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ABSTRACT 

Pseudo-nitzschia spp. is the causative organism for Amnesic Shellfish Poisoning (ASP) due to its 
capability of producing Domoic Acid. Occurrence of Pseudo-nitzschia spp. is highly dependent on the 
environmental conditions. Therefore ecological studies of this harmful diatom have been crucial. This 
study is initiated to understand the temporal distribution of Pseudo-nitzschia spp. related to 
environmental stricture along with attempt to understand the correlation of ecological effect to their 
diurnal distribution. Studies were carried out at two locations of Samariang Batu estuarine and 
Santubong river estuaries, Kuching. Results showed fluctuations of cell abundance every fortnight and 
on daily distribution. Presence of Pseudo-nitzschia spp. had statistical correlation with temperature, 
rainfall abundance and enrichment of reactive phosphorus nutrient. Nutrients found to be present with 
statistical significance (p<0.05) at both locations were Nitrate, reactive Phosphate and silicate ranging 
in-between 0 - 2.04 mg/L, 0.01 - 0.48 mg/L and 0.0 - 2.772 mgIL respectively .The highest cell count 
was obtained at Santubong in January 2011 recording 3.9 X 104 cells L- 1 Highest cell recorded at 
Samariang Batu was 1.4 X 103 cells L-'. Diurnal samples showed clear relationship between cell 
abundance and salinity. Cell density peaked upon high tide cycle with high salinity though throughout 
sampling salinity fluctuated amid 6.1 - 7.6. Other parameters lacked statistical evidence to be correlated 
with the distribution of Pseudo-nitzschia spp. nevertheless there are other intangible variables involved. 

Key words: Pseudo-nitzschia, Environmental conditions, Estuarine, Distribution 

ABSTRAK 

Pseudo-nitzschia spp. merupakan organisma penyebab 'Amnesic Shel(fish Poisoning' (ASP) 
disebabkan kemampuannya menghasilkan Asid Domoik. Kewujudan Pseudo-nitzschia spp. di kawasan 
perairan amal berganlung kepada keadaan persekitaran. Lanlaran, kajian ekologi berhubung kait 
organisma ini sangal penling. Dalam kajian ini, penyelidikan dijalankan unluk memahami laburan 
masa Pseudo-nitzschia spp. dan keadaan persekitarannya serla kajian unluk memahami 
korelasi diurnal bagi laburan sel lurul dijalankan. Kajian lelah dilaksanakan di muara sungai 
Sanllfbong dan Samarians Balu, Kuching. Kepulusan menurljukkan kehadiran Pseudo-nitzschia spp. 
berkorelasi dengan suhu, ~kelimpahan hujan dan nulrien fosforus. Nulrien yang didapali hadir dengan 
signifikasi slalislik (p<0.05) di kedua-dua lokasi ialah Nilral, Fosfal reaktifdan silikal sebanyak 0-2.04 
mg/L, 0.01-0.48 mg/L dan 0.0-2.772 mg/L masinf-masing. Kiraan laburan sellerlinggi diperolehi di 
Sanlubong pada Januari 2011 sebanyak 3.9 X 10 sel L- I

. Manakala kiraan sel lerlinggi yang lercalal 
di Samariang Balu ialah 1.4 X 103 sel L- I 

. Sampel sel diurnal pula menunjukkan hubunganjelas anlara 
kepadalan sel dan lahap kemasinan. Kepadalan sel memuncak sewaktu air pasang dan lahap 
kemasinan linggi. Sepanjang pensampelan, lahap salinasi lurun naik dianlara nilai 6.1 hingga 7.6. 
Parameler lain lidak mempunyai bukli slalislik unluk dihubungkail dengan dengan kepadalan sel 
Pseudo-nitzschia spp. Walau bagaimanapun lerdapal pembolehubah lain yang lurul mempengaruhi 

kehadiran sel. 

