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Abstract 

Research on the distribution analysis on the cyst abundance of HAB causing Dinoflagellates at green mussel (Perna viridis) culture 
area in Kamal Muara, North Jakarta, has been conducted in October 2014 at 9 sampling stations. The objectives of the research were 
to determine the presence and abundance, mapping the spatial distribution, and to determine the environmental factors that 
influence the distribution of cysts from HAB causing Dinoflagellates. Sediment sampling was carried out using Eijkman Grab. Cyst 
sample preparation was carried out using the sieving technique.  The results showed 8 genus of Dinoflagellate cysts, which were 
Alexandrium, Cochlodinium, Diplopsalis, Gonyaulax, Gymnodinium, Polykrikos, Protoperidinium, and Scrippsiella, in which 5 of them 
were HAB causing, namely Alexandrium, Cochlodinium, Gonyaulax, Gymnodinium, dan Scrippsiella. The abundance of cyst at 
sediments were ranged between 4--324 cysts/ml.  Cyst with highest abundance was genus Alexandrium (324 cysts/ml) and the 
lowest was genus Diplopsalis (4 cysts/ml).  Cyst distribution pattern at the study site showed that cysts were concentrated at 
stations located in the eastern region.  Environmental factors that mostly influence the distribution of cysts in the study site was 
water current, whereas environmental factors that affect the germination of cysts was DO, light, and temperature.  
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1. Introduction 

Harmful Algal Bloom (HAB) is a mass population growth of a certain microalgae that can cause negative impacts to 
the aquatic environment. HAB events could cause losses in aspects of economy, health, ecosystem health, tourism, and 
aquaculture (GEOHAB, 2001; Panggabean, 2006). One group of microalgae which can potentially cause the HAB 
phenomena is from The Dinophyceae Class, or more commonly known as the Dinoflagellates, which is one of the 
primary producers in the aquatic ecosystems. Dinoflagelllates that can cause HAB occurrence are grouped by the 
negative impacts it causes to the environment, by either producing toxins or causing discoloration to the water body. 
These groups of Dinoflagellates are named toxin producer group and red-tide maker group, respectively (Nontji, 2006). 
Cyst is a dormant phase of a Dinoflagellate, produced through sexual reproduction by the planktonic cells. When the 
environmental conditions met are not optimal for the cell’s physiological conditions, planktonic Dinoflagellates will go 
through sexual reproduction and form a resting zygot or more commonly referred to as cyst (Matsuoka & Fukuyo, 2000; 
Panggabean, 2006). Dinoflagellates’ cyst plays an important role in the occurrence of HAB, among others, as a inoculum 
source of population growth, toxin source, and distribution indicator of the HAB species (Anderson & Morel, 1979).  

Jakarta Bay is an area that is utilized for various purposes, among others, recreational activities, industrial activities, 
and aquaculture. The waters of Jakarta Bay has many terrigenous inputs derived from 13 estuaries located in the area. 
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Thus, the waters of Jakarta Bay are rich in nutrients, causing a high eutrophication level in the area.  Eutrophicated 
waters are prone to the occurence of HAB events.  

Kamal Muara, North Jakarta is located in the Jakarta Bay and is utilized for aquaculture activities for Green Mussel 
(Perna viridis). The aquaculture activities in the area are growing more rapidly to meet the increased demand for 
shellfish products. The potential of HAB occurrence in the location of aquaculture should be taken into concern, as it 
could possibly bring harm to the  public health or the aquaculture business itself (Hutomo et al., 1977; Hallegraeff, 
1991). Mulyani,2012 identified 11 species of HAB causing Dinoflagellates in the green mussel culture area in Kamal 
Muara. According to Giat, 2013 green mussels product farmed from these culture area also contains toxin substances 
that allegedly related to food poisoning diseases, such as Diarrhetic Shellfish Poisoning (DSP) and amnesic Shellfish 
Poisoning (ASP). Thus, baseline data of cyst, specifically from the HAB causign group in the Kamal Muara culture 
location could be used as an additional information to the potential of HAB occurence in the culture area. This study 
aims to determine the presence, abundance value, as well as the spatial distribution of the HAB causing Dinoflagellate 
cysts, and to identify the environmental factors that influence the distribution of HAB causing Dinoflagellates at the 
green mussel (Perna viridis) culture area in Kamal Muara, North Jakarta. 

