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ABSTRACT 

Ciguatera fish poisoning (CFP) is a food poisoning endemic to tropical and subtropical 
regions caused by eating fish that have been contaminated with toxins produced by 
dinoflagellates mainly of the genus Gambierdiscus. The toxin may be found in large 
reef fish, generally barracuda, red snapper, eel, grouper, sea bass, amberjack and 
Spanish mackerel. It is the most common seafood poisoning affecting the human 
population worldwide with 50,000 to 500,000 global incidences annually. Since 1984, 
there were a few suspected cases of CFP in Sabah, but these were never confirmed. 
This study aims to identify the CFP species with emphasis to the distribution and 
substrate preferences as well as the seasonal effects on the cell abundance of CFP 
dinoflagellates in the reefs of Kota Kinabalu, Sabah, Malaysia. Sepanggar Island, 
Manukan Island and Gaya Island were chosen as the sampling sites. Sampling 
duration was done in 12 months which involved 24 diving trips in total. A total of 149 
fiberglass screens were used as an artificial substrate to collect the benthic epiphytic­
CFP associated microalgae for 24 hours. Samples were then brought back to the 
laboratory for sample processing and cell enumeration. Photoquadrat survey method 

was adapted for habitat mapping by taking photographs underwater using a 0.25 m2 

quadrate at the sites of where devices were deployed. Bray-Curtis similarity was used 
to construct cluster analysis based on relative abundance data and relationships 
between substrate types were visualized using cluster analysis. One-way ANOVA 

(Kruskal-Wallis test) and Spearman correlation tests were done using GraphPad 
Prism 5 (GraphPad Inc.) for data analysis. The results recorded all five genera of CFP 
causing dinoflagellates Amphidinium, Coolia, Gambierdiscus, Ostreopsis and 
Prorocentrum were found in coral reef marine environments in low abundances at 
Kota Kinabalu coastal waters. Prorocentrum was found dominant in Sepanggar Island 
(62.2%), while Ostreopsis dominates in Manukan Island (73.6%) and Gaya Island 
(75.7%). Four major distinct geomorphic zones (rubbles, sand, dead corals and 
macroalgae) were indicated from cluster analysis results. The results showed 
dinoflagellates in this study were epiphytic on dead corals, and low densities were 
detected on sands. Two identified CFP dinoflagellates species showed statistically 
significant substrate preferences. For instance, Gambierdiscus was mainly founded 
on sand, Prorocentrum mainly encountered at macroalgae, while Ostreopsis, Coolia 
and Amphidinium showed no preferences on the four main substrate types. Mean 
total abundance of CFP dinoflagellates varied significantly between seasons 
(Southwest Monsoon>Northeast Monsoon>Inter-Monsoon). Throughout the study, 
gradual increases of Gambierdiscus cell numbers were observed during Southwest 
Monsoon (SWM). A significant positive correlation was observed between 
Gambierdiscus cell and sea surface temperature. Prorocentrum cell numbers were 
stable between seasons but showed an increasing pattern during Northeast Monsoon 
(NEM). Coolia and Ostreopsis did not show any pattern related to seasonal changes 
but average cell abundances of both dinoflagellates were significantly different 
between SWM and Inter-Monsoon (IM), while Amphidinium cell numbers showed no 
significant difference between seasons. The results observed highest average 
abundances of total CFP dinoflagellates during SWM (65.22 ± 149.5 cells/ 100 cm2), 
while the lowest abundances were during IM. In conclusion, this study can be used 
as a reference in studying and managing benthic harmful algal bloom dinoflagellates 
by safeguarding public health in order to reduce seafood poisoning cases. 
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ABSTRAK 

KEUTAMAAN SUBSTRAT DAN VARIASI MUSIM BAGI DINOPLAGELLAT 
KERACUNAN IKAN CIGUATERA DI PERAIRAN PANTAI KO TA KINABALU 

Keracunan Ikan C/guatera (CFP) adalah keracunan makanan endemik di kawasan 
tropika dan subtropika yang disebabkan oleh ikan yang tercemar dengan toksin yang 
dihasilkan oleh dinoflagellat genus Gambierdiscus. Toksin tersebut bo%h d#umpai 
pada ikan karang bersaiz besar, seperti barakuda, kerapu, ikan merah, belut, 
"amberjack ; ikan siakap dan ikan tenggiri Sepanyol. la. merupakan keracunan 
makanan laut yang menjejaskan populasi manusia di seluruh dunia dengan jumlah 
insiden global sebanyak 50,000 hingga 500,000 setiap tahun. Sejak tahun 1984, 
terdapat beberapa kes yang disyaki CFP di Sabah, tetapi kes tersebut tidak pemah 
disahkan. Kajian /ni bertujuan untuk mengenalpasti spesies CFP dengan menjurus 
pada taburan dan keutamaan substrat serta kesan musim ke atas kelimpahan sel 
dinoflagellat CFP di terumbu karang - Kota Kinabalu, Sabah, Malaysia. Pulau 
Sepanggar, Pulau Manukan dan Pulau Gaya telah dip/lih sebagai tapak kajian. 
penssampelan to/ah d#alankan selama 12 bulan yang me/ibatkan 24 selam skuba. 
Sebanyak 149 skr/n gentian kaca digunakan untuk mendapatkan dinoflagellat CFP 
se/ama 24 jam. Sampel kemudian dibawa balik ke makmal untuk pemprosesan 
sampel dan penghitungan sel. Kaedah photoquadrat' telah diaplikasi untuk 
pemetaan habitat dengan mengambil gambar menggunakan kuadrat bersaiz 0.25 1772 
di dalam air. 'Bray-Curtis similarity' digunakan untuk membina analisis kluster 
berdasarkan data kelimpahan relatif dan hubungan di antara jenis substrat 
didapatikan melalui analisis kluster. Semua data analisis dffalankan dengan kaedah 
ANOVA Sehala (Kruskal-Wallis test) dan Spearman correlation test' menggunakan 
GraphPad Pr/sm 5 (GraphPad Inc. ). Hasil kajian merekodkan semua lima genera 
dinoflagellat CFPAmphidinium, Coolia, Gambierdiscus, Ostreopsis and Prorocentrum 
ditemui dipersekitaran terumbu karang marin dalam jumlah yang rendah di perairan 
pantai Kota Kinabalu. Prorocentrum didapati dominan di Pulau Sepanggar (62.2%), 
manakala Ostreopsis mendominasi di Pu/au Manukan (73.6%) dan Pulau Gaya 
(75.7%). Hasil analisis Muster menunjukkan terdapat empat zon utama geomorfik 
yang berbeza (pecahan karang, pasir, karang mati dan makroalga). Hasil kajian 
mendapati dinoflagellat dalam kajian /ni adalah epifit pada kdrang mati dan 
kepadatan rendah dikesan pada pasir. Dua spesies dinoflagellat CFP yang dikenal 
pasti menunjukkan keutamaan substrat yang signifikan. Sebagai contoh, 
Gambierdiscus ditemui pada pasir, Prorocentrum didapati di makroalga, manakala 
Ostreopsis, Coolia dan Amphidinium tidak menunjukkan keutamaan terhadap empat 
jenis substrat utama. Purata jumlah ke/impahan dinoflagellat CFP berubah secara 
signifikan antara musim (SWM> NEM> IM). Sepanjang kajian, bilangan 
Gambierdiscus didapat/ meningkat semasa SWM. Korelasi positif yang kuat 
diperhatikan antara sel Gambierdiscus dengan suhu permukaan laut. Bilangan sel 
Prorocentrum adalah stabil sepanjang musim tetapi menunjukkan corakpeningkatan 
semasa NEM. Coolia dan Ostreopsis tidak menunjukkan corak yang berkaitan dengan 
perubahan musim tetapi purata kelimpahan sel bagi kedua-dua dinoflagellat antara 
SWM dan IM menunjukkan perbezaan signifikan. Bilangan sel Amphidinium tidak 
menunjukkan perbezaan yang signifikan di kalangan musim. Hasil kajian 
menunjukkan purata kelimpahan tertinggi jumlah dinoflagellat CFP yang direkodkan 
adalah semasa SWM (65.22 f 149.5 sel / 100 c1W), manakala yang paling rendah 
adalah semasa IM. Sebagai kesimpulan, kajian ini bo%h digunakan sebagai rujukan 
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da/am kajian dan pengurusan dinoflagel/at ledakan alga bentik berbahaya dengan 
menjaga kesihatan masyarakat untuk mengurangkan kes-kes keracunan makanan 
laut. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview of ciguatera fish poisoning 

