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Salinity effect on growth  of  Protoceratium reticulatum, Alexandrium tamiyavanichii 
and Alexandrium tamutum 

 
Nurul Zainab binti Along 

Department Of Aquatic Resource Science 
Faculty of Resource Science and Technology 

University Malaysia Sarawak 
 

ABSTRACT 
Dinoflagellate Protoceratium reticulatum, Alexandrium tamiyavanichii and Alexandrium 
tamutum are among the toxic and non-toxic dinoflagellate species found recently in Malaysian 
waters. To determine the salinity tolerance and growth of  dinoflagellate species, study was 
carried out using clonal cultures available at UNIMAS cultures collection. Cultures were 
maintained in ES-DK medium under a light intensity of 140 µmol m-2s-1 and 12:12 hour 
light:dark photoperiod. Natural seawater had been used as the medium base. Salinities 
variation were 5, 10, 15, 20, 25 and 30 psu. The cell counting was carried out under a light 
microscope approximately every two to three days. Mean cell diameter and cell volume were 
taken and calculated. P. reticulatum salinity tolerance was between 30-10 psu, A. tamutum 
between 30-15 psu and A. tamiyavanichii between 30-20 psu. P. reticulatum, A. tamutum 
were categorised as euryhaline species, while A. tamiyavanichii as a stenohaline species. Cell 
volume was decreasing as salinities concentration increasing. Salinity tolerance in decreasing 
order A. tamiyavanichii < A. tamutum < P. reticulatum.  
 
Keywords: Protoceratium reticulatum, Alexandrium tamiyavanichii, A. tamutum, salinity 

tolerance 
 

ABSTRAK 
 
Protoceratium reticulatum, Alexandrium tamiyavanichii dan Alexandrium tamutum adalah 
antara spesis dinoflagelat yang ditemui di perairan Malaysia. Kajian ini dijalankan untuk 
menentukan kadar toleransi kemasinan dan pertumbuhan spesis dinoflagelat dengan 
menggunakan kultur sel yang terdapat di koleksi kultur fitoplankton UNIMAS. Kultur 
dipelihara dalam media ES-DK di bawah intensiti cahaya  140 µmol m-2s-1, tempoh 12:12 
cahaya:gelap. Air laut digunakan sebagai media asal untuk pembiakan sel. Julat kemasinan 
yang diuji adalah antara 5, 10, 15, 20, 25 dan 30 psu. Pengiraan sel dilakukan setiap dua 
atau tiga hari. Purata diaemeter dan isipadu sel diambil dan dikira. Julat toleransi 
kemasinan P. reticulatum antara 30-10 psu, A. tamutum pula antara 30-15 psu dan dan A. 
tamiyavanichii antara 30-20 psu. P. reticulatum, A. tamutum spesis adalah spesis yang 
bertoleransi dalam julat yang besar terhadap kemasinan, manakala A. tamutum adalah 
dikategorikan sebagai spesis yang hanya dapat bertoleransi dalam julat yang kecil terhadap 
kemasinan. Toleransi kemasinan mengikut turutan menurun adalah   A. tamiyavanichii <A. 
tamutum < P. reticulatum.  
  
Kata kunci: Protoceratium reticulatum, Alexandrium tamiyavanichii, A. tamutum, toleransi 
kemasinan 
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1.0 INTRODUCTION 

Harmful algal bloom (HAB) is an event due to proliferation of phytoplankton which produce 

toxin and may bring adverse effect to human and other organisms, including fish kill, and will 

cause nuisance effect to the surroundings such as discoloration of water habitat and bad odor. 

The organisms which cause the bloom include dinoflagellate, diatoms, and cyanobacteria. Red 

tide refers to the phenomena of the HABs which makes the appearance of the water red due to 

the dense population of the harmful algae. Anoxia or depletion of oxygen is the result of the 

overgrowth of HAB and will cause a lot of fatalities to the other organisms.  