2. Material and Methodes  

2.1. Sediment  sampling and preservation  

The sediment samples were collected using an Ekman Grab. The Ekman Grab was withdrawn carefully onto the 
surface so that the layer of fine silt atop of the sediment trapped remained intact. The sediment were then placed in 
plastic bottles and stored in a cooler box. Upon arrival to the laboratory, the sediment samples were immediately 
preserved using formaldehyde as much as 10% of the sample volume (Matsuoka & Fukuyo, 2000). 

2.2. Phytoplankton sampling and environmental parameters measurements 

Water samples for phytoplankton analysis was collected by pulling a plankton net vertically from approximately 3 
meters below the water surface. The environmental parameters measured in the study site are temperature, salinity, 
light intensity, dissolved oxygen, acidity (pH), depth, brightness, and nutrient levels. The environmental parameters 
were measured at two depth levels, on the water surface and on the bottom surface. Water sample from the bottom 
surface were collected using a water sampler. The measurement results were then tabulated and analyzed to determine 
the environmental parameters that potentially influence the abundance and distribution of Dinoflagellates’ cyst at the 
study site. 

2.3. Separation of cysts from the sediment samples 

The separation of cysts from the sediment sample was done by sieving technique. Sediment samples were strained 
using  sieves with mesh sizes of 125 µm and 20 µm. The residues were then collected into a centrifuge tube. Then the 
samples were centrifuged at 2000 rpm for 15 minutes. 

2.4. Cyst sample observations 

 After the samples were centrifuged, the uppermost layer of the pellet was drawn using a micropipette, and were put 
into a test tube. To keep the samples homogenous, the samples were constantly stirred before the counting process. 
Observation was conducted using sub-sample method. Observation was carried out using a Sedgewick-Rafter Chamber, 
and then observed under an inverted microscope. The number of cells is counted using a counter and identified using 
the identification book of Matsuoka & Fukuyo, 2000. Observation results were then tabulated and analyzed to obtain 
the data of cyst abundance and distribution. 

2.5. Analysis of sediment grain 

The sediment analysis was performed using a multilevel sediment filter. The sediment samples were previously 
weighed, and then filtered using a multilevel sieve. The samples were washed with filtered sea water until the sediment 
grain were strained. The sediment samples retained on each sieve levels were then dried and weighed. The result were 
then calculated by the weight percentage of the grain size, and analyzed using The Shepard's triangle. 
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2.6. Data analysis 

The cyst abundance number was obtained by counting the number of cyst cells per milliliters initial volume of the 
sediment samples (cyst/ml). The abundance data on each station were then tabulated and described with the aid of 
graphs. The distribution mapping of the cysts was made based on the cyst abundance data on each station. The 
distribution maps were made using Arc Gis 9, Arc Map Version 9 software. The analysis of the environmental 
parameters was to determine what environmental parameters characterizes each sampling station, thus potentially 
influence the distribution pattern. The environmental factors analysis was done using the Principle Component 
Analysis (PCA) using the assistance of SPSS and PAST softwares. 

3. Result and Discussions 

There were a total of eight genera of Dinoflagellates cyst found, namely Alexandrium, Cochlodinium, Diplopsalis, 
Gonyaulax, Gymnodinium, Polykrikos, Protoperidinium, and Scrippsiella (Figure 1). The Dinoflagellates cysts found in 
the study site mostly belongs to a genus that has the potential to cause HAB, both from the red tide maker group 
(Cochlodinium, Gonyaulax, Gymnodinium, and Scrippsiella) and toxin producer group (Alexandrium, Gonyaulax and 
Gymnodinium) (GEOHAB ,2001). The cyst abundance value obtained at each station ranges between 40-236 cysts/ ml. 
The station with the highest abundance value was station 5 (236 cysts/ml), whereas the station with the lowest 
abundance values was station 3 (40 cysts/ml).  

