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ABSTRACT 

The Borneo marine Research Institute (BMRl) UMS embarked on a stock 

enhancement programme of the Maaobrachium rosenbergii(giant freshwater prawn) 

in an attempt to replenish stocks in Petagas River, Sabah. In rivers, phytoplankton is 

crucial for biogeochemical cycles and forms the base of food chains and food webs in 

every aquatic ecosystem. The purpose of this study was to investigate the species 

abundance and diversity of phytoplankton in Petagas River and their relationships 

with the postIarvae (PL) of the giant freshwater prawn, Macrobrachium sp., salinity, 

and water quality of Petagas River. A phytoplankton net and Van Dam Water 

Sampler were used to collect qualitative and quantitative phytoplankton samples, 

respectively, from five sampling stations. Samples collected were preserved with 

Lugol's solUtion, stored and labelled. The samples were examined, counted and 

identified using the Sedgwick-Rafter counting cell under a compound. The Pollution 

Index method by Palmer (1969) was used to determine the level of organic pollution 

of the Petagas River within the study area. Results obtained showed that a total of 

48 species of phytoplankton belonging to 34 genera from 5 Division were recorded. 

The species identified were from the divisions Badllariophyta (21), Chlorophyta (16), 

Cyanophyta (5), Dinophyta (2) and Euglenophyta (4). Chlorella sp., Scenedesmus 

quadrlcauda, Coelastrum microsporum, Crudgenia lauterbonii and Osdllatoria sp. 

were the dominant species. Diversity based on Shannon-Wiener diversity index (H') 

showed a higher value during the wet season compared to dry season, although total 

phytoplankton abundance were higher during the dry season, due to prevalence of 

red tide season. The results also showed that the presence of PL is negatively 

correlated to the total cell abundance of phytoplankton, while salinity showed 

positive correlation to species diversity and abundance of phytoplankton in Petagas 

River. The study revealed that Petagas River is contaminated with high organic 

pollution, which may be due to increasing population and human-interaction 

activities. The outcome of this study suggests that phytoplankton can be used as bio­

indicator species to monitor the river water quality in terms of organic pollution in 

Petagas River. 
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ABSTRAK 

Institut Penyelidikan Marin Borneo (IPMB) UMS telah memulakan projek 

penambahbaikan stok udang galah Maaobrachium rosenbergii sebagai usaha dalam 

meningkatkan sumber perikanan di Sungai Petagas, Sabah. Oi sungai-sungai, 

fitoplankton sangat penting dalam kitaran biogeokimia dan pengeluar dalam rantaian 

makanan ekosistem akuatik. Tujuan kajian ini dijalankan adalah untuk mengkaji 

kepadatan dan kepelbagaian spesies fitoplankton di Sungai Petagas, serta hubungkait 

mereka dengan kehadiran pasca larva (PL) Udang Galah, Macrobrachium sp., 

kemasinan dan juga kualiti air. Phytoplankton netdan Van Dom Water Samplertelah 

digunakan dalam proses pengsampelan fitoplankton daripada lima stesen. Sam pel 

yang diperoleh telah dikaji, dikira, serta dikenalpastikan dengan menggunakan 

Sedgwick-Rafter counting cell dan mikroskop kompaun. Indeks Pencemaran Palmer 

(1969) telah digunakan bagi mengldasifikasikan tahap pencemaran organik di Sungal 

Petagas. Keputusan yang diperolehi menunjukkan sejumlah 48 spesies fitoplankton 

daripada 34 genus dart 5 divisi telah direkod di Sungai Petagas, iaitu divisi 

Bacillariophyta (21), Chlotophyta (16), Cyanophyta (5), Dinophyta (2) dan 

Euglenophyta (4). Chlorella sp., Scenedesmus quadricauda, Coelastrum 

microsporum, Ovdgenia lauterbonii dan Oscillatoria sp. adalah spesies dominan. 

Indeks kepelbagaian Shannon-Wiener (H') menunjukkan nilai yang lebih tinggi pada 

musim hujan berbanding dengan H' pada musim kering, walaupun kepadatan 

keseluruhan adalah lebih tinggi pada musim panas, yang mungkin disebabkan oleh 

pengaruh fenomena laut merah. Keputusan juga menunjukkan bahawa tidak ada 

hubungkait positif antara kehadiran PL dan kepadatan sel fitoplankton, manakala 

faktor kemasinan air pula menunjukkan hubungkait positif dengan kepadatan dan 

kepelbagaian spesies fitoplankton di Sungai Petagas. Kajian inf mendedahkan 

bahawa terdapat pencemaran organik yang tinggi di Sungai Petagas, yang mungkin 

disebabkan oleh populasi dan aktiviti-aktiviti yang Idan meningkat di sungai tersebut. 

