Yang et al.,
2021) and commonly found in coastal
aquatic ecosystems (Place et al., 2012;
Llanos-Rivera et al., 2023),
morphologically characterized by small
size (~ 8-12 pum) and unarmored with a
straight apical groove and distinct
ventral pores (Daugbjerg et al., 2000;
Wang et al.,, 2011) and one of the 8
toxin-producing species of the genus
Karodinium (Yang et al., 2021) from the
family Kareniaceae belonging to the
Gymnodiniales which is known as one
of the important species causing HABs
(Deng et al., 2023) and the cause of
aquatic mortality (Hallegraeff et al.,
2010; Dai et al., 2014; Furuya et al.,
2018; Yang et al., 2020; Tsikoti and
Genitsaris, 2021; Farhat et al., 2022).
This microalga is a mixotrophic species
and rely on photosynthesis and
phagotrophy for growth (Li et al., 2022).
The species also produces unique
polyketide toxins, called karlotoxins,
which are hemolytic, cytotoxic, and
ichthyotoxic (Deeds et al., 2002; Farhat
et al., 2022). This toxin causes severe
damage to the gill epithelium with its
mechanism and is especially deadly for
all types of fish (Li et al., 2022). Blooms
of K. veneficum appear to have increased
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in recent decades, causing widespread
aquatic mortality in estuaries and coastal
waters worldwide, including Europe
(Nielsen, 1993), China (Dai et al., 2014),
Australia (Adolf et al., 2015), Angola
(Pitcher and Louw, 2021), and the
United States (Hall et al., 2008; Lin et
al., 2018a; Wolny et al., 2022).

This report also contains a description
of the microalgae community present
during this bloom, water parameters, and
the description of marine organism
mortality. The presence of two toxic and
important species, Ostreopsis ovata and
Amphidinium carterae in Chabahar Bay
is reported for the first time in this
bloom. Chabahar Bay is the most
important and largest bay of the Oman
Sea, and the majority of the income of its
native people is provided by the fishing
industry. In addition, it has a high
potential for tourism and diving due to
having habitat for sea turtles as well as
the presence of coral reefs. Therefore,
the occurrence of harmful algal bloom in
this area is considered a serious and big
challenge for the residents of the
surrounding cities.

Materials and methods

Description of the study area and red
tide location

Chabahar Bay is located in the northeast
of Oman Sea and the closest waterway to
the Indian Ocean with longitude 60° 30°

25"to 60° 45 '32"and latitude 25° 15'17"

to 25° 26" 08 (Fig. 1). This area is
considered the largest free trade and
industrial zone of Iran and has two
important cities in terms of industry and
population, Chabahar and Konarak. This

semi-enclosed bay with an area of 290
square kilometers, the width of the
entrance mouth is 14 km in the east-west
direction and the length is 17 km in the
south-north direction, the maximum
depth is about 20 m (average depth is 12
m) and it faces two monsoons, summer,
and winter, which originate from the
Indian subcontinent. Chabahar Bay has a
temperate tropical climate and no rivers,
and due to its shape () in geology, it is
called an omega or horseshoe-shaped
bay, which has limited water circulation.

Field sampling and culture

Sampling was done one day after
blooming on June 16, 2019, from the
surface, 1 meter and 2 meters depth of
seawater along the Chabahar coast was
done using 1-liter sterile bottles with 3
replications. 500 ml of seawater was
immediately fixed with 4% Lugol's
iodine solution in the place of the bloom
and transferred to the laboratory of
Chabahar Maritime University (CMU)
for initial identification of the
microalgae  causing the  bloom.
Temperature, salinity, and pH were
measured on-site using the Lutron WA-
2017SD Multi Water Quality Meter. The
concentration of nutrients including
ammonia, nitrate, nitrite, and phosphate
in water samples was determined by
standard methods (ROPME, 1999). To
accurately identify the bloom-causing
species and co-occurrence species in
algal bloom, live cells were purified
using a micropipette and each cell was
washed in drops of sterile water
according to Attaran-Fariman (2007)
and transferred to plates containing /2
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medium. Species in a Phycolab room
with a 12-12 h light: dark (L:D) program
(light intensity 1800 lux) with a cool-
white fluorescent lamp, temperature

25+1°C, humidity 25%, pH 8, and
salinity setting 35 %o were placed.
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Figure 1. Map of Chabahar Bay, located north of the Oman Sea. A) Chabahar Bay and the area

where the most mortality occurred.

B) The geographical location of Chabahar Bay in the

Oman Sea. C) Satellite image (MODIS) of the chlorophyll density of the Oman Sea on June

15, 2019.

Morphological observation and
identification

The initial identification of the species
was done by transferring 1 ml of sample
water to a Sedgwick-Rafter slide under a
Nikon-TS100 inverted microscope with
10X and 20X magnification. For
counting the cells (Woelkerling et al.,
1976) and accurate morphological
identification, live cells of microalgae
species were observed and photographed
using a Nikon-ECLIPSE 50iz light
microscope with 100X magnification
and JmicroVision  software. For
epifluorescence microscopy, 1 mL of the
cell culture was transferred to a 1.5 mL
Microcentrifuge tube, and the cell
nucleus was stained with red-fluorescent
dye at 10 pg mL* and then incubated in

the dark at room temperature for 1 hour.
Stained cells were observed and
photographed using Hund Fluorescence
Microscopes Wetzlar H600/12.
Morphological identification of
microalgae was done according to valid
references (Subrahmayan, 1971; Hasle
et al., 1996; Tomas, 1997; Faust and
Gulledge, 2002; Place et al., 2012).

Results

Description of event

On June 15 and 16, 2019, widespread
aquatic mortality occurred on the coast
of Chabahar Bay. According to the
census conducted by the Offshore
Fisheries Research Center in Chabahar,
more than 1.5 tons of aquatic animals,
most of which were fish, were lost,
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including Fish  (Mullidae, Siganus
luridus, Saurida tumbil, Pomadasys
kaakan, Diagramma pictum,
Platycephalus  indicus, = Gymnura
poecilura, Solea sp., Acanthopagrus sp.,
Gerres sp., Netuma sp.), crab (Portunus
pelagicus, Charybdis annulata), all
kinds of shrimp (most of the lost shrimps
were of two species, Penaeus indicus
and Penaeus semisulcatus),

Muraenesocidae, jellyfish
(Crambionella  orsini), sea snake
(Hydrophis schistosus, Hydrophis sp.),

etc., were dead and They floated on the
surface of the water.

This event coincided with a dense algal
bloom that caused the water to change
color and due to concerns about the
pollution of the water environment in
terms of toxicity and danger to residents,
caused the suspension of fishing,
tourism, and swimming activities in the
Chabahar Bay for a week. The changes
in the appearance of the skin and organs
of some animals were completely
evident in the mentioned bloom (Fig. 2).
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Figure 2: Red skin lesions on eel body during Karlodinium cf. veneficum algal bloom in Chabahar
Bay (15-16 June 2019) (photo by Aminrad, 2019).

The water salinity recorded during the
bloom ranged from 36.4 to 37.8 ppm
during the bloom. The water quality data
based on the analysis was as follows:
NO. and NOs levels were 0.014 and 2.9
ppm, respectively, and ammonia (NH"4
and NHs) were less than detectable
(<0.01 mg. LY. Phosphate was 0.23
ppm, the temperature during blooming
was recorded in the range of 31.5-
32.6°C, pH 8.11-8.27, and dissolved
oxygen 4.08.

