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Abstract: The catastrophic event of red tide has happened in the Strait of Hormuz, the Persian Gulf and Gulf of
Oman from late summer 2008 to spring 2009. With its devastating effects, the phenomenon shocked all the countries
located in the margin of the Persian Gulf and the Gulf of Oman and caused considerable losses to fishery industries,
tourism, and tourist and trade economy of the region. In the maritime cruise carried out by the Persian Gulf and Gulf
of Oman Ecological Research Institute, field data, including temperature, salinity, chlorophyll-a, dissolved oxygen
and algal density were obtained for this research. Satellite information was received from MODIS sensor.
Temperature and surface chlorophyll images were obtained and compared with the field data. The results obtained
from the present research indicated that with the occurrence of harmful algal blooms (HAB), the Chlorophyll-a and
the dissolved oxygen contents increased in the surface water. Maximum algal density was seen in the northern
coasts of the Strait of Hormuz. Less concentration of algal density was detected in deep and surface offshore water.
Temperature and chlorophyll satellite images were proportionate to the measured values obtained by the field
method. This indicates that satellite measurements have acceptable precisions and they can be used in sea
monitoring.
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1. Introduction dynamics of blooms and types of impact. Other
Harmful Algal Blooms (HABs), commonly dinoflagellates can cause direct harm to or even kill
known as Red Tide, is a sea phenomenon in which marine animals, such as fish, although the precise
unicellular algae or cyanobacteria change the color of modes of impairment to the animals are diverse and
oceans and seas during a rapid and considerable sometimes not known. One dinoflagellate which is
growth. Such a phenomenon is generally harmless; well known for causing fish kills in Southeast Asian
however, some species endanger sea environment waters is Cochlodinium polykrikoides. Cochlodinium
and human health under certain conditions. The has been implicated in kills of wild and impounded
phenomenon often broadly threatens vast areas of fish around the globe (Onoue et al., 1985; Yuki, and
seas and oceans in the world. Yoshimatsu, 1989; Guzman et al., 1990; Qi et al.,
During the last decades, an increasing 1993; Garrate-Lizarraga et al., 2004; Whyte et al.,
number of HABs have been reported worldwide, and 2001) and has been the cause of fisheries losses
received a lot of attention due to their negative exceeding $100 million in Korea (Kim, 1998; Kim et
impact on the marine environment in which they al., 1999).
occur (Hallegraeff et al. 2003). Over the last few Studies have also indicated that
decades, the coastal regions throughout the world metamorphosis of oyster (Crassostrea gigas) larvae
have experienced incidences of HAB with potential was slowed during Cochlodinium  blooms
threat to humans as well as marine organisms, owing (Matsuyama et al. 2001) and that mortality of larvae
to accelerated eutrophication from human activities of the American oyster, Crassostrea virginica, was
and certain oceanic processes (Chu and Kuo, 2010). elevated by exposure to Cochlodinium (Ho and
HAB events are characterized by two main Zubkoff, 1979). The most common Cochlodinium
features; they are caused by microalgae and they species, C. polykrikoides, grows optimally at
have a negative impact on human health and/or temperatures between 21 and 26 °C and at salinities
activities such as fisheries, aquaculture, and tourism. between 30 and 36 (Kim et al 2004; Yamatogi et al.,
Despite these common features, HABs are very 2006). Cochlodinium is a mixotrophic alga (Larsen
diverse in terms of harmfulness, causative organisms, and Sournia, 1991; Jeong et al., 2004) and thus likely
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employs flexible nutrient acquisition strategies during
blooms. Moreover, since this alga is noxious to some
planktonic grazers (Ho and Zubkoff, 1979; Shin et
al., 2003), it may escape top-down control by
zooplankton which most phytoplankton experience
(e.g. Gobler et al., 2002).

The phenomenon occurs through the two
different methods in the Persian Gulf, the Gulf of
Oman and the Strait of Hormuz in both summer and
winter. Generally, native species of Nuctolica family
grow in summer and native species of Dinoflagiate
family grow in winter.

The phenomenon does not usually lead to
loss of aquatic animals in the Persian Gulf and the
Gulf of Oman,; yet, it has caused the deaths of aquatic
animals and wild fish in this area during recent years.