Figure 1. Dinoflagellates cyst identified during the study (A) Alexandrium; (B) Cochlodinium; (C) Diplopsalis; (D) 
Gonyaulax; (E) Gymnodinium; (F) Polykrikos; (G) Protoperidinium; (H) Scrippsiella. 

 
Genus with the highest abundance value was Alexandrium (324 cysts/ml) and the lowest was Diplopsalis (4 

cysts/ml). Cyst from the genus Gymnodinium was found in all station of the study site, while cyst from the genus 
Cochlodinium and Diplopsalis was found only at station 5 and 4, respectively (Table 1). The highest abudance value was 
located at stations 4 and 5 with a value range of 197-236 cysts/ml. Furthermore, the distribution of the abundance 
exhibit a gradual decrease pattern towards stations 3, 6, and 9 (Figure 2).       
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Tabel 1. Cyst abundance value obtained during the study. 

 
Cysts are hydrodynamic and its weight are more or less equal with the weight of silt particles, thus making it easily 

influenced by water turbulence and flow dynamics (Matsuoka & Fukuyo, 2000; Narale et al., 2013). The distribution 
pattern was most likely influenced by the current flow. The current pattern of the season is one of the factors that could 
affect the distribution pattern of cysts accumulated in the sediment. At the time of data collection in the study site, in 
October 2014, the current pattern of The Indonesian water was still affected by north-east monsoon. The direction of 
the current flow recorded during research also shows that the flow leads to the western part of the study site.  

Cysts are hydrodynamic and its weight are more or less equal with the weight of silt particles, thus making it easily 
influenced by water turbulence and flow dynamics (Matsuoka & Fukuyo, 2000; Narale et al., 2013). The Jakarta Bay, 
espescially in its central region, has a very high nutrient inputs derived from 13 estuaries from major rivers located in 
The City of Jakarta such as the Citarum, Ciliwung and Cisadane rivers.  This nutrient enrichment will cause the waters to 
become a very flourished region for the growth of phytoplankton, so the potential for blooming occurrence in the area 
is very high (Praseno & Kastoro; 1979). According to Nehring, 1993 waters near estuaries were areas that supports the 
mass population growth of phytoplankton, in this context, Dinoflagellates. Generally, after the occurrence of blooming, 
the nutrient levels in the waters will deplete after the nutrient substances were consumed by the blooming 
phytoplanktons. The population growth rate would decrease and would gradually stop. Under this environmental 
stress, Dinoflagellates will reproduce sexually to  form cysts (Kremp & Heiskanen, 1999). Pospelova et al., 2005 states 
that the rate of cyst forming or encystment in estuarine areas is likely to be high. It is a possibility that the mass 
encystment happened in the central region of the Jakarta Bay where there were frequent occurences of algal blooming. 
The cysts formed were then swept to the east region by the current flow and accumulated on the sediments at the study 
site. Based on the analysis performed on the sediment particles, the sediment in the study site belongs in silt group. 
Tyson, 1994 stated that cysts are generally easily concentrated in sediments with a finer particle size.  
The cysts that were carried by the current was accumulated in the stations on the western part of the research area, 
namely stations 1, 4, 5, and 7, which were also the stations with the highest average of cyst abundance value. These 

Figure 2.  Distribution map of HAB causing Dinoflagellates’ cysts abundance at the study. 
site 
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stations, other than located nearest to the suspected area where the cyst was formed, were also stations in which the 
mussel culture structures were sparse, as the area was intended for boat traffics. The higher cyst abundance values at 
these stations may also be the result to the retention of the current flow by the culture structures. Stations 3, 6, and 9 
were the stations located in the denser part of green mussel culture areas, The dense culture platforms could halt the 
the current flow which moves towards the western part of the research area. This caused the cysts, which were carried 
by the current flow, be deposited and accumulated in the sediments of stations 1, 4, 5, and 7. 