During the Spanish Conquest, there was an occurrence of a food poisoning caused 
by consumption of a marine snail, Turbo pica (termed cigua by the natives in Cuba) 

in the Caribbean and to illustrate this intoxication, a term ciguatera fish poisoning 
(CFP) was used (de Fouw et al., 2001). Guzman-Perez et al., (2000) stated that the 

word CFP is used today to name the intoxication instigated by consuming reef fish 

which have gained specific toxins from their diet. The fish usually originates from the 

tropical and subtropical . areas of the Caribbean Sea and the Pacific Ocean. 

CFP is a seafood illness endemic to tropical and subtropical coral reef areas 

of the world. Dinoflagellates of the genus Gambierdiscus produces lipid-soluble 

toxins, accumulates in finfish and consumption of certain reef fish causes intoxication 

(Dickey & Plakas, 2010). According to Mattei et al., (2014), the most common 

seafood illness worldwide is ciguatera with 50,000 to 500,000 global occurrences per 

annum and it is mostly restricted to endemic areas which are located between 35° 

northern and 35° southern latitude. 

de Fouw et a/., (2001) stated that a lot of countries such as Australia, 

Bahamas, Canada, China, Haiti, Hawaii, Madagascar, Mexico, Tonga, US, and even 



in Germany and the Netherlands have reports of ciguatera intoxication. A theory 

made by Lehane & Lewis (2000) mentioned that ciguatera may develop at areas 

which are far from tropical oceans, where alive, fresh or preserved reef fish are 

exported to other areas and this might lead to a world health problem. Throughout 

the year, due to the expansion of international seafood trade from tropical fisheries 

worldwide, ciguatera has become a threat to consumers in non-endemic countries 
(Kibler et a/., 2015). Mattei et a/., (2014) suggested that the globalization of fishing 

industry and tourism in Europe and the lack of awareness among medical personnel 

which causes under-reporting are the other factors which contributed to the huge 

increase in the amount of ciguatera cases. 

The causative agents of CFP in human are marine biotoxins produced by 

dinoflagellates (Mattei et of., 2014). Ciguatera causes gastrointestinal and 

neurological disorders and may cause human death in rare cases (Faust, 2009). 

According to Xu etal., (2014), Gambierdiscusproduces gambiertoxins which are the 

precursors for the ciguatoxins (CTX) and are responsible for ciguatera. The toxins 

enter the coral reef food web through grazing by herbivores and detritivores, and 

when these animals are eaten by predators, accumulation and biomodification of 
these toxins take place. Coral-reefs are nurseries for harmful dinoflagellates and 

possible sites for ciguatera outbreak world-wide (Faust, 2009). According to Bienfang 

et of., (2008), the dinoflagellates Gambierdiscus spp. produces CTX and these 

dinoflagellates are commonly found in association with numerous macroalgae in the 

coral reef ecosystems. Herbivorous fish eat up these dinoflagellates, initiates the 

bioaccumulation, biomagnification, and biomodification processes in the food web, 

as the herbivores are eaten by carnivores and, ends up as human consumption. 

The symptoms of ciguatera seem to differ geographically, between individuals 

and incidents and differ temporally within an area. It mostly consists of early-onset 
(two to six hours) gastrointestinal disturbance, such as nausea, vomiting, and 
diarrhea, and may be followed by other neurological illnesses (18 hours), including 

numbness, reversal of temperature sensation, muscle and joint aches, itching, 
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tachycardia, blurred vision and paralysis. On some rare occasions, ciguatera may 

cause death (Botana, 2000). 

Unfortunately, due to under-reporting and misdiagnosis, the real extent of 
illness is not well documented (Radke eta/., 2015). Berdalet eta/., (2015) stated that 

the cases of CFP often have been traditionally `managed' by native fishermen via 
their local and traditional knowledge. In tropical areas, CFP is a threat to public 
health, and it the most widespread, and hence best described, in the island 

population of the Pacific and the Caribbean. There has been a consistent increase in 

the number of known harmful species, algal toxins, toxic outbreaks, and fisheries and 

ecosystem impacts, all at a time when human dependence on the coastal area for 

food, recreation, and commerce is rapidly growing (Anderson, 1998). 

1.2 Problem statement 

Department of Fisheries Sabah has been doing monitoring on CFP and based on their 

unpublished reports from 1984 to 1992, there have been 38 complaints regarding 
fish poisoning mainly due to red snappers, particularly Lutjanus bohar. Most of the 

samples were collected from the Kota Kinabalu Fish Market, SAFMA Fish Landing 

Jetty and several places on the West Coast of Sabah. In April 1989, red snapper 

Lutfanusboharwas totally banned either for local or overseas market to safeguard 

public health and fisheries industry in Sabah. In year 2017, an unpublished report by 

Ministry of Health (MOH) Sabah stated that there were three suspected cases of CFP. 

In December of the same year, one person was confirmed by laboratory test and 

medical practitioner as a case of CFP. All these reports raised a lot of questions such 

as the origin of the sample and the toxin itself. How were the CFP dinoflagellates 

distributed in Kota Kinabalu throughout the years? Up until now, there were lack of 
information on where and what is the CFP pattern in Sabah. Thus, the purpose of 
this study was to (1) check the presence of other CFP dinoflagellates in coastal waters 

of Kota Kinabalu, (2) find out if the CFP dinoflagellates show any substrate 
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preferences and (3) observe if seasonal factors have any effects on the cell 
abundance of CFP dinoflagellates. 

1.3 Significance of study 

Seafood poisoning cases in the west coast of Sabah has started since 1970s. To date, 

monitoring of paralytic shellfish poisoning by Department of Fisheries Sabah (DOFS) 

was successful in lowering the risk of seafood poisoning. By knowing the pattern and 
distribution of CFP dinoflagellates, monitoring plan can be carried out effectively in 

HAB management programs. Therefore, this study can be used as a reference in 

studying and managing BHAB dinoflagellates by safeguarding public health. 

1.4 Objectives of study 

The objectives of this study are: 

i. To identify the causative dinoflagellates species responsible to 
Ciguatera Fish Poisoning (CFP). 

ii. To determine the substrate preferences of CFP Dinoflagellates in 
Gaya, Manukan and Sepanggar Islands. 

iii. To determine the effects of seasonal factors on cell abundance of CFP 
Dinoflagellates. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Harmful algal blooms in Malaysia 

Harmful algal blooms (HABs) or commonly known as "red tides" are a worldwide 

problem which affects not only to human but also to our natural ecosystem. HABs 

can be categorized to three different types which are (1) dinoflagellate species that 

produce harmless water discolorations but cause mass mortality of fish due to oxygen 
depletion, (2) toxic to humans which causes gastrointestinal and neurological 
illnesses and (3) non-toxic to humans but harmful to fish by clogging their gills 
(especially fish in cage aquaculture). 

The first report of HABs and shellfish toxicity in Malaysia was in 1976 when 
the Pyrodinium bahamense var. compressum bloomed in Brunei Bay on the west 

coast of Sabah and this event poisoned several people (Roy, 1977). The bloom 

eventually spread to other parts of Sabah but focuses mainly at the west coast of 
Sabah. Over the following few decades, many poisoning cases have been reported 
including fatality but with the establishment of monitoring programme, these cases 

were under control. 



