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Introduction to Harmful Algal Blooms (HABs) 
	
 

Harmful Algal Blooms (HABs), previously called “Red Tides”, have been recorded 

since ancient history. The Old Testament of the Christian Bible reports a red tide event in 

Egypt (Yiming et al., 2002; Yan and Zhou, 2004; Dierssen et al., 2006). It is believed that 

this is the first reported occurrence of a toxic algal bloom or red tide. It was written in the text 

“. . . and all the waters that were in the river were turned to blood. And the fish that was in the 

river died; and the river stank, and the Egyptians could not drink of the water of the river . . .” 

(Exodus 7: 20-21). The term “Red Tides” was widely used due to the red discoloration of 

surface waters, when an outbreak occurred. However, many microalgal outbreaks show 

different colors, depending on the specific pigmentation of the causative species, including 

green, yellow or brown to reddish (Glibert, 2016). Thus, the term ‘HABs’ has been used 

widely to define outbreak events of microalgae and its toxic and non-toxic negative impacts 

(Anderson, 2009; Ransangan and Tan, 2015). 

The occurrence of high densities (> 106 cells L-1 (Anderson et al., 2008)) of 

phytoplankton cells in the pelagic realm is called an algal bloom. Blooms are formed due to 

the rapid accumulation of cells in time and space both as multiple or single species 

(Pettersson and Pozdnyakov, 2013). When the water is dominated by toxic species, toxin 

production may result in harmful impacts for marine communities as well as human health. 

However, eukaryote algae are not the only group causing HABs. Some events are recognized 

as small animal-like or microbial blooms, whereas other causative species are cyanobacteria 

(CyanoHABs) (Glibert, 2016)). Given the taxonomic variety of species causing HABs, 

Glibert (2016) concluded that the term HAB is an operational term in describing the group of 

species (including non- algae) that can cause harm to health, the environment and the 

economy. 

 
 

Landsberg (2002) calculated that a few percent of the tens of thousands of algal 

species has been identified as toxic species. However, as science develops gradually, possibly 

more new toxic species will be revealed. Toxins are likely to be produced during a bloom 

event. Yet, for highly toxic species, toxins may be produced at low cell densities and after 

which they may already cause problem under non-bloom conditions (Glibert, 2016). Toxins 

will subsequently transfer through food chains and can lead to human illness and sometimes 

fatalities (Lansberg, 2002; Hallegraeff, 2005). HABs do not necessarily have to be toxic: 

dense algal blooms can cause adverse environmental conditions via the production of foams 

or scums that lead to oxygen or nutrient depletion. HAB problems tend to increase 

considerably worldwide. For instance, global Paralytic Shellfish Poisoning (PSP) incidents 

have increased significantly between 1970 and 2005 around the globe (Fig. 1) (Anderson, 

2009). 

Globally, HABs may be responsible for economic declines in utilizable marine 

resources. For example, the razor clam fishery industry in Washington State and the local 

labour force have suffered from HABs due to long-term closures since 1991 (Dyson and 

Huppert, 2010). Roughly, US$75 million was lost annually in the US between 1987 and 2000 

(Hoagland and Scatasta, 2006). Massive fish kills in the Seto Inland Sea (Japan) due to HABs 

damaged fishermen’s incomes to the value of more than one million dollars annually 

(Anderson, 2009). New Zealand has experienced HAB events since about 1990, causing food 

poisoning with more than 180 people hospitalized due to the consumption of contaminated 

shellfish, subsequently followed by several fish kill events (MacKenzie 1991; Chang and 

Ryan 2004; Chang 2011; MacKenzie et al., 2011). In tropical regions such as Florida, 

economic losses were also reported due to bloom events (Morgan et al., 2009). In 1983, 

shellfish poisoning due to a Pyrodinium bahamense var. compressum bloom killed 70 people 

in the Philippines and damaged the economy up to US$500,000 (Maclean, 1989). 
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Fig. 1. The global geographic expansion of Paralytic Shellfish Poisoning events (red dots) 1970 versus 2005 
(Source: US National Office for Harmful Algal Blooms, Woods Hole Oceanographic Institution, Woods 
Hole, MA). Adopted from Anderson (2009). 

 

1. HAB detection and Monitoring 

Phytoplankton blooms and HABs can be monitored by satellite remote sensing 

(McKibben et al., 2012; Mustapha et al., 2014), which detects surface phytoplankton 

chlorophyll-a concentration (Sivri et al., 2012; Shutler et al., 2012; Demarcq et al., 2012). 

Remote sensing is also useful for measuring chemical and physical properties that may 

influence phytoplankton bloom formation, such as Sea Surface Temperature (SST), Sea 

Surface Salinity (SSS), upwelling and nutrient content (Pisoni et al., 2014; Sanial et al., 

 
 

2014). However, the combination of traditional in-situ surveys and satellite remote sensing is 

most widely used to monitor phytoplankton blooms and the development of harmful 

microalgal species (Carvalho et al., 2010; Hu et al., 2011; Dippner et al., 2011; Shen, et al., 

2012; Ogashawara et al., 2014). 

