
ABUNDANCE OF Alexandrium SPECIES (DINOPHYCEAE) 

IN KUCHING ESTUARIES 


Tuan Zuraida Binti Tuan Hussin 

QL 
368 Bachelor of Science with Honours
D6 (Aquatic Resource Science and Management)
T883 20122011 



Pusat Khrdmat Maklumat Akademik 
UNlVERSm MALAYSIA SARAWAK 

Abundance of Alexandrium species (Dinophyceae) in Kuching estuaries 

P.KHIDMAT MAKLUMAT AKADEMIK 

111111111 rORlllllllll1 
1000235660 

Tuan Zuraida binti Tuan Hussin 
(25314) 

This project is submitted in fulfilment of the requirement for the degree of Bachelor of 

Science with Honours 


(Aquatic Resource Science and Management) 


Supervisor: Dr Lim Po Teen 

Co-supervisor: Dr Leaw Chui Pin 


) 


Aquatic Resource Science and Management 

Department of Aquatic Science 


Faculty of Resource Science and Technology 

University Malaysia Sarawak 


(2012) 



I 

I 

I 


I 

I 

• I 

Declaration 

I hereby declare that thesis is based on my original work except for quotation and citation, 

which have been duly acknowledged. I also declare that is not previously or concurrently 

submitted for any other degree at UNIMAS or other institutions. 

Tuan Zuraida binti Tuan Hussin 

Aquatic Resource Science and Management Programme 

Faculty of Resource Science and Technology 

University Malaysia Sarawak 



, ., 


Acknowledgements 

The first and foremost I would like to thank God for giving me strength and capability in 

doing this Final Year Project (FYP). lowe the greatest honors to my supervisor Dr Lim Po 

Teen and Dr Leaw Chui Pin for their guidance and support throughout this project. 

Without them, this thesis would be impossible. 

I am indebted to these individuals for their help of various kinds. Mr. Hong Chang, Mrs. 

Zubaidah, Mrs. Fareha, Mr. Toh Hii, Mr. Tung, Mr. Soon and also the lab members of 

Ecotoxicology Lab, Nurul Zainab and Liaw Sze Chieng that help me a lot during this 

project. I am also would like to thank the Aquatic laboratory assistants and FRST officers 

especially Mr. Nazri and Mdm Ting for their help and hospitality. 

A very deeply grateful to my beloved family for always by my side and give me their 

support. I also would like to thank my colleagues Nurul Jannah binti Ismail and my friend 

Adibah Amirah binti Abdul Nasir for given me the courage to finish this project. 

, 

) 



Pusat Khidmat MaklumatAkademik· . 	 UNlVERSm MALAYSIA SAKAWA]( 

Table of Contents 

Declaration 

Acknowledgements 

Table of Contents 

List of Abbreviations 

List of Tables 

List of Figures 

Abstract 

Abstrak 

1.0 	 Introduction 

2.0 	 Literature Reviews 

2.1 	 Harmful Algae 

2.2 	 Paralytic Shellfish Poisoning 

2.3 	 Alexandrium species 

2.4 	 Alexandrium spp. in Malaysian waters 

2.5 	 Saxitoxin 

3.0 	 Materials and Methods 

3.1 	 Field sampling 

3.2 	 Nutrient analysis 

3.3 	 Cell isolation 

3.4 	 Clonal cultures maintenance 

3.5 	 Cell counts and data analysis 

4.0 	 Results 

5.0 	 Discussion 

6.0 	 Conclusion 

7.0 	 References 

Appendix 

Page 

II 

111 

IV 

IV 

2 

4 

4 

4 

5 

6 

7 

8 

8 

10 

11 

12 
)13 

14 

27 

33 

34 

38 

II 



· . 