In Sabah, HABs caused by P. bahamenseand Cochlodinium POIW*Oides took 

place almost every year on the west coast of Sabah (Wang et a/., 2008), especially 
in coastal areas of Kota Kinabalu. Many poisoning cases have been reported over the 

years including casualty. Other unidentified toxic dinoflagellates may exist in waters 

of Sabah and current environmental conditions are not favorable for bloom to 

happen. The number of HAB species in Sabah are on the increase with toxic 

Gymnodinium catenatum identified off the west coast of Sabah (Mohammad-Noor et 

al., 2008), Gonyau/axpolygramma in Kota Kinabalu (Lim eta/., 2014) and Noctiluca 

scintillans in Kota Marudu and Kudat (Department of Fisheries Sabah). 

Previous research concluded that the waters in Malaysia have a high diversity 

of marine benthic dinoflagellates flora and the highest species diversity among the 

sites examined was Sipadan Island (Mohammad-Noor et al, 2007). A survey 

conducted in Singaporean waters showed that species diversity was low, with O. 

ovata was the dominant species (Holmes et a/., 1998). Gambierdiscus yasumotoi, a 

new toxin-producing species was identified in the reef around the Singapore island 

of Pulau Hantu (Holmes, 1998). In Malaysia waters, several species of benthic 

dinoflagellates which may be involved in CFP have been identified, they were G. 

toxicus, 0. ovata, O. lenticularis, and Coo/iasp. Toxicity screening based on hemolytic 

assay, antimicrobial and mouse bioassay has proven the existence of biological 

activities in aqueous and organic phase extract of these cultures. However, the toxins 

compound is yet need to be determined (Lim et al., 2003). Department of Fisheries 

Sabah took the initiative to conduct a preliminary study on distribution of CFP 

dinoflagellates in Sabah between 1994 - 1997 with the help of a consultant from the 

Asean-Canada Cooperative Programme and the results showed that Sepanggar 

Island, Kota Kinabalu recorded the highest number of G. toxicus cells (383 cells/ g 
FW) (Department of Fisheries Sabah). To date, there were no reported blooms 

caused by benthic dinoflagellates in coastal waters of Sabah. 
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2.2 Ciguatera fish poisoning in Malaysia 

In Malaysia, based from a report by annual local health conference in 2011, ciguatera 

was first reported in April 2010 where 6 subjects were hospitalized after consuming 

red snapper in Keningau, Sabah (Mohd et al., 2011). In September 2010,22 

members from five families at Jeli, Kelantan were involved and red snapper was the 

cause of these outbreaks according to a review done by Chan (2015). According to 
Lim et al., (2003), there was an outbreak of CFP in Hong Kong which claimed that 

the toxic parrot fishes were originated from Southeast Asia although the country was 

not specified. Screening was carried out using CTX immunological assay and it shows 

positive results on reef fishes from west coast of Sabah. 

An unpublished report by Ministry of Health (MOH) Sabah in year 2017 stated 
that there were three suspected cases of CFP in April and May. According to their 

report, both patients had consumed red snapper, Lutjanus sp. commonly known as 
'Ikan tambak' and'Ikan merah'. They suffered from diarrhea, neurological symptoms 

and numbness. However, no samples were retrieved from victims to conduct analysis 
for confirmation. Lutjanussp. is listed in reports of ciguatera poisoning (Lewis, 1986). 

In December of the same year, one person was hospitalized and confirmed by the 

medical practitioner as a case of CFP via clinical symptoms such as numbness, itching, 

diarrhea and reversal of hot and cold sensation. Samples were sent to Japan for CTX 

analysis and shows positive result (presence of ciguatoxin, P-CTX-1B). The positive 

samples were identified as emperor snapper, Lutjanus setae commonly known as 
'Ikan merah'. Preliminary investigation found out that the fish was bought in Lido 

Fishmarket, Kota Kinabalu, Sabah. However, the origin of fish was yet to be 

confirmed (Department of Fisheries Sabah). 

2.3 Dinoflagellates 

According to Gaines & Elbrächter (1987), dinoflagellates are natural organisms in all 
types of aquatic ecosystems. Some of the species in the group are considered 

7 



REFERENCES 

Accoroni, S., Romagnoli, T., Colombo, F., Pennesi, C., Di Camillo, C. G., Marini, M., 
Battocchi, C., Ciminiello, P., Dell'Aversano, C., Dello Iacovo, E., Fattorusso, E., 
Tartaglione, L., Penna, A. & Totti, C. 2011. Ostreopsis cf. ovata bloom in the 
northern Adriatic Sea during summer 2009: ecology, molecular characterization 
and toxin profile. Mar. Po//ut. Bull. 62,2512-2519. 

Accoroni, S., Glibert, P. M., Pichierri, S., Romagnoli, T., Marini, M. & Totti, C. 2015. 
A conceptual model of annual Ostreopsis cf. ovata blooms in the northern 
Adriatic Sea based on the synergic effects of hydrodynamics, temperature, and 
the N: P ratio of water column nutrients. HarmfulAlgae. 45,14-25. 

Adachi, R. & Fukuyo, Y. 1979. The thecal structure of a marine toxic dinoflagellate 
Gambierdiscus toxicus gen. et sp. nov. collected in a ciguatera-endemic area. 
Bull. Jap. Soc. Sci. Fish. 45,67-71. 

Adachi, M., Sake, Y. & Ishida, Y. 1996. Analysis of Alexandrium (Dinophyceae) 
species using sequences of the 5.8S ribosomal DNA and internal transcribed 
spacer regions. Journal ofPhyrn/ogy. 32(3), 424-432. 

Aligizaki, K. & Nikolaidis, G. 2006. The presence of the potentially toxic genera 
Ostreopsisand Coolia (Dinophyceae) in the North Aegean Sea, Greece. Harmful 
Algae. 5,717-730. 

Aligizaki, K., Nikolaidis, G., Katikou, P., Baxevanis, A. D. & Abatzo-poulos, T. 3.2009. 
Potentially toxic epiphytic Prorocentrum (Dinophyceae) species in Greek coastal 
waters. Harmful Algae. 8,299-311. 

Altschul, S. F., Gish, W., Miller, W., Myers, E. W. & Lipman, D. J. 1990. Basic local 
alignment search tool. Journal of Molecular Biology. 215(3), 403-410. 

Anderson, D. M. 1998. Physiological ecology of harmful algal blooms. In Anderson, 
D. M., Cembella, A. D. & Hallegraeff, G. M. (eds. ). Proceedings of the NATO 
advanced Study institute on The Physiological Ecology of Harmful Algal Blooms. 
Bermuda Biological Station for Research, Bermuda, USA. May 27-June 6,1996. 
Germany: Springer-Verlag Berlin Heidelberg. 

Armi, Z. & Turki, S. 2010. First recorded proliferation of Coolia monotis (Meunier, 

1919) in the North Lake of Tunis (Tunisia) correlation with environmental 
factors. Environ. MonitAssess. 164,423-433. 

Ateweberhan, M., Bruggemann, J. H. & Breeman, A. M. 2005. Seasonal dynamics of 
Sargassum ilicifolium (Phaeophyta) on a shallow reef flat in the southern Red 

Sea (Eritrea). Mar. Ecol. Prog. Ser. 292,159-171. 

Baig, H. S., Saifullah, S. M., & Dar, A. 2006. Occurrence and toxicity of Amphidinium 

carterae Hulburt in the North Arabian Sea. Harmful Algae. 5,133-140. 

71 



Ballantine, D. L., Tosteson, T. R. & Bardales, A. T. 1988. Population dynamics and 
toxicity of natural populations of benthic dinoflagellates in Southwest Puerto 
Rico. Journal of Experimental Marine Biology and Ecology. 119(3), 201-212. 

