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ABSTRAK 

Fenomena 'Harmful algal bloom' (HAB) di perairan Sabah barn-barn ini adalah 

disebabkan oleh dinoflagellate marin Cochlodinium polykrikoides yang sebelum ini biasanya 

kerap berlaku di perairan Korea dan Jepun. Kejadian HAB yang disebabkan oleh 

Cochlodinium polykrikoides telah menyebabkan kematian ikan dalam sangkar secara besar­

besaran dan kerugian ekonomi. Kejadian HAB Cochlodinium polykrikoides berlaku di 

kawasan tropika dan juga kawasan bermusim. Satu eksperimen telah dijalankan untuk 

mengkaji kesan keamatan cahaya dan fotoperiod terhadap pertumbuhan Cochlodinium 

polykrikoides di dalam makmal. Eksperirnen tersebut telah dijalankan selama tiga minggu 

dalam bilik kultur pada suhu tetap sebanyak 2S±2°C dan saliniti tetap sebanyak 30±2ppt. 

Sebanyak tiga fotoperiod berbeza (24H:O, 16H L: 8H D, 12H L: 12H D) dan empat keamatan 

cahaya(50f..llIlol m-2s-1
, 100 f.1mol m-2s-t, 150f..llIloI m-2s-1, 200f.1mo1 m-2s-l

) telah digunakan 

dalam eksperimen ini. Keputusan eksperimen menunjukkan bahawa bilangan sel 

Cochlodinium polykrikoides yang tinggi dihasilkan pada 16H L: 8H D Wltuk semua keamatan 

cahaya. Bilangan sel Cochlodinium polykrikoides dihasilkan adalah rendah pada keamatan 

cahaya Iebih daripada 100 !lmol m-2s-t
• Kandungan klorofil a pada kultur Cochlodinium 

polykrikoides adalah tinggi pada fasa eksponen kultur iaitu pada minggu kedua Keamatan 

cahaya dan fotoperiod mempengaruhi pertumbuhan Cochlodinium polykrikoides dan telah 

dibuktikan melalui analisis statistik yang menWljukkan perbezaan bererti. 
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ABSTRACT 

The manne planktonic dinoflagellate Cochlodinium polykrikoides have been 

responsible for the recent occurrences of harmful algal blooms in Sabah's coastal waters 

which previously occur commonly in Korea and Japan coastal water. The bloom of 

Cochlodinium polykrikoides had caused major aquaculture fish kills and economic losses. 

Cochlodinium poly/rrikoides blooms occur in both temperate and tropical regions. A 

laboratory experiment was carried out to determine the effects of light intensity and 

photoperiod on the growth of Cochlodinium polykrikoides. The experiment was carried out for 

three weeks in a constant temperature growth room of 2S±2°C and constant salinity of 30±2 

ppt. There were three different photoperiods (24H L: 0, 16H L: 8H D, 12H L: 12H D) and four 

light intensities (50~mol m-2s-l
, 100 ~ol m-2s- l

, lS0t.1mo1 m-2s- l , 2oot.1l1lo1 m-2s-l
) used to 

examine the effects of the two factors on the growth of eoch/omnium polykrilcoides. The 

results of the experiment indicated that higher cell density was achieved at 16H L: 8H D 

condition at all light intensity. Lower cell density was observed in light intensity higher than 

100t.1mol m-2s-l
• The chlorophyll a concentration was higher during the exponential phase of 

cultures which is during the second week. Light intensity and photoperiod influenced the 

growth of Cochlodinium polykrikoides as significant effects were evidenced from the 

statistical analysis done. 
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CHAPTER! 

INTRODUCTION 

1.1 Harmful Algal Blooms (DABs) 

Hannful algal bloom (HAB) are naturally occurring phenomenon where the microscopic 

species of algae or larger multicellular algae accumulated in the aquatic or marine 

environment to the extent that they can cause negative devastating impacts to the environment, 

marine organisms and humans as well as to the coastal economies. 

In general, most harmful algal blooms are caused by plants (photosynthetic organisms) 

that fonn the 'base' in the food chain (Bushaw-Newton & Sellner, 1999). Phytoplankton is 

held responsible for the majority events of harmful algal blooms occurred throughout the 

world. However, the blooms can also be caused by non-chlorophyll containing species that is 

the heterotroph species but they have similar fonns to the phytoplankton species. In the 

Intergovernmental Oceanographic Commision (IOC) (2007) website, it stated that there are 

about 300 species of microscopic algae that are reported at times to fonn mass occurrences 

(blooms). Dinoflagellates, diatoms, micro flagellates, cyanobacteria and chrysophytes are 

included in the 300 species of microalgae that cause the algal bloom. 

