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Abstract 

Saxitoxin is the toxin responsible for Paralytic shellfish poisoning (PSP) produced by some 

dinoflagellate genera such as Pyrodinium, Gymnodinium and Alexandrium. In Indonesia, 

Pyrodinium bahamense var. compressum (Pbc) was first recorded in Kao Bay in 1994. Later 

that year, the illness of more than 30 people and the death of three children were reported 

after shellfish consumption in Ambon Bay. In 2007, a monitoring program was installed 

encompassing physiochemical parameters and plankton abundance measurements to monitor 

the potential threat for shellfish poisoning in the bay. The present study was aimed to convey 

and discuss a massive bloom of Pbc in Ambon Bay. Pbc cells were detected in plankton 

samples during the wet season in June and July 2012, during which a human poisoning event 

was reported by a local hospital. A massive bloom (up to 2,496 cells mL-1) of the species 

followed by water discoloration was observed on July 12, a few days after the hospital report. 

This bloom formed an area of approximately 110 acres, which was close to a local dense 

residential area where most of the patients live. Additional toxin measurements were installed 

in 2017, and during that year, the presence of PSP toxins in plankton samples was 

demonstrated. These toxins were dominated by saxitoxin and gonyautoxin, which can both be 

responsible for human poisoning. This is the first preliminary study that provides evidence of 

shellfish toxins detected in plankton samples related to Pbc occurrences in eastern Indonesia.   

 

Key words: Pyrodinium bahamense var. compressum, water discoloration, human illness, 

saxitoxins, gonyautoxins, paralytic shellfish poisoning. 

 

 

 

 

 

 

 

 

 
 

1. Introduction 

Ambon is a small island in the eastern part of Indonesia, populated by roughly 

600,000 people. The island has a tropical climate, which is influenced by southeast and 

northwest monsoons determining the wet and dry season respectively. The southeast 

monsoon (wet season) is characterized by a low air temperature and a high rainfall (between 

April and September). The dry season is associated with the northwest monsoon occurring 

between October and March, which is characterized by high air temperature and less rainfall. 

The island has a semi-enclosed estuary, Ambon Bay, that has  a narrow and shallow sill (12 

m deep and 300 m wide) dividing the area into an inner and outer part. The sill restricts water 

circulation and limits flushing processes resulting in water stagnation in the inner bay. 

Anderson and Sapulete (1989) revealed that water replacement in the inner bay was about 

50% and the residence time was 4.5 months. This condition tends to trigger nutrient 

enrichment in the inner bay during the wet season as high precipitation causes a high run-off 

into bay. In addition, increased population size, land development and agriculture on the 

island can be associated with increased pollution input over time, which may enhance 

eutrophication and levels of pollutants in the inner bay. 

Tropical marine regions have experienced Harmful Algal Bloom (HAB) events for 

many years, resulting in environmental degradation and human illness. The South China Sea, 

which is surrounded by Malaysia, Philippines, Thailand, Indonesia, Brunei, Vietnam and 

China, is a semi-enclosed sea in the tropical Pacific Ocean. Bloom events occur frequently in 

this area, causing various negative effects on marine ecosystems, human poisoning and 

economic losses (Wang et al., 2008). High performance liquid chromatography (HPLC) 

revealed 31 HAB species from the coastal sea areas in China, and 21 species were found in 

tropical region of South China Sea (Liu et al., 2014). In Indonesia, HAB outbreaks are 

dominated by the PSP species Pyrodinium bahamense var. compressum (Pbc), and it has led 
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to environmental deterioration, economic loss and human illness (Aditya et al., 2013). More 

than 427 PSP cases and 17 deaths have been reported in the country (Azanza and Taylor, 

2001). 