Barone, R. 2007. Behavioural trait of Ostreopsis ovata (Dinophyceae) in 
Mediterranean rock pools: the spider's strategy. Harmfu/A/gae News 33,1. 

Battocchi, C., Totti, C., Vila, M., Masö, M., Capellacci, S., Accoroni, S., Rene, A., 
Scardi, M. & Penna, A. 2010. Monitoring toxic microalgae Ostreopsis 
(dinoflagellate) species in coastal waters of the Mediterranean Sea using 
molecular PCR-based assay combined with light microscopy. Mar Po//ut. Bu//. 
60,1074-1084. 

Berdalet, E., Fleming, L. E., Gowen, R., Davidson, K., Hess, P., Backer, L. C., Moore, 
S. K., Hoagland, P. & Enevoldsen, H. 2015. Marine Harmful Algal Blooms, Human 
Health and Wellbeing: Challenges and Opportunities in the 21st Century. 1. Mar. 
Sol Assoc. U. K. 1,61-91. 

Berdieva, M., Safonov, P. & Matantseva, 0.2019. Ultrastructural aspects of ecdysis 
in the naked dinoflagellate Amphidinium carterae. Protistology. 13(2), 57-63. 

Besada, E. G., Loeblich, L. A. & Loeblich III, A. R. 1982. Observations on Tropical, 
Benthic Dinoflagellates from Ciguatera-endemic Areas: Coolia, Gambierdiscus 
and Ostreops/s Bulletin of Marine Science. 32(3), 723-735. 

Bianco, I., Sangiorgi, V., Penna, A., Guerrini, F., Pistocchi, R., Zaottini, E. & Congestri, 
R. 2007. Ostreopsis ovata in benthic aggregates along the Latium Coast (middle 
Tyrrhenian Sea), p. 29 (abstract). Proc. Int. Symp. On Algal Toxins. Trieste, 
Italy. 

Bienfang, P. K., Parsons, M. L., Bidigare, R. R., Laws E. A. & Moeller, P. D. R. 2008. 
Chapter 4. Ciguatera Fish Poisoning: A Synopsis from Ecology to Toxicity. In 
Walsh, P. J., Smith, S. L., Fleming, L. E., Solo-Gabriele, H. M. & Gerwick, W. H. 
(eds. ). Oceans and Human Health: Risks and Remedies from the Seas, pp. 257- 
270. USA: Elsevier Inc. 

Bomber, 1. W., Norris, D. R. & Mitchell, L. E. 1985. Benthic dinofiagellates associated 
with Ciguatera from the Florida Keys. 11 Temporal, spatial and substrate 
heterogeinity ofProrocentrum lima. New York: Elsevier Science Publishing. 

Bomber, 1. W. & Aikman, K. E. 1989. The ciguatera dinoflagellates. Biological 
Oceanography. 6,291-311. 

Botana, L M. 2000. Seafood and freshwater toxins: Pharmacology, physiology, and 
detection. New York: Marcel Dekker, Inc. 

Brescianini, C., Grillo, C., Melchiorre, N., Bertolotto, R., Ferrari, A., Vivaldi, B., Icardi, 
G., Gramaccioni, L., Funari, E. & Scardala, S. 2006. Ostreopsis ovata algal 
blooms affecting human health in Genova, Italy, 2005 and 2006. Euro Surveill, 
11(36), 3040. 

Carlson, R. D. 1984. Distribution, periodicity, and culture of benthic/epiphytic 

72 



dinoflagellates in a ciguatera endemic region of the Caribbean. PhD thesis. 
Carbondale: Southern Illinois University. (Unpublished). 

Carlson, R. D. & Tindall, D. R. 1985. Distribution and periodicity of toxic 
dinoflagellates in the Virgin Islands. In Anderson, D. M., White, A. W. & Baden, 
D. G. (eds. ). Toxic dinotlagel/ates, pp. 171-176. New York: Elsevier Science. 

Castro, P. & Huber, M. E. 2010. Marine Biology b ed p. 95. New York: McGraw Hill. 

Catania, D. 2017. The influence ofmacroalgae on the proliferation and regulation of 
the benthic dinoflagellate Ostreopsis cf ovata blooms. PhD thesis, Agricultural 
sciences: Universite Cöte d'Azur. (Unpublished). 

Chan, T. Y. K. 2015. Ciguatera Fish Poisoning in East Asia and Southeast Asia. Mar. 
Drugs. 13,3466-3478. 

Chang, F. H., Shimizu, Y., Hay, B., Stewart, R., Mackay, G. & Tasker, R. 2000. Three 
recently recorded Ostreopsisspp. (Dinophyceae) in New Zealand: Temporal and 
regional distribution in the upper North Island from 1995 to 1997. New Zealand 
Journal of Marine and Freshwater Research. 34(1), 29-39. 

Cembella, A. D. 2003. Chemical ecology of eukaryotic microalgae in marine 
ecosystems. Phycologia. 42,420-447. 

Chinain, M., Germain, M., Deparis, X., Pauillac, S. & Legrand A. M. 1999a. Seasonal 
abundance and toxicity of the dinoflagellate Gambierdiscus spp. (Dinophyceae), 
the causative agent of ciguatera in Tahiti, French Polynesia. Marine Biology. 135, 
259-267. 

Chinain, M., Faust, M. A. & Pauillac, S. 1999b. Morphology and Molecular Analyses of 
Three Toxic Species of Gambierdiscus (Dinophyceae): G. pac/ficus sp. nov., G. 
australes sp. nov., and G. polynesiens/s sp. nov. J. Phyco% 35,1282-1296. 

Cohu, S., Thibaut, T., Mangialajo, L., Labat, 1. P., Passafiume, 0., Blanfune, A., 
Simon, N., Cottalorda, 1. M. & Lemee, R. 2011. Occurrence of the toxic 
dinoflagellate Ostreopsis cf. ovata in relation with environmental factors in 
Monaco (NW Mediterranean). Mar Pollut. Bull. 62,2681-2691. 

Cohu, S., Mangialajo, L., Thibaut, T., Blanfune, A., Marro, S. & Lemee, R. 2013. 
Proliferation of the toxic dinoflagellate Ostreopsiscf. ovata in relation to depth, 
biotic substrate and environmental factors in the North West Mediterranean Sea. 
Harmful Algae. 24,32-44. 

Cruz-Rivera, E. & Villareal, T. A. 2006. Macroalgal palatability and the flux of ciguatera 
toxins through marine food webs. Harmful A/gae. 5,497-525. 

de Fouw, J. C., van Egmond, H. P. & Speijers, G. J. A. 2001. Ciguatera Fish Poisoning: 
A Review. RIVM report (February), 1-66. 

de Sylva, D. P. 1994. Distribution and ecology of ciguatera fish poisoning in Florida, 
with emphasis on the Florida Keys. Bulletin of Marine Science. 54(3), 944-954. 

73 



Delgado, G., Lechuga-Deveze, C. H., Popowski, G., Troccoli, L. & Salinas, C. D. 2006. 
Epiphytic dinoflagellates associated with ciguatera in the northwestern coast of 
Cuba. Revista de Bioiogia Tropical.. 54,299-310. 

Dickey, R. W. & Plakas, S. M. 2010. Ciguatera :A Public Health Perspective. Toxicon. 
56,123-36. 

Echigoya, R., Rhodes, L., Oshima, Y. & Satake, M. 2005. The structures of five new 
antifungal and hemolytic amphidinol analogs from Amphidinium carterae 
collected in New Zealand. HarmfulAlgae. 4,383-389. 

Faust, M. A. 1995. Observation of sand-dwelling toxic dinoflagellates (Dinophyceae) 
from widely differing sites, including two new species. J. Phycol. 31(6), 996- 
1003. 

Faust, M. A. & Morton, S. L. 1995. Morphology and ecology of the marine 
dinoflagellate Ostreopsis labens sp. nov. (Dinophyceae). J. Phycol. 31,456-463. 