Marine biotoxin monitoring and shellfish toxicity (Van der Felsh-Klerx et al., 2012) 

can be conducted in the field by observing the bio-ecology of toxic species, and in the 

laboratory by analyzing toxin types and concentrations. Marine biotoxin monitoring must be 

implemented in order to generate an early warning system of the occurrences of toxic species 

and to organize aquaculture closure periods. Various methods and monitoring tools have been 

applied to achieve marine biotoxin data, beginning from in-situ quick screening to mass 

spectrometric analysis for quantifying levels of toxins of algal species (Zhang and Zhang, 

2015). 

A simple method for monitoring the occurrences of toxic algal species in the water 

column was developed in 2004, called solid phase adsorption toxin tracking (SPATT) 

(MacKenzie et al., 2004). SPATT was originally designed and recommended to establish an 

early warning system for PSP toxins (Rodríguez et al., 2011; Scholz et al., 2013), Diarrhoetic 

Shellfish Poisoning (DSP) toxins and Azaspiracids (Turrell et al., 2007). Different toxin 

analyses depend on the adsorption substrates used (MacKenzie et al., 2004). More recently, 

this technique has been implemented widely in phytoplankton and HAB monitoring 

platforms (see Pizarro et al., 2013; Scholz et al., 2013; McCarthy et al., 2014) due to its 

simplicity (Jauffrais et al., 2013; Zendong et al., 2014), low cost and toxin information. 

SPATT also provides details on environmental persistence and may identify new toxins, 

(MacKenzie, 2010). In addition, to get precise data of marine biotoxins, the passive SPATT is 

usually coupled to sensitive analytical technology of liquid chromatography-mass 

spectrometry (LC-MS) to extract toxin profiles such as azaspiracids, okadaic acid, 
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pectenotoxins, yessotoxins and spirolides (Rundbergeta et al., 2009; MacKenzie, 2010; 

Scholz et al., 2013). 

2. Toxic species and human poisonings 

Filter-feeding bivalve molluscs that ingest toxic algae as food can accumulate toxins 

to levels that can be fatal to humans and other consumers. The other vectors of algal toxins to 

human health are finfish and crustaceans that have been contaminated by toxic algae, yet, 

incidences of poisoning are relatively rare (James et al., 2010). Syndromes of human 

poisoning from shellfish consumption is derived from six types of shellfish toxicity (Table 1), 

namely Paralytic Shellfish Poisoning (PSP), Diarrhoetic Shellfish Poisoning (DSP), 

Neurotoxic Shellfish Poisoning (NSP), Amnesic Shellfish Poisoning (ASP), Azaspiracid 

Shellfish Poisoning (AZP) and Ciguatera Food Poisoning (CFP). 

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), which are produced by species belonging to the dinoflagellate genera 

Alexandrium, Gymnodinium and Pyrodinium (Etheridge, 2010). More specifically, research 

on intracellular species-specific PSP levels both in the natural environment and in culture 

have focused recently on individual species such as A. tamarense, A. catenella, A. minutum, 

A. fundyense, G. catenatum and P. bahamense (Ujevic et al., 2012; Xie et al., 2013; Burrell et 

al., 2013; Navarro et al., 2014). A dose between 1 and 4 mg STXs ingested can already be 

lethal to humans, due to respiratory failure. However, after 24 hours, STXs will clear from 

the blood and therefore it does not cause long-term organ damage (James et al., 2010). 

Generally, headache, nausea, vomiting, diarrhea, muscular paralysis and respiratory difficulty 

characterize the symptoms of PSP. 

 

 

 
 

Table 1. Marine biotoxins and their sources (James et al., 2010; Centikaya and Mus, 2012) 
Effects Toxin Origin Main toxin Food source 
Paralytic Shellfish 
Poisoning (PSP) 

Alexandrium catenella, A. cohorticula, 
A. fundyense, A. fraterculus, A. leei, A. 
minutum, A. tamarense, A. andersonii, 
A. ostenfeldii, A. tamiyavanichii, 
Gymnodinium catenatum, Pyrodinium 
bahamense var. compressum 

Saxitoxins (STXs), 
neosaxitoxin (NEO), 
gonyautoxins (GTXs), and 
18 other analogues 

Clams, mussels, 
oysters, cockles, 
gastropods, 
scallops, whelks, 
lobsters, copepods, 
crabs, fish 

Diarrhetic Shellfish 
Poisoning (DSP) 