Morphological analysis
Microscopic  investigation of the
morphological characteristics in the
water samples, including the form shape,
and size of cells, showed that the change
in water color is due to the blooming of
the naked dinoflagellate Karlodinium cf.
veneficum with a density of 6.8x10* cells
mL . The shape of the cell was oval and
the size of the epicon and hypocone was
almost equal (Fig. 3a, b). The cell size
was recorded as 18.7£1.4 pm in length
and 14.4+1.2 um in width.

During the bloom, three species of
toxic  dinoflagellates ~ Gymnodinium
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catenatum (Fig. 3c), Amphidinium
carterae (Fig. 4a, b), and Ostreopsis
ovata (Fig. 6a, b) which have potential to
produce harmful algal blooms in a wide

.
»

T

range observed and recorded as bloom
co-occurrence species.

Figure 3: Light Microscope images of Karlodinium cf. veneficum (a and b), and Gymnodinium
catenatum (c) from Chabahar Bay-northern of the Oman Sea. Scale bar=10 pm.

A. carterae and O. ovata are reported for
the first time from this region. The size
of A. carterae was recorded between 8-
20 um in length and 5-12 pm in width.

In the epifluorescence micrographs, the
stained nucleus in the cell is relatively
large, single, and egg-shaped in the
posterior part of the hypocone (Fig. 4d, c).

d

%
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Figure 4: Light Microscope images of Amphidinium carterae (a, and b), and epifluorescence
microscopy micrographs (c and d) of Amphidinium carterae from Chabahar Bay-northern
of the Oman Sea. Scale bar=5 pm. Nu: Nucleus.

The size of O. ovata was also recorded,
with a length between 25 and 70 (mean:
47.5) um and a width between 17 and 55
(mean: 36) pum. The cells are oval and
covered with a large number of
photosynthesis golden chloroplasts (Fig.
5a-c). Between the two convex parts of

the cell, there is a large oval posterior
nucleus (Fig. 5d). A mucilaginous
substance surrounded the O. ovata
microalgae, which can be easily
recognized by the naked eye.
Microorganisms live inside these
mucilaginous substances suspended in
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water, which were seen moving under
the fluorescence microscope lens as
reddish dots (Fig. 5e).

Figure 5: Light Microscope images of Ostreopsis ovata (a and b), cell chloroplast arrangement (c),
and stained cell nucleus (d) under the epifluorescence microscopy, and Microorganisms of
the mucilage substance (e) of O. ovata from Chabahar Bay-northern of the Oman Sea.
Scale bar=20 pm. Nucleus (Nu), Versal (v), Dorsal (d).

The accompanying  phytoplankton
community

In total, apart from the blooming species,
46 species of microalgae including 22
species of Dinophyta, 22 species of
Bacillariophyta, 1  species  of
Chlorophyta, and 1 species of
Cryptophyta were recorded (Table 1 and
Figs. 6-9). In terms of diversity and types

4%

Dinoflagellates

48%

Diatoms

Others 48%

of species, diatoms (48%) were equal to
dinoflagellates (48%) (Figs. 6-9).
Identification and photography of co-
occurrence species were done in two
ways, some species were observed under
the microscope for the first time on the day
of blooming and some after being placed
in the culture medium every 5 days.

23%
Non-HAB’s

HAB’s Potential

Figure 6: The percentage of microalgae species present in harmful algal blooms (left side) and the
percentage of non-harmful and harmful dinoflagellates (right side).
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Table 1: Species present in the algal bloom of Karlodinium cf. veneficum in Chabahar Bay on 15
and 16 June 2019. Species that have the potential to form harmful algal blooms or contain
toxins are marked with (x), non-toxic species are marked with (-), and species whose toxicity
is unknown are marked with (n/a) are specified in the table.

Class Species HAB’s Toxic Observation Time
Akashiwo sanguinea - - Blooming
Amphidinium cartera X X Blooming
Amphidinium sp. 1 n/a n/a Culturing
Amphidinium sp. 2 n/a n/a Culturing
Ansanella sp. n/a n/a Culturing
Dinophysis caudata X X Blooming
Diplopelta sp. - - Blooming
Gonyaulax polygramma - - Blooming
Gonyaulax sp. n/a n/a Culturing
Gymnodinium catenatum x x Blooming
Dinophyceae Levander!na fissa - - Culturi_ng
Ostreopsis ovata X X Blooming
Peridinium quadridentatum - - Blooming
Prorocentrum micans - - Blooming
Prorocentrum sp. n/a n/a Blooming
Protoperidinium sp. n/a n/a Culturing
Pyrodinium bahamense X - Culturing
Scrippsiella sp. n/a n/a Culturing
Scrippsiella acuminata - - Culturing
Tripos furca - - Blooming
Tripos fusus - - Culturing
Tripos horridus - - Culturing
Amphora sp. 1 - - Blooming
Amphora sp. 2 - - Blooming
Bacteriastrum sp. - - Blooming
Biddulphia sp. - - Culturing
Chaetoceros sp. 1 - - Blooming
Chaetoceros sp. 2 - - Blooming
Chaetoceros sp. 3 - - Blooming
Cylindrotheca sp. - - Blooming
Guinardia sp. 1 - - Culturing
Guinardia sp. 2 - - Blooming
Bacillariophyceae Haslea sp. ) ) Blooming
Helicotheca sp. - - Blooming
Licmophora sp. - - Culturing
Navicula sp. - - Blooming
Nitzschia sp. 1 n/a n/a Blooming
Nitzschia sp. 2 n/a n/a Culturing
Odontella sp. - - Blooming
Pleurosigma sp. 1 - - Blooming
Pleurosigma sp. 2 - - Blooming
Pleurosigma sp. 3 - - Blooming
Surirella sp. - - Blooming
Trieres mobiliensis - - Culturing
Chlorophyceae Treubaria sp. - - Culturing
Cryptophyceae Rhodomonas sp. - - Blooming
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Figure 7: Light micrographs of Scrippsiella acuminata (a, b), Scrippsiella sp. (c, d), Amphidinium
sp.1 (e), Amphidinium sp. 2 (f, g), Peridinium quadridentatum (h, i), Akashiwo sanguinea
(i, k), Pyrodinium bahamense (i-0), Gonyaulax polygramma (p, q), Gonyaulax sp. (r-t),
Dinophysis caudata (u), Levanderina fissa (v, w), Protoperidinium sp. (x, y). Scale bars, 10
pm (a-i); 20 pm (j, y).
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Figure 8: Light micrographs of Ansanella sp. (a), Diplopelta sp. (b), Tripos fusus (c), Tripos horridus
(d), Tripos furca (e), Prorocentrum sp. (f), Prorocentrum micans (g), Trieres mobiliensis
(h), Helicotheca sp. (i), Odontella sp. (j), Bacteriastrum sp. (k), Cylindrotheca sp. (I),
Treubaria sp. (m), Biddulphia sp. (n), Guinardia sp. 1 (0), Surirella sp. (p), Chaetoceros
sp. 1 (g), Chaetoceros sp. 2 (r), Chaetoceros sp. 3 (s), Licmophora sp. (t, u). Scale bars, 5
pm (a); 20 pm (b), 50 pm (c-e); 20 pm (f-u).
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Figure 9: Light micrographs of Navicula sp. (a, b), Nitzschia sp. 1 (c), Amphora sp. 1 (d), Amphora
sp. 2 (e), Rhodomonas sp. (f), Guinardia sp. 2 (g), Haslea sp. (h), Nitzschia sp. 2 (i),
Pleurosigma sp. 1 (j, k), Pleurosigma sp. 2 (l), Pleurosigma sp. 3 (m). Scale bars, 10 pm (a-

g); 20 pm (h-m).