 According to Hallegraeff (2003), the history of HAB began when in 1793, Captain 

George Vancouver and his crew landed in British Columbia in an area known as Poison Cove. 

He realized that the Indian tribes there would not eat shellfish when the seawater becomes red. 

The tribes aware of the presence of the organisms that might cause them sick and could be 

fatal.  

Nowadays, the fatalities caused by HABs are categorised into Paralytic Shellfish 

Poisoning (PSP), Neurotoxic Shellfish Poisoning (NSP), Diarrhetic Shellfish Poisoning (DSP) 

and Amnesic Shellfish Poisoning (ASP). PSP is a consequence of consumption of toxic 

bivalve shellfish such as mussels, oysters and clams which ingested dinoflagellates. Paralysis 

is a prominent symptom. NSP is caused by polyether brevetoxins from the unarmored 

dinoflagellate Gymnodinium breve, and in human, the symptoms include the respiratory 

distress, eye and nasal membrane irritation. Causative of DSP are fat-soluble polyether 

compounds which can be found in dinoflagellates.Lastly, ASP derived from the chain-

forming diatom Pseudo-nitzschia and the causative compound are domoic acid and 

tricarboxylic acid.  
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Dinoflagellate have been identified as the causes of the PSP in many coastal countries 

(Anderson et al., 1994; Halegraeff et al., 1995), especially from the genus Alexandrium that 

were always found in estuarine regions. A. minutum was found in estuarine semi-enclosed 

lagoon where six people were taken ill and one died in the coast of peninsular Malaysia. A. 

tamarense was found near the blood cockle farming site Prai River and A. tamiyavanichii was 

found near the Muar River estuary.  

While a lot of cases from worldwide of the effect of HAB occur to human have been 

documented, the effect to other organisms also have been known, especially to aquatic 

organisms. In Japan, in 1972, cages of yellowtail fish worth US$500 million killed, in Inland 

Sea due to the blooming noxious algal blooms (Okaichi, 1989).. Aquatic organisms get the 

direct effect of the algal bloom, unlike humans, they get the effect of algal bloom when 

consuming the filter feeders such as mussel, oysters, scallop and clam that accumulate the 

toxin in their gut. 

Cases of death and sickness had been reported worldwide, so do in Malaysia, thus, 

there are concerns about the physiology of the species related to HABs, especially 

dinoflagellates. Growth physiology has been well documented in temperate region, however, 

there are few in tropical region, especially in Malaysia (Lim et al., 2006). The study will be 

carried out, in this project about the salinity tolerance of three dinoflagellate species, 

Protoceratium reticulatum, Alexandrium tamiyacanichii and Alexandrium tamutum.  

The specific objectives of the study are: 

i. to investigate the growth pattern of Protoceratium reticulatum, Alexandrium 

tamiyavanichii and Alexandrium tamutum; 

ii. to determine the optimum growth of each species; 

iii. to determine the effect of salinity on the growth of the three dinoflagellate species. 
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2.0 LITERATURE REVIEW 

2.1 Harmful Algal Blooms (HABs) 

Harmful algal bloom (HAB) is an event due to proliferation of phytoplankton which produce 

toxin and may bring adverse effect to humans. According to Glibert et al., (2001), HABs 

species are classified into two main groups;(i) the toxin producers that can contaminate 

seafood and cause fish kill and (ii) high-biomass producers that are non toxic but cause anoxia 

that leads to high mortalities of marine life. The toxin produced may accumulate in the body 

system of other organisms through food web (Backer, 2006) and eventually will reach human, 

the tertiary consumer which may bring hazard to the human health. 

While Hallegraeff (2003), classified HAB into three different types: (1) species that 

produce harmless water discoloration, but cause fish kills due to anoxic condition; (2) species 

that produce toxins which cause illness to human through gastrointestinal ingestion; and (3) 

species non-toxic to human but are harmful to fish by clogging their gills. 