Paralytic shellfish poisoning (PSP) is known as a common problem of seafood 

poisoning causing human illness due to the consumption of contaminated shellfish. The 

neurotoxins responsible for PSP are saxitoxins (STXs), and are produced by Alexandrium, 

Gymnodinium and Pyrodinium (Etheridge, 2010). Paralytic shellfish toxins (PSTs) are 

generally divided into three groups: highly toxic carbamoyls (saxitoxin (STX), neosaxitoxin 

(NEO) and gonyautoxins (GTX1-4), intermediately toxic decarbomoyls (dcSTX, dcGTX and 

dcNEO); and the least toxic N-sulfocarbamoyls (C1-4, B1 and B2) (Costa et al., 2010). An 

armored, bioluminescent and chain-forming dinoflagellate, Pyrodinium bahamense var. 

compressum (Pbc), is known to be distributed in tropical and subtropical latitudes (Usup et 

al., 1994). This toxic species appears to be endemic in Southeast Asia, as it occurs frequently 

in some countries including the Philippines, Malaysia and Indonesia (Usup et al., 2012). 

In Indonesia, water discoloration caused by high cell densities of Pbc was first 

recorded in Kao Bay in 1994 (Mizushima et al., 2007). Subsequently, in the same year, a 

fatal paralytic shellfish poisoning (PSP) event occurred in Ambon Bay, initiated by a high 

abundance of Pbc in the water column. Wiadnyana et al., (1996) reported that more than 30 

people were hospitalized and three children died after consuming shellfish (Hiatula 

chinencis) collected in the bay. In the years following this outbreak, bloom events and human 

illness due to Pbc were not detected and reported. The present paper specifically describes a 

massive bloom of Pbc, occurring in Ambon Bay in 2012, causing human illness and fish kills. 

In addition, PSP toxins were measured in phytoplankton samples in 2017 to provide valuable 

information regarding Pbc associated toxin profiles and levels. 

 

 
 

2. Materials and methods 

2.1. Sampling during bloom events 

 Since the population size rapidly increases on the island thereby contributing to  

significant environmental deterioration, the Indonesia Institute of Science (LIPI) has 

established a monitoring program in 2007 to continually follow water quality and marine 

communities as found in Ambon Bay. Eighteen permanent monitoring stations, including 

seven stations in the inner bay and 11 stations in the outer bay, are sampled on a monthly-

based scheme (Fig. 1). Plankton samples and water samples for nutrients (phosphate and 

nitrate) at three different water depths (surface, 10 m and near bottom) are collected using a 

3.5 L Niskin bottle. 

 

Fig 1. Location of monitoring stations in Ambon Bay 

 During the Pbc bloom in June-July 2012, additional plankton samples and 

physiochemical data were collected in the middle of the affected area, which was between 

station 1 and 2 (Fig. 1). The affected area was characterized by medium mangrove 

vegetation, in which several small rivers drain. Nutrient (phosphate and nitrate) levels were 

analyzed as the total concentration of phosphate and nitrate according to Strickland & 
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Parsons (1968), and dissolved oxygen was measured using the Winkler method. Plankton 

samples were collected using the same bottle sampler deploying at the surface where 

concentrated algae were found. Samples were concentrated in 1 L plastic bottles and 

preserved with formalin to  4% final concentration after adding filtered seawater. One mL 

fixed sample was fully inspected under a Nikon Eclipse 50-i microscope using a 200 x 

magnification to determine Pbc cells. Other environmental parameters, including 

temperature, salinity, chl a, and turbidity were recorded using a CTD, model ASTD687 (Alec 

Electronics, Japan). As a comparison with the affected area, the CTD was deployed at station 

3 as well where no bloom and water discoloration occurred. 