Discussion

The reproduction and blooming of
dinoflagellate K. veneficum are strongly
dependent on environmental parameters
such as water salinity and pH, light
intensity, temperature, and organic and
mineral nutrient concentrations (Lin et
al., 2018b ; Huang et al., 2019). This

dinoflagellate is usually observed in
relatively low cell abundance (10%-103
cells mL1), but it can form very dense
blooms (10%-10° cells mL™) (Deeds et
al., 2006; Llanos-Rivera et al., 2023).
Some studies show that the number of K.
veneficum cells during blooming can
increase up to 108 cells mL™ (Goshorn et
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al., 2002; Hall et al., 2008). The research
results show that the mortality of aquatic
animals due to the bloom of the species
usually occurs at a density above 10*
cells mL™ . During a bloom in 1996 at a
fish farm in Maryland, USA, an algal
bloom of K. veneficum with a cell
density of 6x10* cells mL*? caused
extensive mortality of hybrid striped
bass (Place et al., 2012). K. veneficum is
known to be the main cause of periodic
fish mortality in the Chesapeake Bay in
the United States (Deeds et al., 2002). In
2005, many fish species were killed by
K. veneficum cells that had reached
densities (>10* cells mL™) in the Swan
and Canning River estuaries in Perth
Australia (Adolf et al., 2015). In the
same year, one of the largest aquatic
deaths caused by this species occurred in
Maryland in the upper and middle
Corsica River, according to estimates,
30 to 50 thousand fish were killed in the
bloom of K. veneficum with a cell
density of more than 56x10° cells mL*
(Place et al., 2012). A year later, a dense
bloom of this ichthyotoxic dinoflagellate
with a cell density (>200x103 cells mL-
1 in the Neuse River Estuary, North
Carolina, caused widespread aquatic
mortality (Hall et al., 2008). The density
of K. Veneficum cells in the present
study was 6.8x10* cells mL™*. However,
there are reports of researchers' results
that the blooming of this species in very
high cell density was without mortality.
For example, during a bloom in
Maryland with 100x10* cells mL™%, no
fish mortality was recorded (Place et al.,
2012). Therefore, the mechanism of
release of toxins of this microalgae is not

properly understood. Place et al. (2012)
hypothesize that probably shallow areas
or aquaculture systems are more at risk
of mortality due to K. veneficum bloom
than other areas.

During the bloom of K. veneficum in
Chabahar Bay, a large amount of
disintegrated microalgae cells were
observed, which could not be identified
due to cell destruction. However, some
cells, whose shape and structures were
not damaged, were morphologically
similar to K. veneficum. The destruction
of microalgae cells coincided with the
high mortality of marine organisms in
this area. One of the main causes of fish
losses in this bloom is probably
suffocation caused by gill inflammation,
however, the results of the researchers
show that the release of intracellular
toxins of this dinoflagellate during the
collapse of the bloom can be the main
reason for the death of aquatic animals
because the organisms that died during
the collapse of the K. veneficum bloom
in other parts of the world had symptoms
of poisoning. In other words, it is
assumed that the aging and destruction
of K. veneficum cells releases enough
toxin to Kill aquatic animals in the
aquatic environment (Hall et al., 2008).
The toxins produced by K. veneficum are
called karlotoxins (Deeds et al., 2002),
and at least 12 natural karlotoxin analogs
have been identified to date (Yang et al.,
2021). Although these toxins are toxic to
many aquatic animals, the most damage
is done to fish because karlotoxin has a
highly destructive power in damaging
the gill-covering tissues (Place et al.,
2012). Also, fish exposed to K.
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veneficum  toxins  show  various
symptoms  including  suffocation,
weakness, white spots on the scales, and
cloudy eyes (Furuya et al., 2018). The
results of the present study confirm the
visible damage on the aquatic organs
exposed to the bloom of this
dinoflagellate (Fig. 2).

K. veneficum is known as a
microalgae with a high ability to adapt to
the surrounding environment, and for
this reason, it can dominate a relatively
large marine area with its cell
reproduction. This dinoflagellate has a
high tolerance range against
environmental stresses. Also having
lethal toxins against other predators and
allelopathic effects on competitors are
other survival strategies of K. veneficum
for growth, survival, and expansion of its
distribution range (Yang et al., 2020).
One of the main reasons for the survival
of this microorganism and its
distribution in most marine areas of the
world is probably related to the type of
its feeding. Despite its small size, this
dinoflagellate has a feeding based on
phagotrophy. The results of a study by
Yang et al. (2020) show that K.
veneficum is an omnivorous phagotroph
feeding from dead and alive bodies and
cells of fish (Oryzias melastigma), brine
shrimp  (Artemia  salina), rotifer
(Brachionus  plicatilis) and even
microalgae such as Akashiwo sanguinea,
and It also feeds on Margalefidinium,
Isochrysis galbana, and Rhodomonas
salina. This dinoflagellate can feed on
any organism, including cells of its own
species. However, K. veneficum prefers
to feed on immobile or freshly dead prey

(fish, zooplankton, or phytoplankton)
(Yang et al., 2020). Place et al. (2012)
cited mixotrophy as an important
strategy for K. veneficum bloom
formation. The abundance of prey,
especially nannoplankton cryptophytes,
seems to be a key factor in causing toxic
blooms of K. veneficum in eutrophic
environments (Place et al., 2012).
Therefore, probably this important
parameter can explain the success of this
species in forming frequent blooms and
its global distribution.

The present study reports for the first
time the presence of two dinoflagellates,
Amphidinium carterae and Ostreopsis
ovata, which are among the most
important and dangerous dinoflagellates
in terms of toxicity and harmful bloom
formation.  These  species  were
previously identified and recorded
during the routine monitoring of
phytoplankton in the waters of the Oman
Sea and the Persian Gulf (Al-Yamani et
al., 2012; Darki and Krakhmalnyi, 2017;
Saraji, 2018), however, they were not
reported in Chabahar Bay until this
bloom occurred. A. carterae is a
dinoflagellate abundant in most marine
areas around the world, but it was not
identified in Chabahar Bay before this
study. Perhaps, one of the reasons for
this issue is that naked dinoflagellates
are often sensitive to the type of
sampling or the dose of fixer solutions
and undergo deformation. For this
reason, their sampling is not successful
most of the time (Baig et al., 2006;
Okolodkov and Garate-Lizarraga, 2006;
Garate -Lizarraga, 2012). The presence
of two dinoflagellates A. carterae and O.
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ovata are often observed together
(Nascimento et al., 2012), however, the
cause of this relationship has not yet
been investigated. So far, the presence of
14 species of the genus Amphidinium
and 3 species of the genus Ostreopsis
have been identified and reported in the
waters of the Oman Sea and the Persian
Gulf (Attaran-Fariman and Asefi, 2022),
of which 3 species are A. gibbosum, A.
operculatum, and A. carterae and 3
species, O. lenticularis, O. siamensis,
and O. ovata, cause harmful algal
blooms and are considered by UNESCO
(10C) as toxic microalgae (Lunholm et
al., 2009; Mandal et al., 2011; Attaran-
Fariman and Asefi, 2022). The
unarmored dinoflagellate A. carterae
Hulburt is known as the toxin-producing
species  through  Ciguatera  Fish
Poisoning (CFP) in humans (Murray et
al., 2012; Karafas et al., 2017). O. ovata
species is also considered an epiphytic
dinoflagellate and has the potential to
produce  palytoxin  (PLTX) and
ovatoxins (OVTXs) (Brissard et al.,
2014; Garcia-Altares et al., 2015). These
toxins can cause severe and sometimes
fatal poisoning if ingested by humans
through feeding on aquatics such as fish
and shellfish (Faimali et al., 2012).
However, the most common poisoning
in humans is due to the inhalation of
aerosols in the form of sprays, which
include respiratory problems, skin
irritations, and mild eye problems
(Nascimento et al., 2012; Pfannkuchen
et al., 2012; Gémin et al., 2020).

