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ABSTRAK 

Kaj ian terhadap Cyanobacteria ini dijalankan di empat buah lokasi sekitar Kuching iaitu 
Pus at Penyelidikan Dan Pengeluaran Peikanan, Tarat; Lembaga Kemajuan Ikan 
Malaysia, Telaga Air; Tasik Semada,Balai Ringin; dan Tasik Biru, Bau. Tujuan utama 
kajian ini dijalankan adalah untuk merekodkan data berkenaan tabu ran alga bim hijau di 
kawasan zon lentik sekitar Sarawak. Dalam kajian ini, terdapat sembilan genus alga bim 
hijau yang dikenalpasti iaitu Anabaena, Microcystis, Lyngbya, Oscillatoria, Calothrix, 
Spintlilla, Anacystis, Chaemaesiphonales dan Gleotrichia. Kesemua alga bim hijau yang 
direkodkan berpotensi untuk menghasilkan toksin sekiranya berlaku ledakan populasi 
alga kecuali Gleotrichia, Spint/ina, dan Chaemaesiphonales. Parameter kimia air yang 
direkodkan adalah dalam julat 1.94mg/l - lO.32mg/l bagi kandungan oksigen terlarut 
(DO), suhu 29°C - 33°C, dan pH 4.63-9.14. 

Kata kunci: Cyanobacteria, zon .entik, toksin, ledakan populasi alga, parameter fizikal
kimiaair. 

http:4.63-9.14


ABSTRACT 

A study about the diversity of Cyanobacteria is carned out in four locations around 
Kuching District in Sarawak. They are the Institute of Research center and Fish 
Production (To r tambroides's ponds) in Tarat; shrimp aquaculture ponds in Lembaga 
Kemajuan Ikan Malaysia (LKIM), Tasik Semada in Balai Ringin and Tasik Biru in Bau. 
This study is designed to gain data about the diversity of Cyanobacteria in Sarawak 
Lentic Zone. From the study conducted, there nine genus of Cyanobacteria have been 
identified. They were Anabaena, Microcystis, Lyngbya, Oscillatoria, Spintlina, 
Anacystis, Chaemaesiphonales, Calothrix, and Gleotrichia sp. Among these genera only 
Gleotrichia, Spintiina, Chaemaesiphonales have no potential to produce toxin during 
cyanobacterial bloom. The physico-chemical water parameter that been recorded are in 
the range of I.94mg/l - 1O.32mg/1 for dissolved oxygen (DO), 29°C - 33 °C for 
temperature, and 4.63-9.14 for pH. I 

Key words: Cyanobacteria, lentic zone, toxin, cyanobacterial bloom, water physico
chemical parameter. 
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1.0: INTRODUCTION 

Cyanobacteria or commonly known as blue-green algae. They are prokaryotic algae 

belong to the Division of Cyanophyta (Sze, 1993). They are very primitive group, which 

has been existed since 3 billion years ago (Bold & Wynne, 1985). 

Lee (1980) suggested that cyanobacteria is rather closely related to the prokaryotic 

bacteria which have similar biochemical and structural characteristics since they are lacking 

of mitochondria, nuclear envelope, golgi bodies and endoplasmic reticulum. Furthennore, 

the two layered wall outside the cell membrane is similar to the gram negative bacteria: a 

rigid peptidoglycan layer adjacent to the cell membrane and an outer lipopolysaccharide 

layer (Sze. 1993). 

On the other hand, eukaryotic algae contain a nuclear region defined by a nuclear 

envelope, organelles such as chloroplasts, mitochondria, golgi bodies and endoplasmic 

reticulum (Sze, 1993). Cyanobacteria has known as blue-green algae since they can 

produce their own food through photosynthesis process just like the other eukaryotic algae. 

