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ABSTRAK 

Peningkatan populasi alga berbahaya (HAB) menjadi suatu isu alam sekitar yang amat 

merisaukan di Sabah sejak kebelakangan ini. HAB yang disebabkan oleh 

Cochlodinium lebih kemp berlaku di perairan bamt Sabah berbanding dengan 30 

tabun yang lepas. Kepekatan Cochlodinium yang tinggi dalam air laut menyebabkan 

perubahan warna air laut dan kematian ikan dan invertebrata. Cochlodinium akan 

menyumbat dan merosakkan insang ikan dan haiwan tanpa tulang belakang. 

Peningkatan populasi Cochlodinium memainkan peranan penting dalam pengukuran 

kualiti air. Bilangan alga akan bertambah secara mendadak dalam keadaan optimum. 

Data analisis telah dijalankan dengan menggunakan program komputer, PRIMER 6 

(Plymouth Routines In Multivariate Ecological Research). PRIMER 6 mengandungi 

pelbagai analisis yang menggunakan graf dan berbagai rutin untuk menganalisis 

kepelbagaian spesis atau matrik biojisim yang wujud semasa menguji kesan alam 

sekitar serta penyelidikan asas tentang komuniti ekologi yang bersekutu dengan data 

kimia-fizikal. Cochlodinium mempengaruhi kualiti air seperti suhu, oksigen terlarut, 

kemasinan, pH, dan kekeruhan air. Peningkatan populasi Cochlodinium meninggikan 

suhu kerana peningkatan aktiviti metabolisme Cochlodinium. Kemasinan air juga 

tinggi kerana kadar penyejatan yang disebabkan oleh suhu tinggi. Selain itu, air laut 

menjadi keruh kerana bilangan sel Cochlodinium yang tinggi dalam air laut. 

Kandungan oksigen terlarut dalam air adalah semakin berkurangan kerana 

aktiviti-aktiviti bakteria ketika proses pereputan. Bacaan pH meningkat semasa HAB 

disebabkan oleh kepekatan ion hidrogen yang tinggi dalam air laut. 
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ABSTRACT 

Harmful algal bloom (HAB) becomes a most concerned environmental issue in Sabah 

recently. HAB caused by Cochlodinium occur more frequent in west coast of Sabah 

than previous. The water discolouration by high concentration of Cochlodinium in 

seawater causes mass mortality of fish and invertebrates. Cochlodinium clogging and 

damaging the fish and invertebrates gills. The coastal water properties play important 

roles during algal bloom. Algal will bloom when there is an optimum condition. Data 

analysis was done by using software named PRIMER 6 (Plymouth Routines In 

Multivariate Ecological Research) consists of a wide range of univariate, graphical 

and multivariate routines for analyzing the species abundance or biomass matrices that 

arise in biological monitoring of environmental impact and more fundamental studies 

in community ecology, together with associated physical-chemical data. From this 

study, Cochlodinium was found affecting the physical water properties, such as 

temperature, DO, salinity, pH and water transparency. Bloom of Cochlodinium made 

the temperature increase due to the rapid metabolic activity. The level of salinity rise 

because of the high temperature which promotes evaporation. Besides, decreases the 

light penetration due to the high density of cells in water. It also result low oxygen 

conditions as the huge activities of bacteria which responsible in decomposition 

activities. The pH value was found higher during bloom consequence of greater the 

hydrogen ion concentration in the seawater. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Hannful algal bloom is a natural phenomenon caused by a relatively rapid increase in 

the population of phytoplankton in an aquatic system, imparting a red tinge to the 

surface of the water. It also called red tide, but it has nothing to do with tides. Red 

tides occur allover the world. Almost half of the red tides organisms are 

dinoflagellates. But it also caused by other organisms such as cyanobacteria, diatoms 

and chrysophytes (Castro and Huber, 2005). Not all red tides organisms are harmful. 

There are about one third of red tides organisms produces poisons, some of which are 

among the most powerful toxins known. These neurotoxins can be transferred through 

the food web where they affect and even kill the higher forms of life such as 

zooplankton, shellfish, fish, birds, marine mammals, and even humans that feed either 

directly or indirectly on them. Impacts of red tide phenomena include mass mortalities 

of wild and farmed fish and shellfish, human illness and death after consume 

contaminated shellfish or fish, death of marine mammals, seabirds, and other animals, 

and alteration of marine habitats or trophic structure (Anton et al., 2000). 
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The main factor that contributes the algal bloom are water properties. For 

example, water temperature, salinity, nutrient level, light conditions and also other 

coastal processes such as upwelling, wind and tide. Red tides usually occur during a 

climate change which associated with physical processes (Dobson et al., 2006). 

