Rachman et al. / Phil. J. of Nat. Sci. 24: 104-115 104

Distribution of Pyrodinium bahamense cysts in
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ABSTRACT

Pyrodinium bahamense has been one of the most frequently blooming dinoflagellate species in the years
20162018 in Cirebon waters, Indonesia, and is also related to several cases of paralytic shellfish poisoning
(PSP). This study aimed to examine the distribution of the cysts of P. bahamense in the sediments of Cirebon
waters. The cyst density of P. bahamense in the study area ranged from 27 to 493 cysts/g of wet sediment. The
highest abundance of P. bahamense cysts was recorded in sampling sites with high anthropogenic activities,
coinciding with the sites having a higher percentage of silt and clay in the sediment and where periodic
dinoflagellates blooms occur. These results indicate the need for further studies to understand the dynamics of
P. bahamense population in Cirebon and mitigate its future bloom. Measurement of factors such as pollution,

eutrophication, water circulation, and sediment transport will have to be done.
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INTRODUCTION

Pyrodinium bahamense is a saxitoxin producing
armoured dinoflagellate which causes paralytic
shellfish poisoning syndrome (PSP) in humans (Usup
et al. 1994, 2012). P. bahamense is also regarded as
a major causative species of many seafood toxicity
cases in Southeast Asia, particularly in Malaysia,
Philippines, and Brunei Darussalam (Maclean 1989;
Mizushima et al. 2007; Usup et al. 2012). In Indonesia,
water discolouration due to P. bahamense blooms
has been recorded in the Ambon Bay, Kao Bay,
Seram lIsland, and Papua (Wiadnyana et al. 1996;
Wiadnyana & Sidabutar 1997; Likumahua 2015).

The coastal area of Cirebon, Indonesia, has
been influenced by heavy anthropogenic pressures
from the large coastal city (Cirebon), international
harbours, shrimp ponds, and shellfish aquacultures.
Recent blooms of toxic P. bahamense in Cirebon
have been linked to shellfish poisoning cases in 2016,
2017, and 2018 which resulted in the hospitalization
of more than 30 people and death of two people
(Handayani & Aminah 2016; Anonym 2017a;-Anonym
2017b; Prayitno 2018).

One important characteristic of P. bahamense
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related to its periodical blooms in the ecosystem is
the resting cyst produced within its life cycle as a
survival strategy against unfavourable conditions
(Anderson 1989). The cyst produced after or during
the blooms will then settle in the sediment and form
the cyst bed or deposit. The cysts can germinate
under a favourable condition or when the bottom
sediment gets agitated, either due to natural causes
such as seasonal upwelling, storm, tsunami, or by
anthropogenic activities such as bottom dredging
(Anderson 1989; Maclean 1989; Siringan et al.
2008; Usup et al. 2012). There are many factors
that can trigger germination of P. bahamense cysts,
such as changes in salinity, temperature, nutrient
concentration, sediment characteristics, oxygen
availability in the sediment, and light availability,
which includes light intensity and duration (Anderson
1989; Azanza et al. 2004; Siringan et al. 2008; Usup
et al. 2012).

Despite the periodic blooms of P. bahamense
and PSP cases within the last three years, very little
information is available on the distribution of the cyst
in the coastal area of Cirebon and its relationship
with environmental conditions The cause and the
source of the P. bahamense blooms in the Cirebon
coastal water is therefore still completely unknown.
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As a response, this research was
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conducted to study the distribution of
P. bahamense cyst in the sediment of
the Cirebon coastal waters to find the
possible point source or cyst bed of
the species that will potentially cause
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blooms in the future. '\“o