3.1. Environmental factors and their relation to the distribution of the abundance of Dinoflagellate cysts by Principal 
Component Analysis (PCA) 

Environmental factors were measured at two depth levels at and were analyzed using Principal Component Analysis 
(PCA). The PCA analyisis resulted in matrix with three factorial axises which has the greatest variance value. The first 
factorial axis has a value range of 34.9%, the second factorial axis has a value range of 21%, and the third factorial axis 
has a value range of 15.3%. The total variance value of the three axes is  71.2%. Variance value for axis 1-2 is 55.9%. 
The grouping of stations and environmental factors variables based on the PCA graph on the axis 1-2 and 1-3 showed 
that the 1+ axis are represented by stations 1, 4, and 7 and environmental factors current velocity, brightness and depth 
variables. This concluded that stations 1, 4 and 7 are characterized by environmental factors current velocity, 
brightness and depth.  This could be due to the three stations location in the easternmost area of the research sites. This 
location is most affected by the current flow in the Jakarta Bay waters which moves eastward towards the research 
location.  

The 1- axis is represented by stations 2, 3, 5, and 6, and environmental factors DO, light intensity and temperature. 
As seen on the axis 1-2 graphs (Figure 3), station 6 at depth 1 represents axis 1-, whilst depth 2 represents axis 2-. But 
according to 1-3 axis graphs (Figure 3), Station 6 represents the axis 1- along with stations 2, 3, and 5. This concluded 
that stations 6, along with stations 2, 3, 5 are characterized by the environmental factors under the same variable 
groupings on axis 1-, which are DO, light intensity and temperature. This could be due to the four stations location near 
the mainland, which is generally characterized by high dissolved oxygen, temperature, and light intensity in the water 
body (Rukminasari, 2011).  

On the PCA axis 1-2 axis, the axis 2+ was represented by station 8 as well as salinity, while the 2- axis was 
represented by station 9 and pH. However, on the 1-3 axis, stations 8,9, as well as environmental factors pH, salinity 
wer grouped under axis 2+, which concludes that stations 8 and 9 were characterized by environmental factors pH and 
salinity. The high pH value and water salinity were the characteristics of water body with less influence of the 
mainland, which stations 8 and 9 represents (Rukminasari, 2011). 

Cysts with the widest distribution pattern in the study site is from genus Gymnodinium. Gymnodinium cysts are 
found in every station of the study site. Gymnodinium is a genus of a cosmopolite Dinoflagellates with a high tolerance 
to varying environmental conditions. The wide distribution of Gymnodinium cyst is generally attributed to the tolerant 
nature of the genus (Fjellså & Nordberg, 1996; Targarona et al., 1999). Based on the PCA result, Gymnodinium is a cyst 
genus characterized by all the environmental parameters measured during the study. Planktonic Gymnodinium is often 
observed in the waters of Jakarta Bay (Thoha et al., 2007). Based on the data of the phytoplankton that were taken 
during the study, the planktonic cells of Gymnodinium was found with 40 cells/L of total abundance. Mulyani, 2012 also 
found planktonic Gymnodinium in the study site in the period of October 2011 with the total abundance of 3931 cells/L. 
Based on the extent of Gymnodinium cyst distribution and its nature to be characterized by all of the environmental 
parameters measured, thus the potential for the occurrence of Gymnodinium blooming in the study site is high. 
Gymnodinium cyst has an overall high abundance value (236 cysts/ml) in the study site. The highest abundance value of 
Gymnodinium cysts was found at station 1 (48 cysts/ml). Based on the PCA results, station 1 is characterized by current 
velocity, depth, and brightness. Current velocity could attribute to the wide distribution of Gymnodinium cyst at the 
study site (Kurniawan, 2008). 

