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Abstract

Blooms of Noctiluca scintillans are reported for the first time in the Red Sea
off the south-western coasts of Saudi Arabia. During the present study, surface
water samples were collected weekly on the coasts of the Al Shuqayq region
from February to April 2004-2006. The abundance of N. scintillans correlated
negatively with most nutrients, as well as the cell densities of diatoms and
dinoflagellate species. Microscopic examination of live cells from Noctiluca blooms
showed the presence of some species of diatoms and dinoflagellates within the
Noctiluca body — confirmation of its grazing on these microalgae. The presence of
a Noctiluca bloom in the coastal waters off south-western Saudi Arabia could
be linked indirectly to water eutrophication by an increase in prey abundance.
The physico-chemical properties of Red Sea coastal waters should therefore be
monitored regularly in order to minimize the formation of harmful algal blooms,
which may affect all food web levels, including the human level.

The complete text of the paper is available at http://www.iopan.gda.pl/oceanologia/
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1. Introduction

Noctiluca scintillans Macartney is a large heterotrophic dinoflagellate
that is widely reported as a ‘red tide’ organism in temperate, tropical and
polar waters (Elbrachter & Qi 1998). N. scintillans forms blooms with
a ‘tomato soup’ colour and a bioluminescence that lights up the wakes
of boats and breaking waves on beaches (Dharani et al. 2004). It has
been suggested that the formation of N. scintillans blooms is regulated by
hydrographical and biological factors (Elbrachter & Qi 1998). Miyaguchi
et al. (2006) have also suggested that bloom formation by N. scintillans can
be resolved into a three-step process: (i) an initial increase in the abundance
of N. scintillans, attributable to an increase in optimum hydrographical and
biological factors (temperature, salinity, water stability and chlorophyll a),
(ii) N. scintillans are then accumulated by the convergence of seawater as
a result of low rainfall and wind, and (iii) swarmer-effects, which enhance
bloom formation, as suggested by Sato et al. (1998). The availability of
phytoplankton prey is an important factor affecting the abundance of
N. scintillans (Elbrachter & Qi 1998). N. scintillans blooms were found
to occur after diatom blooms (Kigrboe et al. 1998, Tiselius & Kigrboe
1998, Dela-Cruz et al. 2003). Although Noctiluca does not produce toxins,
it is categorized as a harmful alga on the basis of mass mortalities of finfish
in farms associated with oxygen depletion, gill clogging and high ammonia
levels (Okaichi & Nishio 1976). More recently, it has been reported that
N. scintillans may act as a vector of phycotoxins to higher trophic levels by
feeding on toxigenic microalgae (Escalera et al. 2007 ).

An intense bloom of N. scintillans was first noticed in the Red Sea off
the Al Shuqayq region, south-western Saudi Arabia, during the first week
of February 2004. This bloom imparted light of a vivid green colour to the
coastal waters. To our knowledge, the present study is the first to report on
an N. scintillans bloom in the Red Sea. Since the occurrence of Noctiluca
blooms is not a common phenomenon in Saudi Arabian coastal waters,
this study describes some of the environmental factors that prevailed in the
region of the N. scintillans bloom in the Red Sea off the south-western coast

of Saudi Arabia.

2. Material and methods
2.1. Sampling

Sampling was carried out on the coasts of the Al Shuqayq region, south-
western Saudi Arabia (19°65'N, 42°18'E), where a sudden intense bloom
of N. scintillans was observed. Sampling sites were close to the shoreline
rain drains that discharge rain water into the sea. Surface water samples
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were taken from onboard a fishing vessel using clean plastic buckets once
a week during the presence and absence of an N. scintillans bloom from
2004 to 2006. Water samples were taken in calm weather and at low tide
(0.5-1.3 m). Part of the water sample was preserved immediately in 2%
formaldehyde. The water samples were transported to the laboratory in an
icebox for chemical and biological analysis.

2.2. Measurement of physical and chemical parameters

Temperature, salinity, pH and dissolved oxygen were measured in situ
with a thermometer, salinometer, pH meter (WTW Digi 88) and Os-meter,
respectively. Concentrations of nutrients — ammonium, nitrate, phosphate
and silicate — were determined in GF/C filtered water samples by the
standard analytical methods as approved by the American Public Health
Association (APHA) (1995). All chemical variables were determined in
triplicate.