Dinophysis acuta, D. caudata, 
D. fortii, D. norvegica, D. mitra, D. 
rotundata, D. norvegica, tripos, 
Prorocentrum lima, P. arenarium, P. 
belizeanum, P. cassubicum, P. 
concavum, P. faustiae, P. 
hoffinannianum, P. maculosum, 
Protoceratium reticulatum, 
Protoperidinium oceanicum, P. 
pellucidum, Coolia sp., Phalacroma 
rotundatum 

Okadaic acid (AO), 
dinophysis toxins (DTXs), 
and pectenotoxins (PTXs) 

Mussels, scallops, 
clams, gastropods 

Neurotoxic Shellfish 
Poisoning (NSP) 

Karenia breve Brevetoxins (PbTxs) Oysters, clams, 
mussels, cockles, 
whelks 

Amnesic Shellfish 
Poisoning (ASP) 

(Pseudo-)Nitzschia spp. Domoic acid (DA) and 
analogues 

Shellfish 

Azaspiracid Shellfish 
Poisoning (AZP) 

Protoperidinium crassipes Azaspiracids (AZAs) Mussels, oysters 

Ciguatera Food 
Poisoning (CFP) 

Gambierdiscus spp. and Fukuyoa 
ruetzleri (Tester et al., 2010; Radke et 
al., 2013; Kibler et al., 2015) 

ciguatoxins (CTXs) Tropical and 
subtropical coral 
fish such as 
amberjack, grouper, 
snapper, barracuda, 
and 
giant clams 

 
In the 1980s, DSPs were first identified as marine biotoxins produced by 

dinoflagellates such as Dinophysis and Prorocentrum (Armi et al., 2012). Okadaic acid (OA), 

the toxin that is responsible for DSP, has been identified in some species namely Dinophysis 

sacculus, D. acuminata, D. cf. ovum, D. acuta and Prorocentrum lima, detected in shellfish 

flesh (Hackett et al., 2009; Kamiyama and Suzuki, 2009; Deeds et al., 2010; Swanson et al., 

2010; Armi et al., 2012). At present, ten species of Dinophysis are known as producers of OA 
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and its derivatives (Dinophysistoxins (DTXs)), as well as pectenotoxins (PTXs) (Reguera, et 

al. 2012; Reguera, et al. 2014). DSP is a gastrointestinal illness that is characterized by 

symptoms of nausea, vomiting, diarrhoea, chills and abdominal pain. The incubation times of 

DSP toxins vary since the symptoms can occur within 30 minutes to a few hours after the 

consumption of contaminated shellfish (James et al., 2010; Taylor at al., 2013). 

NSP is known as an illness caused by a type of neurotoxin, called brevetoxin. This 

toxin is produced by the marine dinoflagellate Karenia brevis, formerly known as 

Gymnodinium breve (James et al., 2010; Cetinkaya and Mus, 2012; Wolny et al., 2015). 

Within 1-3 hours after consuming contaminated mussels, combinations of gastrointestinal 

and neurological effects are observed, such as paraesthesia (Bibak and Hosseini, 2013). 

An outbreak of ASP toxin was first recorded in Prince Edward Island, Canada, where 

more than 100 people were hospitalized after consuming contaminated mussels (Blanco et al., 

2010). Pseudo-nitzschia is known as the main diatom genus that produces domoic acid (DA), 

the neurotoxic amino acid responsible for causing ASP (Bates et al., 1998 in Ljubeśić et al., 

2011). Neurological symptoms of ASP include headache, confusion, disorientation, seizures 

and coma within 48-72 hours (Pulido, 2008; James et al., 2010). Since the outbreak of 

domoic acid has been recognized as the potential killer of wildlife, ASP monitoring has been 

done worldwide since the 1980s. This intensive monitoring has resulted in the description of 

an extended number of Pseudo-nitzschia species from 15 to approximately 54, of which 26 

species are known as DA producers (Trainer et al., 2012; Bates et al., 2018). 

Azaspiracids (AZAs), which are known as a group of lipophilic polyether toxins, were 

first observed in blue mussel flesh (Mytilus edulis) in 1995 on the West coast of Ireland 

(Salas et al., 2011). This toxin is known to cause severe gastrointestinal illness in humans 

(Furey et al., 2010), including abdominal cramps, diarrhoea, vomiting and nausea, after 

consuming contaminated shellfish (Śkrabáková et al., 2010). Furey et al. (2010) suggested 

 
 

that AZA is more dangerous than other shellfish toxins, as it may lead to the development of 

lung tumours, combined with slow tissue recovery. Azaspiracid toxins are produced by 

dinoflagellates, namely Azadinium poporum, A. spinosum and Amphidoma languid, which are 

generally found in European, western Pacific and in Chinese coastal waters (Krock et al., 

2014; McCarron et al., 2015; Kilcoyne et al., 2015). 