2.2. Toxin analysis in 2017 

Plankton samples for toxin analysis were collected at five stations (1, 2, 3, 4, and 5 

(Fig. 1)) in the inner bay on the 15th of July 2017. Phytoplankton samples were collected 

from the upper 20 m using a Hydro-bios plankton net (Ø 40 cm, length 100 cm, 20 µm mesh 

size). The net was deployed twice vertically at a constant pulling speed, following the 

manufacturer’s guidelines. Samples were transferred to 500 mL bottles and concentrated to a 

final volume of 400 mL, and kept at ambient temperature in the dark in an insulated box. For 

microscopic inspection and cell counting, 40 mL of sample was fixed with acidic lugol iodine 

solution and a drop of formalin (4 % final concentration) to inactivate bacteria. The fixed 

samples were kept in the dark at 4 ᴼC until sample analysis. One mL fixed sample placed in a 

Sedgewick rafter was used to inspect Pbc cell numbers using a Nikon Eclipse 50-i 

microscope at 200 x magnification. A compact Alec Electronic CTD, model ASTD687 was 

deployed to measure temperature, salinity, turbidity, density, and Chlorophyll-a fluorescence. 

Dissolved nutrients, Nitrate (NO3), Phosphate (PO4) and Silicate (SiO2) were measured using 

a spectrophotometer (UV-Vis Shimadzu 1700) following Strickland and Parsons (1972), and 

Ammonium (NH4) following APHA (1998). Mixed layer depth (MLD) and stratification 

 
 

index were determined using the threshold method as described by Somavilla et al. (2017) 

and González-Pola et al. (2007). 

Liquid chromatography – tandem mass spectrometry (LC-MS/MS) was used to detect 

PSP (C1/2, dcGTX2/3, GTX2/3, GTX1/4, B1, dcSTX, STX, and NEO) toxins according to 

Krock et al. (2008). Net sample was concentrated by centrifugation at 12,100 x g for at least 

20 minutes and transferred to 2 mL Eppendorf tubes. Pellets were then stored at -20 ᴼC prior 

to analysis. Approximately 0.9 g lysing matrix D was added to the pellets followed by 500 

µL ethanol. Toxin extraction was performed at maximum speed (6.5 m/s) for 45 seconds 

using a Bio101 FastPrep (Thermo Savant, Illkirch, France). Homogenized samples were 

centrifuged at 16,100 x g at 4 ᴼC for 15 minutes, after which the supernatants were 

transferred  to 0.45 µm pore size spin filters (Milipore Ultrafree, Eschborn, Germany) and 

centrifuged for 30 seconds at 5700 x g. Filtrates were transferred to HPLC vials for toxin 

analysis, expressed in ng.NT-1.  

3. Results 

During the monitoring in 2012, average nitrate concentrations showed an upward 

trend, ranging between 0.08 µM and 0.61 µM, and reaching the highest level in June. A high 

nitrate concentration was found in January before decreasing considerably in the following 

month. (Fig. 2). In contrast, the average phosphate concentration showed an unclear trend and 

varied during the monitoring of 2012. The concentration ranged between not detected and 

0.18 µM (Fig. 2). 
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Fig. 2. Average concentrations (18 stations) of nutrients at the surface and average phytoplankton abundance in 

Ambon Bay during the monitoring of 2012. 

 

The average of total phytoplankton (diatom and dinoflagellate) abundances from the 

18 stations ranged between 1.40×102 cells L-1 and 22.76×102 cells L-1 in 2012, of which the 

highest level was found in July (Fig. 2). Pbc cells were observed between the mid of June and 

the first week of July 2012, but only in the inner bay (station 1, 2, 4 and 5). Here, average Pbc 

cell concentrations of 1.30×102 cells L-1 and 5.99×102 cells L-1, respectively (data not 

shown). Meanwhile, during the peak of the bloom on the 12th of July 2012, Pbc abundance 

reached 2,496×103 cells L-1 in station 2, resulting in water discoloration in the inner bay. The 

bloom area of Pbc was estimated to occupy approximately 110 ha area in the inner bay (Fig. 

3). Cells of Pbc in Ambon Bay were easily distinguished, forming chains of up to 24 cells 

with a conspicuous cingular list and antapical spine especially in the posterior cell of the 

chain (Fig. 3).  