The results of most studies show that
both of these dinoflagellates tend to live
in tropical waters (Garate -Lizarraga,

2012; Seoane et al., 2018; Tibirica et al.,
2019), Therefore, the warming of the
earth due to climate change can probably
increase their blooming in marine
environments. Even though A. carterae
has a high potential for very high
reproduction in most environmental
conditions, however, the report of its
blooming is less observed. For example,
previous records from the waters of the
coastal areas of Pakistan in the Arabian
Sea (Baig et al., 2006), the coast of
Mexico in the Gulf of California (Garate
-Lizérraga, 2012), and recently on the
coast of Sydney in Australia (Murray et
al., 2015), which in the last case, it
caused the death of a large amount of
fish in the mentioned area. Although O.
ovata is rapidly increasing its presence
in many marine areas and numerous
blooms are reported every year, blooms
with aquatic mortality are less reported
(eg. Ferreira, 2006). Although, in the
past few years, Chabahar Bay has been
involved in the bloom of dinoflagellates
with high density, which has caused the
death of marine organisms
(Koochaknejad et al., 2017; Ghazilou et
al.,, 2017; Asefi and Attaran-Fariman,
2023). However, the bloom of
dinoflagellates A. carterae and O. ovata
has not been reported from this area until
now, and they have not contributed to
the mortality of aquatic animals in the
study area.

Most of the phytoplankton species in
the Persian Gulf and the Oman Sea that
have the potential to produce toxins are
dinoflagellates (Attaran-Fariman and
Asefi, 2022), which can not only cause
health problems for humans but also Kill
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marine animals, including marine
mammals. Also, damage to coral reefs,
reduction of water quality, and economic
problems, including damage to fisheries
and aquaculture  industries, and
suspension of water desalination
operations are other consequences of the
blooming of toxic species in the Oman
Sea. Also, these blooms forced the
closure of desalination plants in the
Oman Sea and the Persian Gulf (Richlen
et al., 2010; Villacorte et al., 2015). The
results of several studies indicate that
harmful algal blooms (HABs) and their
impacts have recently increased in the
Oman Sea (Al-Azri et al., 2007,
Thangaraja et al., 2007; Richlen et al.,
2010) as well as other coastal areas of
the world (Glibert et al., 2005). Blooms
of HABs have been reported in the
coastal areas of the Oman Sea since 1976
(Al Gheilani et al., 2011). In general, the
occurrence of HABs in the Oman Sea is
more reported than in the Persian Gulf,
which is probably due to the increase of
Asian monsoon winds in this region,
which enter from the Arabian Sea
(Sedigh Marvasti et al., 2016), In a
similar study by Ershadifar et al. (2020)
in Chabahar Bay, the results of the
mentioned study have been confirmed.
The hydrodynamics of Chabahar Bay is
related to the prevailing winds blowing
from southeast to northwest in this bay.
These winds are so strong that they can
create water currents on the seabed
(Aliabad et al., 2019), thus providing
nutrients to the surface layer.

The fishing and fishery industry is
one of the biggest and most important
economic activities in Chabahar Bay.

40% of all fish caught in Iran is provided
by 23 thousand local fishermen of the
Chabahar Bay, which has become the
biggest source of employment for its
residents. This region is a rich source of
economic aquatic life such as more than
30 species of shrimp, 10 species of crab,
5 species of lobster, and 70 species of
commercial fish, and thus it is at a high
level in terms of biological production
(Jamnia et al., 2015). But at the same
time, it is considered a vulnerable
ecosystem, as urban and industrial
effluents, tourism development, increase
in the number of commercial and
shipping docks, and release of destroyed
fishing nets by fishermen have severely
exposed this area to pollution. In
addition, the unprincipled burial and
disposal of urban waste near the coasts
of this area and its entry into the sea have
polluted the water and changed the
ecosystem of this area (Ershadifar et al.,
2020; Asefi and Attaran Fariman, 2022).
Also, Chabahar Bay is exposed to
various natural environmental threats,
including the 120-day dust storms of
Sistan and its entry into the Chabahar
Bay's atmospheric regions, very low
rainfall, and climate change, and the rate
of flushing and limited water circulation
in this area (Agah et al., 2016) in
addition to the above environmental
hazards, the formation of harmful algal
blooms as a result of increased nutrient
enrichment from urban, industrial, and
desalination plant effluents can damage
the ecosystem make this area more
vulnerable and reduce fishing activities
increasingly.
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Although several studies have been
conducted on species causing harmful
algal blooms in Chabahar Bay (Attaran-
Fariman and Sharifian, 2014; Attaran-
Fariman et al., 2012; Dolatabadi et al.,
2021; Asefi and Attaran-Fariman, 2023),
however, more extensive investigations
are necessary to identify the presence of
the above phytoplankton species in the
waters of this region and to conduct
detailed studies to understand the
dynamics of these blooms and the
factors that cause them in the ecosystem.
Measures such as preventing pollution
from entering the waters of this region,
continuous monitoring of the sea
through satellite images, more research
on these species and the mechanisms
leading to the death of aquatic animals,
identifying the mechanisms of marine
dinoflagellate toxins present in this
region and informing about the exposure
and diseases related to HABs to the
indigenous people in the Chabahar Bay
can help to reduce the risks and
consequences of harmful algal blooms in
this area. In general, risks cannot be
completely eliminated but can be
reduced to acceptable levels.

Acknowledgments

The authors express their gratitude to the
Chabahar Chief of Environmental
Protection  office, Mr.  Ashrafali
Hosseini, and the  hardworking
employees, the head of the Offshore
Fisheries Research Center in Chabahar,
Dr. Ashkan Ajdari, and the staff,
especially Dr. Teymour Aminrad and
Dr. Zahra Aminikhoei for sharing it
declares field data. We are also grateful

to Dr. Rouhollah Zare, the head of the
laboratory of Chabahar Maritime
University, and experts, especially Dr.
Hassan Zadabbas Shahabadi and Mrs.
Maryam Behrouzi, for their efforts
during this study. Dr. Ehsan Atazadeh,
and Dr. Ali Naseri for their help in
identifying the diatoms present in the
bloom, and also from Mr. Alireza
Damani are thanked for his cooperation
in photographing the mortality of
Marine animals in the study area.