Ciguatera is a type of marine food poisoning, and it is also known as Ciguatera food 

poisoning (CFP). It is caused by the consumptions of fish that have accumulated ciguatoxins 

(CTXs) (Yang et al., 2016). This toxin is found in fish from tropical and subtropical reef 

areas, including the Pacific Ocean, western Indian Ocean and the Caribbean Sea (Lewis, 

2001). After consuming the contaminated fish, symptoms appear within 6 to 24 hours, 

including gastrointestinal, neurologic and cardiovascular problems (Goodman et al., 2013). 

The potent ciguatera toxin is produced by benthic marine dinoflagellate genera such as 

Gambierdiscus and Fukuyoa, which can grow on seaweed, corals and other surfaces (Tester 

et al., 2010; Goodman et al., 2013; Joyce et al., 2013; Radke et al., 2013; Kibler et al. 2015). 

3. Dinoflagellate cysts 

Phytoplankton (diatoms and dinoflagellates) are abundant primary producers in 

marine environments and their communities as well as abundances have been widely used for 

monitoring ecological degradation or other changes over historical time (Mudie et al., 2001). 

Phytoplankton remains such as diatom frustules and organic-walled dinoflagellate cysts 

(dinocysts) in surface sediments have gained various interests in studying paleoenvironmental 

conditions in a particular area. Distributions and concentrations of these micro-fossils in 

surface sediments serve as parameters to study hydrobiological and sedimentation conditions, 

which thus can be used to reconstruct environmental changes amongst variables such as sea 
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Besides their role as primary and secondary producers in marine ecosystems, 

dinoflagellates are able to form HAB events and produce toxins, which triggers much interest 

in their life cycle. More than 200 species of these eukaryotic microorganisms produce resting 

cysts under adverse conditions during their life cycle. These resting cysts sink and are 

deposited in sediments (Head, 1996; Cuellar-Martinez et al., 2018). Lundhollm et al. (2011) 

suggested that before excystment and resuspension of the motile stage in the water column, 

cysts can stay dormant in sediments for a short period (weeks) to centuries. As a result, these 

deposited dinocysts may serve as seedbanks, initiating blooms when favourable water column 

conditions are restored (Usup et al., 2012; Bravo and Figueroa, 2014). Various studies have 

shown that dinocyst production is strongly influenced by anthropogenic discharges 

(Uddandam et al., 2017 and references therein). Thus, in addition to their important role as a 

powerful proxy in paleoenvironmental studies, understanding dinocyst production and 

distribution allows us to trace an integrated record of toxic species occurrences and their 

bloom events as well as potential future outbreaks in a particular area (Aydin and Uzar, 2014; 

Zonneveld and Pospelova, 2015; Uddandam et al., 2017). 

Eutrophic conditions in an area can be determined by its autotrophic and heterotrophic 

dinocyst composition (Dale, 2009). Cyst production of the heterotrophic taxa is known to be 

influenced by nutrient enrichment by both natural and anthropogenic sources (Marret et al., 

2013; Bringuė et al., 2014; Matsuoka et al., 2003; Kim et al., 2009; Price et al., 2017). 

Meanwhile, autotrophic dinocyst production may increase in response to high nutrient 

availability (Zonneveld et al., 2012 and Price et al., 2017), yet other factors such as 

competition with diatoms, light limitation and grazing may hinder autotrophic cyst 

production in nutrient-rich environments (Price et al., 2018). Sea surface temperature and 

nutrient availability showed positive correlations with the density of autotrophic dinocysts 

such as Lingulodinium machaerophorum and Polysphaeridium zoharyi (the toxic Pyrodinium 

 
 

bahamense) (Leroy et al., 2013; Price et al., 2017). Polysphaeridium zoharyi cysts (Fig. 2) 

seem distributed in tropical and subtropical regions, characterized by high water temperatures 

(Furio et al., 2012; Limoges et al., 2015). Summarizing, studies on its production, distribution 

and potential survival in a seedbank in areas where the species is found to thrive are needed 

in order to establish a good management to effectively deal with bloom and toxic events. 

 
Fig. 2. P. bahamense resting cysts (Polysphaeridium zoharyi): A. Empty cyst; B. Living cyst Scale bars = 20 

µm (Source: Morquecho et al., 2012) 
 
 
4. HABs in South East Asian Countries 

Tropical marine regions have experienced HAB events for decades, resulting in 

environment 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). Liu et al., (2014) calculated 31 HAB species from the coastal sea areas surrounding 

China, and 21 species were found in the tropical region of the South China Sea. Some 

countries in South East Asia are suffering from HAB events. However, due to some 
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limitations such as the availability of research funding and HAB’s expertise, the development 

of HABs in these countries is poorly understood and not well documented. 