Cyst from the genus Alexandrium also has a wide distribution on the study site. Alexandrium cysts are found at 
stations 1, 2, 4, 5, 6, 7, 8, and 9, which means that the Alexandrium cysts can be characterized by all of the 
environmental parameters measured during the study. Alexandrium is a genus with high adaptivity and is able to 
withstand the varying environmental conditions of the habitat in a long term period (Okaichi, 2003). It is likely that an 
Alexandrium blooming occured in the Jakarta Bay, and consecutively formed cysts. Based on the phytoplankton data 
taken during the study, Alexandrium planktonic cells was not found, which is possibly because the Alexandrium is still in 
its dormant stage (cyst phase) of its life cycle and have yet to germinate. Based on research by Thoha & Rachman, 2012, 
regularly, Alexandrium planktonic cells in the Jakarta Bay reaches a relatively high abundance in the September-
November period, with the value of the highest density of up to 5 × 106 cells/m3 in October. This high cell density could 
cause oppressive environmental condition to the planktonic cells, triggering it to reproduce sexually to form cysts. 
These cysts formed on post-blooming period is likely to be carried away by the currents of east monsoon season, 
causing the high abundance of cysts at the research sites.  

Alexandrium cysts has the highest abundance value among other cyst genus found during the study (324 cysts/ml). 
The abundance value was highest at station 4 (128 cysts/ml). Station 4 was characterized by current velocity, 
brightness and depth. The high value of Alexandrium cysts abundance at station 4 associated with the high current 
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velocity in the station, explains the wide distribution of the Alexandrium cysts. The high value of abundance and the 
wide distribution of the Alexandrium cysts, and its property to be characterized by all environmental parameters, can 
promote to the  high blooming potential of Alexandrium in the study site.  

 

 
Figure 3. Study result PCA Graph; Axis 1-2 (Upper); Axis 1-2 (Lower). 

 
Another cysts genus which also has a wide distribution on the study site is of the genus Scrippsiella. Scrippsiella cyst 

was found at stations 1, 2, 4, 5, 6, 7, 8, and 9. Based on the PCA, this means  that the Scrippsiella cyst is also 
characterized by all of the environmental parameters measured during the study. Scrippsiella is also one of the 
cosmopolite genus (Mohamed & Al-Shehri, 2011). According to Binder & Anderson, 1987, Scrippsiella doesn’t have any 
specificity to certain environmental factors in its dynamics of encystment and excystment. Scrippsiella cyst has a quite 
high abundance value in the study site (244 cysts/ml) with the highest abundance value found at station 7 (80 
cysts/ml). Based on the PCA results, station 7 is characterized by environmental factors current velocity, depth, and 
brightness. Kurniawan, 2008, stated that Scrippsiella cyst is one of the  dominating genus  found in the sediment of the 
Jakarta Bay. The planktonic cells of Scrippsiella is likely to have occured a blooming in the Jakarta Bay area, then 
reproduce sexually and formed cysts. The cysts were then transported by the current flow towards the study site and 
accumulated in the sediments, as with the case of Gymnodinium and Alexandrium. 
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 Polykrikos cyst was found at station 1, 4, 5, 7, and 9. The PCA also showed that the cyst genus is characterized by all 
the environmental parameters measured. Polykrikos cyst dominate station 1 with the abundance value of 64 cysts/ml. 
Based on the PCA, station 1 is characterized by environmental factors current velocity, depth, and brightness. 
Pospelova et al., 2005: 38 stated that the genus Polykrikos cysts are commonly found in waters with high nutrient 
content, or eutrophicated waters. Eutrophicated waters of Jakarta Bay are likely to support the existence of the 
Polykrikos cyst.  