2.3. Counts of Noctiluca and other phytoplankton

Samples were concentrated through a sieve (100 pm mesh) and trans-
ferred to a 100 cm? cylinder. The Noctiluca cells were counted using an
S-tray under an Olympus dissecting microscope in this fraction; other
phytoplankton species were counted with a Sedgwick-Rafter counting
chamber and an Olympus binocular microscope in the <100 pm size
fraction. The density was calculated for natural taxonomic units (cells,
colonies or filaments) per litre of the original sample. Cell diameters of
50 randomly chosen cells of N. scintillans were measured from each sample
under the dissecting microscope. Microalgal prey items in an N. scintillans
body were examined primarily in whole Noctiluca cells under the microscope.
The dinoflagellate and diatom species within the Noctiluca body were
counted in a gentle homogenate of 50 Noctiluca individuals. The taxonomic
identification of the phytoplankton was carried out according to Hasle
& Syversten (1997) for diatoms and Steidinger & Tangen (1997) for
dinoflagellates.

2.4. Statistical analysis

Differences in environmental variables in the presence and absence of
an N. scintillans bloom were determined by one-way ANOVA (P <0.05).
Spearman rank correlation coefficients were used to measure the degree
of association between the count of N. scintillans, and the counts of
other phytoplanktonic species and physico-chemical variables of seawater.
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3. Results

The results of the field study showed that an intense sudden bloom of
N. scintillans had been observed on 6 February 2004 in the Red Sea off
the Al Shuqayq coasts, south-western Saudi Arabia (Table 1). This bloom
persisted for three days, then suddenly disappeared. In the course of time,
the bloom reappeared twice, during February and March 2004 and 2005,
eventually waning in the April of these years. Blooms were absent during
2006, even though the physico-chemical properties of the seawater in this
year did not differ significantly from those of 2004 and 2005 (Figs. 1, 2).
The largest number of N. scintillans cells (3 x 10° cells dm~3) was recorded
in the third week of February 2004 and 2005 (Table 1). During this study,

a b
35 9
30+  Jh 3* 1 . W m
e 25- 6]
5 204 z 51
§15— S 44
3,
5 107 2
51 1
0 0 : . LR
¥ 8 8 & % = 2 = * g 8 8 % 2 2 =
B2 L ES << 2222883 <<
= I a&85&8 =8 =T a8 &858 =8
c d
39.5 = 6
39.0 £ s I
— | on
5 385 2,
2 380 5
z 3754 2 3
£ 37.0 1 _327
g 365 o
36.0 - ElRn
3551 5 04 .
* P s PSS B ¥ & o o F* o= = ow
s 2285 %2 s 228 ES S 2
[ S T o e ST B o [ S T o e S TR B o

B 2004 [ 2005 [ 2006

Fig. 1. Physico-chemical characteristics of Red Sea surface water off the south-
western coast of Saudi Arabia in the presence and absence of Noctiluca scintillans
blooms during 2004, 2005 and 2006. Temperature (a), pH (b), salinity (c) and
dissolved oxygen (d). An asterisk (*) by the sampling date implies the presence of
blooms during this period
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Fig. 2. Chemical characteristics of Red Sea surface water off the south-western
coast of Saudi Arabia in the presence and absence of Noctiluca scintillans blooms
during 2004, 2005 and 2006. NO3~ (a), NH4* (b), POy4 (c) and SiOs (d). An
asterisk (*) by the sampling date implies the presence of blooms during this period

the N. scintillans cells constituting the blooms were small in size (270
-380 pm) (Fig. 3).

No significant differences in temperature, pH, salinity and dissolved
oxygen of surface seawater were observed (ANOVA test) between the
blooming and non-blooming periods of N. scintillans (P > 0.05). However,
a slight decrease in pH and dissolved oxygen did occur during the
Noctiluca blooms (Fig. 1). With regard to nutrients, the cell number
of N. scintillans correlated negatively with the nitrate, phosphate and
silicate concentrations (r = —0.5:—0.97), but positively with the ammonium
concentration (r = 0.9). In contrast, the abundance of other phytoplankton,
including diatoms, dinoflagellates and green algae, correlated positively (r =
0.4 —0.9) with nitrate, phosphate and silicate, but negatively with ammonia

(r =-0.9) (Fig. 2).
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Fig. 3. Photomicrograph of Noctiluca scintillans forming blooms in the Red Sea
off the south-western coast of Saudi Arabia. The bar represents a length of = 30 ym

The cell number of N. scintillans correlated negatively with the cell
numbers of the diatom Thalassiosira rotula, the green alga Dunaliella
tertiolecta, and all the dinoflagellate species (Alexandrium sp., Ceratium
sp., Dinophysis sp., Prorocentrum sp.) (r = —0.4:—0.99). These species
were abundant in the absence of an V. scintillans bloom, but their densities
decreased sharply upon the appearance of an N. scintillans bloom (Table 1).
On the other hand, N. scintillans blooms did not significantly affect the cell
numbers of Chaetoceros sp., Nitzschia sp. or Pseudonitzschia sp. (P > 0.05).