Faust, M. A., Larsen, J. & Moestrup, 0.1999. Potentially toxic phytop/ankton genus 
Prorocentrum. ICES identification leaflets for plankton, Copenhagen. 

Faust, M. A. 2009. Ciguatera-Causing Dinoflagellates in a Coral-Reef Mangrove 
Ecosystem, Belize. Atoll Research Bulletin. 569,1-32. 

Foden, J., Purdie, D. A., Morris, S. & Nascimento, S. 2005. Epiphytic abundance and 
toxicity of Prorocentrum lima populations in the Fleet Lagoon, UK. Harmful 
Algae. 4,1063-1074. 

Fukuyo, Y. 1981. Taxonomical study on benthic dinoflagellates collected in coral 
reefs. Bull Jap. Sba Sd. Fish. 47,967-978. 

Gaines, G. & Elbrächter, M. 1987. Heterotrophic nutrition. In Taylor, F. J. R. (ed. ) 
The biology of dinoflagellates, Botanical Monographs Volume 21. Oxford: 
Blackwell Scientific Publications. 

Guzman-Perez, S. E. & Park, D. L. 2000. Ciguatera Toxins: Chemistry and Detection. 
In Botana, L. M. (ed. ). Seafood and freshwater toxins; Pharmacology, 
physiology, and detection, pp. 401-418. New York: Marcel Dekker, Inc. 

Hachani, M. A., Dhib, A., Fathalli, A., Ziadi, B., Turki, S. & Aleya, L. 2018. Harmful 
epiphytic dinoflagellate assemblages on macrophytes in the Gulf of Tunis. 
Harmful A/gae. 77,29-42. 

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignment editor and 
analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series 41, 
95-98. 

Hammer, 0., Harper, D. A. T. & Ryan, P. D. 2001. PAST: Paleontological statistics 
software package for education and data analysis. Pa/aeonto%ogia E/ectronica. 
4(1), 9. 

74 



Hansen, G., Turquet, J., Quod, J-P., Ten-Hage, L., Lugomela, C., Kyewalyanga, M., 
Hurbungs, M., Wawiye, P., Ogongo, B., Tunje, S. & Rakotoarinjanahary, H. 
2001. Potentially harmful microalgae of the Western Indian Ocean, guide based 
on preliminary survey. IOC Manuals and Guides No. 41. Intergovernmental 
Oceanic Commission of UNESCO, Paris. pp. 105. 

Holmes, M. J., Lewis, R. J., Jones, A. & Hoy, A. W. 1995. Cooliatoxin, the first toxin 
from Coolia monotis (Dinophyceae). Natural Toxins 3(5), 355-362. 

Holmes, M. J. 1998. Gambierdiscus yasumotoisp. nov. (Dinophyceae), a toxic benthic 
dinoflagellate from Southeastern Asia. 1. Phyco% 34,661-668. 

Holmes, M. J., Lee, F. C., Teo, S. L. M. & Khoo, H. W. 1998. A survey of benthic 
dinoflagellates on Singapore reefs. In Reguera, B., Blanco, J., Fernandez, M. L. 
& Wyatt, T. (eds. ). Harmful Algae, pp. 50-51. Santiago de Compostela: Xunta 
de Galicia and Intergovermental Oceanographic Commission of UNESCO. 

Hoppenrath, M., Chomerat, N, Horiguchi, T., Schweikert, M., Nagahama, Y. & Murray, 
S. 2013. Taxonomy and phylogeny of the benthic Prorocentrum species 
(Dinophyceae)-A proposal and review. Harmfu/A/gae. 27,1-28. 

Hoshaw, R. W. & Rosowski, J. R. 1973. Methods for microscopic algae. In Stein, J. R. 
(ed. ). Handbook of Phycological Methods: Culture Methods and Growth 
Measurements, pp. 53-68. Cambridge: Cambridge University Press. 

Hu, T., deFreitas, A. S., Curtis, J. M., Oshima, Y., Walter, J. A. & Wright, J. L. 1996. 
Isolation and structure of prorocentrolide B, a fast-acting toxin from 
Prorocentrum maculosum. l Nat Prod. 59(11), 1010-4. 

Illoul, H., Hernandez, F. R., Vila, M., Adjas, N., Younes, A. A., Bournissa, M., Koroghli, 
A., Marouf, N., Rabia, S. & Ameur, F. L. K. 2012. The genus Ostreopsis along 
the Algerian coastal waters (SW Mediterranean Sea) associated with a human 
respiratory intoxication episode. Cryptogam. Algol. 33,209-216. 

James, K. J., Bishop, A. G. & Furey, A. 2000. New Toxins on the Horizon. In Botana, 
L. M. (ed. ). Seafood and freshwater toxins: Pharmacology, physiology, and 
detection, pp. 693-714. New York: Marcel Dekker, Inc. 

Karafas, S., York, R. & Tomas, C. 2015. Morphological and genetic analysis of the 
Coo/ia monot/s species complex with the introduction of two new species, Coo/ia 
santacroce sp. nov. and Coo/la palmyrensis sp. nov. (Dinophyceae). Harmful 
Algae. 46,18-33. 

Kibler, S. R., Holland, W. C., Vandersea, M. W., Faust, M. A., Litaker, R. W. & Tester, 
P. A. 2010. A collection method for Ciguatera-associated dinoflagellates. In Kin- 
Chung, H., Zhou, M. J. & Qi, Y. Z. (eds. ). Harmful Algae 2008. Proceedings of 
13t'' International Conference on Harmful Algae. November 3-7,2008. Hong 
Kong. 

Kibler, S. R., Tester, P. A., Kunkel, K. E., Moore, S. K. & Litaker, R. W. 2015. Effects 
of ocean warming on growth and distribution of dinoflagellates associated with 
ciguatera fish poisoning in the Caribbean. Ecological Modelling. 316,194-210. 

75 



Kita, M., Ohishi, N., Washida, K., Kondo, M., Koyama, T., Yamada, K. & Uemura, D. 
2005. Symbioimine and neosymbioimine, amphoteric iminium metabolites from 
the symbiotic marine dinoflagellate Symbiodinium sp. Bioorganic Med. Chem. 
13,5253-5258. 

Kohler, S. & C. Kohler. 1992. Dead bleached coral provides new surfaces for 
dinoflagellates implicated in ciguatera fish poisonings. Environmenta/Biologyof 
Fishes 35(4), 413-416. 

Landsberg, J. H. 2002. The effects of harmful algal blooms on aquatic organisms. 
Rev Fisheries Sci. 10(2), 113-390. 

Leaw, C. P., Lim, P. T., Ahmad, A. & Usup, G. 2001. Genetic diversity of Ostreopsis 
ovate (Dinophyceae) from Malaysia. Mar Biotechnoi. 3,246-255. 

Leaw, C. P, Lim, P. T., Tan, T. H., Tuan-Halim, T. N., Cheng, K. W., Ng, B. K. & Usup, 
G. 2011. First report of the benthic dinoflagellate, Gambierdiscus belizeanus 
(Gonyaulacales: Dinophyceae) for the east coast of Sabah, Malaysian Borneo. 
Phycological Research. 59,143-146. 

Lehane, L. & Lewis, R. 1.2000. Ciguatera: Recent advances but the risk remains. 
International Journal of Food Microbiology. 61(2-3), 91-125. 

Lewis, N. D. 1986. Epidemiology and impact of ciguatera in the Pacific: A review. 
Mar. Fish. Rev. 48(4), 6-13. 

Lewis, R. J., Vernoux, J. P. & Brereton, I. M. 1998. Structure of Caribbean ciguatoxin 
isolated from Caranx latus. 1. Am. Chem.. Soc. 120,5914-5920. 

Lewis, N. I., Wolny, J. L., Achenbach, J. C., Ellis, L., Pitula, J. S., Rafuse, C., Rosales, 
D. S. & McCarron, P. 2018. Identification, growth and toxicity assessment of 
Coolia Meunier (Dinophyceae) from Nova Scotia, Canada. Harmful Algae. 75, 
45-56. 