Cyanobacteria possess chlorophyll a, which is very important to manufacture their 

own by photosynthesis (Graham & Wilcox). Their photosynthetic pigments are enclosed in 

thylakoids, which lies freely in the cytoplasm (Sze, 1993). Cyanobacteria cells also contain 

of granular structures called phycobilisomes in the outer surface of thylakoids membrane, 

\\- ich are composed of phycobiliproteins and they are important in response to the light 



quality and growth condition (Lee, 1980). The phycobilisomes are composed of four 

phycobiliproteins: (i) phycoerythrin, (ii) phycocyanin (iii) allophycocyanin and (iv) 

phycoerythrin (Sze, 1993). 

Fig. 1.0: Organization of the cells ofcyanobacteria (adapted from Bold & Wynne, 1985) 

Key; 

P=juncrional JX>res; I=thylakoid, a= polyglucoside granule; b=lipid body; pl=microplasmodesmata; 

e=e1aborations of pl+ismalemrna; n=nucleoplasm ; pb=carboxysome; V=JX>lyphosphate body; t=local 

thicken ing; sg= cynophycin granule; pm=plasmalemma; cw=cross wall ; ii, ml, ol=celJ wall ; s=sheath ; 

h=intrathylakoidal space; ph=phycobilisomes; r=ribosomes; cb=cylindrical body. 
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Cyanobacteria are able to carry out photosynthesis in two conditions that are aerobic 

and unaerobic (Lee, 1980). Under aerobic condition, water is used as proton donor of high 

energy electrons and hydrogen (protons) to produced oxygen (Hoek, 1995). Where else 

under unaerobic condition, in the presence of sulfur, electrons are derived by the reduction 

of sulfur (Lee, 1980). This special characteristic has made Cyanobacteria more adaptable 

to survive in harsh environments. 

There are two importance roles of the Cyanobacteria to the environment. Firstly, 

they are able to produce oxygen from the photosynthesis process and they can fix the 

atmospheric nitrogen in the presence of specialized cell named Heterocyst. Cyanobacteria 

with heterocyst can keep their nitrogen requirements and grow even though the nitrate and 

ammonium levels are relatively low in the water (Hoek et al., 1995). Besides that, some of 

the Cyanobacteria also have the commercial value as health food source such as the 

Spintlina (Graham & Wilcox, 2000). 

However, Cyanobacteria can also create a problem to the environment due to its 

bloom phenomenon. Bloom formations occur under several factors such as high 

temperature, light intensity, slow flowing water movement or stagnant water, and amount 

content of nutrients in the water column (Ressom et at. , 1994). Cyanobacteria bloom may 

bring harm to animal and human since some species of cyanobacteria are potential to 

p uce toxin during blooms (Ressom et ai., 1994). 
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2.0: LITERATURE REVIEW 

According to Bold & Wynne (1985), cyanobacteria can be classified as follows; 

Kingdom: monera 

Division: Cyanophyta 

Order: Chroococcales 

Family: Chroococcaceae 

Order: Chaemasiphonales 

Family: Pleurocapsaceae 

Family: Dennocarpaceae 

Family: Chaemaesiphonaceae 

Order: Oscillatoriales 

Family: Oscillatoriaceae 

Family: Nostocaceae 

Family: Scytonematoceae 

Family: Stigonematoceae 

Family: Rivulariaceae 
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Cyanobacteria have great range of habitat in the freshwater, marine, damp soil and 

extreme places such as glaciers, desert and hot spring (Graham & Wilcox, 2000). 

Freshwater and marine cyanobacteria are often found as phytoplankton or benthos (Sze, 

1993). Cyanobacteria can grow under a wide range of temperatures for an example the 

Synechoccus can tolerate up to 74°C in the hot spring area (Lee, 1980). 

Cyanobacteria can be divided into filamentous and non-filamentous where there is 

further distinguishing the filamentous cyanobacteria by the presence or absence of 

specialized cell, mean while the non-filamentous cyanobacteria are solitary or form 

colonies (Sze, 1993). 

Parenchymatous (Fischerella so.) Colonies (Microcyst is sp.) Filamentous (Lvnf!bva so.) 