 

 
 

 
Fig. 3. Light microscopic photographs of Pyrodinium bahamense var. compressum (34-35 µm long and 39-41 

µm in wide) as occurring in Ambon Bay, 12th of July 2012 (A-E). 

 

Sea surface temperature (SST) and sea surface salinity (SSS) during the Pbc bloom 

were 29.13°C and 30.56 respectively for station 1 and 2 (Fig. 4 A&B). The lowest SSS was 

found at station 3. Maximum SST and minimum SSS levels were detected at 0.75 m depth. 

High chl-a concentrations and turbidity levels were detected at the same depth, which were 

27.84 ppb and 13.25 NTU, respectively (Fig. 4 C&D). Similar to SSS, surface chl-a and 

turbidity were also low at station 3. 

Phosphate concentrations were low at the surface for both stations during the bloom, 

ranging between 0.03 µM and 0.08 µM while being higher at the bottom (Table 1). In 

contrast, nitrate was not detected at the surface for both stations. Nitrate near the bottom 

ranged between 1.13 µM and 1.29 µM (Table 1). Dissolved oxygen (DO) levels ranged 

between 6.00 ppm and 6.03 ppm at the surface and 3.63 ppm and 4.22 ppm near the bottom. 
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Fig. 4. Vertical profiles of temperature (A), salinity (B), chl-a (C) and turbidity (D) for stations 1-3 during the 

Pyrodinium bahamense var. compressum bloom in Ambon Bay, 12th of July 2012. 
 
Table 1. Concentrations of phosphate (PO4), nitrate (NO3) and dissolved oxygen (DO2) 
during the bloom of Pyrodinium bahamense var. compressum in Ambon Bay, 12th of July 
2012. 

Station Depth PO4 (µM) NO3 (µM) DO2 (ppm) 

1 Surface (0 m) 0.03 nd 6.00 
Near Bottom (B-1m) 0.11 1.13 4.22 

2 Surface (0 m) 0.08 nd 6.03 
Near Bottom (B-1m) 0.21 1.29 3.63 

Remarks: nd (not detected) 
 
 

 
 

Table 2. PST profiles, Pbc abundance and physiochemical surface characteristics at five 
stations in the inner bay, July 2017.  

Station 
PSP toxin profiles (ng NT-1) Pbc 

(×103 NT-1) C1/2 GTX1/4 GTX2/3 dcGTX2/3 B1 NEO dcSTX STX 
1 32.50 nd 9.50 7.50 33.50 nd nd 32.50 1.03 
2 28.00 nd 7.00 5.50 23.50 nd nd 19.00 0.86 
3 26.00 nd 7.00 1.95 20.00 nd nd 20.50 0.81 
4 15.50 nd 2.65 nd nd nd nd 3.45 0.08 
5 28.00 nd 2.35 3.20 nd nd nd 2.90 0.08 

Station 
Chlorophyll-a fluorescent and environmental parameters 

Chl-a 
(mg m-3) 

Temperature 
(ºC) Salinity  

PO4 
(µM) 

NO3 
(µM) 

SiO3 

(µM) 
NH3 
(µM) 

Stratification 
(kg mg-3) 

MLD 
(m) 

1 1.36 28.13 31.85 0.61 2.66 19.94 7.16 0.80 0.50 
2 0.77 27.81 32.12 0.84 1.29 3.27 7.16 0.42 3.00 
3 1.02 27.98 30.56 0.42 9.13 21.57 11.76 0.47 2.50 
4 1.12 27.61 31.14 0.75 9.95 21.24 6.13 0.53 2.50 
5 0.30 28.21 31.90 0.66 5.55 31.70 3.58 0.78 0.50 

 
During the wet season of 2017, phytoplankton communities were numerically 

dominated by diatom genera such as Chaetoceros, Skeletonema and Pseudonitzschia. These 

genera formed more than 70% of the total abundance based on the net samples (> 20 um) 

(data not shown). Cells of Pbc were successfully determined at the five stations, ranging 

between 0.08×103 NT-1 and 1.03×103 NT-1 (Table 2). Highest concentrations of the species 

were found between station 1 and 2, similar to the bloom as observed in 2012. Five of eight 

PSP toxins were detected in phytoplankton samples. The highest toxicity carbamoyl group 

was dominated by STX (ranging between 2.90 ng NT-1 and 32.50 ng NT-1) and GTX2/3 

(ranging between 2.35 ng NT-1 and 9.50 ng NT-1), while NEO was absent (Table 2). 

