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Abstract

Cochlodinium polykrikoides was bloomed in the Persian Gulf for the first time in September
2008, started from the Strait of Hormuz and then spread out towards the northern parts
covering most of the areas of the Gulf and lasted 8 months. In order to find out environmental
conditions during the bloom, a monthly sampling program was carried out in seven surface
stations in 2008-2009. At each station, three samples (triplicates) were collected for
phytoplankton analysis and also one sample for environmental analyses, including salinity,
chlorophyll a and nutrients. Blooms of C. polykrikoides were observed with a seawater
temperature of 20.1 to 31.0 °C, salinity 37.0-40.1 ppt and nutrient concentration ranges
during the bloom and red tide were 0.064-0.707 mg/I nitrate + nitrite and 0.001-1.66 mg/I
phosphate, respectively. Maximum of C. polykrikoides abundance was measured 26 x 10°
cells L™ in October 2008. Kruscal wallis test demonstrated a significant difference in
densities and chlorophyll-a in different months and seasons not in different stations. This
study showed increase of temperature (>31.0 °C) stopped bloom and red tide due to C.
polykrikoides in both the eastern and middle sampling stations but in the western stations was
determined decrease in nutrient amounts as the major factor therefore increased nutrient of
coastal waters, and environmental conditions could have efficacy the occurrence of this
dinoflagellate.
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Introduction

Marine Phytoplankton including diatoms,
dinoflagellates, blue-green algae,
silicoflagellates and coccolithophores etc
contributes about 95% of primary
production in the ocean waters (Verlecar
and  Desai, 2004). Blooms of
phytoplankton enhances the food chain
and growth of marine organisms but when
their numbers turns to become extremely
high, red tide occurs and imposes great
danger to the health of environment and
marine creatures (Attaran-Fariman and
Bolch, 2012).

In the late of twentieth century, a
global increase in algae bloom has been
occurred (Hallegraef, 1998) and many
harmful species have bloomed (HABS) in
different parts of the world. HABs have
been increased in terms of number, density
and geographical distribution and these
blooms cause economic damages and
various effects including threatening
human health, missing marine resources or
nourishing places or some effects on
tourism (Zingone and Enevoldsen, 2000).
Harmful algal blooms are serious threats to
marine ecosystem and coastal economy.
The intensity, duration and impacts of
HABs can vary interannually, being
influenced by changes climatic conditions
and other factors such as nutrient and
biochemical processes (Gobler et al.,
2008). 1t is possible blooms in ocean may
cover hundreds of square kilometers which
could be traced by satellite images
(Lindsey et al., 2010).

Different species of dinophyceae
are responsible for the planktonic blooms
and red tides in waters of Hormuzgan
province amongst them, Nauctiluca

scintillans (miliaris) is the main species
and occurs repeatedly throughout the
Persian Gulf and Oman Sea every year.
But so far no record of Cochlodinium
polykrikoides has been reported and
identified from Iranian waters. It is one of
the most important harmful dinoflagellate
producing red tide and has fatal effects on
of fish and other aquatics (Onoue and
Nozawa, 1989a; Yuki and Yoshimatsu,
1989; Kim et al., 2000; Kim et al., 2002).
The red tide forming dinoflagellate genus
Cochlodinium appears to be expanding
globally, as well as blooming and/or
causing more economic losses within its
previously reported geographic
distribution (Kudela et al., 2008). This
genus has become a cosmopolitan genus
found in temperate and tropical waters of
the globe (Steidinger and Tangen, 1997).
C. polykrikoides is an unarmoured marine
planktonic dinoflagellate species with a
distinctive spiral-shaped cingulum and
variable size (30-40 um in length and 20-
30 um in width), Chains, rarely more than
eight cells and it is also known as a red
tide species associated with extensive fish
Kills and great economic loss (Steidinger
and tangen, 1997). Its life cycle has two
morphologically different stages: an
armored and an unarmoured vegetative
stage. The former easily develops into an
unarmoured vegetative cell type also the
cysts are generated by the armed
vegetative cell (Kim et al., 2007). Other
workers describe several other
morphotypes of resting cysts (Matsuoka
and Fukuyo, 2000). The cyst-motile stage
relationship in Cochlodinium is thus not
yet established (Richlen et al., 2010). The
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first identification of C. polykrikoides was
by Margalef (1961) in coastal waters of
Puerto Rico (Rhichlen, 2010). Then
continued to be reported as blooms former
species since late of 1990s particularly in
the Pacific Ocean, in both the eastern and
western margins, also in 2000 and 2001,
large blooms were reported in Mexico in
the eastern Pacific (Morales-Blake and
Hernandez-Becerril, 2001; Garrate-
Lizarraga et al., 2004). It was recorded
most tensely from different regions
particularly from Korean waters (Kim,
1997), Japan, and Korea (Onoue and
Nozawa, 1989b; Yuki and Yoshimatsu,
1989; Lee et al., 2001). Other reports
include: southeastern Asia especially in
Philippines (Vicente et al., 2002; Relox
and Bajarias, 2003), Malaysia (Anton et
al., 2008), China (Qi et al.,, 1993), in
Chesapeake Bay (Mulholland et al., 2009).
All these reports have been demonstrated
great economic loss and damages to the
environment.