Kala kunci: Pseudo-nitzschia, keadaan alam sekitar, muara sungai, laburan sel 
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1.0 INTRODUCTION 

Pseudo-nitzschia spp. is a genus of marine diatom commonly found in phytoplankton 

population and has the highest cell concentrations by the coastal regions (Lundholm et aI., 

2002). There are eleven species of Pseudo-nitzschia that are able to produce neurotoxin 

domoic acid (DA) (Bates & Trainer, 2006). DA is found to be responsible for shellfish 

poisoning known as Amnesic Shellfish Poisoning (ASP) in humans (Bates & Trainer, 

2006). DA is capable to accumulate in variety of organism such as krill, copepods and 

squids and to be passed on to other predators (Bargu et at., 2002). It is also known to cause 

mortalities and poisoning in birds and other mammals that consume the vectors (Scholin et 

at., 2000) 

Pseudo-nitzschia spp. is known to cause ASP since the late 1980's. The first 

documented ASP event took place at Prince Edward Island, Canada (Bates et at., 1989). 

The incident resulted in at least three deaths and over 100 people becoming ill due to 

contamination of blue mussel (Mytillus edulis) by DA (Todd, 1993). Therefore, Pseudo

nitzschia blooms can also cause huge economic impacts due to ban of shellfish harvesting 

during toxic blooms (Homer et aI., 1997). This event has lead to many attempts to monitor 

and characterize environmental conditions associated with the initiation and bloom 

dynamics of Pseudo-nitzschia (Justin et at., 2009) . ~ 

In Malaysian waters, phytoplankton monitoring activities are mainly focused on the 

west coast of Sabah and Coastal areas of Peninsula Malaysia. It is because only these 

places have been observed with the occurrence of harmful algae blooms (Lim et at., 2004). 

Nevertheless, the emphasis of the monitoring is more towards paralytic shellfish poisoning 

(PSP) and not on ASP. The lack of monitoring on ASP is a result of most reported shellfish 
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pOISOnIng thus far are of PSP. However DA contamination has been reported in the 

neighbouring countries such as Vietnam and Philippines (Bajarias et al., 2006). Malaysia is 
,; 

located at the same tropica1 waters as these countries. This enhances the possibilities of 

ASP to occur in Malaysian waters. Thus studies and monitoring on ASP should also be 

given focus in Malaysia. 

In Sarawak, ecological studies on ASP and the causative organIsm have been 

carried out for the past three years. The studies have shown that salinity, precipitation and 

nutrient concentrations are crucial factors that could be used for determining the growth 

and distribution of Pseudo-nitzschia (Su, 2008; Welling, 2008). Nevertheless, long term 

data on the occurrence of Pseudo-nitzschia is lacking for tropical waters. Thus, 

continuation on serial of similar study is needed to understand the bloom dynamics of the 

species. A longer duration of study will lead to a better understanding of the organisms' 

occurrence and characteristic. 

In this study, the locations selected are Samariang Batu estuaries and Santubong 

River. These two locations are selected based on the fact that most shellfish or other 

aquaculture activities are mainly located In Kuching division. Such environment is 

susceptible for algae blooming. Hence it IS important to monitor and document the 

occurrence of Pseudo-nitzschia at the area. The objectives of the study are as below: 
~ 	 *f 

1. 	 Obtain data on the occurrence of Pseudo-nitzschia in the Samariang and 

Santubong estuaries, 

2. 	 Determine the environmental parameters related to Pseudo-nitzschia 

distribution, and 

3. 	 Correlate the diurnal effects with the presence of Pseudo-nitzschia spp. 

3 



2.0 LITERATURE REVIEW 


2.1 Pseudo-nitzschia species 

A pennate diatom that are of marine and are distributed worldwide (Hasle et al., 1996), 

Pseudo-nitzschia spp. are characterized by having a long needle like, narrow cell with a 

delicate wall. The cell wall or frustule is made of silica that gives it a glass like feature. 

The frustule appears in two halves that abIes to fit together like the lid and base of a disc. 

Pseudo-nitzschia can form chains made up of hundreds of cells. Its' cells can stick to each 

other by overlapping their tips. Though they are distributed worldwide, there are few ofthe 

species that have been found to have a more restricted distribution such as the P. seriata 

(Hasle, 1972). 