There are two distinguish classes of organism that cause the harmful algal bloom 

phenomena according to Intergovermental Oceanographic Commission (lOC) website content 
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(2007). The flI'St one is the toxin producer class. The organisms that belong to this group are 

very harmful as they produce toxin which can affect humans' health. When a bloom cause by 

species that belongs to this group, the toxin release by the species will contaminate seafood 

and affects human when the contaminated seafood is consumed. Others marine organisms 

such as fish may also be killed by the toxin. The toxin can be accumulated in the food chain 

and affects human. 

The other class of organisms that cause harmful algal bloom is the high-biomass 

producers. Contrary to the toxin producer class, the organisms in this class do no produce 

toxin. Inst~ they occur in high cell densities as they multiply rapidly in the marine 

environment The number of cells can reach million per litre of seawater. Although the 

organisms do not produce toxin, they can kill fish or other marine organisms by causing 

anoxia (lack of oxygen) or hypoxia (low oxygen) condition as they decay in masses (Bushaw-

Newton & Sellner, 1999). They also can cause a disruption of the fish and shellfish habitat 

because of their dense population leaving no room for respiration activity of the other marine 

organisms. Unpleasant smells, scums and also algal mats can be produced by this class of 

organisms (IOC. 2007). 

The harmful algal bloom phenomenon was once commonly referred as the 'red tide' 

phenomena. The name 'red tide' is derived by the colour imparted by the suspended algae in 

the water, but this is a misnomer because not all harmful algal bloom events are red, some of 

the colour imparted by suspended algae can be brown, green or even colourless (Bushaw-

Newton & Sellner, 1999). 
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1.2 Bloom mechanism 

Generally, the organisms that cause harmful algal bloom are plants or in this case 

phytoplankton. The bloom occur when there is rapidly increasing number of algae to the 

extent that it dominates the local planktonic or benthic community (Bushaw-Newton & 

Sellner, 1999). According to Bushaw-Newton and Sellner (1999), the explosive growth of 

algae or phytoplankton is caused by metabolic response to a particular stimulus such as 

nutrients enrichment or environmental condition like a change in water temperature or by 

physical concentration of certain species due to the local patterns in water circulation. 

Under ideal condition, phytoplankton may grow or divide. For phytoplankton to grow. 

light, inorganic nutrients such as phosphate (P04), nitrate (N03), ammonium (Nl4) and 

carbon dioxide (C02) are essential for the growth to occur. The suitable combination of light, 

nutrients, temperature and salinity may promote the bloom of algae to occur. Phytoplankton 

can reproduce asexually by dividing the cell. In the ocean, the generation time of 

phytoplankton can range from hours to few days. According to Northwest Fisheries Science 

Center (2007), the noticeable algal bloom is between 100,000 to 1,000,000 cells per litre. 

1.3 Effects of Harmful Algal Bloom (HAD) 

The occurrences of hannful algal bloom events had caused devastating negative impacts to the 

local community where it occurred. Both the toxin producer and high-biomass producer cause 

major loss to the local community especially the coastal area where it occurred. 
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The toxin produced by the harmful algal bloom species can affect the health of human 

through the consumption of contaminated seafood especially bivalves and fishes. The most 

well known poisoning caused by harmful algal bloom events are the paralytic shellfish 

poisoning (PSP), ciguatera fish poisoning (CFP), amnesic shellfish poisoning (ASP), 

neurotoxic shellfish poisoning (NSP) and diarrheic shellfish poisoning(NOAA Magazine 

Online, 2003). The term 'fish' and 'shellfish' are used because the toxin is concentrated in the 

fish and shellfish that ingested the harmful algae. People who are exposed to the toxin produce 

by the harmful algae will show symptoms such as gastrointestinal, neurological, 

cardiovascular and hepatological symptoms (Bushaw-Newton & Sellner, 1999). The 

symptoms can cause fatalities in human. 

Harmful algal bloom events also affected living resources mainly the seafood 

resources. Both natural and aquaculture resources will be damaged. Toxin produced by 

harmful algal bloom species can cause mass mortality of marine organisms. This will reduce 

the marine resources in that area as there will be less fish or crustaceans to capture. Predation 

by the harmful algae species is also another way that that can reduce the living resources as 

they can accumulate and ingest the fish tissue (Bushaw-Newton & Sellner, 1999). The 

accumulation of harmful algae species will also results in local anoxic conditions as the 

oxygen in that area of accumulation will be used up as the species decay in mass. Other 

marine organisms will be difficult to do respiration as the oxygen is depleted in that area. 