Phytoplanktonic blooms and red
tide occurrences are an ordinary
phenomenon in lranian waters in the
northern Persian Gulf and Oman Sea.
Since 1980s, blooms have been reported
from the northern Persian Gulf indicating
the most important bloomed species have
been Noctilluca scintillans,
Trichodesmium sp. and Nitzschia sp.
(Bahri, 2009). The first bloom of C.
polykrikoides was observed in September
20009.

The aim of this researh was to
assess the role of climatological and
physical-chemical parameters on the
bloom dynamics of C. polykrikoides in the
northern Persian Gulf.

Materials and methods

The field surveys were carried out monthly
at 7 stations from October 2008 to
November 2009 (Fig. 1). Sampling
stations were allocated within geographical
coordinates of 57° 02' 17.8" and 26° 31'
46.4" to 54° 32' 10" and 26° 34' 7.9" from
east to the west of coastal waters of
Hormuzgan province, north-west of
Persian Gulf (Table 1).

These sampling were conducted
during the morning using small boats. At
each station, surface water samples for cell
counts, chlorophyll a and nutrient analyses
were collected manually by sampling
bottles. Triplicate 1-5 L water samples,
depending on the station and/or on
apparent microalgal concentrations were
fixed with formalin then centrifuged and
concentrated to about 50 ml for subsequent
C.polykrikoides cell counts.

For determinations of nutrient
concentrations, water samples  were
collected in polyethylene bottles, fixed
with HgCI2 and immediately refrigerated
until further processing. A 4 L water
sample for chlorophyll a determinations
was also taken in an amber plastic bottle
and refrigerated for immediate processing
upon return to the laboratory. Triplicate
water samples were used for quantitative
determinations of C. polykrikoides cell.
Prior to cell counts, sample volumes were
adjusted depending on apparent cell
concentrations. Samples were gently
mixed to give a homogeneous distribution
of cells and subsequently, three 1ml
aliquot replicates were counted in a
Sedgewick-Rafter counting chamber using
an inverted microscope (model CK40,
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Olympus, Inc.). Determinations of cell
abundance were based on average cell

counts calculated from the replicate
samples.

Tablel: Geographical coordinates of sampling stations

Stations E N
S 57° 02' 17.8" 26° 31' 46.4"
S, 56° 50' 15.9" 26° 57" 31.6"
S; 56° 23" 14.3" 27° 03" 41.6"
S, 56° 17" 38.2" 27° 09' 51.3"
Ss 56° 11' 32.3" 27° 01' 20.7"
Se 54° 56' 43.3" 26° 33" 50.3"
S; 54° 32' 10.0" 26° 34" 7.9"
@
/w'iﬂ'\
s ’/rj::/,/:,/w) s1
_—— N \ =
- 8 . Lt Strait of Hormoz , s2
9 A N
: >
Persian Gulf = ‘W}/_\
b4 0 25 50 100 150 200 =
o E‘—_Wlnw~l b
Figurel: Sampling stations of Cochlodinium

polykrikoides

bloom in the northern

Persian Gulf coastal waters (2008-2009)

Meanwhile, on each sampling site, some
water measurements including sea surface
temperature, pH, salinity, dissolved
oxygen, TDS and conductivity were also
measured by Hack multi- analyzer model
156. Phosphate was measured by
Vanadomolybdo phosphoric Acid

colorimetric method and nitrite, nitrate and
chlorophyll a were also measured by
spectrophotometer UV/visible (Varian-
carry 100) according to Manual of
Oceanographic Observations and Pollutant
Analysis Methods procedures (Marine


https://dor.isc.ac/dor/20.1001.1.15622916.2012.11.3.3.3
http://jifro.ir/article-1-621-en.html

[ Downloaded from jifro.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15622916.2012.11.3.3.3 ]

Iranian Journal of Fisheries Sciences, 11(3), 2012 479

environment assessment marine
meteorology, 1999) at the DOE lab.

For statistical purposes, by using
Shapiro-Wilk test, it was shown that
density and chlorophyll a samples
distribution curves does not follow the
normal distribution, therefore, one-way
ANOVA Kruscal-Wallis test was used to
compare the means according to space and
time. Mann-Whitney test was also used for
pair comparison between the samples and
in order to obtain the relationship between
physical and chemical parameters and the
density and chlorophyll a, combined with
Pearson  correlation  coefficient and
regression analysis. All data were analyzed
using Statistica soft ware version6
(StatSoft).
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Results
All samples were thoroughly examined
and Cochlodinium polykrikoides

dinoflagellate was identified and density
counted.

Abundance of C. polykrikoides

The cell counts showed in the first
occurrence month a range of maximum
26x10°cells L™ at station 4 to minimum of
6.02x10° cells L™ at station 7. The density
trend showed an increase from east (station
1) towards the middle stations (3, 4 and 5)
and then showing a descending trend to the
west. The chlorophyll a measurements also
showed exactly the same pattern of density
fluctuations (Fig. 2).