It is interesting to note that Pseudo-nitzschia is the only diatom genus that has been 

identified to be able to produce marine biotoxin. Though, not all species of genus Pseudo

nitzschia are capable of producing such toxin. Thus far only 1 1 species are identified 

capable of producing DA (Bates & Trainer, 2006). The Pseudo-nitzschia spp. could be 

identified based on poroid structure, basis of striae and fibulae density, presence or absence 

of central interspaces, and the shape, length and width of its valve (Hasle & Syvertsen, 

1997). The example of toxin producing Pseudo-nitzschia are P. multiseries, P. pungens, P. 

australis, P. seriatt1', P. fraudulenta (Lundholm et al., 1997) and P. pseudodelicatissima 

(Hasle, 1993). 
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2.2 Biology of Pseudo-nitzschia spp. 

Pseudo-nitzschia spp. has a golden brown coloration attributable to its fuco)).antin pigment. 

This pigment enables them to grow at low light availability where most algae species are 

still unable to grow optimally (Mos, 2001). Important difference in Pseudo-nitzschia spp. 

as diatoms compared to other algal species is that their cell walls are enclosed within 

crystallised silica (Si(OH)4) shell called frustules (Sullivan, 1977). 

The requirement for creation of these frustules makes diatoms distinctively 

dependent relative on the availability of silicon for continual growth. Lack of silicon can 

apprehend the cell cycle in a stage between mitosis and daughter cell separation, a period 

of silicon intake and deposition of the newly forming frustules (Sullivan, 1977; Sullivan & 

Volcani., 1981; Brzezinski et at., 1990). Silicon is also discovered to be vital element in 

other diatom cell processes such as DNA replication and protein synthesis (Sullivan & 

Volcani., 1981). Studies have also found that there is a linear relationship between the 

initial usage of silicate concentration and cell yield in the batch cultures (Bates et at., 1991) 

During asexually reproduction, each of the diatoms' daughter cell will receive one 

of the parent cells theca as an epitheca and then will complete its cell division by forming 

its own hypothec a (Hasle & Syvertsen, 1996). Therefore, asexual reproduction creates 

Smaller diatoms. Olice the cell sizes have reduced ~o almost 30% of its original size, the 

sexual reproduction will occur to regenerate larger cell size (Davidovich & Bates., 1998; 

Hiltz et at., 2000). Sexual reproduction often takes place when there are high densities of 

cells. This frequently occurs during a bloom and can increase cell numbers of the species 

in added rapidness than asexual reproduction process (Prescott et ai. , 1996). 
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Pseudo-nitzschia spp. often has population explosion during slight faIl in 

temperature and at occurrence of water turbulence due to thermocline. This event keeps the 
9' 

diatom floating and remain at euphotic zone as they have tendency to sink (Lizzy, 2001). 

Light levels have shown to affect growth and cellular nitrogen (N), carbon (C), and 

chlorophyll a uptake of the organism (Pan et ai., 1996). There have also been studies that 

show the source of nitrogen as well can affect growth of Pseudo-nitzschia spp. Cells that 

receive nitrogen from nitrate grows faster than those that use ammonium. In fact, 

ammonium in sufficient concentration can actually apprehend cell growth (Bates et ai., 

1993; Hillerbrand & Sommer, 1996). 

Pseudo-nitzschia spp. are observed to have high tolerance to salinity changes 

ranging from 6%0 to 30%0 for the P. pungen and 15°/00 to 45%0 for P. multiseries in 

example (Jackson et ai., 1992).. In fact salinity has been noted effect the maximum cell 

density and growth (Jackson et ai., 1992). Pseudo-nitzschia spp. are as well noted to have a 

wide temperature tolerant fmm 5°C to 30°C (Jackson et ai, 1992; Thessen et ai., 2005). 

These capabilities allow them to survive in harsh environment such as the estuaries. 