Lim et al. (2012) reported that HAB events have increased in the last decade in 

Malaysian waters due to increasing mariculture and other human activities that trigger coastal 

eutrophication. Furthermore, these authors reported some shellfish poisoning incidents 

between 2000 and 2010 due to blooms of dinoflagellates such as Alexandrium minutum in 

Tumpat (Kelantan), Cochlodinium polykrikoides at the East coast of Borneo and Pyrodinium 

bahamense at the East coast of Sabah. In addition, Lim et al. (2004) reported human illness 

after consuming contaminated shellfish in 2001 in Tumpat, Kelantan. Here, seven people 

were hospitalized due to paralytic shellfish toxins (PSTs) caused by an A. minutum outbreak. 

The development of HABs in Malaysian waters is presumed to be related with the 

combination of human influences such as coastal development for residences, industries and 

shipping activities, and environmental factors such as chemical (nutrients) and physical water 

properties (Wang et al., 2008). All HAB forming species in Malaysian waters, including the 

recently identified species Gymnodinium catenatum, are associated with seasonal monsoons, 

nutrients, physical parameters and geomorphology (Adam et al., 2011). 

Massive environmental destruction, economic losses (fish kills) and toxin poisoning 

(human health) due to HABs are also reported in the Philippines. A bloom of the 

dinoflagellate Prorocentrum minimum in the Northern Philippines in 2002 led to economic 

losses of approximately six million pesos (US$ 120,000) due to massive fish kills (Azanza, et 

al., 2005; San Diego-McGlone et al., 2008). Another outbreak of Alexandrium spp. and 

Skeletonema costatum in June 2010 in the Northern Philippines affected milkfish farms, 

resulting in fish kills and roughly a US$ 1.1 M loss (Escobar, et al., 2013). These kills 

occurred after the bloom, indicating that fish mortalities were due to anoxic conditions. 

 
 

Molecular techniques and Confocal Laser Scanning Microscopy have confirmed 

Pyrodinium bahamense var. compressum, Alexandrium affine, Gymnonidium catenatum, 

Prorocentrum signoides, P. micans, and P. rhathymum as toxic species in Philippine waters 

(Onda et. al., 2013). PSP is the major marine biotoxin causing problems in the Philippines, 

and this is associated with the development of P. bahamense var. compressum blooms, 

affecting coastal areas since 1983 (Azanza and Benico, 2013). Furthermore, Alexandrium 

minutum is another PSP species that is spreading in Philippine waters (Bajarias et al., 2003). 

Both species are recognized as the major threat to aquaculture industries and seafood 

consumers in the country (Montojo et al., 2014). PSP cases in Asia occur frequently, and the 

Philippines have recorded the largest number of events with 2124 cases and 120 deaths 

reported from 1983 to 2002. Here, nutrient enrichment through run-off of sewage and 

agricultural fertilizer increases phosphorous and nitrogen loads which stimulate 

phytoplankton blooms and PSP outbreaks (Ching et al., 2015). In addition to shellfish 

poisoning, the tropical diatom Nitzschia navis-varingica is widely distributed in coastal areas 

of the Philippines, causing ASP (Romero et al., 2012). 

In Singapore, a single toxic bloom in December 2009 caused great economic losses 

due to massive fish kills (Leong et al., 2012). The raphidophyte Heterosigma spp. was the 

toxic species, which is routinely found in Singapore’s waters (Kok and Leong, 2012). 

Outbreaks of HAB species were recorded along the South Vietnamese coasts, in the Binh 

Thuan and Ninh Thuan Provinces. Monitoring platforms of HAB events, from 1993 to 2007 

in this area showed a significant change of dominant species from Trichodesmium 

erythraeum in 1993-1999 to Phaeocystis globosa in 2002-2007 (Wang et al., 2008; Liu et al., 

2009; Dippner et al., 2011). Doan-Nhu et al. (2003, 2010) reported that the blooms of P. 

globosa in Southern Vietnam waters were associated with upwelling events during the 

southwest monsoon. Some harmful dinoflagellate species were also identified in Myanmar 



19

I

 
 

limitations such as the availability of research funding and HAB’s expertise, the development 

of HABs in these countries is poorly understood and not well documented. 

Lim et al. (2012) reported that HAB events have increased in the last decade in 

Malaysian waters due to increasing mariculture and other human activities that trigger coastal 

eutrophication. Furthermore, these authors reported some shellfish poisoning incidents 

between 2000 and 2010 due to blooms of dinoflagellates such as Alexandrium minutum in 

Tumpat (Kelantan), Cochlodinium polykrikoides at the East coast of Borneo and Pyrodinium 

bahamense at the East coast of Sabah. In addition, Lim et al. (2004) reported human illness 

after consuming contaminated shellfish in 2001 in Tumpat, Kelantan. Here, seven people 

were hospitalized due to paralytic shellfish toxins (PSTs) caused by an A. minutum outbreak. 