List of Abbreviations 

HABs Harmful Algal Blooms 

PSP Paralytic SheHfish Poisoning 

DSP Diarrhetic Shellfish Poisoning 

NSP Neurotoxic Shellfish Poisoning 

ASP Amnesic Shellfish Poisoning 

111 

1 



t ' , i: 

List of Tables 

Page 

Table 1 List of genera in Santubong and Samariang Batu 25 

List of Figures 


Page 


Figure 1 The structure of saxitoxin 7 


Santubong estuary 


Figure 2 Map showing the sampling location, Samariang Batu and 9 


Figure 3a Temperature and pH level at Santubong 15 


Figure 3b Salinity at Santubong 16 


Figure 4 Macronutrient content in Santubong 17 


Figure 5 Cell densities of dinoflagellates in Santubong 18 


Figure 6a Temperature and pH level at Samariang Batu 19 


Figure 6b Salinity at Samariang Batu 20 


Figure 7 Macronutrient content in Samariang Batu 21 


Figure 8 Cell densities of dinoflagellates in Samariang Batu 22 


Figure 9 Comparisons ofAlexandrium spp. between two sampling areas 23 


Figure 10 Micrographs of dinoflagellates species found in the two study 
 24 

areas 

IV 


~_!!!!t:===============--- --------------~~----.. 



· . 

Abundance of Alexandrium spp. (Dinophyceae) in Kuching estuaries 
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ABSTRACT 

A study was carried out to determine the abundance of Alexandrium species that found in two estuaries of 
Kuching, Samariang Batu and Santubong and the possible environmental parameters that affect the 
abundance of species. Water samples were collected fortnightly for 12 samplings using Van Dom sampler. 
Cell enumeration and identification was carried out by using Sedgwick rafter counting chamber under light 
microscope. The result showed that the abundance of dinoflagellates (Alexandrium spp.) increased with the 
increasing macronutrient in the water and affected by environmental factors such as salinity, pH and also 
temperature. Abundance of Alexandrium spp. was relatively low « 300) cell/L throughout the sampling 
period. Further study on dinoflagellates especially on Alexandrium sp. of other estuaries is important to 
reaffirm the finding of this study. 

Keywords: Alexandrium species, environmental factors, abundance of dinoflagellates 
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ABSTRAK 

Satu kajian telah dijalankan untuk menentukan kelimpahan spesies Alexandrium yang terdapat di dua muara 
Kuching, iaitu Samariang Batu dan juga Santubong serta kesan parameter alam sekitar yang 
berkemungkinan mempengaruhi kelimpahan spesies. Sampel air diambil setiap dua minggu sebanyak 12 
sampel menggunakan pensampel Van Dorn. Pengiraan dan pengenalan sel telah dijalankan dengn 
menggunakan 'Sedgwick rafter counting chamber' di bawah mikroskop cahaya. Hasil mendapati bahawa 
banyak dinoflagellates (Alexandrium spp.) meningkat dengan makronutrien yang semakin meningkat di 
dalam air dan dipengaruhi oleh Jactor persekitaran seperti kemasinan, pH dan juga suhu. Spesies 
Alexandrium yang didapati di kawasan kajian sepanjang tempoh persampelan adalah rendah iaitu ( <300) 
sel/L. Kajian lanjutan ke atas dinoflagellata terutamanya terhadap spesies Alexandrium di muara lain 
adalah penting untuk mengukuhkan lagi kajian ini. 

Kata kunci: spesies Alexandrium, Jactor persekitaran, kelimpahan dinoflagellata. 
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Introduction 

The first report of Hannful Algal Blooms (HABs) and shellfish toxicity in Malaysia was in 

1976 when the marine dinoflagellate Pyrodinium bahamense var. compressum bloomed in 

Brunei Bay on the west coast of Sabah. Usup et ai. (2002a) stated that during the bloom 

several people were poisoned. Bloom spread along the west coast of Sabah and continue to 

occur annually in the state. Over the years many poisoning cases have been reported, 

including several fatalities. These events also resulted in significant economic depletion to 

fishennen, because the public are scared to use all types of seafood during a bloom event, 

which basically lasts two to three weeks to several months. 

Algal blooms refer to events during which the density of phytoplankton in the 

water column reaches a level far above nonnai. Sometimes blooms are referred to by 

colour. For example, 'red tides' refer to blooms of some dinoflagellate species that cause 

seawater to appear reddish due to high concentrations of the photopigment peridinin. 
~I 

Others are 'green tides' and 'brown tides' (Usup et aI., 2002b). 