References

Adolf, J.E., Bachvaroff, T.R., Deeds,
J.R. and Place, AR. 2015.
Ichthyotoxic Karlodinium veneficum
(Ballantine) J Larsen in the Upper
Swan River Estuary (Western
Australia): Ecological conditions
leading to a fish kill. Harmful Algae,
48, 83-93.
DOI:10.1016/j.hal.2015.07.006

Agah, H., Saleh, A., Bastami, K.D. and
Fumani, N.S., 2016. Ecological risk,
source and preliminary assessment of
metals in the surface sediments of
Chabahar Bay, Oman Sea. Marine
Pollution Bulletin, 107(1), 383-388.
DOI:10.1016/j.marpolbul.2016.03.0
42

Al Gheilani, H.M., Matsuoka, K.,
AlKindi, A.Y., Amer, S. and
Waring, C., 2011. Fish Kill Incidents
and Harmful Algal Blooms in Omani
Waters. Journal of Agricultural and
Marine Sciences [JAMS], 16, 23.
DOI:10.24200/jams.vol16iss0pp23-
33

Al-Azri, A., Al-Hashmi, K., Goes, J.,
Gomes, H., Rushdi, A.l., Al-Habsi,


https://mail.jifro.ir/article-1-5350-en.html

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

Iranian Journal of Fisheries Sciences 22(5) 2023 978

H., Al-Khusaibi, S., Al-Kindi, R.
and Al-Azri, N., 2007. Seasonality of
the bloom-forming heterotrophic
dinoflagellate Noctiluca scintillans in
the Gulf of Oman in relation to
environmental conditions.
International Journal of Oceans and
Oceanography, 2(1), 51-60.

Aliabad, M.K., Nassiri, M. and Kor,
K., 2019. Microplastics in the surface
seawaters of Chabahar Bay, Gulf of
Oman (Makran Coasts). Marine
Pollution Bulletin, 143, 125-133.
DOI:10.1016/j.marpolbul.2019.04.0
37

AIKindi, A.Y., Al Gheilani, HM.H.,
Amer, S. and Al-Akhzami, Y.,
2007. Action Plan for Monitoring,
Mitigation and Management of
Harmful Algal Blooms in the Coastal
Waters of Oman. Sultan Qaboos
University Journal for Science
[SQUJS], 12(2), 75.
DOI:10.24200/squjs.vol12iss2pp75-
85

Al-Yamani, F.Y., Saburova, M. and
Polikarpov, 1., 2012. A preliminary
assessment of harmful algal blooms
in Kuwait’s marine environment.
Aquatic Ecosystem Health and
Management,  15(supl), 64-72.
DOI:10.1080/14634988.2012.67945
0

Asefi, M.A. and Attaran-Fariman, G.,
2022. A Review on the Impact of
Environmental Pollution  from
Municipal Waste Disposal on the
Health of Marine Ecosystem of
Kharchang Coast, Konarak,
Chabahar Bay. Environment and
Water Engineering, 8(1), 233-250.

DOI:10.22034/jewe.2021.287149.15
70 [In Persian]

Asefi, M.A. and Attaran-Fariman, G.,
2023. Harmful blooming of Noctiluca
scintillans in the southeast coastal
waters of Iran, Oman Sea. Iranian
Journal of Fisheries Sciences, 22(2),
261-277.
DOI:10.22092/1JFS.2023.128906

Attaran-Fariman, G, 2007.
Dinoflagellate Cysts and Chattonella
resting stages from recent sediments
of the South Coast of Iran. University
of Tasmania.

Attaran-Fariman, G., 2010. Initial
Assessment on  Dispersion  of
Harmful Algae Bloom along South-
East Coast of Oman Sea. [In Persian]

Attaran-Fariman, G., Khodami, S.
and Bolch, C.J.S., 2012. First
observation of dinoflagellate resting
cysts from recent sediments of the
southeast coast of Iran. Algological
Studies, 140(1), 51-79.
DOI:10.1127/1864-1318/2012/0048

Attaran-Fariman, G. and Sharifian,
S., 2014. Distribution and Abundance
of Phytoplankton Species with the
Potential of Harmful Bloom in
Southeast Coast of Iran. Journal of
Oceanography, 5(18), 1-10. [In
Persian]

Attaran-Fariman, G. and Asefi, M.A.,
2022. Checklist of phytoplankton of
the tropical Persian Gulf and Sea of
Oman. Nova Hedwigia, 114(3-4),
251-301.
DOI:10.1127/nova_hedwigia/2022/0
687

Baig, H.S., Saifullah, S.M. and Dar,
A., 2006. Occurrence and toxicity of


https://doi.org/10.22034/jewe.2021.287149.1570
https://doi.org/10.22034/jewe.2021.287149.1570
https://doi.org/10.22034/jewe.2021.287149.1570
https://mail.jifro.ir/article-1-5350-en.html

979 Asefi et al., Harmful algal bloom of Karlodinium Cf. veneficum (Dinophyceae) and marine ...

Amphidinium carterae Hulburt in the
North Arabian Sea. Harmful Algae,
5(2), 133-140.
DOI:10.1016/j.hal.2005.06.010

Brissard, C., Herrenknecht, C.,

Séchet, V., Hervé, F., Pisapia, F.,
Harcouet, J., Lémée, R., Chomérat,
N., Hess, P. and Amzil, Z., 2014.
Complex toxin profile of French
Mediterranean Ostreopsis cf. ovata
strains, seafood accumulation and
ovatoxins prepurification. Marine
Drugs, 12(5), 2851-2876.
DOI:10.3390/md12052851

Dai, X., Lu, D., Guan, W., Wang, H.,

He, P., Xia, P. and Yang, H., 2014.
Newly recorded Karlodinium
veneficum dinoflagellate blooms in
stratified water of the East China Sea.
Deep-Sea Research Part Il: Topical
Studies in Oceanography, 101, 237-
243.
DOI:10.1016/j.dsr2.2013.01.015

Deeds, J.R., Terlizzi, D.E., Adolf, J.E.,

Stoecker, D.K. and Place, A.R.,
2002. Toxic activity from cultures of
Karlodinium micrum (=Gyrodinium
galatheanum) (Dinophyceae) - A
dinoflagellate associated with fish
mortalities in an  estuarine
aquaculture facility. Harmful Algae,
1(2), 169-189. DOI:10.1016/S1568-
9883(02)00027-6

Deeds, J.R., Reimschuessel, R. and

Place, A.R., 2006. Histopathological
effects in fish exposed to the toxins
from Karlodinium micrum. Journal
of Aquatic Animal Health, 18(2),
136-148. DOI:10.1577/H05-027.1

Deng, Y., Wang, K., Hu, Z., Hu, Q.

and Tang, Y. 2023. Different
Geographic Strains of Dinoflagellate
Karlodinium veneficum Host Highly
Diverse Fungal Community and
Potentially Serve as Possible Niche
for  Colonization of  Fungal

Darki, B.Z. and Krakhmalnyi, A,
2017. Report of  Armored Molecular Sciences, 24(2), 1672.
Dinoflagellates From Waters DOI:10.3390/ijms24021672
Surrounding Hormuz Island (the Dolatabadi, F., Attaran-Fariman, G.
Strait of Hormuz) of From and Loghmani, M., 2021. Bloom
Surrounding Hormuz Island (the occurrence and phylogeny of
Strait of Hormuz). Iranian Journal of Gonyaulax polygramma
Botany, 23, 145-160. (Dinophyceae) isolated from south

Daugbjerg, N., Hansen, G., Larsen, J. east coast of Iran (Oman Sea).