The development of HABs in Malaysian waters is presumed to be related with the 

combination of human influences such as coastal development for residences, industries and 

shipping activities, and environmental factors such as chemical (nutrients) and physical water 

properties (Wang et al., 2008). All HAB forming species in Malaysian waters, including the 

recently identified species Gymnodinium catenatum, are associated with seasonal monsoons, 

nutrients, physical parameters and geomorphology (Adam et al., 2011). 

Massive environmental destruction, economic losses (fish kills) and toxin poisoning 

(human health) due to HABs are also reported in the Philippines. A bloom of the 

dinoflagellate Prorocentrum minimum in the Northern Philippines in 2002 led to economic 

losses of approximately six million pesos (US$ 120,000) due to massive fish kills (Azanza, et 

al., 2005; San Diego-McGlone et al., 2008). Another outbreak of Alexandrium spp. and 

Skeletonema costatum in June 2010 in the Northern Philippines affected milkfish farms, 

resulting in fish kills and roughly a US$ 1.1 M loss (Escobar, et al., 2013). These kills 

occurred after the bloom, indicating that fish mortalities were due to anoxic conditions. 

 
 

Molecular techniques and Confocal Laser Scanning Microscopy have confirmed 

Pyrodinium bahamense var. compressum, Alexandrium affine, Gymnonidium catenatum, 

Prorocentrum signoides, P. micans, and P. rhathymum as toxic species in Philippine waters 

(Onda et. al., 2013). PSP is the major marine biotoxin causing problems in the Philippines, 

and this is associated with the development of P. bahamense var. compressum blooms, 

affecting coastal areas since 1983 (Azanza and Benico, 2013). Furthermore, Alexandrium 

minutum is another PSP species that is spreading in Philippine waters (Bajarias et al., 2003). 

Both species are recognized as the major threat to aquaculture industries and seafood 

consumers in the country (Montojo et al., 2014). PSP cases in Asia occur frequently, and the 

Philippines have recorded the largest number of events with 2124 cases and 120 deaths 

reported from 1983 to 2002. Here, nutrient enrichment through run-off of sewage and 

agricultural fertilizer increases phosphorous and nitrogen loads which stimulate 

phytoplankton blooms and PSP outbreaks (Ching et al., 2015). In addition to shellfish 

poisoning, the tropical diatom Nitzschia navis-varingica is widely distributed in coastal areas 

of the Philippines, causing ASP (Romero et al., 2012). 

In Singapore, a single toxic bloom in December 2009 caused great economic losses 

due to massive fish kills (Leong et al., 2012). The raphidophyte Heterosigma spp. was the 

toxic species, which is routinely found in Singapore’s waters (Kok and Leong, 2012). 

Outbreaks of HAB species were recorded along the South Vietnamese coasts, in the Binh 

Thuan and Ninh Thuan Provinces. Monitoring platforms of HAB events, from 1993 to 2007 

in this area showed a significant change of dominant species from Trichodesmium 

erythraeum in 1993-1999 to Phaeocystis globosa in 2002-2007 (Wang et al., 2008; Liu et al., 

2009; Dippner et al., 2011). Doan-Nhu et al. (2003, 2010) reported that the blooms of P. 

globosa in Southern Vietnam waters were associated with upwelling events during the 

southwest monsoon. Some harmful dinoflagellate species were also identified in Myanmar 



20  
 

coastal waters such as the PSP causative species Alexandrium tamiyavanichii Balech and 

Gymnodinium catenatum; DSP species Dinophysis caudata and Dinophysis miles (Su-Myat 

et al., 2012). A bloom event was first recorded at the southern coast of Myanmar on the 14th 

of March 2012 near Kadan Island, dominated by dinoflagellates such as Prorocentrum 

rhathymum, P. shikokuense, and Alexandrium affine (Su-Myat and Koike, 2013). 

5. HAB outbreaks in Indonesian waters 

In Indonesia, HAB outbreaks have been observed by the Indonesian Institute of 

Science since the early 1970s (Adnan, 1989). This phenomenon was recognized to rapidly 

spread around Indonesian waters and predicted to deteriorate marine environments and to 

cause human illness and economic loss. Thus, since that time, many observations and surveys 

have been conducted to tackle further negative impacts caused by HABs. However, research 

was focused only on the ecology of potential HAB species due to the limitation of funding 

provided by the government, lack of local HAB experts, lack of knowledge and lack of 

awareness (Sidharta, 2005). Two reported blooms in Jakarta Bay in 1977 and 1980 were 

dominated by Noctiluca spp. and Dinophysis spp, respectively (Sutomo et al., 1977; Praseno, 

1981). Subsequently, fish mortality events due to phytoplankton blooms were reported in the 

same area in May and November 2004, 3 events in 2005 and 2 events in 2007 (Wouthuyzen 

et al., 2004: Thoha et al., 2007). Sidabutar et al. (2016) concluded that nutrient enrichment 

was the main factor regulating these frequent HAB outbreaks and altering phytoplankton 

composition in Jakarta Bay. 