MATERIAL AND METHODS

Sampling and observation of

phytoplankton

Phytoplankton ~ and  sediment
samples were collected in three areas
of Cirebon (Bondet, Sukalila and
Kejawanan) on 26 and 27 April 2017
(Figure 1). Nine stations were selected
from the 21 monitoring stations of
the Toxic Phytoplankton and Harmful
Algal Blooms Management Project in
Cirebon (Thoha 2017). At each station
phytoplankton, samples were collected
by vertical tows of a plankton net (mesh
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size: 20 ym) from near bottom to the
surface depending on the water depth
of the sampling sites (1.0-5.5 m), and
fixed and preserved in 4% formaldehyde
(v/v final conc.). For identification of
small-sized and/or fragile species,
seawater was also collected using a
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1L Nansen bottle at depth of 0.5-1
m and then preserved using Lugol's
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lodine (Edler & Elbrachter 2010). The
depth, pH, temperature, and dissolved
oxygen were measured with a YSI
Portable Multi-Parameter tester, while
salinity was measured with a hand refractometer at
depth of 0.5 m. Sediment samples were collected
using Ekman Grab and stored in the dark at 4°C until
analysis. These were then sorted based on size using
a wet sieve, then the sediment type and composition
were analysed following Wentworth (1922) under a
Leica MZ-6 stereo microscope.

Phytoplankton was identified and enumerated
by fraction method using Sedgewick Rafter counting
chamber following Arinardi (1997) and LeGresley
and McDermott (2010) under a Nikon Diaphot 300
inverted microscope connected to Canon EOS 700D
Digital Single-Lens Reflex camera. Phytoplankton
cells were identified to the genus level for most
genera, and species level for P. bahamense, based
on Davis (1955), Yamaji (1966), Shirota (1966),
Tomas (1997), Praseno and Sugestiningsih (2000),
and Omura et al. (2012).

Figure 1. Map of sampling areas (Bondet, Sukalila, and Kejawanan) and
the sampling stations.

Pyrodinium bahamense cyst extraction and
identification

The dinoflagellate cysts were extracted from the
sediment samples using a gradient density method as
described by Blanco (1986), Mizushima et al. (2007),
and Genovesi et al. (2009). The extracted cysts were
identified and counted by the same method and
microscopy equipment as described in the previous
section. Dinoflagellate cysts were identified based on
morphological characters according to Al-Yamani and
Saburova (2010).

Data analysis

The descriptive analysis in this study was done
using Microsoft Excel, while all statistical analyses
were performed using R Studio (RStudio Team 2015).
Biological parameters of the phytoplankton cells and
cysts, such as absolute density and relative density,
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were calculated using a formula based on Cox (1990).
Phytoplankton diversity was expressed as Shannon-
Wiener index (H’) and calculated with the formula
described in Krebs (1989). A correlogram based on the
matrix of Spearman rank correlation was used in this
study (Mozejko 2012) to determine the relationship
between the cyst density and environmental variables
in the water column and sediment. The correlogram
was created in R using corrplot packages (Wei et al.
2017). Non-metric Multidimensional Scaling (nMDS)
analysis (Zuur et al. 2007) was also conducted to
find out whether the cyst density was influenced by
the combination of the water column and/or bottom
sediment condition. Due to the missing data (NA)
in the dataset, the nMDS analysis consisted only of
rows with complete data. In this case, two sites with
missing data were excluded from the nMDS analysis.

RESULTS
Phytoplankton cell density

The highest phytoplankton density (2.9 x 103
cells/L) was found at the CRB-4 station (Figure 2A),
wherein, however, the phytoplankton community was

highly dominated by diatoms (Figure 2C-D) showing
the lowest diversity among the stations (Figure 2B).
The site with the highest diversity was CRB-22 (Figure
2B), which also showed the highest contribution of
dinoflagellates to the total density of phytoplankton
(Figure 2D). The cell density of diatoms was higher
than the dinoflagellates at all stations (Figure 2C).

The dinoflagellate community was dominated
by two genera, Ceratium and Pyrophacus (Figure
3), with the average density of 192 £ 177 cells/L and
103 + 94 cells/L, respectively. Chattonella, a fish killer
dinoflagellate, was also found in the water column
but with very low densities of below 0.2 cells/L.
Pyrodinium cells were absent inthe water column of
all the stations.