Thus, marine organisms will be dead and this can diminish living resources in that area 

(Sellner et al., 2003). 
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The most significant harmful effect the harmful algal bloom event has to the local area, 

second after the effect on human health is major losses in economic. Due to the blooms, 

tourism and recreation activities as well as seafood related industry will experience great loss 

(Sellner et al., 2003). The bloom events will sometimes produce an unpleasant smell and 

mucus in the water; this will affect the tourism and recreation activities. Swimming and 

snorkeling as well as diving activities are avoided because of harmful algal bloom. In the case 

of seafood related industry, many mariculture fanns and cages will be closed due to mass 

mortality of fishes caused by the harmful algal bloom events. 

The harmful effects of the harmful algal blooms had cause it to become a public 

concern so that preventive measures has to be taken to avoid or lessen the negative impacts of 

the harmful algal bloom on the local area. ~i 
.~ 
~ri 
=~ 
~c::: 
>~ 

1.4 Significance of study ~ ~ 

~~ >:a 
{oil 
:la, ca, .. 

The algal species Cochlodinium polykrilroides causes many harmful algal bloom evenl§ 

throughout the world mostly in Japan and Korea coastal waters and recently in the South 

China Sea area particularly the western coast of Sabah, Malaysia. Little studies have been 

done on this harmful alga species in Sabah compared to other harmful algae species such as 

Karenia brevis and Heterosigma alcashiwo. This study of the effect of light intensity and 

photoperiod on the growth of Cochlodinium polykrtlroides can aid in other future research as a 

reference for further study on the characteristics of this species. 
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The bloom of Cochlodinium polykrilcoides has caused many economic losses 

especially to the aquaculture industry as it kill fishes in mass. A study on the physical 

parameters such as light intensity and photoperiod can helps in better understanding of the 

physiological responses of Cochlodinium polykrikoides to the environmental conditions. Thus, 

aiding in prediction of the bloom and monitoring activities. Good monitoring and prediction 

technique can help in lessening the negative impacts of the Cochlodinium polykrilcoides 

blooms. 

1.5 Objectives of the study 

The study focuses on the light intensity and photoperiod as parameter affecting growth of 

Cochlodinium polykrikoides. The main objectives of this studyare:-

a) To detennine the effect of light intensity and photoperiod on the growth of 

Cochlodinium polykrilwides. 

b) To determine the effect of light intensity and photoperiod on the chlorophyll a content 

of Cochlodinium polykrilcoides 

c) To detennine the optimum light intensity and photoperiod for the growth of 

Cochlodinium polykrikoides. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Harmful algal bloom occurrences in the world 

The harmful algal bloom phenomenon is not a new one. It has occurred for millions of years. 

There are written references of harmful algal bloom dating back to bibilica1 times and the 

presence of dinoflagellates fossils dated million years ago (Bushaw-Newton & Sellner, 1999). 

Harmful algal bloom is a naturally occurring phenomenon. However, there is an 

increasing frequency of reported harmful algal blooms throughout the world. The harmful 

algal bloom has been spreading widely across the globes (Figure 2.1) causing enormous 

economic losses and threats to human health. The harmful algal bloom has affected almost 

every coastal area in the United States according to Bushaw-Newton and Sellner (1999). 

During the period of 1980-2003, the harmful algal bloom events had been observed to expand 

its area of occurrences and the frequency of occurrence has increased and varied in South 

China Sea particularly in the southern China, northern and southern coast of Vietnam, west of 

Philippines, western Malaysia, Brunei and Palawan Island (Wang et al., 2007). 

Harmful algal blooms are also reported in other countries such as Japan, Korea and 

South Africa. According to the article written by Bushaw-Newton and Sellner (1999), the 

same species of harmful algal may recur in the same geographic area. It can become episodic 

in that area it has occurred. They also wrote that same species of harmful algae may affect 
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different kind of organisms depending on the types of organisms existed in the area of harmful 

algal bloom occurred. 

The increasing frequency and the expanded area of the occurrence of harmful algal 

bloom events are believed to be induced by anthropogenic loading activities (Sellner et al., 

2003). The harmful algal bloom phenomena continues to pose a major threat to human health, 

environmental degradation and economic losses with increasing occurrences and wide spread 

area of occurrence. 