Harmful algal Blooms caused by
Cochlodinium  polykrikoides algae started in
September 2008 from south of the Gulf of Oman,
stretched to other areas of the Gulf of Oman, the
Strait of Hormuz and the Persian Gulf, and lasted
more than nine months. This phenomenon caused the
death of so many marine species, wild fish and brood
aquatic animals in this area and left catastrophic
effects on the domestic economy in these regions.
Red tide killed hundred tons of fish, limited fishing,
damaged the coral reefs seriously, left unfavorable
effects on tourism in this area, and caused disorders
in marine ecosystems.

2. Method of research

Data of the present research includes the
data collected from the maritime patrol performed in
the Persian Gulf and Oman Sea Ecological Research
Institute from 24 to 29 February 2009 at the time the
red tide occurred, CTD field data preformed in the
south of Gheshm Island in November 2008, and field
measurements carried out before and after this
phenomenon.

In this research, data of each station,
including temperature, chlorophyll-a, dissolved
oxygen, salinity and algal density collected in each
station has been used. The data obtained from
MODIS sensor satellite was used to compare with the
field data of the temperature and chlorophyll.
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Figure 1: The Strait of Hormuz area and the stations
studied in this research

http://www.lifesciencesite.com

4728

Figure 1 shows the stations of the maritime
patrol in the Persian Gulf, the Strait of Hormuz and
the Gulf of Oman performed from 24 to 29 February
2009, considering L1, L2, L3 transects used in this
research, marine parameters measurement stations in
south of Gheshm Island in November 2008 and
marine parameters measurement stations in Bandar
Abbas coasts during HAB period. The chlorophyll
and dissolved oxygen contents were obtained from
the sensors installed on the CTD. Chlorophyll content
and algal density were obtained experimentally in
mg/m’ and cell/l, respectively.

Finally, the field data of the stations and the
satellite data were processed using Excel, Surfer and
SeaDAS software. The results of the research were
obtained using the assessment of diagrams and output
forms of the software.
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Figure 2: 2—cell and 4-cell chains of coclodinium
polykorikodes caused red tide in the

Persian Gulf, the Strait of Hormuz and the Gulf of
Oman in 2008-2009

Scope of study

Scope of study of the present research
includes the north regions of the Strait of Hormuz.
The Strait of Hormuz is where water of the Persian
Gulf and water of the Gulf of Oman are exchanged.

Currents of the Strait of Hormuz are affected
by the exchange of water between the Persian Gulf
and the Gulf of Oman. Due to the counterclockwise
movement of the current in the Persian Gulf that is
generally caused by the density gradient, the current
makes a reverse estuary in this area, similar to the
Mediterranean Sea (Reynolds, 1993). The incoming
current to the Persian Gulf runs from the north of the
Strait of Hormuz and along the Iranian coasts toward
the north of the Persian Gulf. There, due to the
current movement of the Arvand River and the
Coriolis force, the flow redirects to the south coasts
of the Persian Gulf. It then moves along the Arabian
coasts and toward the south of the Strait of Hormuz.
During the course, due to high evaporation, its
salinity increases and reaches 42psu. The high
salinity of water increases water density.
Consequently, the outflow of the Persian Gulf flows
toward the depth and settles beneath the incoming
current.
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3. Results
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Figure 3: Surface distribution of temperature,
chlorophyll, dissolved oxygen and salinity using the
data obtained from the maritime patrol performed
from 24 - 29 February in the north of the Strait of
Hormuz

Figure 3 shows the surface temperature of
the seawater measured in the maritime patrol
performed 24 - 29 February. According to the Figure,
the surface steady temperature is between 24°C to
25°C. Flowing toward the Persian Gulf, the surface
temperature decreases. The surface chlorophyll of the
seawater at the north coasts of the Strait of Hormuz is
high. Flowing toward the Persian Gulf, The Gulf of
Oman and central areas of the Strait of Hormuz, the
temperature decreases. The dissolved oxygen in the
north of the Strait of Hormuz is more than 10 ppm,
which decreases in the surface water of the Persian
Gulf and north water of the Gulf of Oman to 7ppm
and 8ppm, respectively. Within the area under study,
salinity of the Gulf of Oman is less than the one of
the Strait of Hormuz and the Persian Gulf.