Meanwhile, the less toxic PSTs of C1/2 and B1 were detected at high levels whereas the 

decarbamoyl dcGTX2/3 was low. Surface water temperature ranged between 27.61 and 28.21 

ºC while salinity ranged between 30.56 and 32.12 (Table 2). Phosphate concentrations were 

comparable among stations and other nutrients varied in the inner bay. Shallow MLDs were 

found in station 1 and 5 (0.5 m) while deeper in station 3 (3 m). Stratification index was 

comparable among stations and ranged between 0.42 kg mg-3 and 0.80 kg mg-3 (Table 2). 
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Fig. 4. Vertical profiles of temperature (A), salinity (B), chl-a (C) and turbidity (D) for stations 1-3 during the 

Pyrodinium bahamense var. compressum bloom in Ambon Bay, 12th of July 2012. 
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4. Discussion 

A massive bloom of Pbc was documented in Ambon Bay for 12 July 2012. This was 

the first report of a Pbc bloom in Indonesian waters associated with a substantial economic 

loss due to massive fish kills observed in local aquaculture. In addition, the bloom was 

associated with a human poisoning case after consuming shellfish collected in the area 

affected by the bloom.  

As a part of the monitoring program, phytoplankton communities have been analyzed 

monthly since 2008 to study their composition, abundance and community structure in 

Ambon Bay. Generally, diatoms including Chaetoceros spp., Bacteriastrum sp., Rhizosolenia 

spp., dominate the phytoplankton community. One species of Cyanobacteria, Trichodesmium 

sp., was also found frequently in the bay, and occurred in high abundances in certain months, 

however, no bloom and/or water discoloration events were observed. Dinoflagellates were 

dominated by genera such as Ceratium, Protoperidinium, Dinophysis, and Pyrodinium. 

During the bloom of Pbc, the abundance of this species reached more than 2,000 cells 

mL-1. More than hundred fish, e.g., Caranx sp. and Chromileptes altivelis were found dead 

and floating in the bloom area several weeks before the massive bloom. This event occurred 

between the mid to the end of June 2012, just before harvesting time, resulting in the loss of 

million Rupiahs. Fish kills might be due to DO depletion around the aquaculture area. Thus, 

it was likely that phytoplankton (Pbc) had formed blooms before the event in July 12, which 

caused anoxia in the inner bay. Interestingly, this was the first report of fish killing related to 

a phytoplankton (Pbc) bloom in Ambon Bay. 

 During the first week of July 2012, some people including two children were found to 

have food poisoning and were hospitalized in a local hospital. They were local inhabitants 

who lived in villages located near the coast around the inner bay such as Lateri, Waiheru and 

Latta. Medical checks revealed that these people were intoxicated by unknown toxins 

 
 

contained in seafood. To trace the source of the toxin, these observations were followed by 

conducting an interview of their family members. This revealed that patients showed 

symptoms of nausea, vomiting, headache and diarrhea several hours after consuming 

shellfish collected in the bay.  Thus, it was likely that these patients were suffering from 

Paralytic Shellfish Poisoning (PSP) due to Pbc since their cells had been detected in 

phytoplankton samples earlier in June 2012. When shellfish poisoning was reported, Pbc cells 

were found at a low density between June and the first week of July 2012. Thus, the recent 

event reconfirmed human illness after shellfish consumption that was reported before in 

Ambon Island in 1994, related to Pbc cells (Wiadnyana et al., 1996). In their study, the cell 

concentration of Pbc was very low, ranging between 0.4×103 cells L-1 and 1.6×103 cells L-1, 

and its species abundance represented up to 41% of total phytoplankton abundance. Based on 

their findings and the presently described event, Pbc could form PSP events even at low cell 

density.  