Microscopic examination of live Noctiluca cells collected during the
blooms revealed the presence of microalgal species, including diatoms and
autotrophic dinoflagellates. The largest cell density of microalgae within
the Noctiluca body was represented by the green alga Dunaliella tertiolecta,
the diatom Thalassiosira rotula and Pseudonitzschia sp., whereas the
dinoflagellate species represented the lowest cell density of the algal prey in
the Noctiluca body (Fig. 4). On the other hand the total cell density of the
prey within the Noctiluca body differed significantly in the Noctiluca cells in
the presence and absence of the bloom. The statistical analysis of variance
(ANOVA) did not reveal any significant differences in the physico-chemical
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Fig. 4. Variation in cell density of microalgae (cells/ Noctiluca individual, mean of
50 readings) in the food vacuoles of Noctiluca scintillans taken from the Red Sea
off the south-western coast of Saudi Arabia during 2004. An asterisk (*) by the
sampling date implies the presence of blooms during this period

parameters or the abundance of N. scintillans and other phytoplankton
between 2004 and 2005 (Figs. 1, 2).

4. Discussion

The present study reports for the first time on the occurrence of an
N. scintillans bloom in Red Sea coastal waters off Saudi Arabia. This
bloom occurred almost at the same time and place during 2004 and 2005;
this is consistent with reports of Noctiluca blooms elsewhere in the world
(Uhlig & Sahling 1990, Huang & Qi 1997, Pithakpol et al. 2000, Miyaguchi
et al. 2006). But the blooms were absent during 2006, in spite of the non-
significant difference in the physico-chemical properties of seawater between
2006, and 2004 and 2005. Therefore, it was unlikely that the disappearance
of this bloom from Saudi coastal waters during 2006 was due to the Saudi
government’s restrictions imposed on the coasts, leading to a decreased
input of anthropogenic pollution into seawaters. It could have been the
result, however, of the advection of Noctiluca blooms by prevailing winds
and currents to other regions not sampled during the present study. These
advective processes are often strong enough to transport organisms over
large distances, as observed by Tester et al. (1991), who found that an
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outbreak of the toxic dinoflagellate, Gymnodinium breve, in North Carolina
had been transported by several major current systems from the south-
western coast of Florida, nearly 1000 km away. Dela-Cruz et al. (2003)
also reported that Noctiluca cells were advected southward with the East
Australian Current over hundreds of kilometres. Hence, these authors
concluded that the spatial variability in the abundance of Noctiluca must
also be partly attributed to advective processes rather than to local growth
alone. On the other hand, the non-significant difference in the physico-
chemical variables of Red Sea surface waters in the study region during
2004, 2005 and 2005 may have been due to the cyclic discharge of rainwater
stored in ponds close to the sampling sites.

The temperature (18-29°C) and salinity (37.1-38.9 PSU) recorded
during the present study lie in the optimal ranges for N. scintillans
(10-28°C and 28-36 PSU, respectively) (Huang & Qi 1997, Tada et al.
2004, Miyaguchi et al. 2006). Our results showed a decrease in the pH and
DO of the seawater during Noctiluca blooms. The reduction in pH during
the Noctiluca bloom periods is attributable to the generation of carbon
dioxide by the respiratory activity of N. scintillans (Dharani et al. 2004),
but the decrease in DO to large-scale respiration on the part of Noctiluca
(Venugopal et al. 1979, Sargunam et al. 1989).

It is unlikely that the reduction in macronutrient concentrations (NO3 ™,
PO, =3, SiO?) in the bloom area during the present study was due to
consumption by N. scintillans, owing to its heterotrophic nature. But
the high concentrations of nutrients initially available at the water surface
are exhausted by the autotrophic phytoplankton on which Noctiluca may
feed (Sahayak et al. 2005). This hypothesis is confirmed by the results
of the present study, where these nutrients correlated positively with
the growth of autotrophic phytoplankton (e.g. diatoms, coccoid green
algae, dinoflagellates). However, the diversity and species composition of
microplankton in the Al Shuqayq region of the Red Sea are low compared
to those of the microplankton in the northern Gulf of Aqaba, Red Sea (Al-
Najjar et al. 2007).