Hannful algae can appear in many different colors, but the tenn red tide is named 

as such because the algae do actually appear red in color. It is usually very slimy in texture, 

and abundant throughout the areas in which it has infected. The algae spread so far and so 

quickly that it can actual1y alter the color of the sea in large portions. Graneli and Turner 

(2006) stated that some of the red-tide dinoflagellates and other hannful algae can produce 

powerful toxins that can cause fish kills or shellfish poisoning. Those include paralytic 

shellfish poisoning (PSP), diarrhetic shellfish poisoning (DSP), amnesic shellfish 

poisoning (ASP) and neurotoxic shellfish poisoning (NSP). 

Toxicity that is produced by the dinoflagellates can caused shellfish intoxication, 

leading to human fatalities and also vectorial intoxication. The toxins are accumulated and 

2 
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transported through pelagic food webs by feeding interactions, leading to mortality of fish, 

seabirds or mammals. In some cases, the toxic blooms that are produced by flagellates of 

genera Chrysochromuliana or Prymnesium can affect the entire ecosystems (Falconer, 

1993). Bloom of Alexandrium in temperate regions was regulated by temperature rise in 

early spring, salinity changes (Parkhill & Cembella, 1999), eutrophication and upwelling 

process. While bloom dynamic of toxic Alexandrium in temperate regions was well 

documented, little infonnation is available for species in the wann tropical regions. 

Objectives 

The main objective of this study is to investigate the species occurrence of Alexandrium in 

the two estuaries of Kuching, Samariang Batu and Santubong. The specific objectives are 

as below: 

1. 	 To detennine the selected physico- chemical environmental parameters on 

Alexandrium spp. occurrence at the sampling sites; 

2. 	 To detennine the temporal distribution of Alexandrium spp. in Kuching waters; 

3. 	 To investigate species compositions of dinoflagellates found in Kuching waters in 

relation to Alexandrium spp. 

3 
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2.0 Literature Review 

2.1 Harmful Algae 

Hannful algae are characterized by their ability to be toxic and produced harmful 

secondary metabolites or have properties that are deemed as harmful for humans and any 

other life. Harmful Algal Blooms (HABs) can kill marine life, cause losses to aquaculture 

operations, results in human health problems and disrupt aquatic ecosystems as results of 

physical damage or oxygen depletion (Veldhuis and Brussaard, 2006). 

According to Grane1i and Turner (2006), HAB species can reduce growth and 

survival of a variety of co-occurring organisms. Another prediction is that HABs have a 

competitive advantage over other phytoplankton species and then dominate the plankton 

community. HABs exochemicals also induced autoinhibition of growth which may explain 

why the HABs species are categorized as low bio mass species. HABs are also susceptible 

to different forms of mortality. 

2.2 Paralytic Shellfish Poisoning (PSP) 

Kao (1966) reviewed some historical cases about the paralytic shellfish poisoning that are 

caused by the actions of tetrodotoxin and saxitoxin on excitable membranes. The microbial 

toxic which are concentrated through food chains can caused human poisoning. Some 

cases of human intoxication have been recorded worldwide, mostly in North America and 

Europe (Prakash et aI., 1971). The manifestations ofthe poisoning are so characteristic that 

confusion with any other form of intoxication is practically impossible. There is an 

increase in the incidence of paralytic shellfish poisoning which has been spreading 

globally. 
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2.3 Alexandrium species 

The genus of Alexandrium consists of the species with the easily seen girdle and sulcus and 

many small thecal plates. Basically, the Alexandrium species are identified based on the 

morphology of the certain thecal plates (Janson and Hayes, 2006). The features that usually 

used for identification are such as posterior sulcal plate (S.p.), second antapical plate 

(2""), first apical plate (l '), anterior sulcal plate (S.a.), third apical plate (3 '), sixth 

precingular plate (6") and the apical pore complex (APC). Other features that are used in 

identification includes the presence and location of the ventral pore as well as the anterior 

and posterior attachment pores (Usup et aI., 2002b). According to Janson and Hayes 

(2006), there are three Alexandrium species that are usually reported in the HABs events. 