 

2.2 Paralytic Shellfish Poisoning (PSP) 

Paralytic shellfish poisoning or PSP is an illness caused by toxins which is produced by 

marine dinoflagellate and cyanobacteria. According to Reid (1983), PSP is due to the 

ingestion of shellfish contaminated with one of several potent neurotoxins or such as saxitoxin 

and gonyautoxin. These toxins will accumulate in filter feeders or known as shellfish such as 

oysters, mussels, scallops and clams. Shellfish consume these organisms which contain toxin 

which seeemingly harmless to them, but are toxic to those organisms further up the food 

chain. For example, human, who consume those shellfish contaminated with the toxin, they 

will fall sick and symptoms such as nausea and become paralysed to certain nerve in the 
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human body. Humans usually begin to have the symptoms within 30 minutes after consuming 

the contaminated filter feeders.   

Producer of the PSP toxins are genera Alexandrium. Alexandrium are known to 

produce the PSP toxins which can be found in the tropical and moderate climate zones (Mons, 

1998). Dolah (2000), stated that the cause of PSP is by the consumption of molluscan 

shellfish contaminated with a suite of heterocyclic guanidines collectively called saxitoxins 

(STXs).  

Green et al., (2003) mentioned that outbreak of PSP is caused by Gymnodinium 

catenatum (Graham) the only naked dinoflagellate known to produce saxitoxin (STX) or also 

known as Paralytic Shellfish Toxins (PST). G. catenatum is being filtered by bivalves for their 

food.  Toxins contamination in the shellfish may retain in their digestive glands for moths or 

even years (Gill et al., 2003).  

 

2.3 Saxitoxin 

Saxitoxin (STX) is a neurotoxin naturally produced by marine dinoflagellate and 

cyanobacteria and the ingestion of it by human accidentally, may result in  Paralytic Shellfish 

Poisining (PSP). Saxitoxin acts as a selective sodium channel blocker and may cause 

paralysed to the individual affected due to the abnormal cell functioning.  

Saxitoxin will block the voltage-gate sodium channels found on nerve cells and 

smooth muscles (Shimuzu, 1994). Depolarization of nerve and smooth muscle will not take 

place  and will cause paralysed and death as result of respiratory failure (Usup et al., 2002a). 

Figure 2.1 shows the structure of saxitoxin and the table shows the 12 congeners of saxitoxin. 
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Figure 2.1: Chemical structure of saxitoxin (source: www.fda.gov). 

 

According to Durbin et al., (2002) in their study of poisoning of PSP by whales, 

ingestion of these toxins may affect respiratory capabilities, feeding behaviour, and 

reproductive of the whale population. Fatalities of whales are due to the toxin originated from 

microscopic algae as they fed a moderate amount of toxin for each dive, and the toxin will go 

through liver and kidney before being metabolized and excreted (Anderson, 1994). 
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2.4 Alexandrium spp. 

There are more than 30 known species of Alexandrium with approximately one third has been 

confirmed as producer of saxitoxins or its derivatives. Toxicity of Alexandrium can be ranged 

from low toxic or high toxic. A. tamiyavanichii and A. minutum are the two important toxic 

Alexandrium in Asia Pacific region.  

Alexandrium tamiyavanichii was first reported from Gulf of Thailand in the 1980s 

(previously known as Protogonyaulax cohorticula) (Ogata et al., 1989; Lim and Ogata, 2005). 

The species was reported later in Japan (Ogata et al., 1990),  Thailand (Kodama et al., 1988) 

and Malaysia (Usup et al., 2002b).    

 Alexandrium minutum Halim was reported previously in Taiwan (Hwang and Lu, 

2000),  Australia (Cannon, 1993), Japan (Yuki, 1994), Thailand (Matsuoka et al., 1997), New 

Zealand (Chang et al.,1995; Mackenzie and Berkett, 1997), Vietnam (Yoshida et al., 2000), 

Malaysia (Usup et al., 2002b), and Philippine (Bajarias et al., 2003). Alexandrium tamarense 

were identified from Pulau Aman while A. affine had been found in Sebatu as well as Pulau 

Aman (Lim et al., 2003).  