\§
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Figure2: C. polykrikoides abundance and chlorophyll a concentration in sampling stations

(2008-2009).Error bars indicate SD

Kruscal-Wallis test demonstrated no
significant differences for cell density
(Chi-Square = 5.476, df = 6, Sig. = 0.484)
and chlorophyll a (Chi-Square=4.117, df
=6, Sig.=0.661) at the level of P<0.05
amongst all stations.

On the other hand, the monthly
variations of cell counts had a maximum
mean value of 1.189x10" in October 2008
and a minimum of 163 cells L™ during
June 2009 (Table 2).

Kruscal-Wallis test showed a significant
difference in  densities (Chi-Square
=65.069, df = 11, Sig. = 0.000) and
chlorophyll a (Chi-Square = 64.072, df =
10, Sig. = 0.000) in different months at the
level of P<0.05. Also this test showed a
significant difference in densities (Chi-
Square = 32.092, df = 3, Sig. = 0.000) and
chlorophyll a (Chi-Square = 48.641, df =
3, Sig. = 0.000) in different seasons at the
level of P<0.05.
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Seasonal changes of
C.polykrikoides density were presented in
table 3. The maximum mean value of
density was in autumn.

Mann-Whitney test demonstrated
significant differences between different
seasons spring/summer (0.035),
spring/winter  (0.002), summer/autumn

(0.004), summer/winter (0.002) at the level
of P<0.05.

Meanwhile, the relationship
between the cell density (Y) and the
chlorophyll a concentration(X) was
calculated as Y=7.4282X + 0.7686 with
R®=0.9489.

Table 2: Comparison of C. polykrikoides abundance and chlorophyll a in sampling months (2008-2009)

Month Cell Density Min Max Chlorophyll a Min Max
Mean =5.D Mean £5D
April 2000 06075 + 84805 23 201000 07654 = 0.6514 0.0171 1.7232
May 2009 158573 = 101011 12 288000 0.7584 = 06882 0.0185 19747
June 2009 163 =159 72 500 0.0132 + 0.0002 0.0130 0.0135
July 2009 176 = 68 31 250 0.0120 £ 0.0014 0.0010 0.0138
August 2009 300 = 487 31 1200 0.0180 = 0010 0.0161 0.0192
September 2000 658 = 483 62 1820 0.0233 = 0.0038 0.0192 0.0310
October 2009 188 = 105 63 325 0.0262 = 0.0019 0.0231 0.0291
October 2008 11890000 £ 9718600 602000 26000000 - -
November 2008 4295143 + 3565400 970000 9143000  32.4261+£25.72350 7.7250 68.7121
December 2008 996571 + 688955 174000 2125000 75150 = 54579 1.3123  17.5067
January 2009 1136625 = 969120 15000 2022000 8.7446 = 6.6910 0.0025 247892
February 2000 471371 = 458032 1500 1205000 42614 = 4.0342 0.0182 11.7351

-Data not available.

Table 3: Seasonal changes in density of C. polykrikoides (2008 -2009)

Seasons  Density Min MAX Chlorophyll o MIN  MAX
Mean £5I Mean £5.D.

Spring 115479 = 100324 12 288000 0.7619 = 0.6438 0.0171 1.9747

Summer 33§ + 257 0 1200 0.0147 = 0.0025 0.0100 0.0192

Autumn 6947120 = 62 26000000  21.0595 = 10.8232 0.0192 68.712

Winter 813314 + 662992 1500 2123000 6.7646 = 56564 0.0182 17.506

Physicochemical characteristics of
seawater

In Tables 4 and 5 are shown
physicochemical parameters of sea water
in  sampling stations and months
respectively. For the red tide and bloom
period in all stations, the temperature
range was 20.1-29.6 °C, salinity 37-40.1
ppt and nutrient concentration ranges were
0.064-0.707 mg/l nitrate + nitrite and

0.001-1.66 mg/l phosphate, respectively.

N/P ratio was also determined that at the
time of bloom, this ratio was less than 7.
The relation and regression of the cell density
(Y) and temperature (X) were calculated as:
Y= -2E +0.7X* +9E +0.8X -1E +10; (R’= 0.775).
Also the relation for nitrate (X), phosphate (X')
and the summation of these (X") were orderly
Y= 7E+ 0.7X — 7E +0.6, R® = 0.6403 and Y= 3E+
0.7X' 4755222, R’ = 0.9347, Y=3E+0.7X" - 3E
+0.6, R*=0.9891.
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Table4: Annual average of physical and chemical parameters at different stations (2008-2009)