The species are known as A. eaten ella, A. fundyense and A. tamarense. From that study, A. 

tamarense is the species complex. However, these three species were found closedly 

related to each other than to three non-toxic species which are A. affine, A. insuetum and A. 

pseudogonyaulax. Bloom of Alexandrium in temperate regions was regulated by 

temperature rise in early spring and salinity changes (Parkhill and Cembella, 1999). 

5 
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2.4 Alexandrium spp. in Malaysian Waters 

The tropical estuarine dinoflagellate species of Alexandrium III Malaysian waters, A. 

tamiyavanichii and A. minutum species are the two main causative organisms which are 

responsible for the Paralytic Shellfish Poisoning (PSP) in Southeast Asia (Lim et al., 

2006). There were five Alexandrium species were found in coastal waters of Peninsula 

Malaysia. They were Alexandrium affine, Alexandrium leei, Alexandrium minutum, 

Alexandrium tamarense and Alexandrium tamiyavanichii. Only several species were 

present at certain sites. A. tamiyavanichii was present only in the central to southern parts 

of the Straits of Malacca. In the northern part of the straits, A. tamarense was found, while 

A. minutum was only found in samples from the northeast coast of the peninsula. A. leei 

and A. affine were found in both the north and south of the straits. A. tamiyavanichii and A. 

minutum are very toxic dinoflagellates. The first case was reported due to toxicity of A. 

tamiyavanichii in the Straits of Malacca in 1991 (Usup et al., 2002b). Lim et al. (2005) 

stated that the occurrence of toxic A. taylori and A. peruvianum at Kuching estuary was 

first reported. Several dinoflagellate species were present in the samples collected in 

Kuching estury, but of most significance were A. taylori and A. peruvianum. Living cells 

of the two species were found about 3 km upstream of the mouth of the Sarawak river. 

Water salinity, where the cells were found, was 28 PSu. 
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2.5 Saxitoxins 

The systemic manifestations of paralytic shellfish poisoning are most readily appreciated 

when the cellular actions of the PSP toxins are understood. Along with tetrodotoxin, 

saxitoxin has been an important neurobiological tool in the laboratory. Saxitoxin played an 

important role in the isolation and purification of the sodium channel protein and the amino 

acid sequences (Kao and Levinson, 1986). 

Saxitoxin exhibits the relaxant action on vascular smooth muscle (Kao et aI., 1971; 

Nagasawa et aI., 1971). The rate of rise and amplitude of action potential of cardiac muscle 

are depressed. Saxitoxin is a useful tool in experiments analyzing the mechanism of 

transmitter release and has no effect on other process. 

H2N Oy STX R1 Rz ~o l lHH (£J 
/~vNyNH2

l STX H: H H 
r--NH I GTX-II H H OSOJ" 

H2N N 
GTX-III H OSOJ" H 

(£J K~H NeoSTX OH H HOH 
GTX~ OH H OSOJ" 
GTXN OH OSOJ" HR2 RJ 

Figure 1: The structure of saxitoxin and its analogues (Oshima, 1995). 
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3.0 Materials and Methods 

3.1 Field sampling 

Plankton and water samples were collected fortnightly in Samariang Batu and Santubong 

River, Kuching (Figure 2). Samples were collected during high tide with a 20 )lm-mesh 

plankton net and a 2 L Van Dom water sampler. In-situ parameters that are temperature, 

salinity and pH were taken at the sampling sites. 

For water samples in Van Dom water sampler were kept in 4°C and filtered for 

nutrient analysis. The filtered paper that contained plankton samples were preserved in 

acidic Lugol's iodine solution. Plankton samples taken were 20 mL for each sampling 

sites. 

Live samples obtained from 20 )lm-mesh plankton net were brought back to the 

laboratory for cell isolation. 
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Kuching 

Figure 2: Map showing the sampling location, Samariang Batu and Santubong estuary. 
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3.2 Nutrient analysis 

The water samples that were kept in 4°C were used to test nitrate, nitrite and phosphorus 

content in the water samples. Nutrient analysis for nitrate was used because to determine 

the physiological response of the Alexandrium spp. and to estimate the primary production. 