Pyrodinium bahamense cyst density in the

sediment

The density of P. bahamense cyst (Figure 4) in the
sediment was highest (>400 cysts/g wet sediment) at
the Kejawanan area and lowest at the Bondet area
(Figure 5A), with the highest density at CRB-23
(Figure 5B;-493 cysts/g sediment wet weight). The
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Figure 2. Phytoplankton in the water column of Cirebon. (A) total phytoplankton density, (B) diversity index of
phytoplankton, (C) cell density of diatoms and dinoflagellates, (D) relative density of diatoms and dinoflagellates.




Rachman et al. / Phil. J. of Nat. Sci. 24: 104-115 107

m Ceratium

m Chattonella

4 Dinophysis w Noctiluca

® Podolampas & Protoperidinium Pyrophacus

100%
= 80% V
> &% 77
T 60%
c
o]
o
S 40%
©
o
e 20%

0%
Bondet Sukalila Kejawanan

Figure 3. Dinoflagellate genus composition in the water column of Cirebon. Note that there were no
Pyrodinium cells found in the water column of the studied sites.

Figure 4. Microphotographs of P. bahamense cysts from the extracted sediment.

closest and the furthest sites to the coastline showed
lower P. bahamense cyst density compared to the
sites in the middle of the transect (Figure 5B).

Environmental parameters of the water column

Most of the parameters measured for the surface
water (0.5 m) did not show any noticeable differences
among the stations (Figure 6), except at station CRB-
6, which showed lower pH (5.33) and temperature
(30.5 °C) than in the other stations (Figure 6A-B). The
dissolved oxygen level in the surface layer in Cirebon
was fairly high (> 4 mg/L) and hypoxia or anoxia
condition was not detected (Figure 6D).

Sediment size and composition

The bottom sediment of the nine stations was
mainly composed of fine grains, such as silt and clay
(Figure 7A), the percentage of which was 57%—-81%
and 11%—42%, respectively. On the other hand, there
were clear differences in the sediment composition
among the stations (Figure 7B), of which the stations in
Sukalila showed high percentages of rock fragments,
while mollusk shells were absent in Bondet (Figure
7B). The CRB-4 station was unique due to its bottom
sediment that was mainly composed of plant litter and
carbon (Figure 7B).
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Figure 5. Pyrodinium- bahamense cyst density in (A) the three areas and (B) each station of this study. Vertical bars in (A)
denote standard deviation.
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Figure 6. Environmental parameters of the surface water column (0.5 m) in Cirebon. (A) pH, (B) temperature, (C) salinity,
(D) dissolved oxygen.
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Figure 7. Sediment grain size (A) and composition (B).

Correlogram visualization of Spearman rank
correlation matrix

The water column parameters examined in this
study showed no significant correlation with the
P. bahamense cyst density (Figure 8A), while the
following parameters in the bottom sediment (Figure
8B-C) showed significant correlations with the cyst
density i.e., positive correlation for the clay, mollusks,
and benthic foraminifera; and negative correlation for
the silt p < 0.05 for all cases(Figure 8B, C).

nMDS analysis of environmental variables in
relation to the cyst density

The nMDS bubble plot (Figure 9) shows the
position of stations as a function of the relationship
between the water column and sediment condition
towards the density of P. bahamense cyst. Due to
the missing environmental data, stations CRB-
5 and CRB-22 were excluded from the analysis.
Nevertheless, the plot clearly showed the uniqueness
of CRB-4 and 6 (Figure 9), in which the former had
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shown on the scale. Correlation between P. bahamense cyst density and (A) environmental variables in the water column,

(B) sediment grain size, and (C) sediment composition.

a distinct sediment composition that was different
from those of the other stations (Figure 7A) and zero
cysts in the sediment (Figure 5), station CRB-6, on
the other hand, had the lowest pH, lowest water
temperature (Figure 6), and highest percentage of
gravel in the sediment (Figure 7A). The bubble plot
also showed the similarity between the stations within
one area and high dissimilarity between the stations
from different areas (Figure 9).