Endophytes. International Journal of

and Moestrup, O., 2000. Phylogeny Iranian  Journal of  Fisheries
of some of the major genera of Sciences, 20(6), 1789-1803.
dinoflagellates based on DOI:10.22092/ijfs.2021.125501

ultrastructure and partial LSU rDNA Eissa, A.E., Tharwat, N.A. and Zaki,

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

sequence data, including the erection
of three new genera of unarmoured
dinoflagellates. Phycologia, 39(4),
302-317. DOI:10.2216/i0031-8884-
39-4-302.1

M.M., 2013. Field assessment of the
mid winter mass Kills of trophic fishes
at Mariotteya stream, Egypt:
Chemical and biological pollution
synergistic model. Chemosphere,


https://mail.jifro.ir/article-1-5350-en.html

Iranian Journal of Fisheries Sciences 22(5) 2023 980

90(3), 1061-1068.
DOI:10.1016/j.chemosphere.2012.09
.010

Ershadifar, H., Koochaknejad, E.,

Ghazilou, A., Kor, K., Negarestan,
H. and Baskaleh, G., 2020.
Response of phytoplankton
assemblages to  variations in
environmental parameters in a
subtropical bay (Chabahar Bay, Iran):
Harmful algal blooms and coastal

Ferreira, C.E.L., 2006. Sea urchins

killed by toxic algae. JIMBA Glob.
Marine Environment, 3, 22-23.

Furuya, K., Iwataki, M., Lim, P.T.,

Lu, S., Leaw, C.P., Azanza, R.V,,
Kim, H.G. and Fukuyo, Y., 2018.
Overview of Harmful Algal Blooms
in Asia. Global Ecology and
Oceanography of Harmful Algal
Blooms, 289-308. DOI:10.1007/978-
3-319-70069-4_14

hypoxia. Regional Studies in Marine Gérate-Lizarraga, I, 2012.
Science, 39, 101421. Proliferation of  Amphidinium
DOI:10.1016/j.rsma.2020.101421 carterae (Gymnodiniales:
Faimali, M., Giussani, V., Piazza, V., Gymnodiniaceae) in Bahia de La Paz,
Garaventa, F., Corra, C., Asnaghi, Gulf of California. CICIMAR
V., Privitera, D., Gallus, L., Oceanides, 27(2), 37.

DOI:10.37543/oceanides.v27i2.115
Garcia-Altares, M., Tartaglione, L.,

Cattaneo-Vietti, R., Mangialajo, L.
and Chiantore, M., 2012. Toxic
effects of harmful benthic

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

dinoflagellate Ostreopsis ovata on
invertebrate and vertebrate marine
organisms. Marine Environmental
Research, 76, 97-107.
DOI:10.1016/j.marenvres.2011.09.0
10

Farhat, A., Elleuch, J., Ben Amor, F.,

Barkallah, M., Smith, K.F., Ben
Neila, 1., Abdelkafi, S. and Fendri,
I., 2022. A fast and accurate method
for  specific detection and
quantification of the bloom-forming
microalgae Karlodinium veneficum in
the marine environment.
Environmental Science and Pollution
Research, 29(59), 88699-88709.
DOI:10.1007/511356-022-21667-z

Faust, M.A. and Gulledge, R.A., 2002.

Identifying harmful marine
dinoflagellates. Smithsonian
Institution, Washington, DC.144 P.

Dell’Aversano, C., Carnicer, O., De
La Iglesia, P., Forino, M., Diogéne,
J. and Ciminiello, P., 2015. The
novel ovatoxin-g and isobaric
palytoxin (so far referred to as
putative palytoxin) from Ostreopsis
cf. ovata (NW Mediterranean Sea):
Structural insights by LC-high
resolution MSn. Analytical and
Bioanalytical Chemistry, 407(4),
1191-1204. DOI:10.1007/s00216-
014-8338-y

Gémin, M.P., Réveillon, D., Hervé, F.,

Pavaux, A.S., Tharaud, M., Séchet,
V., Bertrand, S., Lemée, R. and
Amzil, Z., 2020. Toxin content of
Ostreopsis cf. ovata depends on
bloom phases, depth and macroalgal
substrate in the NW Mediterranean
Sea. Harmful Algae, 92, 101727.
DOI:10.1016/j.hal.2019.101727

Gerssen, A., Pol-Hofstad, I.E.,


http://refhub.elsevier.com/S1568-9883\(15\)00026-8/sbref0065
http://refhub.elsevier.com/S1568-9883\(15\)00026-8/sbref0065
http://refhub.elsevier.com/S1568-9883\(15\)00026-8/sbref0065
https://mail.jifro.ir/article-1-5350-en.html

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

981 Asefi et al., Harmful algal bloom of Karlodinium Cf. veneficum (Dinophyceae) and marine ...

Poelman, M., Mulder, P.P.J., van
den Top, H.J. and Dde Boer, J.,
2010. Marine toxins: Chemistry,
toxicity, occurrence and detection,
with special reference to the dutch
situation. Toxins, 2(4), 878-904.
DOI:10.3390/toxins2040878

Ghazilou, A., Koochaknejad, E.,

Ershadifar, H., Kor, K. and
Negarestan, H., 2017. Autumnal
algal bloom succession in Northern
coasts of Gulf of Oman. Harmful
Algae News, 56, 11-12.

Glibert, P.M., Anderson, D.M,,

Gentien, P., Granéli, E. and
Sellner, K.G., 2005. The global,
complex phenomena of harmful algal
blooms. Oceanography,
18(SPL.1SS.2), 136-147.
DOI:10.5670/oceanog.2005.49

Goshorn, D., Deeds, J., Tango, P.,

Poukish, C., Place, A.R., McGinty,
M., Butler, W., Luckett, C. and
Magnien, R., 2002. Occurrence of
Karlodinium  micrum and its
association with  fish  kills in
Maryland estuaries. Harmful Algae,
361-363.

Hall, N.S., Litaker, R.W., Fensin, E.,

Adolf, J.E., Bowers, H.A., Place,
A.R. and Paerl, H. W., 2008.
Environmental factors contributing to
the development and demise of a
toxic dinoflagellate (Karlodinium
veneficum) bloom in a shallow,
eutrophic, lagoonal estuary. Estuaries
and Coasts, 31(2), 402-418.
DOI:10.1007/s12237-008-9035-x

Hallegraeff, G., Mooney, B. and

Evans, K., 2010. What Triggers Fish-
Killing  Karlodinium  veneficum

Dinoflagellate Blooms in the Swan
Canning River system? With a
Supplement by FINAL REPORT
SRT project no . RSGO9TASOL.
UTAS, 31 pp. Final Report SRT
Project No. RSGO9TASO1l. Swan
Canning Research and Innovation
Program, 1-30.

Hasle, G.R., Syvertsen, E.E,,

Steidinger, K.A., Tangen, K. and
Tomas, C.R., 1996. Identifying
marine diatoms and dinoflagellates.
Elsevier, .598 P.