Fig. 2.0: Morphological types of Cyanobacteria in the environment. (Pictures adapted from 

http://www.cynosite.bio.purdue.edu/images) 
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Non-filamentous cyanobacteria. 

Non-filamentous cyanobacteria may be unicellular but they are more commonly 

appearing in aggregations and colonies, usually surrounded with extensive mucilaginous 

material (Sze, 1993). For example in the order Chroococcales, they have spherical, ovoid or 

cylindrical unicellular forms of cells. They occur individually when the daughter cells 

separate after reproduction by binary fission. The cells may aggregate to form colonies. 

Filamentous cyanobacteria without specialized cells 

This type if cyanobacteria are in disc-shape cells, arranged in single senes. 

Oscillatoria and Lyngbya are falls under this category where they are reproduced through 

the fonnation ofhonnogonia (Hoek et al., 1995). The filament ofLyngbya has similarity to 

Oscillatoria but its filaments contained in firm sheath of mucilage, which is extending 

beyond the teIminal cell (Sze, 1993). 

Filamentous cyanobacteria with specialized cells 

The specialized cells in cyanobacteria are heterocysts and akinetes (Sze, 1993). 

Heterocysts are the cells where nitrogen fixation takes place (Kononen, 2001). They are 

exist when the concentration of nitrogen in the water area is low (Lee, 1980). On the other 

and, akinetes are the large thick-walled cells, which enable cyanobacteria to survive in the 
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unfavorable condition to growth (Graham & Wilcox, 2000). Anabaena is the example of 

heterocystous cyanobacteria. 

The occurrence of cyanobacteria in the environment can give both benefits and 

detrimental to the human being. Extensive growth of cyanobacteria can create significant 

nuisance for management of inland waters (water supply, recreation and fishing) and they 

are also release substances into the water body which may be unpleasant (Jiittner, 1987) or 

toxic (Gorham and Carmichael, 1988). There are several factors indicated, which affected 

cyanobacterial bloom formation; 

(i) Light intensity 

Since cyanobacteria are photoautotrophic algae, they are depending on light to carry 

out the photosynthesis process and hence nutrition during growth (Reynolds & Walsby, 

1975). Cyanobacteria which form surface bloom seem to have higher tolerance for high 

light intensities (Pearl et al., 1983). However, exposed to excessive high light intensities 

will cause to photo-oxidation and subsequent death of cyanobacteria (Abeliovich & Shilo, 

1972). In general, the cyanobacteria have similar light requirements to the other algae 

(Reynolds & Walsby, 1975) although they are being able to adapt to low light intensities 

due to the presence of accessories pigments of phycocianin and phycoerythrin (Marsac, 

1977). 

7 



(Ii) Temperature 

According to Ressom et al. (1994), different genera of cyanobacteria have different 

response to temperature. Five common genera often form bloom in freshwater and brackish 

water are Anabaena. Aphanizomenon. Microcystis. Noddaria and Oscillatoria (Ressom et 

aI., 1994). The photosynthetic capacity, specific respiration rate and growth rate of all five 

genera are optimized at temperatures of 25°C or greater (Robarts & Zohary, 1987). In 

temperate region, cyanobacterial bloom often occur in summer, which is conclude that 

temperature is the major factor in population growth and possible subsequent bloom 

fonnation (Tihnan & Kiesling, 1984). 

(iii) Bouyancy 

Cyanobacteria have a unique characteristic where they are able to control their 

buoyancy, which prevent them from sinking thus enable them to exploit the nutrient in the 

water column (Oliver & Ganf, 1982). The limitation of C02 will prevent cells from losing 

buoyancy and stimulates bloom formation (Reynolds & Walsby, 1975). 
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(iv) Water flow 

Slowing water flow or stagnant water during summer is favorable for cyanobacteria 

to growth and fonn cyanobacterial bloom (Ressom et al., 1994). Calm water condition with 

high evaporation during summer tends to concentrate limiting nutrients, thus enhancing 

cyanobacterial growth and bloom fonnation. 