Minister Datuk Chua Jui Meng said there were two people died in Sabah after 

eating shellfish which contaminated by red tide in the 1980s. "These toxic substances 

that exist during red tide can cause food poisoning, vomiting and diarrhea. In some 

cases, it can even affect the central nervous system," he said. He also mentioned the 

Fisheries Department had put up signboards at the affected areas and had come out 

with a list of seafood safe for consumption for the convenience of the people in these 

areas (Tan, 2000). 

Of the three hundreds species of algae that are known to cause bloom, only 

one third of them produce toxins. Algae that are consumed by other marine life may 

accumulate toxins in their organs particularly in the bivalves. As a result they become 

contaminated and the toxin is concentrated as it moves up to the food chain. Fish and 

shellfish can tolerate high levels of toxins, thereby appearing health problem and 

posing a significant danger to man. Unfortunately, the toxins can not be detected by 

sight, smell, or taste and also not destroyed by cooking or freezing (Intergovernmental 

Oceanographic Commission, 2005). Thus man becomes an unsuspecting victim. 

Therefore, it is important to study the effect of harmful algal bloom on coastal water 

properties. 
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Malaysia is one of several countries affected by harmful algal blooms (HABs) 

and caused fish dead and seafood poisoning events. The first of HABs and shellfish 

toxicity in Malaysia was reported in 1976 when the marine dinoflagellate Pyrodinium 

bahamense var. compressum bloomed in Brunei Bay on the west coast of Sa bah (Roy, 

1976). Several people were poisoned during this event. The bloom eventually spread 

to other parts of Sabah, but since 1990 cases have emerged in Peninsula Malaysia as 

well. The number of toxin-producing microalgae species have also increased and there 

is evidence that these species are widely distributed in Malaysian waters. Proven and 

potentially toxic species have been detected in the waters of Sabah, Sarawak, Straits 

ofMalacca, East coast of Peninsula Malaysia and Strait of Tebrau (Lim et al., 2002). 

Shellfish toxicity was a problem to the west coast of Peninsula Malaysia as 

well. In 1991, there were three people became sick after consuming green mussel, 

Perna viridis, cultured at a newly established mussel farm in Sebatu, a small fishing 

village facing the Strait of Malacca (Usup et al., 2000). Results of tested extracts from 

mussels collected during the event confirmed the presence of algal toxins. The most 

likely toxins producer was isolated from the area and the clonal cultures were 

established in the laboratory. The species was successfully identified as Alexandrium 

tamiyavanchii. Toxin analysis of these cultures confirmed the dinoflagellate produced 

toxins similar to those in toxin mussels (Usup et al., 2000). 

Six people were ill after consuming benthic bivalve, 'lokan' (Polymesoda sp.) 

collected from a coastal lagoon on the east coast of Peninsula Malaysia. One of the 

victims died during this event in September 2001 (Lim et al., 2002). 
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The most important seafood poisoning due to algal toxins is paralytic shellfish 

poisoning (PSP). There are three species of PSP-toxin producing dinoflagellates 

currently known, viz. Pyrodinium. bahamense var. compressum in Sabah, 

Alexandrium tamiyavanichii in Sebatu, Malacca and A. minutum in Tumpat, Kelantan. 

More extensive survey may well reveal the presence of other PSP-toxin producing 

species. The primary vector for PSP toxins are bivalve mollusks, although 

planktivorous fish such as 'tamban', Sardinella sp. can also contain the toxins (Lim et 

al., 2003). 

Diarrhetic shellfish poisoning (DSP) is the second important seafood toxicity 

caused by HABs. There are several marine dinoflagellates that produced toxin such as 

Okadaic acid. This can cause stomach ache and diarrhoe when eaten in large amounts. 

This commonly caused by marine algae, Dinophysis spp. Experiences of several other 

countries showed that nsp emerged with the establishment of large mussel farms 

(Lembeye et ai., 1993). 

Ciguatera fish poisoning (CFP) is solely tropical origin seafood poisoning. The 

toxins are produced by benthic epiphytic dinoflagellates, and the vectors are various 

species of marine fishes. Exporting fishes to other countries can result the 

development of CFP in places far from where the ciguatoxic fishes originated (Geller 

et al., 1991). Several species of benthic dinoflagellates which may be involved in CFP 

have been identified, they are Gambierdiscus toxicus, Ostreopsis ovata, 0. lenticularis, 

and Coolia sp. Toxicity screening based on hemolytic assay, antimicrobial and mouse 

bioassay has proven the existence of biological activities in aqueous and organic phase 
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extract of these cultures. However, the toxins compound are yet need to be determined 

(Lim et 01., 2003). 