Density of Cochlodinium polykrikoides
algae, the agent responsible for creating the red tide,
has the most algal density in the north of the Strait of
Hormuz. The density decreases in the north of the
Persian Gulf and the Gulf of Oman.
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Figure 4: Surface distribution of the algal density of
Cochlodinium polykrikoides using the data obtained

from the maritime patrol of 24 - 29 February in the
north of the Strait of Hormuz

The most algal density of the surface of
water measured in the southeast of Bandar Abbas
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coast and east of the Hormuz Island is 20 * 10° cell/l.
In these surface images, one is able to see the
conformity of the surface chlorophyll distribution
with the surface algal density distribution and surface
oxygen.
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Figure 5: L1 transect, section of temperature,
chlorophyll, dissolved oxygen and salinity using the
data obtained from the maritime patrol of 24 - 29
February in the north of the Strait of Hormuz,
Stations 19 to 24

Figure 5 shows the vertical section from the
north of the Strait of Hormuz to the center of the
Strait of Hormuz. In Figure 5, the vertical section, is
shown by L1 transect. The Figure shows the steady
distribution of water temperature with little
thermocline gradient toward the bed in which the
temperature varies from 23°C to 24°C. By moving
from the north of the Strait of Hormuz to the depth of
water and moving toward the center of the Strait of
Hormuz, chlorophyll content decreases. It indicates
that HAB density is extremely high in the north of
the Strait of Hormuz. Water chlorophyll decreases in
deep areas, which indicates that Cochlodinium
polykrikoides algae content in deep water is more
than the one in the surface water. Nevertheless, the
differences in different regions of this transect
indicates that distribution of HAB agent algae in
different surface and deep regions is different. In
addition, the chlorophyll content in water with the
depth of 20 to 30 meters is more than the one in the
surface water.

Oxygen distribution in this transect is
similar to the one of chlorophyll. The only difference
is that oxygen distribution is steadier. The oxygen
content in the north of the Strait of Hormuz is high;
however, its content in the center of the Strait of
Hormuz is normal. The high concentration of oxygen
in the north of the Strait of Hormuz can be attributed
to the production of oxygen due to the photosynthesis
of the red tide algaec during the day. Such
measurements have already been carried out during
the day.

Distribution of salinity shows that water of
north of the Strait of Hormuz is a little saltier than the
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one of the central parts of the strait. The amount of
salinity increases in deeper areas. The incoming
current flowing into the Persian Gulf has made water
of the central area of the Strait of Hormuz less salty.
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Figure 6: L2 transect, a vertical section of
temperature, chlorophyll, dissolved oxygen and
salinity using the data obtained from the maritime
patrol of 24 - 29 February in the Persian Gulf toward
the Gulf of Oman in stations close to the coastal
regions of the north of the Strait of Hormuz

Figure 6 shows L2 transect which is a
vertical section of the Persian Gulf toward the Gulf of
Oman in stations close to the coastal regions of the
north of the Strait of Hormuz. In this transect,
temperature distribution shows that temperature of
the coastal regions of the Persian Gulf close to the
north of the Strait of Hormuz is less than the other
regions. A gentle gradient of thermocline with little
temperature changes is seen in some areas of the
Strait of Hormuz.

Chlorophyll content in the regions close to
the north coasts of the Strait of Hormuz exceeds 20
mg/m’ whereas in the other regions of this transect in
the Persian Gulf and the Gulf of Oman, the content of
chlorophyll decreases. Chlorophyll content decreases
in deep regions.

The dissolved oxygen content in the north
surface regions of the Strait of Hormuz exceeds 12
ppm, which is the most amount of the dissolved
oxygen. The dissolved oxygen content in the Persian
Gulf, the Gulf of Oman, and deep waters decreases to
7 ppm, 8 ppm, and 5 ppm, respectively. In the center
of the Strait of Hormuz, at the depth of 10m to 20m,
there is a region in which the oxygen content reaches
less than 6ppm. The region is located in an area
where the oxygen content is high; the reason may be
lack of photosynthesis of algae, as the algae of the
upper layers prevent sunlight to reach the beneath
layers. As oxygen is consumed during the day, the
phenomenon requires the least amount of oxygen
early morning.