DISCUSSION

P. bahamense cyst distribution

It was surprising to find a high density (> 400
cysts/g wet sediment) of P. bahamense cysts in the
Kejawanan area (at CRB-23) of Cirebon. That number
is comparable to the total dinoflagellate cyst density
found in other areas in Indonesia with frequent harmful
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Figure 9. Bubble plot of the nMDS analysis of all environmental variables in relation to the P. bahamense cyst
density. Size of the bubble represents the density of cyst at the site (cyst/g wet sediment). CRB-05 and CRB-22
were excluded from the analysis due to the existence of missing data.

dinoflagellate blooms, such as Ambon Bay, Jakarta
Bay, Ujung Pandang, and Flores Island (Matsuoka et
al. 1999). On the other hand, the trend of increasing
cyst density from the north (Bondet) to the south
(Kejawanan) of Cirebon coastal area might be related
to the level of anthropogenic pressure in the area,
including those from the large city, harbours, and
aquaculture activities on or near the shoreline, which
could be the cause of eutrophication in the water
leading to harmful dinoflagellate blooms (Dale et al.
1999). This situation further shows the need for show
necessitating further studies on the cysts distribution
in relation to eutrophication in these areas.

It is noted that the higher cyst density was
observed at sites in the middle of the transect that
is not closer or further from the shoreline in the
Kejawanan area and, to a lesser extent, the Sukalila

area, while the cyst density was more-or-less evenly
low at the three stations in the Bondet area. As an
example, Azanza et al. (2004) reported that in Manila
Bay, Philippines, the density of P. bahamense var.
compressum cyst increased towards the coastline
due to higher nutrient concentration in the water
near the coast. The lower density of cysts at stations
closest to the shoreline, observed in the present
study in Cirebon, could be the negative effect from
anthropogenic pollutions (Godhe & McQuoid 2003;
Azanza et al. 2004; Mohamed & Al-Shehri 2011). It
could also be simply due to the current and sediment
transport pattern in Cirebon waters (Hernawan 2009;
Dwianti et al. 2017) which could have transported the
cysts away from the shoreline.

The lower density of P. bahamense cyst at the
furthest stations from the coastline in the Sukalila and
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Kejawanan areas could be due to the insufficiency
of nutrient or important trace elements to support
the P. bahamense community. Further research that
incorporates measurement of nutrients, states of
pollution in the water and sediment, as well as the
water circulation and sediment transport processes,
is required to understand their roles in regulating the
P. bahamense population and cyst density in Cirebon.

Environmental variables and P. Bahamense cyst
distribution

The results of correlation analysis showed that
none of the measured environmental parameters
from the water column was strongly or significantly
correlated with the density of P. bahamense cyst
in Cirebon. Despite of acidic water at CRB-6, pH
level seems to have little effect on the distribution
and density of P. bahamense cyst in this study.
Even so, the blooms of dinoflagellates in the marine
ecosystems often occurred and are sustained under
a high pH level waters (Hinga 1992). Furthermore,
dinoflagellates generally prefer alkaline conditions
(pH > 8), which grants them competitive advantages
over the naturally dominant diatoms in the ecosystem
(Hinga 1992). On the other hand, water temperature
and salinity at all the stations were well within the
tolerance limit of P. bahamense (Phlips et al. 2006;
Usup et al. 2012). Therefore, the condition in Cirebon
water column in this study was generally favourable
for the growth of P. bahamense in the water column.

The absence of the planktonic form of P
bahamense from all the stations, despite its high cyst
density in the sediment, suggests that the sampling of
this study was conducted in the period of dormancy.
The sample collection for this study was done in
April 2017, whereas the last PSP case in Cirebon
was reported in January 2017 (Handayani & Aminah
2016; Anonym 2017b). The toxin produced by P.
bahamense cells was also reported from the shellfish
samples from the late 2016 PSP case in Cirebon
(Anonym 2017a). ltis therefore possible that most of
the P. bahamense in the Cirebon coastal ecosystem
has completed the planktonic cycle, produced resting
cyst, and then entered the dormancy period before
the present sampling. This might explain the absence
of P. bahamense from the water column of this study.