Hasil kajian ini boleh digunakan dalam menentukan kawasan yang sesuai untuk 

pelepasan PL Macrobrachium sp. yang seterusnya. Hasil kajian inf turut 

mencadangkan bahawa fitoplankton di Sungai Petagas boleh digunakan sebagai 

spesies penunjuk untuk memantau kualiti air sungai dari segi pencemaran organik. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Historically, the Petagas River in Putatan, Sabah, was an economic source to the 

fishennen and the main water supply to the Petagas community. However, decades 

of being exposed to pollutants and overfishing have caused the depletion of fishery 

resources and deterioration of water quality In the river (New Straits Times, 2012a; 

New Straits limes, 2012b). Currentfy, a fisheries stock enhancement program is 

being organised by the Borneo Marine Research Institute (BMRI) of Universiti 

Malaysia Sabah (UMS) in collaboration with the Putatan District OffIce. The program 

Is conducted through sea ranching by releaSing the postIarvae (Pl.) Macrobrachium 

rosenbergli (M.rosenbergi~, commonly known as the giant freshwater prawn or giant 

river prawn (Nandlal and Pickering, 2005), obtained and produced from UMS 

hatchery, into the Petagas River. The project aims to reimburse the decline of fishery 

stock in Petagas River as well as to sustain supplementation of the residents. 

To date, there have been three phases of the stock enhancement program 

coinciding with 3 reteases of prawn PL Into the river. The program was first launched 

by the Minister of Agriculture and Food Industry and Deputy Chief Minister of Sabah, 

YB Datuk Seri Panglima Yahya Hussln on 23rd of April 2012.Phase one was held on 

23rd of April, 2012, with 2000 PL released, the second phase on December 6rt1, 2012, 

with 6000 PL and the third phase on September 22nd, 2013, with 10,000 PL. released. 

In addition, on the 1Srtl of January, 2014, the taga/ system was Introduced in the 

Petagas River. Taga/ refers to the conservation of certain sections of a river where 
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they would be off-limits to fishing activities In order to allow fish and other riverine 

creatures to flourish. 'The ragal system was also initiated with the hope that the 

fishery resources can be conserved and waterways can be prevented from being 

used as garbage dump. Various stlIdies and research are carried out to monitor and 

evaluate the progress as well as the effectiveness of the program. 

Phytoplankton is audal for biogeochemical cycles and forms the base of food 

chains and food webs In every aquatic ecosystem. At its larval stages, the giant 

freshwater prawn, H.rosenbergli, feeds on zooplankton (Nandlal and Pickering, 

2005), while zooplankton feeds on phytoplankton. Hence, phytoplankton has an 

Indirect relationship with the prawn. The freshwater prawn M.rosenbergil was 

originally discovered in the Indo-West Pacific region (Holthuis, 1980) but today It can 

be found in almost every continent. There are four distinct phases In the prawn life 

cycle and they are egg, larva (zoea), PL and adult. Most Maaobrachium species 

require brackish water to survive in the Initial stages of their life cyde (Banet'jee, 

2003) and move towards less saline water as they grow up. Macrobrachium sp. PL 

can be found from estuary to freshwater regions. Adult M.rosenberglils only available 

in freshwater areas and Is more active at night (Nandlal and Pickering, 2005). They 

can be found In most inland freshwater regions, such as swamps, lakes, river and 

estuaries (Arumugam, 2012). High densities of phytoplankton In certain regions may 

be both beneficial and harmful for the prawns. When phytoplankton exists In large 

numbers, It turns the water unbid, allowing the prawns to hide and seek refuge, thus 

providing 'Ashelter" for them (Nandlal and Pickering, 2006). In addition, 

phytoplankton adds oxygen to the water during the daytime and this activity aids in 

the respiration process of M.rosenbergll. However, at night, phytoplankton stops 

produdng oxygen and instead uses It for respiration. 