6 
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2.3 Domoic acid and Production 

Pseudo-nitzschia spp. are not the only marine algae found capable of produ9ing DA. The 
p 

preliminary finding of DA was in Japan. It was first isolated from the red macro-algae 

species Chondria armata in 1958, and was subsequently called as 'domoi', named after 

Japanese word for seaweed (Villac et aI. , 1993). In 1987 when DA was identified as a 

neurotoxin, it was initially treated with scepticism, as this water-soluble amino acid was a 

folk medicine in Japan to treat intestinal pinwonn infestations (Mos, 2001). 

DA is found to be dangerous as it binds with the glutamic receptor causing the 

receptor to not function properly. The mechanism of DA toxicity is explained by its 

structural similarity with the excitatory neurotransmitter; glutamic acid and its analogues 

(Figure 2), but with a much stronger receptor affinity (Todd, 1993). DA is discovered to be 

3 times more powerful than its analogue kainic acid and up to 100 times more potent than 

glutamic acid itself (Todd, 1993). As a result, it can remain binding to the glutamic 

receptor long enough to distort the receptors function causing uncontrolled fluctuation of 

ions leading to death of nerve cells. 

CH 1 

COOH 

Domoic acid 	 Kainic acid Glutamic acid 

Figure 1. 	 Structures of (from left to right) domoic acid, kainic acid and glutamic acid 
(Bates et al., 1998). 
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Productions of DA by algae have been appeared to be a genetic -property for a 

secondary metabolite with no identified function in defence or primary metabolism (Bates, 

1998). The relationship between silicon and DA production was noted as well. The 

diatoms require silicon for frustule formation, and also for DNA synthesis (Bates, 1998). 

Both process of cell division and silicon uptake occurs during daylight periods and thus 

cell division slows down near the end of the light period (Mos, 2001). This is due to initial 

depletion of silicon was found to trigger DA synthesis. Therefore, DA may merely serve as 

a way of eliminating surplus photosynthetic energy when cells are unable to grow 

optimally (Bates, 1998). This is in line with the hypothesis that DA is synthesized at 

duration when photophosphorylated high-energy intermediates in example ATP and 

NADPH, are not used for primary metabolism (Pan et ai., 1998) and the fact that most DA 

i expelled through excretion (Bates et ai., -1991). Production of DA is also known to be 

triggered by enhancement of nitrogen (Bates, 1998), shortage of phosphorus (Pan et ai., 

1998), and availability of iron (Hutchins et ai., 1998). 
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2.4 Distribution of Pseudo-nitzschia and Cases of Amnesic Shellfish Poisoning 

Sudden occurrence of Pseudo-nitzschia in high densities took place in.,Skagerrak, North 

Atlantic as early as 1912 (Hasle et al., 1996). Re-examination of archived samples linked 

Pseudo-nitzschia as cause of high mortality to pelicans in California in the 1970s (Buck et 

al., 1992). Conversely, information prior to the governmental and research-oriented 

observation through monitoring that was initiated are sparse intoxication event of 1987 in 

Canadian waters of Prince Edward Island (Smith et al., 1990b; Homer et ai., 1997), in 

Monterey Bay (Scholin et ai., 2000), and somewhat later in Europe (Dahlsup et ai. , 2000; 

Montresor et ai., 2000). Thorough monitoring have been continued ever since in order to 

document the presence of Pseudo-nitzschia. Although Pseudo-nitzschia species reported to 

occur in the Skagerrak, North Atlantic and adjacent waters (Hasle et ai., 1996) from 1979 

until 1993; no cases of domoic acid poisoning have been reported for European waters thus 

far. Only several species of Pseudo-nitzschia from European have been discovered to 

produce small amounts of domoic acid (Lundholm et ai., 1994; Vrieling et ai., 1996). 