Station

S1

S2

S3

S4

S5

S6

S7

During red tide
Red tide

Non red tide
During red tide
Red tide

Non red tide
During red tide
Red tide

Non red tide
During red tide
Red tide

Non red tide
During red tide
Red tide

Non red tide
During red
Red tide

Non red tide
During red
Red tide
Non red tide

Mean

pH TC% Salinity DO Conductivity T.D.S. Nitrate Nitrite Phosphate
ppt mg/Il ms/cm mg/l mg/I mg/l mg/I
820 2735 3871 5.96 58.10 29.07 0.134 0.0054 0.382
8.35 2537 38.40 6.64 57.68 28.95 0.154 0.0057  0.550
793 30.80 39.22 4.02 58.85 29.27  0.098 0.0050 0.087
832 27.06 3854 5.68 57.94 29.28 0.190 0.0172 0.031
8.45 2501 3842 6.68 57.75 28.95  0.247 0.0270 0.481
8.10 30.65 38.75 3.93 58.28 29.85 0.091 0.0025 0.108
8.44 2710 3850 5.80 57.80 29.02 0.163 0.0075 0.180
855 2480 38.30 6.80 57.50 28.80 0.200 0.0100 0.248
8.25 31.15 38.90 4.07 58.50 29.40 0.090 0.0037  0.060
831 26.70 38.30 5.96 57.50 28.60 0.185 0.0043 0.127
8.38 2410 38.01 7.02 57.10 28.40 0.236 0.0031 0.175
8.19 3127 38.80 4.10 58.20 28.90 0.097 0.0030 0.045
833 26.79 3821 6.05 57.51 28.68  0.195 0.0033 0.179
8.41 2434 37.90 7.21 57.15 28.54  0.250 0.0045 0.256
8.20 31.07 38.77 4.02 58.15 28.92  0.093 0.0025 0.046
8.37 26.30 38.60 5.78 58.16 29.05 0.136 0.0040 0.007
8.40 2250 39.00 7.27 58.80 29.30 0.196 0.0030 0.003
8.36 2850 38.40 4.90 57.78 28.90 0.103 0.0050 0.008
8.43 26.20 38.70 5.50 58.30 29.00 0.107 0.0040 0.007
8.48 2230 39.20 6.75 59.00 29.45 0.140 0.0030 0.004
8.41 2840 38.40 4.80 57.80 28.70  0.084 0.0050 0.008
8.33 27.04 3857 5.66 57.99 29.00 0.150 0.0100 0.143
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Table 5: Annual average of physical and chemical parameters of sea water (2008-2009)

Months

October 2008
November
December
January 2009
Febuary
March

May

June

July

August
September
October
Mean +S.E

pH T salinity DO NO; NO, PO, Density

c® (ppt) mg/I mg/I mg/I mg/I (cells/l)
8.52 28.9 39.2 8.8 0.378 - 0.561 11.888430
8.65 21.8 38.7 7.9 0.196 0.017 0.347 4,152286
8.43 21.0 38.4 7.0 0.157 0.010 0.273 1.100286
8.30 20.6 38.3 7.0 0.168 0.005 0.360 1.186429
8.41 22.1 38.3 6.6 0.168 0.005 0.170 0.471371
8.38 28.1 37.6 5.1 0.144 0.006 0.040 0.096075
8.31 29.0 38.0 4.7 0.142 0.007 0.039 0.143311
8.22 32.1 38.5 4.2 0.098 0.005 0.058 0.000159
8.16 33.1 38.9 4.0 0.116 0.003 0.065 0.000108
8.24 30.7 38.7 4.2 0.090 0.003 0.048 0.000500
8.20 275 38.9 4.2 0.080 0.004 0.042 0.000483
8.21 27.4 39.0 4.3 0.070 0.004 0.045 0.000187
8.34+£0.040 26.9+1.270 38.5+0.130 5.6+0.490 0.151+0.236 0.006+0.001 0.171+0.050 1.586635%0.997

- Data not available.
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Pearson correlation coefficient showed that
the cell density had a negative correlation
with temperature (-0.445) and salinity (-
0.126) at the level of P<0.05 and a positive
correlation with nitrate (0.306), nitrite
(0.375), phosphate (0.390), DO (0.691)
and pH (0.411) at the level P<0.01.

Pearson correlation coefficient also
demonstrated that relation between the cell
density and nitrate in  S1(0.435),
S2(0.695), S6(0.936) and S7(0.797) had a
greater role than phosphate in this stations
S1(0.084), S2(0.096), $S6(0.369) and
S7(0.102) but relation between cell density
and phosphate in stations S3(0.952),
S4(0.998) and S5(0.984) was the more
important  than  nitrate  S3(0.540),
S4(0.912) and S5(0.962) at the level
P<0.05.

Discussion

Red tide is a frequent phenomenon which
occurs in marine waters every year causing
by a variety of phytoplankton species
including C. polykrikoides. But the
extensive bloom of this species in recent
years has been very pronounced because of
its great damage to the marine
environment and commercial industries
such as mariculture. Red tide resulting
from this species has been extended
worldwide (Kudela et al., 2008) mainly in
warm temperate and tropical waters
(Steidinger and Tangen, 1997) from
which, and Persian Gulf has not been an
exception. The bloom started from
Hormuzgan province in the Strait of