Among the few studues carried out were, Alexandrium minutum strain AM89BM is a 

euryhaline apecies, able to grow from 12 – 37 psu was cultured at 18 ± 1ºC under ~ 100 µmol 

photon m-2 s-1 provided by cool-white fluorescent tubes on a 16:8 h light:dark cycle (Grzebyk et 

al., 2003). These cultures were maintained in f/2 medium modified with Fe3+ concentration 

lowered to 1.05 µM, and 580 µM NO3
- enrichment to obtain a N:P mole ratio of 16 and pH was 

adjusted to 7.2 before autoclaving.   

Parkhill and Cembella (1999), studied the effect of salinity, light and inorganic 

nitrogen on growth and toxigenicity of the marine dinoflagellate, cultured Alexandrium 

tamarense strain Pr18b in enriched K-medium (Keller & Guillard, 1985) added to pre-filtered 

(0.3 µm) autoclaved seawater at a salinity of 30 psu. Then, the culture were grown at a 
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temperature of 18 ± 0.5ºC on a 14:10 h light:dark photocycle at an ambient photon flux 

density at 450 µmol photon m-2 s-1 provided by cool-white fluorescent tubes. The maximum 

growth rate of A. tamarense strain Pr18b was at 25 psu and inhibited at 10 psu (Parkhill & 

Cembella 1999). 

 

2.5  Protoceratium reticulatum 

Protoceratium reticulatum was first reported to responsible for shellfish poisoning following 

the contamination of scallop, Patinopecten yessoensis in Japan (Murata et al., 1987). The 

toxin which contain in the P. reticulatum is a Yessotoxin (YTX), a disulphated polyether 

toxin. 

Monitoring in the event of P. reticulatum and other toxin related to shellfish has been 

carried out in  New Zealand and Adriatic Sea (Mackenzie et al., 1998; Draisci et al., 1999; 

Ramstad et al., 2001). In the event of YTXs contamination, it can be found simultaneously 

with the occurence of DSP causative dinoflagellates, Dinophysis spp. (Yasumoto & 

Takizawa, 1997).  

Study carried out by Joyce et al., (2005), on the dinoflagellate cysts from surface 

sediments of Saldanha Bay, South Africa, P. reticulatum is a common occurence at the bay 

either at the entrance of the bay or at the central stations of the bay due to the mariculture 

industry at the bay. Rodriguez et al., (2009), based on their research on causes of shear 

sensitivity of the toxic dinoflafellate, identifiy that, hydrodynamic forces give negative impact 

to P. reticulatum over time.  

Protoceratium reticulatum produces yessotoxin (YTX), a group of lipophilic sulphated 

polyester. Yessotoxin (YTX) were found by Satake et al., (1997) in a culture of P. reticulatum 

from New Zealand. Many places have been proved that in the strains of P. reticulatum 
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contained production of YTX. Among the places are: Japan (Satake et al., 1999; Eiki et al., 

2005), the Adriatic Sea (Ciminiello et al., 2003), Norway (Samdal et al., 2004), North 

America and Spain (Paz et al., 2004), UK and Canada (Stobo et al., 2003).   

 

Figure 2.2: Structures of Yessotoxins (Satake et al., 1997) 
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2.6 Salinity tolerance 

Salinity is defined by the content of  salt in the water body and its unit is Practical Salinity 

Unit (PSU). While salt tolerance is the ability of organisms to withstand the high 

concentration of salt in their environment. By studying salinity tolerance of dinoflagellate, we 

are able to identify the type of species, whether it is stenohaline or euryhaline. Salinity is also 

an important factor to determine the abundance and distribution of the dinoflagellate species 

in estuarine waters (Lim et al., 2007). Euryhaline is a term refer to a species that can tolerate a 

wide range of salinity fluctuation, while, stenohaline is a species that can only tolerate a 

narrow range of salinity tolerance.  