Amnesic shellfish poisoning (ASP) is the other group of algal intoxication 

which remains little studied. Pseudo-nitzchia is common diatoms collected in most 

plankton samples from coastal areas in our waters. This may be due to the fact that 

difficulty in identification and toxins screening. However, some species of diatoms 

have been established in laboratory culture for identification and toxicity screening. 

(Lim et 01. , 2003) 

1.2 Objectives 

The major objectives of this study are: 

1. To compare the abundance of phytoplankton in the study area during red tide 

and non-red tide situation. 

2. To investigate the variation of temperature, salinity, DO, pH and water 

transparency at the study area. 

3. To model the effect of HAB on physical water properties through analysis of 

similarity (ANOSIM), similarity percentage (SIMPER), cluster analysis (CA) 

and non-metric multi-dimensional scaling (MDS). 
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1.3 Significant of study 

Occurrences of HAB create serious threats to human health as well as to the 

development of aquaculture and seafood industries in Malaysia. Studies required to be 

carried out in term to understand the extent of distribution of the toxic phytoplankton 

species in Sepanggar Bay waters. How the modes of spreading, physiology and 

toxicity, and the factors that promote bloom formation. Studies are also needed to 

develop the methods to detect these species in water samples and the presence of 

toxins in seafood. 

A major limitation in HABs studies in Malaysia at present is insufficient 

trained manpower. Graduates who have been trained in this field more often than not 

do not have the opportunity to apply the knowledge and skills that they have obtained. 

It is clear that an initiative to solve this problem is needed. 

Through this study, the effect of HABs on coastal water properties will be 

known. Besides, this study is crucial in management and mitigation of HAB events. It 

also helps us to enhance public awareness and understanding about HABs as well as 

propose the way to mitigate the effect of HAB. 

The lack of monitoring program in place might account for the sporadic 

occurrence of HAB events. The presence of HAB species imposes a severe burden to 

our country, so that the adoption of the techniques and management approaches, 

coupled with proactive measures from the related authority will better prepare the 

country in future occurrence of HAB events. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Plankton 

Just beneath the surface waters of the ocean is a breathtaking, miniature world of 

unique and beautiful wander-ers, the plankton (Greek: planktos "to wander"). 

Plankton are defined by their movements and size. Although they are capable of 

swimming vertically in the water, they have little ability to swim horizontally and thus 

are carried about by currents. They are usually small in size generally microscopic 

(micron, ~) (Garisson, 2005). 

Plankton are the most abundant form of life in the ocean. In fact, all other 

marine life is dependent upon plankton. The plant forms and many protozoans are 

known as phytoplankton. The abundance of all marine life is directly related to the 

supply of phytoplankton in the ocean. The animals in the plankton community are 

known as zooplankton. Zooplanktons are important as a stable food source for fish 

and other animals (Svarney et a/., 2002). 
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Plankton can range in size from microns to millimeters. The smallest plants in 

the ocean are the phytoplankton, which vary in size from about 5 microns to 50 

millimeters. Single-celled plants called diatoms, constitute more than half of the 

phytoplankton in the ocean. Phytoplankton is often referred to as "the grass of the 

ocean". By means of photosynthesis they convert chemical nutrients into their food. 

Phytoplankton absorbs nutrients such as phosphates, nitrates, and minerals directly 

from the ocean waters. The phytoplankton are consumed by the zooplankton and by 

some of the larger animals. Then the larger animals feed on the zooplankton. The 

chemical nutrients are replaced in the ocean by the excretion of animals and bacterial 

action in the decomposition of dead plants and animals. Thus, the ocean's food cycle 

is continuous, from chemical nutrient to phytoplankton to zooplankton to strong 

swimming animals to bacteri~ which recycle the organic matter from dead animals 

and sloppy eating back into chemical nutrients used as food by phytoplankton 

(Buschbaum and Milne, 1960). 

Phytoplankton needs water, carbon dioxide, sunlight and nutrients to grow. 