Hormuz in October 2008 and then
extended westward to the inner Persian
Gulf within a few months. It covered most
of the area mainly inshore and partly
offshore. In the south it had the same trend
and started from Omani coasts and then to
UAE. The first efforts to identify the cause
of this unusual bloom which turned the
color of water into a stinky dark red
blanket showed that this had been caused
by C.polykrikoides which was a new
species to appear and to bloom in the area
(Matsuoka et al., 2010b). Using molecular
phylogenetic technique, Matsuoka et al.
(2010Db) also found that the origin of this
species belong to the American/Malaysian
ribo-type which is distributed worldwide.
Interesting things about this bloom
was three aspects. First, it started at the
beginning of autumn and lasted for the
winter and spring seasons while the usual
blooms for this area which is mainly
caused by Noctiluca scintillans, usually
occurs in autumn (and spring) but never
had occurred during the cold periods.
Second, usual blooms last only for only a
few days or weeks while this bloom lasted
for about 7 months in the area
continuously. Third, the cell density was
unexpectedly very high to magnitudes
which have never been reported from this
region, reaching a maximum of 26x10°
cells per liter. But, according to different
reports, these kinds of cell number seem to
be normal for this species; from
Chesapeake Gulf for example, a density of
more than 10 million cells per liter
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(Mulholland et al., 2009), in Philippines
between 2.5 x10° — 3.2 x 10° (Azanza et
al., 2008), in California, up to 7.05x10°
(Gérrate-Lizarraga et al., 2004), in Costa
Rico coasts, 1.7x10° (Vargas — Montero et
al., 2006) and from Malaysia 6x10° cells
per liter (Anton et al., 2008) had been
reported. The high from Iranian waters
comparing to mentioned reports indicates a
much appropriate conditions prevailed in
the Persian Gulf during the red tide
occurred.

Kulis (2009) suggested reasons
such as decrease of temperature, nutrient
depletion and effects of grazers on the
reduction of cell density may stop this red
tide. Bloom started in October 2008 during
which sea water temperature was
measured between 28.4 - 29.6 °C with a
cell density of about 1.2x10° cells L. In
the following month in Nov. 2009, density
increased sharply to its average maximum
of about 4.1x10° cell L™* while sea
temperature dropped to 20.5 °C. The same
rang of temperature more or less like
November in the following months with
bloom still nourished but with a decreasing
trend reaching about 1.43x10° cells L™. It
seems that favorable temperature for this
creature to bloom is favored when
temperature drops and water become
cooler below 30 °C. For this reason, as
soon as temperature went above 30 °C in
June 2009, cell density dropped to about
zero (only163 cells/l). For the rest of
summer times it was the case and bloom
stopped. This clearly shows that this
species could not tolerate warm conditions

and favors lower temperatures. That is
why there was a negative correlation
between cell densities and temperature (-
0.445 at the level of P<0.05). Similar
conditions have been observed in other
parts of the world. For instance, in western
Japan and southern Korea, the temperature
was reported between 10-27 °C during the
bloom (Matsuoka et al., 2010a) and in
California Gulf between 29-31 °C
(Garrate-Lizarraga et al.,, 2004). Some
researchers have found a relationship
between morphological appearance of this
species and temperature fluctuations. In
this regard, Kim et al. (2004) has reported
that C. polykrikoides reacts
morphologically to low temperature and
salinity. We found the same situation, so
that in October with a temperature of
higher than 28 °C, chains were appeared as
eight cells while they were seen as short
and single chains during colder months.
Salinity also affects the
phytoplankton bloom. Salinity range
during the bloom of this species has been
observed between 32 and 33 ppt in western
Japan (Kim et al., 2004) and between 30
and 34 ppt in California (Kudela et al.,
2008). In this study, salinity range was
between 37.0-40.1 ppt which is a much
higher in comparison. This difference
indicates that this species could bloom in a
wide range of salinities but Pearson
correlation coefficient showed a very low
negative correlation between salinity and
cell density (-0.126) at the level of P<0.05
that means the more salinity the less
bloom. Morales-Blake and Herndndez-
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Becerril (2001) have expressed that this
species is a eurytherm and euryhaline
species. This explains that why high
salinities in the Persian Gulf, which is one
of the most saline marine environment in
the world, did not prevent C. polykrikoides
to bloom with a period of about 7 months
of red tide with salinities above 38 ppt in
the area also it tolerances temperature until
31 °C. To examine the relation between
bloom density and nutrients, a correlation
test was carried out. The results show a
positive correlation with nitrate (0.306),
nitrite (0.375), phosphate (0.390), at the
level of P<0.01. In this regard, similar
results obtained from other parts of the
world including Malaysia (Anton et al.,
2008), California (Garrate-Lizarraga et al.,
2004) and Philippines (Vicente et al.,
2002) are agreeable to the results of this
study that nutrients play a major role in
enhancing the red tide. Among these
nutrients, using Pearson  correlation
coefficient with cell density, it was shown
that in all sampling periods, there was very
high correlation especially during Oct
2008 with phosphate (0.912) and nitrate
(0.705). But  Pearson  correlation
coefficients for all bloom months showed a
higher correlation with nitrate. By using
satellite images, Morrison (2000 cited in
Herring and Scott, 2002) showed that there
is a strong upwelling alongside of the
coasts of Oman Sea bringing rich-nutrient
waters to the surface. Kudela et al. (2008)
has also expressed that this species uses
both organic and inorganic nitrogen as a

mixotroph organism. Even though these
results confirm the relation between the
bloom of this species and nitrate in some
stations; but in stations 3, 4 and 5, the high
correlation was due to the phosphate and
not to nitrate. To add to these results, we
found that 4 months after the onset of
bloom in stations 6 and 7 (Western stations
away from the Strait of Hormuz), bloom
disappeared with a decrease in nutrient
amounts. The main source of nutrient flux
into the Persian Gulf from the east is
nutrient-rich waters of Oman Sea.