Water samples for macronutrient analysis (Nitrate, Nitrite, and Orthophosphate) were 

brought back to the laboratory and determined using Spectrophotometer (Hach Kit DR 

2010, Loveland, Colorado) according to manufacturer's instructions. Macronutrients 

concentrations were determined in triplicate. 

3.2.1 Nitrite 

Nitrite concentration was measured by using method 8507 (Hach kit DR 2010). The Nitri 

Ver. 3 Reagent Powder Pillow was added into 10 mL water sample. Then the water swirled 

to dissolve the reagent. Pink colour developed if nitrite is present. After that, the sample 

was left for 20 minutes. When expires, another cuvette was filled with 10 mL water sample 

for blank. Then, blank sample was inserted in the Hach kit for zeroing. After that, prepared 

sample was inserted and the reading was taken. The unit for nitrite is mglL N02
-. 

3.2.2 Nitrate 

Nitrate concentration was measured by using Hach kit DR 2010. Nitra Ver 6 Reagent 

Powder Pillow was added to 15 mL water sample. The sample was shaked vigorously for 3 

minutes. After 2 minutes expired, 10 mL of the water sample was transferred into sample 

cell. The left over Cadmium was left out and not transferred into sample cell. Then, Nitri 

Ver. 3 Nitrite Reagent Powder Pillow was added and was shaked gently for 30 seconds 

reaction. Then, it was left for 15 minutes. When the time expired, it was measured and the 

reading was taken_ 

10 
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3.2.3 Orthophosphate 

Orthophosphate concentration was measured by using method 8048 (Hach kit DR 2010). 

10 mL sample was filled and then Phos Ver. 3 Phosphate Reagent Pillow was added. The 

sample was shaked vigorously for 30 seconds. Then it was left for 2 minutes reaction. 

After that, blank sample was prepared by using 10 mL of original sample. When the time 

expired, the sample was measured and the reading was taken. The unit for phosphate is 

mg/L PO/. 

3.3 Cell isolation 

Cell isolation was conducted in order to get cultures. For single cell isolation, Pasteur 

pipette was used and must be very narrow as only single cell can pass through it. Cell 

isolation technique required few steps before can get the single cell. The cells were sucked 

in the Pasteur pipette under microscope and must done it gently because the cell might 

stress and die. After confirming only single cell has been isolated, it was transferred and 

placed in individual wells of a 96-well tissue culture plate containing filtered seawater. The 

cells were allowed to divide in the wells and subsequently transferred into culture tubes 

when cells reach -100 cells. Every two days, the isolated cells were observed to make sure 

if it grow or contaminated. If contaminated, it must be cleaned up. If the cells grow, a drop 

of medium will be added into the well plate and the cell density will be recorded. 

11 
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3.4 Clonal culture maintenance 

The clonal cultures of the Alexandrium specIes were maintained in ES-DK medium 

(Kokinos and Anderson, 1995) at 25°C and 12: 12 lightdark cycle. The salinity for ES-DK 

medium that was used is 30 PSu. However, for A. minutum, cultures were maintained in 

SW II medium (Iwasaki, 1961) of 15 PSU salinity. Subcultures were done in the laminar 

flow in order to avoid contamination of the culture cells. For dinoflagellate cultures, the 

cultures were retained to grow for about I to 2 weeks. Within that period, the cultures were 

subculture again to maintain the cultures. 

For culture maintenance, there are four species of cultures with different strains that 

were given. There are Alexandrium tamiyavanichii (AcMS 0 I), A. tamutum (AuKa), A. 

affine and A. minutum. Alexandrium affine has two strains of cultures KkH2 that was 

isolated from Kota Kinabalu and Sm94 from Samariang. Alexandrium minutum has six 

strains of cultures which consist of AmKb 0 I, AmKb 02, AmKb 03, AmKb 04, AmKb 05 

and AmKb 06. The cultures of AcMS 01, AuKa, KkH2 and Sm94 used ES-DK medium 

with 30 PSU salinity. However, all strains of A.minutum used SW II medium of 15 PSU 

salinity. Different salinity and mediums were used because of different nutrient 

composition in each medium that suitable and the cultures can tolerate. 