Cochlodinium cyst was found only at station 5 with the highest abundance value of 80 cysts/ml. Based on the PCA, 
station 5 is characterized by DO, light intensity and temperature. These  three factors are the main factors that could 
induce cyst germination (Anderson et al., 1995). According to Anderson, 1998, temperature and light intensity are the 
factors that affects the maturation rate of the Cochlodinium cyst, while the main environmental factor that influence the 
induction of germination is the availability of oxygen. The temperature value at station 5 is 30º C at depth 1 and 31º C 
at depth 2. The temperature value is ranged in the optimum temperature for Cochlodinium cyst germination, as stated 
by Hallegraeff et al., 1998, that the optimum temperature range for germination of Cochlodinium is >15º C and >30 º C 
in the waters of subtropical - tropical. DO levels in the waters of station 5 is situated at 14.3 and 12.4 mg/L. It is ranged 
into the optimal value of DO for germination (> 0.5 mg / L) (Rengefors & Anderson, 1998). The environmental factors 
that characterizes station 5 (DO, light intensity and temperature) are all factors that promote the germination process 
(Anderson et al., 1995).  The Cochlodinium cysts which were found at the study site has yet to germinate, which could 
likely be caused by the maturation period. The Cochlodinium cysts found at the study site hasn’t reached its maturation 
period. A cyst will pass through a period of maturation before it can germinate, inducted by supporting environmental 
factors (Hallegraeff et al., 1998; Bravo & Figueroa, 2014). With the abundance value of the Cochlodinium cyst which 
were relatively high in station 5, as well as the environmental factors suitable for germination, there is a high blooming 
potential for Cochlodinium at station 5 are of the study site.  

In addition, there are several genera of cysts that are only found in certain stations and discovered at low abundance 
value, namely Protoperidinium, Diplopsalis, and Gonyaulax. Protoperidinium cyst was found at stations 1, 3, 4, 5, 6, and 7. 
Protoperidinium cysts are found in low abundance value in all the stations (≤16 cysts/ml). Protoperidinium cysts are 
generally found in small amounts in the sediments of  contaminated waters (Mohamed & Al-Shehri, 2011). Diplopsalis 
cysts are found only in station 4 with the abundance value of  4 cysts/ml. Diplopsalis is a Dinoflagellate genus commonly 
found only in small quantities in cyst population studies (Anderson et al., 1994). Gonyaulax cysts are also found only at 
stations 5 and 7 with abundance value of 4 and 8 cysts/ml, respectively. Gonyaulax cysts are greatly influenced by 
nutrient levels specifically phosphate (Godhe & McQuoid, 2003) that are not measured at the time of data collection. 
Stations 1, 3, 4, 5, 6, and 7 in which these genera of cysts was found, are characterized by environmental factors such as, 
DO, light intensity, temperature, current velocity, brightness and depth. However, although characterized by 
environmental factors that favors the germination of cysts, all three genera has a low value of abundance, making it of a 
low risk blooming potential. 

4. Conclusion 

There are 8 genera of Dinoflagellates cysts found in the study site, namely Alexandrium, Cochlodinium, Diplopsalis, 
Gonyaulax, Gymnodinium, Polykrikos, Protoperidinium, and Scrippsiella. Among the genus identified, five of which are of 
the HAB causing genus: Alexandrium, Cochlodinium, Gonyaulax, Gymnodinium, and Scrippsiella. Genus with the highest 
abundance is Alexandrium lowest abundance is Diplopsalis. Distribution pattern indicate a gradual decrease of 
abundance westward of the research station. The environmental factors that mainly affects the distribution of cysts in 
the study site is current. Factors that may affect the germination of cysts are DO, light, and temperature, especially at 
station 5, where the station is characterized by the environmental factors that induce germination so the potential of  
blooming occurence by a HAB causing genus, Cochlodinium, in the area is relatively high. Although, to determine 
further, it is necessary to conduct further research on the temporal distribution of HAB causing. Dinoflagellates cysts in 
the study site. 
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