In the present study, Pbc was found at very high concentrations, and its abundance 

exceeded 106 cells L-1. The highest cell concentration of Pbc was detected in the area near the 

local villages of Lateri and Latta. These areas were inundated by red-brown to dark surface 

water discoloration, occupying roughly 110 ha area in the inner bay (Fig. 5 & 6). Water 

discoloration was not observed during the first PSP event in 1994. During the present bloom 

event, the discolored water caused skin-itching on hands and legs of the observers during the 

plankton and water sample collections. The exact causative species was not known at that 

time, yet, it might be the result of bacterial activity during the bloom. Another reason might 

be due to the cyanobacterium Thrichodesmium erithrium (Fukuyo, pers. comm.), since it had 

been found frequently in high abundances during plankton monitoring.  
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been found frequently in high abundances during plankton monitoring.  



42  
 

 
Fig. 5. Water discoloration (A, B and C) caused by Pyrodinium bahamense var.  compressum bloom on 12th of 

July 2012  and floating fish cages (D: at Passo and E: at Lateri) in Ambon Bay. 

 
Fig. 6. Horizontal distribution of the Pyrodinium bahamense var. compressum bloom (abundance of the red area 

>106 cells L-1) in inner Ambon Bay, 12th of July 2012. 
 

Some dinoflagellates are able to produce cysts in their life cycle when environmental 

conditions become adverse. These temporary cysts will sink to the upper sediment where they 

 
 

can survive for certain periods followed by re-suspension, thereby serving as a local seed 

population (Matsuoka and Fukuyo, 2000). Based on sediment core analysis, Mizushima et al. 

(2007) revealed that the first occurrence of Pbc cysts in Ambon Bay was recorded around 

1850. Furthermore, they found that the cyst became more abundant in the top 2 cm sediment, 

reaching 3,431 cysts g-1 dry sediment. High abundances of the cysts in Ambon Bay may have 

caused seeding of the water column, facilitating rapid accumulation of Pbc cell density in the 

bay, which eventually led to human poisonings in 1994 and later years, including the 2012 

bloom. In Manila Bay, resuspension of Pbc cysts triggered by wind-induced vertical mixing 

and tidal currents were found to initiate bloom events (Sombrito et al., 2004; Siringan et al., 

2008). In addition, these typical water movements increased bottom current velocity, which 

may stimulate nutrient release to the water column and favor the cysts to germinate (Villanoy 

et al. 2006).  

The monitoring data in 2012 showed a significant increase in nitrate concentration 

from May to June. Nutrient concentrations in June and July were measured before and after 

the bloom of Pbc, respectively. During the wet season, high precipitation contributes to 

nutrient enrichment in the inner bay through runoff. The increase in nutrients, during this 

period may have contributed to the favorable environment required by Pbc vegetative cells to 

develop rapidly. During the bloom itself, nutrients were detected at very low concentrations, 

indicating that Pbc vegetative cells massively consumed nitrate and phosphate. However, 

given the low number of data points, correlations between nutrient and Pbc could not be 

established statistically at present.   

Regardless of nutrient availability, high germination rates of Pyrodinium cysts and 

bloom initiation were mostly found to be influenced by temperature (Hallegraeff, 2010; 

Karlen and Campbell, 2012; Morquecho et al., 2014; Onda et al. 2014; Banguera-Hinestroza 

et al. 2016). When the bloom of Pbc occurred, SSS and SST were relatively low (29.56 and 
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29.13°C, respectively). These low levels might be due to freshwater input through small 

rivers around station 1 and 2. Interestingly, a bloom of Pbc also occurred during the dry 

season in the subsequent year, with cell densities exceeding 2×106 cells L-1 (monitoring data 

of 2013, unpublished). Average SST and SSS during the dry season in Ambon Bay range 

between 28.58 °C and 30.12 °C; and between 32.22 and 34.15, respectively (Saputra and 

Lekalette, 2016). According to Gedaria et al. (2007), fluctuations in temperature (23 – 36 °C) 

and salinity (26 – 36), are favorable for Pbc growth. Yet, the optimum conditions for Pbc 

growth were found at a relatively high salinity at a broad temperature range. Usup et al. 