Different species of Alexandrium has different salinity tolerance. According to Lim et 

al., (2005), A. minutum was a euryhaline species as it had strong salinity tolerance- to 

Grzebyk et al., (2003) A. minutm strain AM89BM is eryhaline that can tolerate salinities 

ranging from 12 to 37 psu.. Taylor and Pollingher (1987) stated that species that can tolerate 

low salinity can also tolerate high salinity. while A. tamiyavanichi was a stenohaline species 

(Lim et al., 2005). 

While, a study carried out by Lim et al., (2005), of the four tropical PSP toxins-

producing dinoflagellates, Alexandrium minutum, A. tamiyavanichii, A. tamarense and A. 

peruvianum under constant temperature 25ºC, 140 µE mol m-2s-1 and under 14:10 light:dark 

was 5 to 30 psu but died off at 2 psu. While, A. tamiyavanichii grew at salinity 20 – 30 psu 

with optimum growth rate at 25 psu. A. tamarense grew in salinity range of 20 – 30 psu but 

did not survive at 10 psu and below and A. peruvianum can tolerate wider ranges of salinity 

from 10 – 30 psu but died at 5 psu and below. These cultures were added with 380 µM nitrate 

[NO3]- and 12 µM of phosphate [PO4]-. 
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Proroceratium reticulatum can grow in salinities in the range of 23 – 42 psu and there 

was a 44% difference between the highest and the lowest cell concentration (Guerrini et al., 

2007).   

Salinity that is too low, that is, near to 5 PSU may suffer from osmotic stress (Kies, 

1997). A. minutum from different geographical areas can tolerate salinity on high range 

(Grzebyk et al., 2003) and only strains from Taiwan showed similar salinity range. Species 

are divided into three different groups; low-euryhaline, high-euryhaline and stenohaline 

species (Lim et al., 2005). 
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3.0 MATERIALS AND METHODS 

3.1 Algal Cultures 

Clonal cultures were maintained in ES-DK medium (Kokinos & Anderson, 1995) under a 

light intensity of 140 µmol m-2s-1 and 12:12 hour light:dark photoperiod. Natural seawater 

were used as the medium base. Cultures used in this study were obtained from the UNIMAS 

Phytoplankton Culture Collection (Laboratory of Ecotoxicology). They are Alexandrium 

tamiyavanichii (AcSM01), A. minutum (Am), and Protoceratium reticulatum (strain). 

 

3.2 Salinity Experimental Setup 

Salinities regimes of 5, 10, 15, 20, 25 and 30 psu were used in the salinity tolerance 

experiments. The medium base was adjusted by diluting with deionized distilled water to 

desired salinities. Then the media were added with 9.3 mL of working stock ES-DK medium, 

1 mL of f2 vitamin stock, and 4 mL of soil extract. The medium was autoclaved. After one 

day, cells were inoculated using micropipette into the medium and kept in the incubator.  

 

3.3 Cell Counting 

The cell counting started immediately after the clonal culture had been established which was 

on 0 day. The conical flask containing medum was swirled to ensure the uniformity of the cell 

distribution, then using the micropipette, 1 mL of the cells were preserved in the microfuge 

tube  with Lugol’s solution. After a while, the counting of the cell can be done which was put 

on the Sedgewick Rafter counting slide, under a light microscope with 40x magnification. 