1544 1732 1844 

1945 1973 1985 

1993 1997 

Figure 2.1 Worldwide distribution ofHABs. 

(Source from Bushaw-Newton and Sellner, 1999) 
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I.I Occurrence of Coch'odi"i"m polykrikoides bloom 

Cochlodinium polykrikoides is known to cause mass mortalities of fishes when it blooms and 

resulting in major economic losses regarding the aquaculture industry. Cochlodinium 

polykrikoides occurred in temperate and tropical waters of northern hemisphere 

(NOWP APCEARAC, 2006). The first ever reported case was in the Caribbean Sea along the 

southern coast of Puerto Rico. 

Cochlodinium polykrikoides has been known to occur most frequently in North West 

Pacific region particularly in Japan and Korean coastal waters. China and Russia also known 

to had been affected by the bloom caused by Cochlodinium polykrikoides. Hong Kong and 

Canada had also experience the bloom cause by Cochlodinium polykrikoides (Daily Express, 

2004). 

Blooms of Cochlodinium polykrikoides also occurred in the Pacific coast of Costa 

Rica and also Mexico (Vargas-Montero et al., 2004). The bloom caused the tourism activities 

to be affected due to the penetrating and fetid smell produced by the algae blooms and the 

killing of fishes in that area. Cochlodinium polykrikoides also occurred in northern Atlantic 

waters along the American east coast. 

During the late 2003, Cochlodinium polykrikoides had started to bloom in Northern 

Borneo (Chun, 2007). The first reported bloom case of this species occurred on the year 2004 

along the coastal water areas of Kota Kinabalu and Tuaran. In the recent case, on January 
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2007 the Cochlodinium polykrikoides bloom have caused massive kills of caged marine fishes 

in Pulau Gaya (Daily Express, 2007). 

The area where Cochlodinium polykrikoides blooms have occurred left devastating 

impacts to the ecosystems of the marine environment and the local economic losses. 

2.3 eocll/odin;"", polylc,ikoUks 

The Cochlodinium genus was established by Schutt (1894) with a description of 

circumscribing unannoured dinoflagellates possessing the cingulum encircling the cell more 

than 1.5 times (Matsuoka, 2006).Cochlodinium polylcrikoides is a marine dinoflagellate that 

lack thecal plates. This scientific name was given by MargaJef 1961 who found it in the 

Carribean Sea, Puerto Rico. Cochlodinium polykrilcoides is senior synonym of Cochlodinium 

Heterolobatum Silva 1967 (Matsuoka, 2006). 

A solitary cell of Cochlodinium polylcrilcoides is ellipsoidal and slightly flattened 

dorso-ventrally in shape. The size of Cochlodinium polylcrilcoides ranges from 30-40~m in 

length and 20-30~m width. This species has distinct spiral-shaped cingulwn. This cingulum is 

deep and located transversely on the cell. It makes a descending left spiral of 1.8-1.9 turns on 

the cell (NOWPAPCEARAC, 2006). The sulcus is narrow and shallow which is nearly run 

parallel to the cingulum. Cochlodinium polykrilcoides is commonJy can be found in chain form 

(photo 2.1). They form chain under optimum condition. A single chain contains less than 8 

cells. Dinoflagellates species that use the chain forming strategy is believed to use the strategy 

as an adaptation to favor bloom formation by increasing cell motility, thus allowing chain-
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formers to exploit effectively stratified water columns (Margalef, 1978). Cochiodinium 

poIykrikoides possessed numerous chloroplasts that are yellow-brown in colour and rod or 

ellipsoidal in shape. 

Photo 2.1 : Chain form of Cochlodinium polykrikoides (4 cells) under 100x magnification. 

(Source from Cornelia, 2007) 

The harmful algae species, Cochiodinium poIykrikoides do not produce toxin. It is 

considered as ' ichthyotoxic' to fish as the species responsible for the massive killing of fishes 

(Kim et al. , 2002). Recently in western coast of Sabah, on January 2007, another case of 

massive fish killing was reported in Pulau Gaya where the Cochlodinium polykrikoides bloom 

had caused massive killed of 40kg caged giant grouper with a concentration of 4500 

Cochlodinium polykrikoides cells per litre (Daily Newspaper, 2007). 

The studies in Japan and Korea had found that the suitable bloom conditions for 

Cochlodinium polykrikoides are to be around 32-34 ppt salinity, 25-28°C in temperature and a 

good amount of sunlight - these conditions similar to the oceanographic conditions in Sabah 

(North Borneo) (Chun, 2007). 
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