(v) Air movement 

Most of cyanobacterial bloom will form scum on surface water when air movement 

is reduced and the surface of water body is calm (Ressom et al., 1994). Cyanobacteria will 

increase their buoyancy at low light conditions and with the sudden drop of wind, the 

mixing of water bodies will stop and cyanobacteria will rise to the surface due to 

overbouyancy, finally fonning scum (Pearson, 1990). 

Cyanobacterial bloom often claimed to bring harm to animal and human life due to 

the toxin produced. But not all species of cyanobacteria form toxin during bloom. There are 

several genera of cyanobacteria which are potential toxin produce.-2. The factors which 

detennine whether the cyanobacterial bloom produced toxic are still not understood and 

studies still continued. Few studies have been done and showed that environmental factors 

(temperature, pH, etc.) and genetic heterogeneity as being important in detennining the 

er to Appendix 1 
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occurrence of toxicity (Gorham, 1964; van der Westhuizen & Eloff, 1983, 1985; Watanabe 

& Oishi, 1985; Codd & Poon, 1988; Codd et aI., 1989a). 

Thus, this study is generally designed to gain data of cyanobacteria diversity in 

Sarawak lentic zone. The diversity of cyanobacteria is influenced by several factors such as 

temperature, light intensities, water movement and nutrient content in the water body. 

These factors are also the factors contributed to the formation of cyanobacterial bloom and 

data is needed whether there is occurrence of cyanobacterial bloom in the sampling 

stations. Some species of cyanobacteria are potential to produced toxin during bloom and 

thus this study carried out to find out whether there is potential toxin producers species 

found in the sampling area. The list of cyanobacteria toxin producer is included in 

Appendix I. 
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3.0: MATERIALS AND METHODS 

This study is carried out to record the data of cyanobacteria species composition in 

Sarawak lentic zone. Identification has been done to the genus level according to Lee, 

1980; Bold & Wynne (1985); Anagnostidis & Komarek, (1985); (1986); (1988); (1989); 

(1991); Sze, (1998); Jacques (1984) and Prescott (1978). 

This section is divided into two parts namely: (i) field sampling and (ii) laboratory work. 

3.1: FIELD SAMPLING 

There were four areas around Kuching district, which have been selected for field 

sampling. The sampling areas involved the Institute of Research Center and Fish 

Production, Tarat; Lembaga Kemajuan Ikan Malaysia (LKIM); Tasik Semada (Semada 

Lake), Balai Ringin and Tasik Bim (Blue man-made lake), Bau. 

11 
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3.1.1: Institute of Research Center and Fish Production, Tarat 

The Institute of Research Center and Fish Production, Tarat is located at KM60 

KuchinglSerian Road and operated at the end of 1988 as a research center and fish 

production of local freshwater fish species. This station has more than 90 ponds sized from 

0.015 - 0.82 hectares. These ponds are divided into four different categories namely 

Ordinary Earth Pond (OPA), Special Effect Pond (SEP & AP), Nursery Pond (NPA) and 

Nonnal Nursery Pond (NNP A). 

In Ordinary Earth Pond (OPA) area, the ponds are built directly on the land without 

using any liner at the bottom of the ponds. The water supply is coming from the damn and 

storage tank. Pond number 4 (OPA 4) has been selected for sampling and it is located near 

the chicken fann. 

There are two ponds selected for sampling in the Special Effect Pond (SEP) area. 

These ponds are SEP 2 and AP 11. In this area the ponds are using HOPE liner at the 

bottom. SEP 2 and AP 11 have different water supply. As for the SEP 2, the water comes 

from the damn while AP 11 is using the water from the reservoir. Apart from that, these 

ponds are also different in their sizes. The SEP 2 is 0.067 ha while the AP II is 0.022 ha. 