L3 transect shows the vertical section of the
Persian Gulf to the Gulf of Oman in the offshore
stations of the north of the Strait of Hormuz.
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Figure 7: L3 transect, a vertical section of
temperature, chlorophyll, dissolved oxygen and
salinity using the data obtained from the maritime
patrol of 24 - 29 February in the Persian Gulf toward
the Gulf of Oman in the offshore stations of the north
of the Strait of Hormuz

Temperature distribution in this region is in
a way that the steady stratification is seen in the
temperature. With the increase of depth, the
compressed temperature stratification in the Persian
Gulf is stretched to the extended stratification in the
Gulf of Oman and thermocline becomes weaker and
deeper.

The chlorophyll content in this transect is
less than the one in L2. Regions with high amount of
chlorophyll are only seen in a scattered way in the
Persian Gulf, Strait of Hormuz and the Gulf of Oman
which is consistent with the satellite images in Figure
8.

The dissolved oxygen content is higher in
the surface water; however, it is lower in deep water
of this transect. The most concentration of the
dissolved oxygen is in the center of the Strait of
Hormuz, which exceeds 12ppm. The oxygen and
chlorophyll contents are consistent. In this vertical
section, by moving from the Persian Gulf to the Gulf
of Oman, the amount of salinity decreases. By
moving from the depth of the Persian Gulf to the
depth of the Gulf of Oman, salinity decreases
severely; it decreases from 40 psu at the depth of the
Persian Gulf to 36.8 psu at the depth of the Oman
Sea.

Figure 8 shows the data measured in south
of the Gheshm Island in November 2008. The Figure
8 shows the decrease of temperature from 27.5°C at
the surface to 25.5°C at the depth of 40 meters.
Chlorophyll content is 14 mg/m’ at the surface; it
reaches 2 mg/m’ at the depth of 10 meters and closes
to zero at more depths. Water salinity is 37.8 psu at
the surface of water. Due to the incoming current into
the Persian Gulf, salinity decreases to 37.5 psu. At
the depth of 40m, it increases again and reaches 38
psu.
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Figure 8: Measured CTD data in south of the Qeshm

Island in November 2008

Parameters measured in an area close to the
Bandar Abbas coasts show that water temperature at
the surface of water decreases from 31.5°C to 30°C at
the depth of 2m. The same temperature (30°C) is
maintained to the bed.

Chlorophyll contents of the seawater
decrease to 34 mg/m’, 2 mg/m’, and 6 mg/m’,
respectively. The dissolved oxygen at the surface of
water, at the depth of 2m and 4m are 10.8 ppt, 8 ppt,
and 6 ppt, respectively; this trend is proportion to
chlorophyll. Salinity of the seawater slowly increases
from the surface to the depth.
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Figure 9: Measured CTD data in south of the Bandar
Abbas coast in November 2008
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Figure 10: Satellite images of temperature, and
surface water chlorophyll, on 29 February 2009 using
MODIS sensor data

In addition, satellite images drawn by
SeaDAS software shows that the highest temperature
of the surface water in the north water of the Strait of
Hormuz belongs to the east of Badar Abbas coasts
where the chlorophyll content is high. By moving
toward the Persian Gulf, temperature drops and
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chlorophyll content decreases. 'n the eastern regions
of the Strait of Hormuz, the temperature is lower than
the one of the center of the Strait of Hormuz.
However, high chlorophyll content in the eastern
coasts located in the north of the Strait of Hormuz
can be seen as a narrow strip on the coastline. This
issue shows that the algae concentration in the
eastern coast of the Strait of Hormuz is more than the
other regions, which may be due to more nutrients in
this region and entering such materials through the
industrial and urban sewage.