Until today, the cause of
C.polykrikoides bloom in this region is not
known yet and from previous records this
is the first HAB event associated with this
species in the Persian Gulf and Oman Sea.
It appeared so fast that no one expected
and could explain it but it coincides with
an appearance global expansion of this
taxon, as well as a recent increase in HAB
impacts observed in the region. The
mechanisms underlying this event are not
known yet and different reasons can cause
it for example the algae was first
introduced to the area via discharged
ballast water from transport ships coming
mainly from Far East and India or cells of
this species were transferred to the region
by a strong cyclone called Gonu which hit
the coast of Oman first and then Iran in
June 2007 coming from east of north
Indian ocean and then bloomed in the
consequent months because of appropriate
conditions which surprisingly increased
the cell densities to figures more than
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25x10° cells/l. Moreover, comparing to
other countries like South Korea and
Japan, it is likely that this species would
return and starts to bloom again. Richlen et
al. (2010) believe that a pattern of
subsequent recurrence of C. polykrikoides
blooms following an initial outbreak has
been observed in other parts of the world,
suggesting that this species may become a
persistence HAB problem in this region.
Therefore, we recommend here that a
monitoring program regarding the periodic
sampling on water and sediment (for cyst
stage) should be carried out until the life
stages and cycles of this species in Iranian
waters is completely known.

References

Attaran-Fariman, G. and Bolch, C. J. S.,
2012. Morphology and phylogeny
of scrippsiella trochoidea
(dinophyceae) a potentially
harmful bloom forming species
isolated from the sediments of
iran’s south coast. Iranian Journal
of Fisheries Sciences, 11 (2), 252-
270.

Azanza, R. V., David, L. T., Borja, R.
T., Baula, I. U. and Fukuyo, Y.,
2008. An extensive Cochlodinium
bloom along the western coast of
Palawan, Philippines. Harmful Algae,
7, 324-330.

Anton, A., Teoh, P. L., Mohd-Shaleh, S.
R. and Mohammad-Noor, N., 2008.
First occurrence of Cochlodinium

blooms in Sabah, Malaysia. Harmful
Algae, 7, 331-336.

Bahri, A., 2009. Bloom and its importance
in aquatic ecosystems. Persian Gulf
and Oman Sea Ecological Research
Institute. Available on
http://pgoseri.ac.ir

Gérrate-Lizarraga, 1., Lopez-Cortes, D.
J., Bustillis-Guzrnan, J. J. and
Hernandez-Sandoval, R., 2004.
Blooms of Cochlodinium polykrikoides
(Gymnodiniaceae) in the Gulf of
California, Mexico. Rev. Biol. Trop.,
52, 51-58.

Gobler, C. J., Anderson, O. R., Berry,
D. L., Burson, A., Koch, F., Rodgers,
B., Koza-Moore, L., Goleski, J.,
Allam, B., Bowser, P., Tang, Y. and
Nuzzi, R., 2008. Characterization,
dynamics, and ecological impacts of
harmful Cochlodinium polykrikoides
blooms on eastern Long Island, NY,
USA. Harmful Algae, 7, 293-307.

Hallegraef, G. M., 1998. Concluding
remarks on the autecology of harmful
algal blooms. In: Anderson, D.M.,
Cembella, A.D., Hallegraef, G.M.
(Eds.), Physiological Ecology of
Harmful Algal Blooms. NATO
Advanced Science Institutes Series G,
vol. 41, Springer-Verlag, Berlin, pp.
371-378.

Herring, D. and Scott, M., 2002. Fish kill
in the Gulf of oman. NASA’s Earth
Observatory. Available on
http://earthobservatory.nasa.gov/Librar
y/phytoplankton.



http://pgoseri.ac.ir/
https://dor.isc.ac/dor/20.1001.1.15622916.2012.11.3.3.3
http://jifro.ir/article-1-621-en.html

[ Downloaded from jifro.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15622916.2012.11.3.3.3 ]

Iranian Journal of Fisheries Sciences, 11(3), 2012 487

Kim, H. G., 1997. Recent harmful algal
blooms and mitigation stratrgies in
Korea. Ocean Research (Seoul), 19,
185-192.

Kim, C. S,, Lee, S. G. and Kim, H. G,
2000. Biochemical responses of fish
exposed to a harmful dinoflagellate
Cochlodinium polykrikoides. Journal
of Experimental Marine Biology and
Ecology, 254, 131-141.

Kim, C. H., Cho, H. J., Shin, J. B,
Moon, C. H. and Matsuoka, K.,
2002. Regeneration from hyaline cysts
of Cochlodinium polykrikoides
(Gymnodiniales, Dinophyceae), a red
tide organism along the Korean coast.
Phycologia, 41, 667—669.

Kim, D. L., Matsuyama, Y., Nagasoe, S.,
Yamaghuchi, M., Yoon)Y. H,
Oshima, Y., Imada, N. and Honjo,
T., 2004. Effects of temperature,
salinity and irradiance on the groeth of
the harmful red tide dinoflagellate
Cochlodinium polykrikoides Margalef
(Dinophyceae). J. Plankton Res, 26,
61-60.