The SEP 2 pond is currently placed the adults Tor tambroides (Empurau) for research 

pwposes. 
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The Nursery Pond (NPA) area is for the Tor tambroides's fingerlings. The ponds 

are surrounded with concrete material and the water supply is coming from the reservoir. 

Pond number 23 (NPA 23) is selected for sampling in this area. 

Another station selected for sampling in Institute of Research Center and Fish 

Production, Tarat is pond number 46 (NNPA 46) in the Normal Nursery Pond (NNPA) 

area. This pond is used as the rest up pond for Tor duorenensis (Semah), Osteochilus 

melanopleura (Mata Merah), and Puntius buill (Mengalan) . The water is directly supplied 

from the river. 
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J 2: Lembaga Kemajuan lkan Malaysia (LKIM), Telaga Air. 

The Lembaga Kemajuan Ikan Malaysia (LKIM), Telaga Air is the Institute for 

Shrimp Production. There are two ponds involved for sampling in this area. These ponds 

are pond number 9 (K9) and pond number 10 (K 10). The size for each pond is 10000m2
, 

(100m X 100m). There are four paddle wheels provided in each pond for aeration purposes. 

The shrimps have been moved to the ponds on 12th July, 2004 for KlO and 30th 

August, 2004 for K9. Monthly sampling has been carned for these two ponds. For KlO, 

sampling could only be carried out for two months from September until October since the 

pond were harvested in November. While the K9 sampling carned out for three months 

starting from September until November. 

KIO is provided with the sludge pump (30m) at the center of the pond to pump out 

sludge. But this sludge pump is not proven to be effective yet, thus this study is carried out 

also to see the effectiveness of this sludge pump in order to keep the pond clean from the 

sludge. 
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.3: Tasik Semada (Semada Lake), Balai Ringin. 

Tasik Semada is located in Balai Ringin, Serian. Sampling location is detennined 

by the Global Positioning System (GPS) at the latitude of N 0 I 0 05' 29.1" and longitude of 

E 110° 47' 02.7". This lake is a natural lake which is reported to be dry during dry season. 

The water is dark (black) in colour. Longhouses can be found nearby the lake . 

.1AJOAJlJt 

Fig. 3: A sketch showing sampling area ofTasik Semada in Serian. Not to scale. 
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temperature measurement. 

: Tasik Bina (Blue Lake), Bau. 

Tasik Bim is a man-made lake located is Bau, Kuching. The water in this lake is 

clear. Previously, this area was doing the gold mining activity but nowadays, it becomes a 

reational park where shops and restaurants are built nearby. 

•Ambient Water Parameters. 

Three ambient water parameters were recorded during sampling. They are dissolved 

oxygen (DO), pH, and temperature. These parameters were recorded using Hydrolab SVR3 

DL Swveyer 3 Water Quality Logging System, which consist of DO meter, pH meter and 

J.6: Water Sampling 

Surface water was sampled using measurement jug and sieved through 20).lm sieve. 

ater samples collected in plastic sampling bottles. After that, 4 to 5 drops of Lugol's 

lutian were added to the samples for sample preservation. Samples were taken back to 

laboratory for further work. 
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•LADORATORY WORK 


Identification 


Samples identified by using light microscope (Inverted Olympus) under 40X 

magnification and pictures of species found were taken by M 1025-Microscope Research 

Flouresescene Model IX51RFLCCD, Olympus. Identification of Cyanobacteria to the 

genus level was done according to Lee, 1980; Bold & Wynne (1985); Anagnostidis & 

marek, (1985); (1986); (1988); (1989); (1991); Sze, (1998); Jacques (1984) and Prescott 

(1978). 

Methods diagram: 


Recording ambient water parameters (DO, pH, temperature) 


t 

Collection ofwater sample using measuring jug 

Sieve through 20).lm sieve 

Collect samples into plastic bottles 

Add 4 -5 drops ofLugol's solution 

t 

Species identification with light microscope 

t 

Sample pictures taken with Olympus light microscope 
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