Every 2 to 3 days this procedure were repeated. Specific growth rate was calculated using this 

equation:  
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                 Specific growth rate,    µ = ln N1 – ln N0 
                                           t1 – t0     

Where, 

 N0= initial cell density  

N1 = cell density the following day 

t0 = initial time 

t1 = the following time 

 

3.4 Cell Diameter and Cell Volume Calculation 

Measurement was made using Olympus IX51 epifluorescence. Measurement was calibrated 

with micrometer. Cells of about  20 units were calculated for their diameter and presented as 

mean. Calculation of mean cell volume (µm3) was made with the assumption of spherical 

shape of dinoflagellate cell (Hillebrand et al., 1999) using the following equation: 

 
                  Mean cell volume,    V = πd3                                                
                                                             6  
 
             where d is the diameter of the cells. 
 
 Cell volume calculation was carried out to determine how much osmotic pressure 

occured with the different salinity concentration.   
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4.0 RESULTS 

4.1 Algal culture 

Three species of dinoflagellate, Protoceratium reticulatum, Alexandrium tamiyavanichii and 

A. tamutum were used from UNIMAS culture collection and were subcultured in a mass 

amount and tested in different salinity concentration, ranging from 5, 10, 15, 20, 25 and 30 

psu.  

Table 4.1: Dinoflagellates species/strains used in this study. 

Species Strain Locality  Isolation date Isolater 

Protoceratium 
reticulatum 

GgSM01 Semariang, Sarawak 8th August 
2010 

T.H. Tan 

Alexandrium 
tamiyavanichii 

AcSM01 Semariang, Sarawak 13 January 
2011 

H. C Chan 

Alexandrium 
tamutum 

AuKA01 Kuala Abai, Sabah 28 September 
2010 

Tan & Hii 
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4.1.1 Protoceratium reticulatum 

Protoceratium reticulatum strain GgSM01 maximum cell density was at salinity 30 psu, 

followed by 25, 20, 10 and 5 psu. Maximum cell density at 30 psu was 11250 cells mL-1 at 

day 12, while at 25 psu was 10135 cells mL-1 at day 10, at 20 psu was 10145 cells mL-1 at day 

10, at 15 psu on day 7 was 6321 cells mL-1, 10 psu was 6321 cells mL-1 at day 7 and at 5 psu 

there was no significant growth (Figure 4.1A).  

 The range of exponential growth rate is between 0.19 – 0.53 division day-1. The 

exponential growth rate was the highest at 25 psu  and the lowest is at 10 psu. There was no 

growth rate at 5 psu (Figure 4.1B).  

 The cell volume was the highest at 10 psu follwed by 15, 20, 25 and 30 psu.  The cell 

volume at salinity 10 and 15 psu was between 10000 – 15000 µm3. At salinity 20, 25 and 30 

psu the cell volume was between 5000 – 10000 µm3 (Figure 4.1C).  
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Figure 4.1: Salinity tolerance of Protoceratium reticulatum, GgSM01 from Semariang 
Sarawak. (A) Cell density at different salinity, (B) Growth rate and maximum cell 
density at different salinity and (C) Cell volume at different salinity. 
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4.1.2 Alexandrium tamiyavanichii 

Alexandrium tamiyavanichii strain AcSM01, were cultured at different salinity of 5, 10, 15, 

20, 25 and 30 psu to study for the cell density. The highest cell density was at 30 psu at about  

3215 cells mL-1 at day 28. AcSM01 still can survive at 25 and 20 psu and the number of cell 

started to deteriorate at day 24 with the highest cell density of 2400 and 1900 cell mL-1 

respectively. At 15 and 10 psu the cells were able to grow slightly until day 3 and at 5 psu the 

cells cannot survive starting from the second day (Figure 4.2A). 

 The growth rate was relatively the highest at 20 psu followed by 25 and 30 psu. The 

growth rate for the AcSM01 was 0.17 - 0.24 div day-1. There was no growth rate at 15, 10 and 

5 psu. The cell density was highest at 30 psu followed by 25 and 20 psu (Figure 4.2B). 

 Cell volume was the highest at 10 psu followed by 15, 20, 25 and 30 psu (Figure 

4.2C).  

 

 

 
 