Kim, C. J., Kim, H. G., Kim, C. H. and
Oh, H. M., 2007. Life cycle of the
ichthyotoxic dinoflagellate
Cochlodinium polykrikoides in Korean
coastal waters. Harmful Algae, 6, 104—
111.

Kudela, R. M., Ryan, J. P., Blakely, M.
D., Lane, J. Q. and Peterson, T. D.,
2008. Linking the physiology and
ecology of Cochlodinium to better
understand harmful algal bloom

events: a comparative approach.
Harmful Algae, 7, 278-292.

Kulis, D., 2009. Harmful Algae Blooms
Again in Buzzards Bay, BUZZARDS
BAY COALITION. Available on
cbb@savebuzzardsbay.org

Lee, C., Kim, H., Lee, S. G., Jung, C,,
Kim, H. and Lim, W. 2001.
Abundance of harmful algae,
Cochlodinium polykrikoides,
Gyrodinium impudicum and
Gymnodinium catenatum in the coastal
area of South Sea of Korea and their
effects of temperature, salinity,
irradiance and nutrient on the growth
in culture. J. Korean Fish. Soc., 34,
536-544.

Lindsey, R., Scott, M. and Simmon, R.,

2010. What are
phytoplankton?NASA’s Earth
Observatory. Available on
http://earthobservatory.nasa.gov/Librar
y/phytoplankton/.2010.

Marine environment assessment marine
meterology, 1999. Manual of
oceanographic ~ observations  and
pollutant analysis methods
(MOOPAM).

Matsuoka, K. and Fukuyo, Y.
2000.Technical guide for modern
dinoflagellate cyst study.WESTPAC
HAB Asian Natural Environmental
Science Center, Tokyo, p.29.

Matsuoka, K., Mizuno, A., Jwataki, M.,
Takano, Y., Yamatoghi, T,
Honyoon, Y. and Lee, J., 2010a. Seed
populations of a harmful unarmored


mailto:cbb@savebuzzardsbay.org
http://earthobservatory.nasa.gov/Library/phytoplankton/.2010
http://earthobservatory.nasa.gov/Library/phytoplankton/.2010
https://dor.isc.ac/dor/20.1001.1.15622916.2012.11.3.3.3
http://jifro.ir/article-1-621-en.html

[ Downloaded from jifro.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15622916.2012.11.3.3.3 ]

488 Fatemi et al., The relation between environmental parameters with harmful algal bloom ...

dinoflagellate Cochlodinium
polykrikoides Margalef in the East
China Sea. Harmful Algae, 6, 548-
556.

Matsuoka, K., Takano, Y., Kamrani, E.,

Rezaei, H., Puthiyedathu, S. and Al
Gheilani, H., 2010b. Study on
Cochlodinium polykrikoides Margalef
in the Oman Sea and the Persian Gulf
from August 2008 to August 2009.
Current Development in
Oceanography, 1, 153-171.

Morales-Blake, A. and Hernandez-

Becerril, D. U., 2001. Unusual HABs
in Manzanillo Bay, Colima, México.
Harmful Algae News, 21, 6.

Mulholland, M. R., Morse, R. E.,

Boneillo, G. E., Bernhardt, P. W.,
Filippino, K. C., Procise, L. A,
Blanco, J., Marshall, H. G., Egerton,
T. A, Hunley, W. S., Moore, K. A,
Berry, D. L. and Gobler., C. J., 20009.
Understanding the causes and impacts
of Cochlodinium polykrikoides blooms
in the Chesapeake Bay. Estuaries and
Coasts, 32, 734—747.

Onoue, Y. and Nozawa, K., 1989a. Zinc-

bound PSP toxins separated from
Cochlodinium red tide. In: Natori, S.,
Hashimoto, K., Ueno, Y. (Eds.),
Mycotoxins and Phycotoxins °88.
Elsevier, Amsterdam, pp. 359-366.

Onoue, Y. and Nozawa, K., 1989b.

Separation of toxins from harmful red
tides occurring along the coast of
Kagoshima prefecture. In: Okaichi, T.,
Anderson, D.M., Nemoto, T. (Eds.),
Red Tides: Biology, Environmental

Science, and Toxicology. Elsevier,
New York, pp. 371-374.

Qi, Y. Z., Zhang, Z., Hong, Y., Lu, S. H,,

Zhu, C. and Li, Y., 1993. Occurrence
of red tides on the coasts of China. In
Toxic phytoplankton Blooms in the
sea, (ed.T.Smayda and Y. Shimizu),
43-6. Elsevier, Amsterdam.

Relox Jr., J. R. and Bajarias, F. F. A,

2003. Harmful algal blooms (HABS) in
the Philippines. In: Furuya, K.,
Fukuyo, Y. (Eds.), Extended Abstracts
of Workshop on Red Tide Monitoring
in Asian Coastal Waters, University of
Tokyo, Tokyo, Japan, March 10-12,
pp. 65-68.