Sunlight in sufficient strength to permit photosynthesis penetrates only to a maximum 

depth of about 500 to 600 feet. This upper layer of the ocean's water is called the 

euphotic or photic zone. Within this zone, photosynthesis is limited by the supply of 

chemical nutrients. Under favorable conditions, phytoplankton may increase as much 

as 300 % in a single day. On a highly productive day, a cubic foot of ocean water may 

contain 20,000 plants. The biological process of creating high-energy organic material 

is called primary production. Being primary producers make them an important part of 

the aquatic food chain (Thurman, 1997). 
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2.2 Harmful algal bloom 

Harmful algae are microscopic single-celled plants that live in the sea. Most species of 

algae or phytoplankton are not harmful and serve as the energy producers at the base 

of the food web. Occasionally, the algae grow very fast or "bloom" and accumulate 

into dense, visible patches near the surface of the water. "Red tide" is a common name 

for such phenomenon where certain phytoplankton species contain reddish pigment 

"bloom" in the water and appears to be colored red. The term "red tide" is thus a 

misnomer because they are not associated with tides and they are not always red. They 

are usually not harmful. And those species that are harmful may never reach the 

densities required to discolor the water (Wilson, 2005). 

Unfortunately, a small number of species produce potent neurotoxins that can 

be transferred through the food wed where they affect and even kill the higher forms 

of life such as zooplankto~ fish, seabirds, marine mammals and even humans that 

feed either directly or indirectly on them (Woods Hole Oceanographic Institution, 

2006). 

Phytoplankton develop into highly concentrated "bloom" conditions as a result 

of physical, chemical, and biological factors that are conducive to bloom formation 

most frequently along an optimUm water condition at coastal region (Department of 

Natural Resources, 2006). The water must contain high levels of nutrients (nitrogen 

and phosphorus) for the phytoplankton to feed on. Also, water temperature and 

salinity levels must be within a certain range to be beneficial to phytoplankton growth. 
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How a Toxic Algal Bloom Occurs 
The life cycle of one cell 

3: If COflCJlIJOI1!> re1ll811\ OptI­
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Figure 2.1 Formation ofHAB. 

(Source:http://www.whoi.edulredtide/whathabslwhathabs.html) 

2.3 Effects of coastal water properties 

10 

The populations of HABs species are distributed depending on temperature, salinity, 

or depth, pH and so on. The increased in human activities such as industrialization 
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and aquaculture along the coastal waters may caused the drastic increase of nutrient 

(nitroge~ phosphorus and organic substances) input. For example, in the Philippines 

there are several bays which face the problem of outbreaks by Pyrodinium bahamense 

var. compressum and among these are Manila Bay where industrial and high urban 

population are located and Maqueda Bay where extensive cultivation of green mussels 

are located (Liew et al.,1999).The inner Gulf of Thailand is plagued with the 

occurrence of annual bloom of Noctiluca scintillans. Lirdwitayaprasit et al. (1995) 

attributed this phenomena to the increase in nutrients particularly, nitrate and 

phosphate from fishpond discharges around the Gulf of Thailand. On the other hand, 

most Southest Asian countries rely on the marine environment for protein source. 

Therefore, the impacts of harmful algal bloom should be reduced to acceptable health 

and economic levels through a "well focused HABs monitoring programme" 

(Andersen, 1996). 

2.4 Dissolved oxygen (DO) 

Dissolved oxygen (DO) concentrations are a measure of how well the water is aerated. 

lIDs parameter is one of the best and most immediate indicators of an ecosystem's 

health. Because oxygen is needed to support animal and plant life, consequences of 

declining DO levels will affect the entire ecosystem. This immediate impact on plant 

and animal life makes measuring the level of oxygen an important means of assessing 

water quality. Additionally, at low oxygen conditions, nutrients (and other pollutants) 

will be released from sediments thereby exacerbating problems (pihl et al.,1991). 
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Overall DO levels will generally increase as phytoplankton produce oxygen as 

part of the photosynthesis process at the day time. However, the DO levels will 

decrease rapidly during the night time as the phytoplankton consume oxygen 

(Mahoney and Gibson, 1983). Anthropogenic input and phytoplankton decay may also 

decrease oxygen levels as the bacteria that utilize organic matter for food consume 

oxygen. 

As the nutrients become depleted, the algae can no longer survive and 

populations decrease sharply in what is called a "crash". As this crash is occurring, the 

dead phytoplankton sink to the bottom of the water column, where they are consumed 

by decomposers. Since these decomposers require oxygen to break down the algae, 

dissolved oxygen levels will decrease during this time period. Resulting low oxygen 

levels can be detrimental to fish health. Fish kills can be resulted if DO drop to below 

3 mgl-1 (pibl el al. , 1991). 

2.5 pH 

pH levels are also critical to survival of most marine plants and animals. They can be 

influenced by events such as algal blooms and acidic pollution from wastewater 

discharge and in this way function as preliminary indicators of potential problems. At 

low pH levels, toxic metals in sediments can be re-suspended in the water column 

(Millero, 1996). 
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