4. Conclusion

With respect to the results obtained in this
study, one is able to conclude that consistency of the
chlorophyll-a distribution, dissolved oxygen and
algae (the agent responsible for creating the red tide)
in the studied stations and satellite sensor chlorophyll
images can be studied. The achieved consistency can
be attributed to the availability of chlorophyll in
algae, photosynthesis action, and oxygen generation.

The most distribution of algae and
chlorophyll-a can be seen in the surface water of the
north of the Strait of Hormuz and south and east of
Bandar Abbas. This indicates that nutrients are
abundant to feed algae and there are appropriate
physical and biological conditions for them to grow
in this area.

Chlorophyll content and algae distribution
were measured by the stations. Satellite images
confirm that algae density in nearshore area is more
than the one in offshore areas, which indicates that
the growth conditions of the algae in the water close
to the coastline is more appropriate, as nutrients and
oxygen contents are more.

Chlorophyll distribution in the vertical
section and surface to depth diagram indicates that
HAB density decreases from surface to depth.
Because light, nutrients and oxygen contents in
deeper waters are far less than the surface water.
These conditions limit the growth and living of the
algae.

The oxygen content in the north of the Strait
of Hormuz and in areas with high concentration of
HAB is high. This can be attributed to the generation
of oxygen due to the photosynthesis of algae, which
is responsible to create red tide during the day.
However, the similar measurements carried out
during night and early morning prove the opposite
and indicate that the algae consume oxygen during
the night. Consequently, the oxygen content is
reduced.

In the central areas of the Strait of Hormuz,
the chlorophyll content at the depth of 20 to 30
meters is a little more than the surface of water. This
indicates that there is a limited area, which is

lifesciencej@gmail.com




Life Science Journal 2012;9(4)

http://www.lifesciencesite.com

appropriate for the algae to grow and there are some
constraints for their growth.
Acknowledgments

We would like to thank all the technical and

scientific staff of Persian Gulf and Oman Sea
Ecological Institute. The satellite data is from the
ocean color website.

Corresponding Author:

S. Hamzehei

Department of Physical Oceanography

Science

and Research Branch, Islamic Azad

University, Tehran, Iran
E-mail: sh_hamzei@yahoo.com

References

L.

Anderson, D. M. (ed.), 1995. ECOHAB, The ecology
and oceanography of harmful algal blooms: A national
search agenda. Woods Hole Oceanographic Institution,
Woods Hole, MA. 66 pp.

Chu, P.C., and Y.-H. Kuo, 2010: Nutrient
pumping/advection by propagating Rossby waves in the
Kuroshio  Extension. = Deep-Sea  Research  1II,
doi:10.1016/j.dsr2.2010.04.007.

Garrate-Lizarraga, 1., Lopez-Cortes, D.J., Bustillis-
Guzrnan, J.J., Hernandez-Sandoval, R. 2004. Blooms of
Cochlodinium polykrikoides (Gymnodiniaceae) in the
Gulf of California, Mexico. Rev. Biol. Trop. 52:51-58.
Gobler, C.J., Renaghan, M.J., Buck, N.J., 2002. Impacts
of nutrients and grazing mortality on

the abundance of Aureococcus anophagefferens during a
New York brown tide bloom. Limnol Oceanogr 47, 129-
141.

Guzman, HM., Cortes, J., Glynn, P.W., Richmond,
RH. 1990. Coral mortality associated with
dinoflagellate blooms in the eastern Pacific (Costa Rica
and Panama). Mar. Ecol. Prog. Ser. 60: 299-303
Hallegraeff, G. M., D. M. Anderson and A. D Cembella
(Eds.), 2003, Manual on Harmful marine Microalgae, ,
UNESCO. Paris, France.

Hallegraeft G M. 1993 A review of algal blooms and
their apparent global increase Phycologia 32 (2): 79-99
Ho, M.-S., Zubkoff, P. L., 1979. The effects of a
Cochlodinium heterolobatum bloom on the survival and
calcium uptake by larvae of the American oyster,
Crassostrea virginica, pp. 409- 412. In: Taylor, D.L. and
H.H. Seliger, [eds.] Toxic Dinoflagellate Blooms.
Elsevier, NewY ork.