12 
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3.6 Cell counts and data analysis 

For cells counting, the samples that were preserved in Lugol's solution were used. Each 

sample was performed in triplicates. The counting was conducted by subsample I mL of 

sample to a Sedgewick-rafter chamber. Then, it was observed under the light microscope at 

10 x 10 magnifications. Cells were counted by using counter tally for three times. Then, 

mean for the three readings will be taken. 

While for the identification, micrographs were documented by using and Olympus 

inverted microscope (IX51, Olympus, Tokyo, Japan) with an attached cooled CCD camera 

and Analysis (R) software (Soft Imaging System Inc, USA). 

13 




4.0 Results 

Twelve sampling trips have been carried out in Santubong and Samariang Batu from 

September 2011 until April 2012. There were twenty four samples have been collected and 

examined under light microscope. 

For cell isolation, there were no new cells were established throughout this 

sampling period. The cell isolation process was carried out for every sampling period. 

However, due to the contamination, the isolated cells were die. 

From the result, the pH in Santubong water has strong fluctuation which the pH 

recorded was in the range of 6.7 to 8.2 (Figure 3a). The highest pH recorded was 8.2 which 

were at the end of December then followed by 8.0 in the middle of November. The pH 

trend of the water samples collected in Santubong water has sudden drop in early of 

November, middle of December and in the middle of February. The lowest pH recorded 

was 6.7 on early November. 

From the water samples collected, the temperature was collected in-situ. The range 

of the temperature was between 27.1 °C and 30.4 °C. The result showed that the 

temperatures at Santubong water have strong fluctuation and it had undergone a sudden 

drop at the end of December (Figure 3a). The highest temperature was recorded on early 

October and then followed by in early December with slight different by 0.01 °C. Then, the 

lowest temperature was recorded with 27.1 °C on end of December. 

14 
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Figure 3a: Temperature and pH level at Santubong 

The salinity at Santubong water was influenced by the influx of the seawater and 

the freshwater volume as the sampling site was at estuary area. The range of the salinity at 

Santubong water was between 23 and 32 PSU (Figure 3b). The highest salinity recorded 

was 32 PSU on the first month of sampling which was in September. Meanwhile, the 

lowest salinity was 23 PSU which was at the end of December. The salinity remains 

slightly constant from early October until middle of December. 
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Figure 3b: Salinity at Santubong 

The concentration of macronutrients that present at Santubong which is in the 

estuary showed a little of fluctuation in nitrate and nitrite except for orthophosphate level 

(Figure 4). The range of nitrate level in Santubong was 0.0 I to 0.10 mgrl. The highest 

level of nitrate was 0.10 mgl-1 which was in the early of November and the lowest was 

0.01 on October, December and early April. 

While for nitrite, the range was between 0.007 to 0.140 mgl- I
. The highest was 

O.l40mgrJ which was in middle of October and the lowest was in the end of December 

with 0.007mgrJ. From November to April, the nitrite levels were remained relatively 

constant. 

However, the nutrient content level for orthophosphate showed very strong 

fluctuation compared to other two. The range for orthophosphate content was 0.033 to 

0.713 mgr1• The highest level for orthophosphate in Santubong water was 0.713 mgP 
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from the middle of February sample. Then, the lowest was 0.033 mgP which was 

collected in middle of March. The orthophosphate level was increased after the first 

sampling and remains constant before have a sudden drop in the middle of November until 

middle of December. After that, rapidly increase of orthophosphate happened in middle of 

February and thus become the highest level for Santubong result. However, the level of 

orthophosphate decreased again in March and then, had increased in April. 
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...... 
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Figure 4: Macronutrient content in Santubong 

In Santubong estuary, there are Neoceratium spp. existed in every sampling. The 

highest cell density was also from Neoceratium spp. with 640 cells L-1 in early March. 

A.lexandrium species did not exist in Santubong estuary from end of December until 

middle of March 2012. The range of cell density for Alexandrium spp. in Santubong 

.estuary was from 7 to 87 cells L-1
• The lowest density was in early of December while the 
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