Lim, P. T., Leaw, C. P. & Usup, G. 2003. Status of HAS and potential remote sensing 
application in detection of HAS events in Malaysia water. Workshop on red tide 
monitoring in Asian Coastal Waters, Graduate School of Agricultural and Life 
Sciences, The University of Tokyo, pp. 81-84. 

Lim, H. C., Lim, P. T., Leaw, C. P. & Teng, S. T. 2014. An unprecented bloom of 
Gonyau/ax polygramma in Kota Kinabalu, Sabah, Malaysian Borneo. Harmful 
Algae News. 49,9. 

Litaker, R. W., Vandersea, M. W., Faust, M. A., Kibler, S. R., Nau, A. W., Holland, W. 
C., Chinain, M., Holmes, M. J. & Tester, P. A. 2010. Global distribution of 
ciguatera causing dinoflagellates in the genus Gambierdiscus. Toxicon. 56,711- 
730. 

Lobel, P. S., Anderson, D. M. & Durand-Clement, M. 1988. Assessment of ciguatera 
dinoflagellate populations: sample variability and algal substrate selection. Biol. 
Bull. 175,94-101. 

76 



Mabrouk, L., Hamza, A., Mahfoudi, M. & Bradai, M. N. 2012. Spatial and temporal 
variations of epiphytic Ostreopsis siamensis on Posidonia oceanica (L. ) Delile 
leaves in Mahdia (Tunisia). Cah. B/o% Mar. 53,419-427. 

Mangialajo, L., Bertolotto, R., Cattaneo-Vietti, R., Chiantore, M., Grillo, C., Lemee, R. 
& Ruggieri, N. 2008. The toxic benthic dinoflagellate Ostreopsis ovata. 
Quantification of proliferation along the coastline of Genoa, Italy. Marine 
Pollution Bulletin. 56(6), 1209-1214. 

Mangialajo, L., Ganzin, N., Accoroni, S., Asnaghi, V., Blanfune, A., Cabrini, M., 
Cattaneo-Vietti, R., Chavanon, F., Chiantore, M., Cohu, S., Costa, E., Fornasaro, 
D., Grossel, H., Marco-Miralles, F., Mash, M., Rene, A., Rossi, A. M., Montserrat 
Sala, M., Thibaut, T., Totti, C., Vila, M. & Lemee, R. 2011. Trends in Ostreopsis 
proliferation along the Northern Mediterranean coasts. Toxicon. 57,408-420. 

Mattei, C., Vetter, I., Eisenblätter, A., Krock, B., Ebbecke, M., Desel, H. & 
Zimmermann, K. 2014. Ciguatera fish poisoning :A first epidemic in germany 
highlights an increasing risk for European countries. Toxicon. 91,76-83. 

Meunier, A. 1919. Microplankton de la mer Flamande. III. Les Peridiniens. In Hayez, 
M. (ed. ). Mdm. Mus. R. Hist. Nat. Belgique Bruxelles. 8(1), 116. 

Mohammad-Noor, N., Daugbjerg, N., Moestrup, 0. & Anton, A. 2007. Marine 
epibenthic dinoflagellates from Malaysia -a study of live cultures and preserved 
samples based on light and scanning electron microscopy. Nord. J. Bot. 24,629- 
690. 

Mohammad Noor, N., Adam, A., Soler, J. M. F., Anton, A. & Muhamad Shaleh, S. R. 
2008. First Record of Toxic Gymnodinium catenatum off the West Coast of 
Sabah, Malaysia. In Ho, K-C., Zhou, M. J., Qi, Y. Z. & Virginia Kai, Y-K. (eds. ). 
Proceeding of the 13th International Conference on Harmfu/Algae, pp. 243-245. 
Hong Kong: International Society for the Study of Harmful Algae & 
Environmental Publication House. 

Mohammad-Noor, N., Moestrup, 0., Lundholm, N., Fraga, S., Adam, A., Holmes, M. 
& Saleh, E. 2013. Autecology and phylogeny of Coolia tropicalis and Coo/ia 
malayensis (Dinophyceae), with emphasis on taxonomy of C. tropicalis based 
on light microscopy, scanning electron microscopy and LSU rDNA. J. Phycol 49, 
536-545. 

Mohammad Noor, M., Adam, A., Saad, S., Khodzori, F. A. & Shaleh, S. R. M. 2019. 
Substrate Preferences and Effects of Medium with Soil Extract on Growth of 
Genus Coolia (Dinophyceae). J. Sustainability Science and Management. 14 (2), 
71-81. 

Mohd Shymer, A. H. & Marsudi, M. 2011. Kejadian Keracunan Makanan Ciguatera di 
Jalan Tenom, Keningau. 7th Kelantan Health Conference. June 15-16,2011. 
Malaysian Journal of Public Health Medicine. 11(2), pp. 34. 

Morton, S. L., Norris, D. R. & Bomber, J. W. 1992. Effect of temperature, salinity and 
light intensity on the growth and seasonality of toxic dinoflagellates associated 
with ciguatera. J. Exp. Mar. Biol. Ecol. 157,79-90. 

77 



Murakami, Y., Oshima, Y. & Yasumoto, T. 1982. Identification of okadaic acid as a 
toxic component of a marine dinoflagellate Proroccentrum lima. Nippon Suisan 
Gakkaishi. 48,69-72. 

Nakahara, H., Sakami, T., Chinain, M. & Ishida, Y. 1996. The role of macroalgae in 
epiphytism of the toxic dinoflagellate Gambierdiscus toxicus (Dinophyceae). 
Phycological Research. 44(2), 113-117. 

Norris, D. R., Bomber, 1. W. & Balech, E. 1985. Benthic dinoflagellates associated 
with ciguatera from Florida Keys. I. Ostreopsis heptagon sp. nov, pp. 39-44. 
In Anderson, D. M., White, A. W. & Baden, D. G. (eds. ). Toxic dinotlage/later 
Elsevier. 

Okolodkov, Y. B., Campos-Bautista, G., Gärate-Lizärraga, I., Gonzalez-Gonzalez, ]. 
A. G., Hoppenrath, M. & Arenas, V. 2007. Seasonal changes of benthic and 
epiphytic dinoflagellates in the Veracruz reef zone, Gulf of Mexico. Aquat. 
Microb. Eco% 47,223-237. 

Okolodkov, Y. B., Merino-Virgilio, F. D. C., Ake-Castillo, 3. A., Aguilar-Trujillo, A. C., 
Espinosa-Matias, S. & Herrera-Silveira, 3. A. 2014. Seasonal changes in epiphytic dinoflagellate assemblages near the northern coast of the Yucatan Peninsula, 
Gulf of Mexico. Acta Botanica Mexicana. 107,121-151. 

Parsons, M. L. & Preskitt, L. B. 2007. A survey of epiphytic dinoflagellates from the 
coastal waters of the island of Hawaii. HarmfulAlgae. 6,658-669 

Parsons, M. L., Settlemier, C. 1. & Bienfang, P. K. 2010. A simple model capable of 
simulating the population dynamics of Gambierdiscus, the benthic dinoflagellate 
responsible for ciguatera fish poisoning. Harmfu/Algae. 10(1), 71-80. 

Parsons, M. L., Settlemier, C. 3. & Ballauer, 1. M. 2011. An examination of the 
epiphytic nature of Gambierdiscus toxicus, a dinoflagellate involved in ciguatera 
fish poisoning. Harmf Algae. 10,598-605. 

Parsons, D. L., Aligizaki, K., Bottein, M. D., Fraga, S., Morton, S. L., Penna, A. & 
Rhodes, L. 2012. Gambierdiscus and Ostreopsis Reassessment of the state of 
knowledge of their taxonomy, geography, ecophysiology, and toxicology. 
Harmfu/Algae. 14,107-129. 