Since a few decades, HABs in Indonesia have become dominated by the PSP species 

Pyrodinium bahamense var. compressum, and these outbreaks have led 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). A bloom 

of this species was recorded in 1994 in Ambon Bay, eastern Indonesia, causing more than 30 

 
 

cases of human illness. Moreover, three children died after consuming contaminated shellfish 

(Wiadyana et al., 1996). Outbreaks continue to occur in the bay, and it is not only causing 

human illness, but also economic problems. For example, in 2012, seven people were 

hospitalized and more than one million Rupiahs were lost by fish farmers due to fish kills in 

the inner bay (Likumahua, 2013). Nutrient enrichment from agricultural run-off and sewage 

during the southeast monsoon season with high precipitation was assumed to trigger the 

proliferation of Pyrodinium bahamense var. compressum in the bay (Likumahua, 2013). 

Similar HAB events were recorded in other coastal Indonesian waters, where various land 

activities contribute to eutrophication (Aditya et al., 2013; Widiarti et al., 2013). Tropical 

seas such as the archipelagos of Indonesia and the Philippines are potential areas of Ciguatera 

Fish Poisoning (CFP) outbreaks, which are caused by dinoflagellates such as Prorocentrum, 

Gambierdiscus and Ostreopsis (Skinner et al., 2011; Skinner 2012). However, CFP is not 

widely observed in Indonesia. 

6. Algal proliferations and potentially toxic species in Ambon Bay 

Ambon Island (3°38′17″S and 128°07′02″E) is located in Maluku Province (eastern 

Indonesia), which is resided by roughly 450,000 people. The island has a tropical climate 

where annual rainfall is high during the wet season, associated with the southeast monsoon 

occurring from March to September. The dry season is associated with the northwest 

monsoon between October and March, and it is characterized by relatively low precipitation 

and relatively high air temperatures. The island has a silled estuarine bay, known as Ambon 

Bay, which opens to the Banda Sea. A narrow and shallow sill (Fig. 3) divides the bay into 

two parts (Inner and Outer bay), limiting water circulation and flushing to the open ocean 

(Banda Sea). This restriction results in water stagnation in the inner bay, where only 50% 

replacement of deep water occurs, whereas the residence time is projected to be 4.5 months 

(Anderson and Sapulete, 1981). 
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Fig. 3. Ambon Bay cross-section 

The dinoflagellate P. bahamense var. compressum is known as the PSP causative 

species in Ambon Bay (Maluku Province). This species frequently occurs in the area, where 

it sometimes causes human illness. The first report of a P. bahamense var. compressum 

bloom was in 1994, which occurred in July during the wet season when precipitation was 

high (Wiadnyana et al., 1996). This resulted in coastal eutrophication, which subsequently 

triggered P. bahamense var. compressum proliferation. After this event, there were no reports 

of outbreaks in the bay, since a horizontal riot happened in Ambon and lasted for almost 10 

years. This condition completely stopped research activities in Ambon and some islands due 

to security issues. However, some water discoloration events in the bay were seen by local 

people, which were believed as signs that the community would undergo a bad fortune 

regarding the riot (S. Likumahua, unpublished results). 

Another outbreak of P. bahamense var. compressum in Maluku province was 

observed in Kao Bay, which occurred in the same year as the first Ambon Bay event (1994). 

 
 

However, human illness and fatalities were not reported. In July 2012, a massive proliferation 

of P. bahamense var. compressum occurred in Ambon Bay, leading to human illness (seven 

people were hospitalized after consuming shellfish). Since then, more P. bahamense var. 

compressum outbreaks have occurred, as reported in the present thesis. 

In Ambon Bay, phytoplankton composition and distribution have been monitored on a 

monthly basis since 2008 by the Centre for Deep Sea Research, Indonesian Institute of 

Science (LIPI). In the monitoring program, water physicochemical parameters are also 

analysed in order to follow water quality variability and changes, for example related with 

eutrophication caused by waste water discharges from the surrounding densely inhabited 

coastal area. The bloom of P. bahamense var. compressum in 2012 was registered as a result 

of this monitoring program. During the monitoring program, potentially toxic algal species 

are determined from phytoplankton samples collected using a plankton-net (100 cm long, 30 

cm diameter and 100 µm mesh size). Apart from P. bahamense, other toxic species are 

sometimes found in high densities: these include the diatom genus Pseudonitszchia, and some 
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Fig. 3. Ambon Bay cross-section 
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Thesis outline 

Given the fact that potentially toxic algal species have been determined in field 

samples forming both blooms and toxic events, further studies on bio-ecology of toxic algal 

species were urgently needed to support the establishment of an effective HAB management 

plan for Ambon. As explained in the above sections, there were some major gaps in 

knowledge that prevented a comprehensive understanding of bloom development and its 

underlying factors. Wagey (2002) suggested that it is crucial to examine the physical factors 