Unlike the environmental parameters, sediment
characteristics showed some significant correlation
with the P. bahamense cyst density in this study. The
correlogram showed strong (r=0.49) and significant
correlation (p < 0.05) between the cyst density and
clay percentage in the sediment. This trend was
expected as the P. bahamense cyst was often found

at higher density in an area with a high percentage of
finer grain sediment, such as fine silt or clay (Ishikawa
& Taniguchi 2000; Godhe & McQuoid 2003; Azanza
et al. 2004; Siringan et al. 2008). High fine sediment
percentage might indicate high sediment stability
and low wave or current effects, which enables
the dinoflagellate cyst to be deposited safely with
relatively low disturbance from water movements.
Furthermore, a dinoflagellate cyst generally has a
smaller size than silt (< 63 ym), thus it is deposited
in the sediment along with finer sediment particles,
such as silt or clay (Godhe & McQuoid 2003). A
similar correlation between dinoflagellate cysts and a
high percentage of silt and clay in the sediment has
also been found in Onagawa Bay, Japan, and the
Red Sea (Ishikawa & Taniguchi 2000; Mohamed &
Al-Shehri 2011). It is therefore expected to find more
P. bahamense cysts in the area within Cirebon that
showed a higher percentage of fine silt or clay in the
sediment.

Another finding in this study was the significantly
positive correlation between the P. bahamense cyst
density, mollusk shells, and benthic foraminifera.
These correlations might notindicate adirect causative
relationship; however, benthic foraminifera was often
used as a bio-indicator to detect the changes in oxygen
level at the bottom layer of an aquatic ecosystem
(Vasquez-Bedoya et al. 2008). Generally, benthic
foraminifera is able to survive under low-oxygen
condition (hypoxia), with oxygen concentration as low
as 1 ml/L, but the cell reproduction will be suppressed
during the anoxic period (Alve 1991; Vasquez-Bedoya
et al. 2008). Based on the relationship between
benthic foraminifera and P. bahamense cyst, it can
be assumed that the dinoflagellate prefers area in
Cirebon that has no problem of anoxia in the sediment.
Note that this assumption was made despite the lack
of bottom sediment oxygen data in this study. On the
other hand, the positive correlation between the P,
bahamense cyst and mollusks shells would suggest
two possibilities. Firstly, similar to benthic foraminifera,
benthic mollusks generally prefer well-oxygenated
bottom sediment and will die under anoxic condition.
Thus, the positive correlation between P. bahamense
cyst and a high percentage of mollusks shells in the
sediment might confirm that the P. bahamense cyst
was more abundant in the non-anoxic sediment.
Secondly, the high number of mollusk shells found at
sites with high density of P. bahamense cyst indicate
that the deposit of shells might be a signal of the past
mollusks’ mass mortality event due to P. bahamense
blooms in Cirebon waters. The case of mass mortality
of mollusks, particularly bivalves, such as Perna
viridis, following a bloom of P. bahamense was
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documented by McFarland et al. (2015) in southwest
Florida. However, those are speculative assumptions
which require a different study to confirm the link
between the past P. bahamense blooms and mass
mortality of mollusks in Cirebon.

The implication to harmful blooms

mitigation plan in Cirebon area

algal

An important finding on the distribution of
P. bahamense cyst in this study may be that an
extremely high density (> 400 cysts/g wet sediment)
was recorded at a station off Kejawanan, suggesting
that this area should be considered and monitored as
a “cyst bank”, or a source point of future P. bahamense
blooms in the Cirebon coastal area.

Due to the regular PSP cases reported in the area
for the last three years, the need to further study the
ecology and population dynamics of P. bahamense in
Cirebon waters became apparent. This should take
into account the parameters that have not yet been
measured in this study and the factors that trigger
the germination of the resting cysts, as well as those
that regulate and trigger collapse of the blooming P.
bahamense population.
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