(2012) also reported that Pbc forms blooms only under conditions with salinities higher than 

20 psu and temperatures above 20 °C. Moreover, Garate & Gonzales (2011) reported that 

solitary cells of P. bahamense emerged at temperatures ranging between 24.5 and 31.0 °C in 

the southern coast of the Baja California Peninsula confirming its tropical nature. Salinity and 

temperature levels during high Pbc occurrences in Ambon Bay (2012 and 2017) were 

relatively similar with these previous studies, implying that the bay is a risk area for Pbc 

blooms and PSP events. 

The toxin analysis executed in 2017 showed the presence of Pbc coinciding with the 

PSTs in plankton samples collected in the inner bay. The detection of saxitoxin in 

phytoplankton samples undoubtedly suggest the cause of human illness and fatality after 

consuming contaminated shellfish. Generally, headache, nausea, vomiting, diarrhea, muscular 

paralysis and respiratory difficulty characterize the symptoms of PSP (Costa et al., 2010; 

James et al., 2010). Similar symptoms were shown by all patients in the 2012 PSP event, 

implying that there was a strong relation among Pbc, saxitoxin production and human illness 

in Ambon. Generally, Pyrodinium species only produce simple toxin profiles such as STX, 

NEO, dcSTX, GTX and B toxins (Wiese et al., 2010; Usup et al., 2012). The detection of 

decarbamoyl (dcGTX2/3) and C groups in the present samples strongly indicated that other 

 
 

PSP causative species were also present. Even though Pbc was the main target of this study, 

two PSP genera were also observed. These include species belonging to the genera 

Gymnodinium and Alexandrium. Thus, decarbamoyl and C groups in the present samples 

were likely to be produced by Gymnodinium spp., given the fact that some strains of the 

genus were found to generate dcSTX, dcGTX2/3, C1 and C2 (Costa et al., 2010; Band-

Schmidt et al., 2010 and references therein). However, the recent finding related to 

Gymnodinium needs to be confirmed by more studies both in field and lab culture 

experiments. 

5. Conclusion 

 Pbc was found in Ambon Bay during the wet season of 1994 and it formed a second 

bloom in the same season in 2012, both associated with shellfish poisoning cases. In addition, 

monitoring data showed a massive bloom of Pbc during the dry season of 2013, indicating 

that the species may form PSP events in both seasons or throughout the year. Economic loss 

due to fish kills related to massive algal blooms in Ambon Bay, in particular Pbc, was 

reported for the first time (2012). With respect to human poisoning, PSTs responsible for PSP 

events were detected in phytoplankton samples collected in the inner bay, which was 

dominated by N-sulfocarbamoyls, saxitoxins and gonyautoxins. However, the present study 

provides only preliminary information regarding the species abundance and distribution in 

the area. Hence, further studies on environmental impacts on Pbc both in field studies and 

laboratory experiments are needed to understand the dynamics of the species in order to 

predict its present and future outbreaks. In addition, investigations on environmental 

influences on PST production, level and profiles from the Ambon strain are highly 

recommended. Results of these future studies are expected to generate baseline data in order 

to install a HAB management plan in Ambon Bay, with the aim to provide an early warning 

system to minimize impacts on local ecosystems and human health. 
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events were detected in phytoplankton samples collected in the inner bay, which was 

dominated by N-sulfocarbamoyls, saxitoxins and gonyautoxins. However, the present study 

provides only preliminary information regarding the species abundance and distribution in 
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