(oceanographic processes) that influence phytoplankton ecology in Ambon Bay. In addition, 

toxin profiles from the locally occurring toxic species were urgently needed. At the beginning 

of this PhD project, no studies had been done before to fill those major gaps in Ambon Bay 

and Indonesian waters at large. Therefore, the present study aims were: I: to investigate the 

dynamics of HAB species (both potentially toxic and non-toxic species) in the area; II: to 

reveal toxin components and levels produced by potentially toxic species from plankton 

samples; III: to observe environmental drivers that underlie outbreaks and toxin production in 

Ambon Bay, and IV: to investigate if Ambon Bay serves as a seedbank due to the presence of 

dinoflagellate cysts. 

The following research questions were formulated for this thesis in order to address 

these gaps of knowledge: 

1. Which toxic species inhabit Ambon Bay and what are their toxin components and 

levels? 

2. What environmental drivers govern species abundance and toxin dynamics? 

3. Does Ambon Bay serve as a seedbank, favouring future toxic HABs in the bay?  

To answer these questions, two short and two large field campaigns were executed in 

the inner and outer bay. The first short campaign was executed to investigate the presence 

and composition of marine bio-toxins contained in phytoplankton samples, and to test 

 
 

sampling and analytical procedures. During the two extensive and long campaigns, in total 

encompassing a 1.5-year sampling period, phytoplankton and toxin samples were coupled to 

data collected for water physicochemical properties and weather parameters. The fourth field 

sampling was designed to collect sediment samples and water physicochemical parameters 

during the wet season. 

In chapter 2, a massive P. bahamense var. compressum bloom is described for 

Ambon Bay, occurring in 2012. Species abundance and distribution coupled with water 

physicochemical parameters during the bloom event were studied. In addition, a later toxin 

analysis using liquid chromatography – tandem mass spectrometry (LC-MS/MS) was done to 

reveal paralytic shellfish toxin profiles in phytoplankton samples containing P. bahamense 

var. compressum cells. 

In chapter 3, the variability of the potentially toxic marine diatom Pseudo-nitzschia 

spp. and its neurotoxin domoic acid (DA) in Ambon Bay is described. Liquid 

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

DA (pDA). Phytoplankton and toxin samples, water physicochemical as well as 

meteorological (precipitation and wind speed) parameters were collected during the wet and 

dry season of 2018. This approach was designed to investigate dynamics of cell abundance 

and toxin level in conjunction with environmental conditions. A non-parametric Spearman 

rank analysis was employed to reveal their relationships. 

In chapter 4, a seven-month sampling campaign, encompassing the dry and wet 

season of 2018 was executed to study the variability of dinoflagellates and their associated 

toxins in Ambon Bay. Liquid chromatography – tandem mass spectrometry (LC-MS/MS) 

was used to detect both lipophilic and hydrophilic toxins in pellet samples. During the 

sampling period, weather and water physicochemical data were collected, and subsequently 

combined with cell abundances and toxin levels for extensive statistical analyses. A non-
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parametric Spearman rank correlation analysis was applied to investigate relationships among 

parameters. 

In chapter 5, an extended 1.5 year sample set (January 2018 – June 2019) was 

analysed to facilitate the investigation of Dinophysis spp. and their pectenotoxins over a 

prolonged period. Lipophilic toxins in phytoplankton net samples were analysed using liquid 

chromatography – tandem mass spectrometry. Multivariate analysis (Principal Component 

Analysis (PCA)) and Spearman’s rank were employed to study correlations between 

biological (cell abundance and toxin level) and water physicochemical parameters. 

In chapter 6, dinoflagellate cyst (dinocyst) composition, abundance and spatial 

distribution in the surface sediment of Ambon Bay were studied to reveal whether the bay 

may serve as a seedbank. Water physicochemical parameters and sediment samples were 

collected at 10 stations during the wet season of 2019. To observe the difference between the 

two parts of the bay, seven stations were set in the inner bay and three stations in the outer 

bay. The palynological method was applied to obtain dinocyst samples, after which they were 

prepared on microscope slides. Geochemical parameters such as total organic carbon (TOC), 

total nitrogen (Ntot) and total phosphorous (Ptot) were analysed from the remaining dried 

sediment samples. The relationship among dinocyst species, water physicochemical and 

geochemical parameters were evaluated using multivariate Principal Component Analysis 

(PCA) as well as Pearson correlation analysis. 
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Recent blooming of Pyrodinium bahamense var. compressum in 
Ambon Bay, eastern Indonesia 

 

 

 

 

 

Sem Likumahua 

  

Part of this chapter was published in Marine Research in Indonesia, 2013; 38 (1): 31-37  


	Chapter 1