He, X., Liu, Y.L. Conklin, A,

Westrick, J., Weavers, L.K,
Dionysiou, D.D., Lenhart, J.J.,
Mouser, P.J., Szlag, D. and Walker,
H.W., 2016. Toxic cyanobacteria and
drinking water: Impacts, detection,
and treatment. Harmful Algae, 54,
174-193.
DOI:10.1016/j.hal.2016.01.001

Huang, H.L., Shao, Q.W., Zhu, X.J.,

Luo, J., Meng, R., Zhou, C.X., Zhu,
P., Zhu, Y.F. and Yan, X.J., 2019.
Distribution of Karlodinium
veneficum in the coastal region of
Xiangshan Bay in the East China Sea,
as detected by a real-time quantitative
PCR assay of ribosomal ITS
sequence. Harmful Algae, 81, 65-76.
DOI:10.1016/j.hal.2018.12.001

Jalili, M., Fallahi, M., Saleh, A.,

Mashinchian Moradi, A. and
Fatemi, M., 2022. Short-term
variations of phytoplankton
communities in response to Noctiluca
scintillans bloom in the Chabahar
Bay (Gulf of Oman). 21(4), 931-947.
DOI: 10.22092/ijfs.2022.127442

Jamnia, A.R., Mazloumzadeh, S.M.


https://mail.jifro.ir/article-1-5350-en.html

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

Iranian Journal of Fisheries Sciences 22(5) 2023 982

and Keikha, A.A., 2015. Estimate
the technical efficiency of fishing
vessels operating in Chabahar region,
Southern Iran. Journal of the Saudi
Society of Agricultural Sciences,
14(1), 26-32.
DOI:10.1016/j.jssas.2013.04.005

Kangur, K., Kangur, P. and Laugaste,

R., 2005. Fish kill in Lake Peipsi in
summer 2002 as a synergistic effect
of a cyanobacterial bloom, high
temperature, and low water level.
Proceedings of the Estonian
Academy of Sciences. Biology.
Ecology, 54(1), 67.
DOI:10.3176/biol.ecol.2005.1.05

Karafas, S., Teng, S.T., Leaw, C.P.

and Alves-de-Souza, C., 2017. An
evaluation of the genus Amphidinium
(Dinophyceae) combining evidence
from morphology, phylogenetics, and
toxin  production,  with  the
introduction of six novel species.
Harmful Algae, 68, 128-151.
DOI:10.1016/j.hal.2017.08.001

Koochaknejad, E., Ghazilou, A.,

Ershadifar, H., Kor, K. and
Maghsoudlou, A., 2017. A three-
year record of red tides in Chabahar
coastal waters (North of Gulf of
Oman). Journal of the Persian Gulf
(Marine Science ), 7(25), 61-66.

La, V.T. and Cooke, S.J.,, 2011.

Advancing the science and practice of
fish kill investigations. Reviews in
Fisheries Science, 19(1), 21-33.
DOI:10.1080/10641262.2010.53179
3

Li, M., Chen, Y., Zhang, F., Song, Y.,

Glibert, P.M. and Stoecker, D.K.,
2022. A three-dimensional

mixotrophic model of Karlodinium
veneficum blooms for a eutrophic
estuary. Harmful Algae, 113, 102203.
DOI:10.1016/j.hal.2022.102203

Lin, C.H., Lyubchich, V. and Glibert,

P.M., 2018a. Time series models of
decadal trends in the harmful algal
species Karlodinium veneficum in
Chesapeake Bay. Harmful Algae, 73,
110-118.
DOI:10.1016/j.hal.2018.02.002

Lin, C.H., Flynn, K.J., Mitra, A. and

Glibert, P.M., 2018b. Simulating
effects of variable stoichiometry and
temperature on mixotrophy in the
harmful dinoflagellate karlodinium
veneficum. Frontiers in Marine
Science, 5, 320.
DOI:10.3389/fmars.2018.00320

Llanos-Rivera, A., Alvarez-Mufioz,

K., Astuya-Villalon, A., LoOpez-
Rosales, L., Garcia-Camacho, F.,
Sanchez-Miron, A., Krock, B. and
Gallardo-Rodriguez, J.J., 2023.
Sublethal effect of the toxic
dinoflagellate Karlodinium
veneficum on early life stages of
zebrafish (Danio rerio).
Environmental Science and Pollution
Research, 30(10), 27113-27124.
DOI:10.1007/s11356-022-24149-4

Lunholm, N., Churro, C., Fraga, S.,

Hoppenrath, M., Iwataki, M.,
Larsen, J., Mertens, K., Moestrup,
@. and Zingone, A., 20009.
Taxonomic Reference List of
Harmful Micro Algae. loc-Unesco.

Mandal, S.K., Singh, R.P. and Patel,

V., 2011. Isolation and
Characterization of
Exopolysaccharide Secreted by a


https://mail.jifro.ir/article-1-5350-en.html

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

983 Asefi et al., Harmful algal bloom of Karlodinium Cf. veneficum (Dinophyceae) and marine ...

Toxic Dinoflagellate, Amphidinium
carterae Hulburt 1957 and its
probable role in harmful algal blooms
(HABs). Microbial Ecology, 62(3),
518-527. DOI:10.1007/s00248-011-
9852-5

Murray, S.A., Garby, T., Hoppenrath,

M. and Neilan, B.A., 2012. Genetic
diversity, morphological uniformity
and polyketide production in
dinoflagellates (Amphidinium,
dinoflagellata). PLoS ONE, 7(6),
e38253.

DOI:10.1371/journal.pone.0038253

Murray, S.A., Kohli, G.S., Farrell, H.,

Spiers, Z.B., Place, A.R., Dorantes-
Aranda, J.J. and Ruszczyk, J.,
2015. A fish kill associated with a
bloom of Amphidinium carterae in a
coastal lagoon in Sydney, Australia.
Harmful  Algae, 49, 19-28.
DOI:10.1016/j.hal.2015.08.003

Naeem, S. and Sattar, S.A., 2007. A

Compilation of Reported Fish Kills in
the Maldives. Marine Research
Center. pp 1-30.

Nascimento, S.M., Franca, J.V.,

Gongalves, J.E.A. and Ferreira,
C.E.L., 2012. Ostreopsis cf. ovata
(Dinophyta) bloom in an equatorial
island of the Atlantic Ocean. Marine
Pollution Bulletin, 64(5), 1074-1078.
DOI:10.1016/j.marpolbul.2012.03.0
15

Nielsen, M.V., 1993. Toxic effect of the

marine dinoflagellate Gymnodinium
galatheanum on juvenile cod Gadus
morhua. Marine Ecology Progress
Series, 95(3), 273-277.
DOI:10.3354/meps095273

Okolodkov, Y.B. and Garate-

Lizarraga, 1., 2006. an Annotated
Checklist of Dinoflagellates
(Dinophyceae) From the Mexican
Pacific. Acta Botanica Mexicana, 74,
1. DOI:10.21829/abm74.2006.1008

Pfannkuchen, M., Godrijan, J., Mari¢

Pfannkuchen, D., Ivesa, L., Kruzi¢,
P., Ciminiello, P., Dell’Aversano,
C., Dello lacovo, E., Fattorusso, E.,
Forino, M., Tartaglione, L. and
Godrijan, M., 2012. Toxin-
producing ostreopsis cf. ovata are
likely to bloom undetected along
Coastal  Areas.  Environmental
Science and Technology, 46(10),
5574-5582. DOI:10.1021/es300189h

Pinheiro, H.T., Gasparini, J.L. and

Joyeux, J.C., 2010. Reef fish mass
mortality event in an isolated island
off Brazil, with notes on recent
similar events at Ascension, St
Helena and Maldives. Marine
Biodiversity Records, 3.
DOI:10.1017/s1755267210000424

Pitcher, G.C. and Louw, D.C., 2021.