Previous studies have reported that upwelling events along coasts
deliver relatively high amounts of nutrients, which trigger diatom blooms
(Hallegraeff & Jeffrey 1993, Ajani et al. 2001, Dela-Cruz et al. 2002) and
subsequently Noctiluca blooms (Dela-Cruz et al. 2002). On the other hand,
the high concentration of ammonia in the bloom area during the present
study may have been due to autochthonous nutrient generation by Noctiluca
cells (Montani et al. 1998), which contain high levels of ammonia in their
vacuoles (Elbrachter & Qi 1998).
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Cell size was used as an indicator of the condition of Noctiluca because
it is a product of the culture conditions (Hanslik 1987, Qi & Li 1994,
Buskey 1995). The smaller the cell size (340-450 pm), the better the
nutritional conditions, whereas the larger the cell size (400-1200 pm), the
poorer the nutritional conditions (Murray & Suthers 1999, Dela-Cruz et al.
2003). Accordingly, the small size (270-380 pm) of N. scintillans cells
constituting the blooms in the Red Sea during the present study reflects
a good nutritional status for its growth.

The negative relationship between the abundance of N. scintillans and
that of some of the phytoplanktonic species during the present study is
indicative of predation by N. scintillans on these species. These results are
in agreement with those obtained by Dharani et al. (2004), who reported
a negative relationship between Noctiluca and other phytoplankton in Indian
coastal waters. Other studies have shown that Noctiluca requires a relatively
high quantity of its phytoplankton prey to support optimal growth (Lee
& Hirayama 1992, Kigrboe & Titelman 1998, Kigrboe 2003). During the
diatom bloom N. scintillans increased, but it decreased when the algal
biomass was low (Nakamura 1998). Diatom clearance rates by N. scintillans
ranged between 0.1 and 0.35, which suggests that N. scintillans is an
important mesozooplankter. The rich supply of nutrients brought in by
the upwelling events increases the concentrations of dissolved inorganic
nitrogen in the water column to concentrations well above ambient levels
(Pritchard et al. 2000). Rapid population growth of Noctiluca has been
recorded following phytoplankton blooms (Painting et al. 1993, Hayward
et al. 1995). An increase in Noctiluca abundance has also been linked to
increasing eutrophication, possibly caused indirectly by an increase in prey
abundance (Porumb 1992).

The disappearance and re-appearance of N. scintillans blooms in Red
Sea waters during the present study may have been due to Noctiluca cells
sinking after a complete feed to assimilate food and then re-floating by
the virtue of the vacuoles. Noctiluca cells are normally positively buoyant
owing to their large cell vacuole (Elbrachter & Qi 1998). When the cells
are well fed, they tend to sink until digestion and defecation have taken
place (Uhlig & Sahling 1990, Kigrboe & Titelman 1998). The sated cells
frequently undergo cell division (reproduce) and are consequently smaller
than starved cells (Buskey 1995), which are irreversibly damaged and no
longer divide (Uhlig & Sahling 1990).

Many studies have reported that Noctiluca is able to prey on other
phytoplankton (Kigrboe & Titelman 1998, Jakobsen & Tang 2002, Sun
2003, Fonda-Umani et al. 2004, Escalera et al. 2006). In the present study,
microscopic examination of live Noctiluca cells collected during the blooms
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showed the presence of diatoms (Thalassiosira rotula and Pseudonitzschia
sp.), dinoflagellates (Dinophysis sp. and Prorocentrum sp.), and the green
alga Dunaliella tertiolecta in the food vacuoles of Noctiluca, which suggests
that N. scintillans feeds on these species. Most of these algae, particularly
Pseudonitzschia and the autotrophic dinoflagellates, are known to produce
toxins that can cause a fish kill or can accumulate in shellfish, causing
poisoning in humans if they consume such contaminated seafood (Reguera
et al. 1993, Blanco et al. 1998). Such potentially toxic phytoplankton found
in the Noctiluca body may be transferred to higher food web levels, as
suggested by Escalera et al. (2007). Although Noctiluca cannot be grazed
by bivalves because of its large size (200-1000 pm), it can certainly be
eaten by large fish. So, if these toxins are not assimilated and detoxified by
Noctiluca, they will damage most fish, or accumulate in fish tissues (Morofio
et al. 2003, Kwong et al. 2006), again causing poisoning in humans if they
consume such contaminated fish (Reguera et al. 1993, Blanco et al. 1998).
In addition, Noctiluca blooms are implicated in the reduction of Mn and Fe
associated with bacteria and phytoplankton (Schoemann et al. 1998) and
may therefore play an important role in nutrient fluxes.

In conclusion, the results of our study, along with those of previous
studies (e.g. Painting et al. 1993, Hayward et al. 1995), show that Noctiluca
blooms usually occur after eutrophication-induced phytoplankton blooms.
A Noctiluca bloom can be indirectly linked to increasing eutrophication
by an increase in prey abundance. Therefore, this organism and other
potentially harmful algae, along with physico-chemical parameters, should
be regularly monitored in Red Sea coastal waters, in order to discover the
factors triggering such harmful algal blooms, which could affect all food web
levels, including the human level.
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