Kim, H.G. 1998. Cochlodinium polykrikoides blooms in
Korean coastal waters and their mitigation. In: B.
Reguera, J. Blanco, Ma L. Fernandez & T. Wyatt (eds.),
Harmful Algae, Xunta de Galicia and Intergovernmental
Oceanographic Commission of UNESCO, Spain: 227-
228.

Kim, C.S., Lee, S.G., Lee, C.K., Kim, H.G., Jung, J.
1999. Reactive oxygen species as causative agents in the
ichthyotoxicity of the red tide dinoflagellate

9/6/2012

http://www.lifesciencesite.com

4733

20.

21.

22.

Cochlodinium polykrikoides. Journal of Plankton
Research 21:2105-2115

Kim, D.I., Matsuyama, Y., Nagasoe, S., Yamaguchi, M.,
Yoon, Y.H., Oshima, Y., Imada, N., Honjo, T. 2004.
Effects of temperature, salinity and irradiance on the
growth of the harmful red tide dinoflagellate
Cochlodinium polykrikoides Margalef (Dinophyceae). J
Plankton Res 26, 61-66.

Larsen, J., Sournia, A., 1991. Diversity of heterotrophic
dinoflagellates, pp. 313-332. In: 836 Patterson, D.J.,
Larsen, J. [eds], The Biology of Free-living
Heterotrophic Dinoflagellates, 837 Clarendon Press,
Oxford.

Matsuyama, Y., Usuki, H., Uchida, T., Kotani, Y., 2001.
Effects of harmful algae on the early planktonic larvae
of the oyster Crassostrea gigas, pp. 411-414. In:
Hallegraeff, G.M., Blackburn, S.I., Bolch, C.J, Lewis,
R.J. [eds.], Proceedings of the Ninth International
Conference on Harmful Algal Blooms. IOC of
UNESCO, Paris

O’Reilly, J. E., Maritorena, S. Mitchell, B.G., Siegel, D.
A., Carder, K.L., Garver, S.A., Kahru, M. and McClain,
C. 1998. Ocean Color Chlorophyll Algorithms for
SeaWiFS.  Journal of Geophysical Research.
103:24,937-24,953.

Onoue, Y., Nozawa, K., Kumanda, K., Takeda, K.,
Aramaki, T. 1985. Toxicity of Cochlodinium ’78
Yatsushiro occurring in Yatsushiro Sea. Nippon Suisan
Gakkaishi, 51: 147 -151.

Qi, D., Huang, Y., Wang, X. 1993. Toxic dinoflagellate
red tide by a Cochlodinium sp. Along the coast of
Fujian, China. In: Toxic Phytoplankton Blooms in the
Sea, pp. 235-238. (Smayda, T. J. and Y. Shimizu, Eds.).
Amsterdam: Elsevier

Reynolds, R. M., 1993. Physical oceanography of the
Gulf, Strait of Hormuz and the Gulf of Oman: results
from the Mt Mitchell expedition. Mar. Pollut. Bull. 27,
35-59.

Shin, K., Jang, M.C,, Jang, P.K., Ju, S.J., Lee, TK,,
Chang, M., 2003. Influence of food quality on egg
production and viability of the marine planktonic
copepod Acartia omorii. Prog Oceanogr 57, 265-277.
Yamatogi, T., Sakaguchi, M., Iwataki, M., Matsuoka,
K., 2006. Effects of temperature and salinity on the
growth of four harmful red tide flagellates occurring in
Isahaya Bay in Ariake Sound, Japan. Nippon Suisan
Gakkaishi 72, 160-168.

Yuki, K. & S. Yoshimatsu. 1989. Two fish-killing
species of Cochlodinium from Harima-Nada, Seto
Inland Sea, Japan. In: T. Okaichi, D. Anderson & T.
Nemoto (eds.), Red Tides: Biology, Environmental
Science, and Toxicology, Elsevier, New York: 451-454.
Whyte, J.N.C.I, Haigh, N., Ginther, N.G., Keddy, L.J.
2001. First record of blooms of Cochlodinium sp
(Gymnodiniales, Dinophyceae) causing mortality to
aquacultured salmon on the west coast of anada.
Phycologia 40: 298-304.

lifesciencej@gmail.com