Peirano, A., Cocito, S., Banfi, V., Cupido, R., Damasso, V., Farina, G., Lombardi, C., 
Mauro, R., Morri, C., Roncarolo, I., Saldana, S., Savini, D., Sgorbini, S., Silvestri, 
C., Stoppelli, N., Torricelli, L. & Bianchi, C. N. 2011. Phenology of the 
Mediterranean seagrass Posidonia oceanica (L. ) Delile: medium and long-term 
cycles and climate inferences. Aquat. Bot. 94,77-92. 

Penna, A., Vila, M., Fraga, S., Giacobbe, M. G., Andreoni, F., Riobo, P. & Vernezi, C. 
2005. Characterization of Ostreopsis and Coo/ia (Dinophyceae) isolates in the 

Western Mediterranean Sea based on morphology, toxicity and Internal 

Transcribed Spacer 5.8S rDNA sequences. J. Phycol. 41,212-225. 

Popowski, G., Delgado, G., Sanchez, M. & Nodar, R. 2001. G. toxicus Adachi y 
Fukuyo, en el litoral norte de Ciudad de la Habana. Rev. Invest. Mar. 21,69-72. 

78 



Potisarn, N., Lirdwitayaprasit, T., Pholpunthin, P. & Iwataki, M. 2017. Distribution 
and abundance of benthic dinoflagellates in seagrass areas of the eastern coast 
of the upper Gulf of Thailand. Proceedings of the 40 National Meeting on 
Biodiversity Management in Thailand. June 21-23,2017. Udon Thani Province, 
Thailand. 

Praseno, J. P. & Wiadnyana, N. N. 1996. HAB Organisms in Indonesia Water. In 
Pennet, R. W. (ed. ). Canadian Technical Report of Fisheries and Aquatic 
Sciences, Canada, pp. 69-75. 

Radke, E. G., Reich, A. & Morris, J. G. 2015. Epidemiology of Ciguatera in Florida. 
Am. J. Trop. Med. Hyg. 93(2), 425-432. 

Rahman Shah, M. M., An, S. J. & Lee, J. B. 2013. Seasonal abundance of epiphytic 
dinoflagellates around coastal waters of Jeju Island, Korea. Journal of Marine 
Science and Technology. 21,156-165. 

Rhodes, L. L. & Thomas, A. E. 1997. Coolia monotis (Dinophyceae): a toxic epiphytic 
microalgal species found in New Zealand. NZJMarFresh Res. 31,139-141. 

Rhodes, L., Adamson, J., Suzuki, T., Briggs, L. & Garthwaite, I. 2000. Toxic marine 
epiphytic dinoflagellates, Ostreopsis siamensis and Coolia monotis 
(Dinophyceae), in New Zealand. NZJ. Mar. Freshwat. Res. 34,371-383. 

Richlen, M. L. & Lobel, P. S. 2011. Effects of depth, habitat, and water motion on the 
abundance and distribution of ciguatera dinoflagellates at Johnston Atoll, Pacific 
Ocean. Mar. Ecol. Prog. Ser. 421,51-66. 

Ronquist, F. & Huelsenbeck, 3. P. 2003. MrBayes 3: Bayesian phylogenetic inference 
under mixed models. Bioinformatics. 19(12), 1572-1574. 

Roy, R. N. 1977. Red tide and outbreak of paralytic shellfish poisoning in Sabah. 
Medical Journal of Malaysia. 31(3 ), 247-251. 

Schmidt, J. 1902. Flora of Koh Chang. Contribution to the knowledge of the 
vegetation in the Gulf of Siam. Part IV. Peridiniales. J. Botanique. 23,212-218. 

Scholin, C. A., Herzog, M., Sogin, M. & Anderson, D. M. 1994. Identification of group- 
and strain-specific genetic markes for globally distribute Alexandrium 
(Dinophyceae). II. Sequence analysis of a fragment of the LSU rRna gene. J. 
Phycol. 30,999-1011. 

Sellner, K. G., Doucette, G. J. & Kirkpatrick, G. J. 2003. Harmful algal blooms: causes, 
impacts and detection. J. Ind. Microbiol. Biotechnol. 3,383-406. 

Shears, N. T. & Ross, P. M. 2009. Blooms of benthic dinoflagellates of the genus 
Ostreopsis, an increasing and ecologically important phenomenon on temperate 

reefs in New Zealand and worldwide. HarmfulAlgae. 8(6), 916-926. 

Sidabutar, T., Praseno, D. P. & Fukuyo, Y. 2001. Harmful algae in Indonesian waters. 
In Hallegraeff, G., et al., (eds. ). Harmful Algal Blooms 2000. Intergovernmental 

Oceanographic Commission of UNESCO, pp. 124-128. 

79 



Smayda, T. 1.1997. What is a bloom? A commentary. Limnos. Oceanogr 42,1132- 
1136. 

Smith, R. L. 1980. Ecology and field biology. 311 ed New York: Harper & Row 
Publishers. 

Steidinger, K. A., 1983. A re-evaluation of toxic dinoflagellate biology and ecology. 
In Round, F. G. & Taylor, F. 3. R. (eds. ), Progress in Phycologica/ Research, vol. 2. pp. 147-182. 

Steidinger, K. A. & Baden, D. G., 1985. Toxic marine dinoflagellates. In Spector, D. L. 
(ed. ), Dinofage//ates, pp. 210-261. Orlando, FL, Academic Press. 

Steidinger, K. A. &Tangen, K. 1996. Dinoflagellates. InTomas, C. R. (ed. ), Identifying 
Marine Diatoms and Dinoflagellates, pp. 387-598. New York, Academic Press. 

Stonik, I. V. 1995. A potentially toxic dinoflagellate, Prorocentrum minimum, in 
AMurskii Bay of the Sea of Japan. Russ. J. Mar. Biol. 20,314-320. 

Swofford, D. L., 2002. PAUP. Phylogenetic Analysis Using Parsimony (and other 
methods). Version 4.0blO. Sunderland, MA. USA: Sinauer Associates. 

Tan, T. H., Lim, P. T., Mujahid, A., Usup, G., & Leaw, C. P. 2013. Benthic harmful 
dinoflagellate assemblages in a fringing reef of Sampadi Island, Sarawak, 
Malaysia. Marine Research in Indonesia. 38(2), 77-87. 

Tango P. J., Magnien R., Butler W., Luckett C., Luckenbach M., Lacouture R. & 
Poukish C. 2005. Impacts and potential effects due to Prorocentrum minimum 
blooms in Chesapeake Bay. HarmfulAlgae. 4,525- 531. 

Tartaglione, L., Mazzeo, A., Dell'Aversano, C., Forino, M., Giussani, V., Capellacci, S., 
Penna, A., Asnaghi, V., Faimali, M., Chiantore, M., Yasumoto, T. & Ciminiello, P. 
2016. Chemical, molecular, and eco-toxicological investigation of Ostreopsissp. 
from Cyprus Island: structural insights into four new ovatoxins by LC-HRMS/MS. 
Analytical Bioanalytical Chemistry. 408,915-932. 

Tawong, W., Yoshimatsu, T., Yamaguchi, H. & Adachi, M. 2015. Effects of 
temperature, salinity and their interaction on growth of benthic dinoflagellates 
Ostreopsis spp. from Thailand. Harmfu/Algae. 44,37-45. 

Taylor, F. J. R. 1979. The description of the benthic dinoflagellate associated with 
maitotoxin and ciguatoxin, including observations on Hawaiian material. in 
Taylor, D. L& Seliger, H. H. (eds. ). Toxic dinoflagellate blooms, pp. 71-77. 
Elsevier Scientific. 

Taylor, F. J. R. 1985. The distribution of the dinoflagellate Gambierdiscus toxicus in 
the eastern Caribbean. In Salvat, B. (ed. ). Proc. 5th Int. Coral Reef Congr. 
Antenne Museum, pp. 423-428. Moorea: EPHE. 