However, at the west coast of the United States (California, Oregon, Washington), 

some Pseudo-nitzschia spp. are known to cause major problems almost every year. This is 

related in part to upwelling process of deep ocean water in these regions (Prescott et ai., 

1996). This process supplies an extra quantity of nutrients (i.e.: nitrate, trace metals, 

silicate and nitrite) in the top layers, 300 m of the ocean where light is available allowing 

higher cell densities to occur (Prescott et "ai., 1996). One of the incidents concerning the 

U.S. west coast took place in September 1991 when more than 100 brown pelicans and 

connorants in Monterey Bay died or suffered from unusual neurological symptoms (Fritz 

et ai. 1992; Work et ai. 1993). This was unusual because the vector was northern 

anchovies, not shellfish (Work et ai. 1993). The highest concentrations of DA, up to 2,300 
9 



pug g-l wet weight of tissue, were measured in the viscera of anchovies (Loscutoff 1992). 

It was found to be in the form of undigested P. australis cells. 

A study was done using this anchovies; fish meal was made from the toxic anchovies 

collected in Monterey Bay and was fed to juvenile rainbow trout (Oncorhynchus mykiss). 

In later examination, the DA was found only in the viscera and faeces of the trout and not 

in blood or muscle. This suggested that DA in fish food probably does not comprise health 

hazard either to the fish or to the consumer (Hardy et al. 1995). At late October and 

November 1991, DA was found in Razor clams (SUiqua patula) and Dungeness crabs 

(Cancer magister) on the Oregon and Washington coasts. Taylor and Homer (1994) 

suggested that it might have been part of a widespread bloom of P. australis. 

In 1998, Bates et al concluded a list of dominating Pseudo-nitzschia species in several 

nations. In Canada, P. multiseries is the dominating toxic species on Prince Edward Island 

while P. pseudodelicatissima was in the Bay of Fundy. P. autralis and P. 

pseudodelicatissima often co-occur together on the United States west coast. P. multiseries 

and P. delicatissima are dominating in Dutch waters. Countries such as Denmark, Spain 

and New Zealand has the dominance of P. seriata, P. australis, both P. autralis and P. 

delicatissima respectively. In countries as Australia (Ajani et al., 2000), New Zealand, 

Korea, Japan (K0taki et al., 1996) and Vietnam (Kotaki et al., 2000), the presence of . ~ 

P eudo-nitzschia species (including P. autralis and P. pseudodelicatissima) have been 

id ntified but they have not bloomed to high concentrations. Therefore DA concentration 

is not high to be harmful to human health. 
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2.5 Economic and cultural impacts of DA 

No ASP cases have been recorded in Malaysia but precaution and studies should be done 
J 

e pecially in country like this where coastal and fisheries are a major part of the lifestyle. 

A good scenario is what has taken place in Washington, United States. This state is similar 

to Malaysia in its dependency towards fisheries economy. During the past fifteen years the 

periodic closure of shellfish harvesting on the Washington coast has drastically affected 

both coastal economics and traditional tribal activities. Coastal communities that depend 

on shellfish have been greatly impacted by lost revenue obtained in both recreational and 

commercial fisheries (Anderson, 1995). Hotel and restaurant operators in coastal 

communities as well as tourist-oriented businesses are simultaneously affected. These are 

because the visits to the coast are reduced due to shellfish harvest closures. 

In addition to the economic losses to coastal communities, cultural traditions of coastal 

Native American tribes have also been 'impacted. Many of the coastal tribes use razor 

clams in their traditional ceremonies as well as for subsistence (Adams, 2006). Similar 

basi in Sarawak, part of the coastal community earns by collecting and harvesting 

shellfish such as the oysters and razor clam. Better understanding of the dynamics of 

toxigenic Pseudo-nitzschia spp. blooms including initiation, maintenance, and transport as 

• 	 well as the autecology of individual Pseudo-nitzschia species on the Washington coast 

have been notice to help mitigate impacts on coastal tribal communities (Adams, 2006). 