Harmful algal blooms of the
Benguela eastern boundary upwelling
system. Harmful Algae, 102, 101898.
DOI:10.1016/j.hal.2020.101898

Place, AR, Bowers, H.A,

Bachvaroff, T.R., Adolf, J.E.,
Deeds, J.R. and Sheng, J., 2012.
Karlodinium veneficum-The little
dinoflagellate with a big bite.
Harmful Algae, 14, 179-195.
DOI:10.1016/j.hal.2011.10.021

Polikarpov, I., Saburova, M. and Al-

Yamani, F., 2020. Decadal changes
in diversity and occurrence of
microalgal blooms in the NW
Arabian/Persian  Gulf.  Deep-Sea


https://mail.jifro.ir/article-1-5350-en.html

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

Iranian Journal of Fisheries Sciences 22(5) 2023 984

Research Part 11: Topical Studies in
Oceanography, 179, 104810.
DOI:10.1016/j.dsr2.2020.104810

Ram, A., Jaiswar, J.R.M., Rokade,

M.A., Bharti, S., Vishwasrao, C.
and Majithiya, D., 2014. Nutrients,
hypoxia and Mass Fishkill events in
Tapi Estuary, India. Estuarine,
Coastal and Shelf Science, 148, 48—
58. DOI:10.1016/j.ecss.2014.06.013

Richlen, M.L., Morton, S.L., Jamali,

E.A., Rajan, A. and Anderson,
D.M., 2010. The catastrophic 2008-
2009 red tide in the Arabian gulf
region, with observations on the
identification and phylogeny of the
fish-killing dinoflagellate
Cochlodinium polykrikoides.
Harmful Algae, 9(2), 163-172.
DOI:10.1016/j.hal.2009.08.013

ROPME (Regional Organization for

the Protection of the Marine
Environment)., 1999. Manual of
Oceanographic  Observations and
Pollutant Analyses Methods
(MOOPAM). Regional Organization
for the Protection of the Marine
Environment, Kuwait.458 P.

Saraji, F., 2018. Establishing a database

for phytoplankton species from
Persian Gulf and Oman Sea- Phase 1:
the relevant conducted studies.
Iranian Fisheries Research Institute.
49 P,

Sedigh Marvasti, S., Gnanadesikan,

A., Bidokhti, A.A., Dunne, J.P. and
Ghader, S., 2016. Challenges in
modeling spatiotemporally varying
phytoplankton  blooms in  the
Northwestern Arabian Sea and Gulf
of Oman. Biogeosciences, 13(4),

1049-1069. DOI:10.5194/bg-13-
1049-2016

Seoane, S., Molina-Miras, A., Lopez-

Rosales, L., Sanchez-Mirén, A,
Ceron-Garcia, M.C., Garcia-
Camacho, F., Madariaga, I. and
Molina-Grima, E., 2018. Data on the
Amphidinium carterae Dn241EHU
isolation and morphological and
molecular characterization. Data in
Brief, 20, 1-5.
DOI:10.1016/j.dib.2018.07.036

Subrahmayan, R., 1971. The

Dinophyceae of the Indian Seas. Part
2. Family Peridiniaceae Schutt
emend. Lindemann. Marine Biology
Association of India 2, 1-334.

Thangaraja, M., Al-Aisry, A. and Al-

Kharusi, L., 2007. Harmful algal
blooms and their impacts in the
middle and outer ROPME sea area.
International Journal of Oceans and
Oceanography, 2(1), 85-98.

Tibiri¢a, C.E.J.A,, Leite, |.P., Batista,

TV.V, Fernandes, L.F.,
Chomérat, N., Herve, F., Hess, P.
and Mafra, L.L., 2019. Ostreopsis
cf. Ovata bloom in currais, Brazil:
Phylogeny, toxin profile and
contamination of mussels and marine
plastic litter. Toxins, 11(8), 446.
DOI:10.3390/toxins11080446

Tomas, C.C.R., 1997. Identifying

marine phytoplankton. Academic
press, USA. 835 P.

Tsikoti, C. and Genitsaris, S., 2021.

Review of harmful algal blooms in
the coastal mediterranean sea, with a
focus on greek waters. Diversity,
13(8), 396. DOI:10.3390/d13080396

Tubaro, A., Durando, P., Del Favero,


https://mail.jifro.ir/article-1-5350-en.html

[ Downloaded from mail .jifro.ir on 2026-06-10 ]

985 Asefi et al., Harmful algal bloom of Karlodinium Cf. veneficum (Dinophyceae) and marine ...

G., Ansaldi, F., Icardi, G., Deeds,
J.R. and Sosa, S. 2011. Case
definitions for human poisonings
postulated to palytoxins exposure.
Toxicon, 57(3), 478-495.
DOI:10.1016/j.toxicon.2011.01.005

Villacorte, L.O., Tabatabai, S.A.A.,

Dhakal, N., Amy, G., Schippers,
J.C. and Kennedy, M.D., 2015.
Algal blooms: an emerging threat to
seawater reverse 0SMosis
desalination. Desalination and Water
Treatment, 55(10), 2601-2611.
DOI:10.1080/19443994.2014.94064
9

Wang, H., Lu, D., Huang, H., Goébel,

J., Dai, X. and Xia, P., 2011. First
observation of Karlodinium
veneficum from the East China Sea
and the coastal waters of Germany.
Acta Oceanologica Sinica, 30(6),
112-121. DOI:10.1007/s13131-011-
0168-6

Werner, K.A., Marquart, L. and

Norton, S.A., 2012. Lyngbya
dermatitis (toxic seaweed dermatitis).
International Journal of
Dermatology, 51(1), 59-62.
DOI:10.1111/j.1365-
4632.2011.05042.x

Woelkerling, W.J., Kowal, R.R. and

Gough, S.B., 1976. Sedgwick-rafter
cell counts: a procedural analysis.
Hydrobiologia, 48(2), 95-107.
DOI:10.1007/BF00040161

Wolny, J.L., McCollough, C.B,,

Rosales, D.S. and Pitula, J.S., 2022.
Harmful Algal Bloom Species in the
St. Martin River: Surveying the
Headwaters of Northern Maryland’s
Coastal Bays. Journal of Coastal
Research, 38(1), 86-98.
DOI:10.2112/JCOASTRES-D-21-
00044.1

Yang, H., Hu, Z., Shang, L., Deng, Y.

and Tang, Y.Z., 2020. A strain of the
toxic dinoflagellate  Karlodinium
veneficum isolated from the East
China Sea is an omnivorous
phagotroph. Harmful Algae, 93,
101775. DOl:
10.1016/j.hal.2020.101775

Yang, H., Hu, Z.and Tang, Y.Z., 2021.

Plasticity and multiplicity of trophic
modes in  the dinoflagellate
karlodinium and their pertinence to
population maintenance and bloom
dynamics. Journal of Marine Science
and Engineering, 9(1), 1-21.
DOI:10.3390/jmse9010051


https://mail.jifro.ir/article-1-5350-en.html
http://www.tcpdf.org