Taylor, F. J. R. 1987. The biology of dinoflagellates. Oxford, Blackwell Scientific. 

80 



Taylor, F. 3. R., Hoppenrath, M., & Saldarriaga, 3. F. 2008. Dinoflagellate diversity 
and distribution. Biodiv. Cons. 17,407-418. 

Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F. & Higgins, D. G. 1997. 
The CLUSTAL X Windows Interface: Flexible Strategies for Multiple Sequence 
Alignment Aided by Quality Analysis Tools. Nucleic Acids Research. 25(24), 
4876-4882. 

Terao, K. 2000. Ciguatera toxins: toxicology. In Botana, L. (ed. ). Seafood and 
Freshwater Toxins: Pharmacology, Physiology and Detection, pp. 449-472. New 
York: Marcel Dekker. 

Tester, P. A, Kibler, S. R., Holland, W. C., Usup, G., Vandersea, M. W., Leaw, C. P., 
Lim, P. T, Larsen, J., Mohammad-Noor, N., Faust, M. A& Litaker, R. W. 2014. 
Sampling Harmful Benthic Dinoflagellates: Comparison of Artificial and Natural 
Substrate Methods. HarmfulA/gae. 39,8-25. 

Throndsen, 3.1995. Estimating cell numbers. In Hallegraeff, G. M., Anderson, D. M. 
& Cembella, A. D. (eds. ). Manual on Harmful Marine Microalgae, IOC Manuals 
and Guides No. 33, pp. 63-80. Paris: UNESCO. 

Tindall, D. R. & Morton, S. L. 1998. Community dynamics and physiology of 
epiphytic/benthic dinoflagellates associated with ciguatera. In Anderson, D. M., 
Cembella, A. D. & Hallegraeff, G. M. (eds. ). PhysiologicalEcolcgyofHarmfulAlgal 
Blooms: Proceedings of the NATO ASI, volume 41, pp. 293-313. Heidelberg: 
Springer Verlag. 

Tomas, C. R. & Baden, D. G. 1993. The influence of phosphorus source on the growth 
and cellular toxin content of the benthic dinoflagellate Prorocentrum lima. In 
Smayda, T. J. & Schimizu, Y. (eds. ). Toxic Phytoplankton Blooms in the Sea, pp. 
1-570. Amsterdam: Elsevier Science Publishers. 

Tosteson, T. R., Ballantine, D. L., Tosteson, C. G., Hensley, V. & Bardales, A. T. 1989. 
Associated bacterial flora, growth, and toxicity of cultured benthic 
dinoflagellates Ostreopsis lenticularis and Gamb/erd/scustox/cus Appi. Environ. 
Microbiol. 55,137-141. 

Totti, C., Accoroni, S., Cerino, F., Cucchiari, E. & Romagnoli, T. 2010. Ostreopsis 
ovata along the Conero Riviera (northern Adriatic Sea): relationships with 
environmental conditions and substrata. Harmf. Algae. 9,233-239. 

Tubaro, A., Durando, P., Del Favero, G., Ansaldi, F., Icardi, G., Deeds, 3. R. & Sosa, 
S. 2011. Case definitions for human poisonings postulated to palytoxins 
exposure. Toxicon, 57(3), 478-495. 

Turki, S. 2005. Distribution of toxic dinoflagellates along the leaves of seagrass 
Posidonia oceanica and Cymodocea nodosa from the Gulf of Tunis. Cah. Bioi. 
Mar. 46,29-34. 

Turki, S., Harzallah, A. & Sammari, C. 2006. Occurrence of harmful dinoflagellates in 
two different Tunisian ecosystems: the lake of Bizerte and the Gulf of Gabes. 
Cah, Bio% Mar. 47,253-259. 

81 



Turquet, J., Quod, J. P., Coute, A. & Faust, M. A. 1998. Assemblage of benthic 
dinoflagellates and monitoring of harmful species in Reunion Island, SW Indian 
Ocean, 1993-1996. In Reguera, B., Blanco, J., Fernandez, M. L., Wyatt, E. 
(eds. ). Harmfu/Algae, pp. 44-47. Xunta de Galicia, Spain and IOC: UNESCO. 

Van Dolah, F. M. 2000. Diversity of Marine and Freshwater Algal Toxins. In Botana, 
L. M. (ed. ). Seafood and freshwater toxins: Pharmacology, physiology, and 
detection, pp 19-43. New York: Marcel Dekker, Inc. 

Vila, M., Garces, E. & Mash, M. 2001. Potentially toxic epiphytic dinoflagellate 
assemblages on macroalgae in the NW Mediterranean. Aquat. Microbiol. Ecol. 
26(1), 51-60. 

Wang, S. F., Tang, D. L., He, F. L., Fukuyo, Y. & Azanza, R. V. 2008. Occurrences of 
harmful algal blooms (HABs) associated with ocean environments in the South 
China Sea. Hydrobiologia. 596,79-93. 

Xu, Y. X., Richlen, M. L., Morton, S. L., Mak, Y. M., Chan, L. L., Tekiau, A. & Anderson, 
D. M. 2014. Distribution, abundance and diversity of Gambierdiscusspp. from a 
ciguatera-endemic area in Marakei, Republic of Kiribati. Harmfu/Algae. 34,56- 
68. 

Yasumoto, T., Nakajima, I., Bagnis, R. & Adachi, R. 1977. Finding of a dinoflagellate 
as a likely culprit of ciguatera. Jpn. Soc Sci. Fish. 43,1021-1026. 

Yasumoto, T., Inoue, A. & Bagnis, R. 1979. Ecological survey of a toxic dinoflagellate 
associated with ciguatera. In Taylor, D. L. & Seliger, H. (eds. ). Toxic 
Dinoflagellate Blooms, pp. 221-224. New York: Elsevier. 

Yasumoto, T., Oshima, Y., Murakami, Y., Nakajima, I., Bagnis, R. & Fukuyo, Y. 1980a. 
Toxicity of benthic dinoflagellates. Bull. Jpn. Soc. Fish. 46,327-331. 

Yasumoto, T., Inoue, A., Ochi, T., Fujimoto, K., Oshima, Y., Fukuyo, Y., Adachi, R. & 
Bagnis, R. A. 1980b. Environmental studies on a toxic dinoflagellate responsible 
for ciguatera. Bull. Jpn. Soc Sci. Fish. 46,1397-1404. 

Yasumoto, T., Murata, M., Oshima, Y., Matsumoto, G. K. & Clardy, J. 1984. Diarrhetic 
Shellfish Poisoning. Seafood Toxins. Vol. 262, pp. 2017-214. American Chemical 
Society 

Yasumoto, T., Seino, N., Murakami, Y. & Murata, M. 1987. Toxins produced by 
benthic dinoflagellates. Biol. Bull. 172,128-131. 

Yasumoto, T., Underdahl, B., Aune, T., Hormazabal, V., Skulberg, O. M. & Oshima, Y. 
1990. Screening for haemolytic and ichthyotoxic components of 
Chrysochromulina polylepis and Gyrodinium aureolum from Norwegian coastal 
waters. In Graneli, E., Sundstrom, B., Edler, L. & Anderson, D. M. (eds. ). Toxic 

marine phytop/ankton, pp. 436-440. New York: Elsevier Science Publishing Co. 

Yong, H. L., Mustapa, N. I., Lee, L. K., Lim, Z. F., Tan, T. H., Usup, G., Gu, H., Litaker, 
R. W., Tester, P. A., Lim, P. T. & Leaw, C. P. 2018. Habitat complexity affects 

82 



benthic harmful dinoflagellate assemblages in the fringing reef of Rawa Island, 
Malaysia. Harmfu/A/gae. 78,56-68. 

Yoo, K. I., 1991. Population dynamics of dinoflagellate community in Masan bay with 
a note on the impact of environmental parameters. Mar. Poll Bull. 23,185-188. 

83 