Therefore, any long term monitoring study will prove to be beneficial in future mitigations 

when needed. 
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3.0 MATERIAL AND METHODS 

3.1 Study area 

The study was carried out at two locations at Kuching area; Samariang Batu River 

(1 °35'51.82" N 110°18'58.19" E) and Santubong River (1°42'59.82" N 110°19'40.84" 

E) (Figure 3). Samples were collected at the Jetty of Smariang Batu River which is by the 

downstream of the urban settlement. Samariang Batu River is tidal influenced and has 

aquaculture activities nearby; this allowed the study to test out occurrence of Pseudo

nitzschia at different salinity and nutrients. Also, samples were collected at the Jetty of 

Fisheries Department by the Santubong River. This river is a streaming of the Sarawak 

River that leads to sea and has tidal influence but also receives high rainfall. Santubong 

River has agricultural farm and commercial shrimp farms alongside it. Such activities may 

be the cause of nutrient and pollution influx in the rivers. 
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Figure 2: Map of Kuching showing the selected sampling locations; Santubong River and Samariang Batu River 
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3.2 Sample collection 

3.2.1 Fortnightly 

Water samples were collected starting from 19 July 2010 till 25 February 2011. Sampling 

was carried out at Samariang Batu and Santubong Estuarine rivers. At each location, two 

water samples were collected. A quantitative sample was collected by using the Van-dom 

water sampler for cell counting and nutrient analysis. While qualitative water samples were 

collected using the plankton net (20l-!m). The in-situ physical parameter such as 

temperature, pH and salinity was measured using HANNA Electronic pH Meter and 

AGATO Hand Refractometer. All samples collected and parameters were measured in 

duplicates. 

3.2.2 Twenty Four Hours 

Water samples were collected with interval Of 2 hours for 24 hour period. Sampling started 

at 4pm on the 19 January and finished at 4pm on the 20 January 2011. The sampling was 

carried out at Santubong River. Quantitative samples were collected using the Van-dom 

water sampler. The in-situ physical parameter was measured using HANNA Electronic pH 

Meter and AGA TO Hand Refractometer. All samples collected and parameter measures 

were in duplicates. Samples were stored in cooler box to be analysed at lab . . 

\ 
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the final 

3.3 Water filtration and nutrient analysis 

All water samples collected were filtered using filter water system that u§,ed Whatman 

GFIF filters. Samples were kept frozen at -20°C before analysing. The chemical parameters 

tested are the nitrate nitrogen (N03-N), ammonical-nitrogen (NH3-N), reactive phosphorus 

(PO/-P) and silicate (Si02). These parameters were detennined in the laboratory by using 

colorimetric method (Hach, 2000). N03-N is analysed using Cadmium Reduction Method 

at 507 nm of wavelength. This method uses addition of NitriVer3 Nitrate powder pillow 

into 25 ml of sample. While NH3~N was analysed using Nessler Method at wavelength of 

425 run that uses addition of mineral stabilizer, Polyvinyl Alcohol Dispersing Agent and 

Nessler Reagent into 25 ml of sample. Si02 was detennined using Heteropoly Blue Method 

after the addition of Molybdate 3 Reagent and Citric Acid Reagent into 10 ml of sample at 

wavelength of 651nm. The PhosVer3 (Ascorbic Acid) Method was used to analyse P04 
3-P 

at 880 nm whereby Phos Ver 3 powder pillow, was added to 10 mL of sample. Device used 

to determine the concentration of the respective parameter is spectrophotometer of Hach 

DR20] 0 model. 

3.4 Cell counting 

'Yater samples collected using Van Dom water sampler is used for the cell counting. One 

litre of plankton samples retained on the filter paper is backwashed to be concentrated to 

volume of 50 ml. AU samples that have been concentrated is fixed using the 

Acidic Lugol's solution and kept at room temperature. The cell density was measured 

using Sedgwick-Rafter counting chamber under inverted microscope by subsampling one 

ml of the initial sample. Counting of each sample was carried out in triplicate, at the least. 
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3.5 Rainfall Distribution 

Monthly rainfall data of the Kuching division was collected from the Malaysian 

Meteorology Department. Precipitation was measured in millimetres. 

3.6 Statistical Analysis 

Stati tical test was conducted to test significance of all water quality parameter and cell 

densities using t-test and Pearson correlation method (a=O.05). 

\ 

16 