Rhichlen, M. 1., Morton, S. L., Jamali,

E. A, Rajan, A. A. and Anderson, D.
m., 2010.The catastrophic 2008-2009
red tide in the gulf region, with
observation on the identification and
phylogeny of the fish — Kkilling
dinoflagellate Cochlodinium
polykrikoides. Harmful Algae, 9, 163-
172.

Steidinger, K. A. and Tangen, K., 1997.

Dinoflagellates, In: Tomas, C.R. (Ed.),
Identifying Marine  Phytoplankton.
Academic Press, London, pp. 387-584.

Vargas-Montero, M.,  Freer, E.,

Jiménez-Montealegre, R. and
Guzman, J.C., 2006. Occurrence and
predominance of the fish Killer
Cochlodinium polykrikoides on the
Pacific coast of Costa Rica. African
Journal of Marine Science, 28(2), 215-
217.


http://www.sciencedirect.com/science/journal/15689883
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2311463%232010%23999909993%232263773%23FLA%23&_cdi=11463&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=7c63a6716e9da8e4d23e427520422957
mailto:vmontero@cariari.ucr.ac.cr
https://dor.isc.ac/dor/20.1001.1.15622916.2012.11.3.3.3
http://jifro.ir/article-1-621-en.html

[ Downloaded from jifro.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15622916.2012.11.3.3.3 ]

Iranian Journal of Fisheries Sciences, 11(3), 2012 489

Verlecar, X. N. and Desai, S. R., 2004.

Phytoplankton identification manual,
National Institute of Oceanography,
Dona Paula, Goa, Funded by Ministry
of Environment and Forest,
Government of India.

Vicente, H. J., Gaid, R. D., Dejarme, H.

E., Roa, E. C. and Azanza, R. V.,
2002. Harmful algal bloom in Iligan
Bay,Southern Philippines. Sci, Diliman
14, 59-66.

Yuki, K. and Yoshimatsu, S., 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,

Zingone, A. and Enevoldsen, H. O,

2000. The diversity of harmful algal
blooms: a challenge for science and
management. Ocean Coast Manage,
43, 725-748.


https://dor.isc.ac/dor/20.1001.1.15622916.2012.11.3.3.3
http://jifro.ir/article-1-621-en.html

[ Downloaded from jifro.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15622916.2012.11.3.3.3 ]

Il Fatemi et al., The relation between environmental parameters with harmful algal bloom ...

9 b Tl — O 308 Dbl Jobo SlaT (e S golsly (b3S
digf Sl 2Bl Wil 39 yCochlodinium polykrikoides
(Gymnodiniaceae)
fl‘;;gwmsﬂsgg}hmwﬂ@b@w;mw
! S M}st@w 50
Jlo ol ,ga 53 5k sl sl ool s sla ST o Cochlodinium polykrikoides «.& i b Sl o6,
b b s (ol ST 503, oy S s s Cvd 4y e 5 50 5o 45 Sl oyl s oalie 1387
0 ame Loyl 5 6555 gt s S I aalslole 8 oo s adlate 55 48 nl I (AL G L2 5 GBS 23S )
i s andlla 5 40 adbate 5 (s 4 503 ol i «C. polykrikoides a;jlgutﬂmjd»u;.:j,ﬁou;
ol (51 6503 3 o8l 2 53 .23 8 plonil 1387- 1388 Jlv 3 wilale Sy g0 4 e (sla (513 p 5503 5 435
3 kb 63T ez e slge et 5B S50 ((6) 58 Juld ammn (sla el ST (6 m5 &K 5 05500, s
537/0 —40/1 ppt 5,55 < 20/1 —31/0°C - s «sls C. polykrikoides « & Fe iS5 g6, Ol
e 0/001-1/66 o S sl 5 2 1 p 8 o 01064 = 0/707 1y oy i+ S 25 (512 sihie g0 ok el
Ot s = IS5 ST 0 g0 T ke s 4y 2 55 koo 050 26 6557 ol sl STl ks (6,8 o511 2 5 p S
L;,bﬂﬂo}gduali:ﬁ!&ﬁw;\;aw Ls,b,,aw&d@,uou);ayjﬁolfja}fgl;Q:,_)bg”
33 Gdhe 3l ge Ol ppe L2alS 5 Sle 5 3,5 sbs oKl 53 31/0°C 1 5L slos a3l dels S 4y Lls me oD
Sl ST sdin 3l5n 23l pl ol s andllae ol 53 655 ol 51 (36 & o A58 5 G658 plS Coly 558 (sl oo

AL e Ll o S5 (pl S5 53 (e Ll 5 5 (L

(b gl sdie sl go ¢ Jaes Ll 5 LCOChIOdiNiUM polykrikoides ¢ . 128 : g™ G319

Ol 60l liions 5 pshe dom g ¢ oSl 5137 oK sils-1

D1l Ol Olass 5 Sl ¢ 5 lames CBli> Ol L2

Ol I e I ls sleT 655 55T odKtns5-3
mojhde.bam52@yah00.CoM :J stus ot 5 (S5 2SI Co


https://dor.isc.ac/dor/20.1001.1.15622916.2012.11.3.3.3
http://jifro.ir/article-1-621-en.html
http://www.tcpdf.org