The amount, types, and ecological Impacts of pollutants released into 

estuarine and coastal waters are dosely related to population growth in their 

watersheds (Nixon, 1995). With the rapidly growing population in Putatan, which 

now has more than 50,000 residents (New Straits limes, 2012b), housing and 

building projects are Increasing fast However, In the absence of proper sewerage 

and water treatment system, discharge of untreated wastes released Into the river 

contributes to river pollution (The Borneo Post, 2012). Algal communities provide an 
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Integrated measure of water quality and possess biological characteristics that make 

them an Ideal and important aspect for biological monitoring (Barinova et al., 2010). 

The species composition and densities of phytoplankton in a particular area can help 

In evaluating the water quality and the degree of eutrophication of that area. 

Water quality of water bodies can be deflned based on their physico-chemical 

and plankton characteristics (Edward and Ugwumba, 2010). As such, the relationship 

between the physico-chemlcal parameters and plankton production In water bodies 

play an Important role In management strategies of aquatic ecosystems. According to 

Zebek (2004), most phytoplankton have short life spans and they promptly respond 

to environmental factors. In other words, most of them are sensitive to changes in 

their surroundings. Water salinity has a positive correlation with phytoplankton 

diversity (Senapati et al., 2011). In regions of higher salinity, freshwater 

phytoplankton Is normally replaced by marine species and vice versa. Normally, 

during high tide, salinity Is often higher due to the Intrusion of saltwater from 

downstream. Salinity usually decreases with Increasing distance from the sea, as 

well. 

1.2 Significance of Study 

RIver water Is more buoyant than ocean water and as river water flows seaward, 

seawater flows landward. Mixing of seawater and river water tend to occur as a 

result of these activities, especially during high tide. As the freshwater of Petagas 

River mixes with saltwater, several marine phytoplankton species are found among 

the freshwater species, thus increasing the species diversity. No study on 

phytoplankton composition and density has been conducted in the Petagas River 

before. Therefore, the species diversity and abundance of phytoplankton Is not 

known and needs to be Investigated, along with the Influence of salinity value, as It Is 

one of the Important factors In determining the distribution of phytoplankton. 

Phytoplankton forms the basis of aquatic food webs and even though the giant 

freshwater prawns do not directly feed on phytoplankton, their larvae and PL feed on 

zooplankton, while zooplankton feeds on phytoplankton. Hence, the phytoplankton 

composition or abundance will indirectly influence the presence or absence of PL of 
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Macrobrahium sp. and this finding can aid in determining the possible location of the 

next sea ranching session in petagas River. Although it Is known that the water of 

Petagas River Is polluted, the level of its organic pollution Is still unknown. The 

Pollution Index (Palmer, 1969) will be used by studying the phytoplankton present In 

the water sample. 

1.3 Objed:lves 

The objectives of this research are to Investigate the phytoplankton species diversity 

and abundance In Petagas River. This study has four specific objectives: 

I. To provide a checklist of phytoplankton species found In Petagas 

River. 

II. To study the influence of river salinity on the phytoplankton In Petagas 

River. 

III. To correlate phytoplankton with the presence Pl of Maaobrachium 

sp. along Petagas River. 

iv. To determine the water quality of Petagas River by using 

phytoplankton as an indicator-species. 

1.4 Hypotheses 

Based on the above objectives, two hypotheses were tested In this study: 

• When salinity decreases, the species diversity of phytoplankton will 

increase. 

• When the cell density of phytoplankton Is high, there will be presence 

of PL of Mauobrachlum sp. 
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CHAPTER 2 

LITERAlURE REVIEW 

2.1 Stock Enhancement of Inland Waters In AsIa 

Stock enhancement is a fundamental component of many Inland fisheries. In Asian 

rivers, fishery stock enhancement for fishery developments is relatively rare 

compared to developed countries (Welcomme, 1997). Stocking programmes for the 

Mekong giant fish species, such as the giant barb (OJtlocarpio siamensiSj and the 

giant catfish (Pangasianodon gigaS) are examples of riverine stock enhancement In 

Asia (De Silva and Funge-Smith, 2(05). 

Stock enhancement of the giant freshwater prawn, M.rosenbergil, was 

attempted In several rivers In Thailand since 1998 (De Silva and Funge-Smlth, 2(05). 

From the year 1998 to the year 2003, 15 rivers were stocked with nearly 70 million 

PL The most Intensely stocked river was Pak Nanang In southern Thailand, with 26 

million PLln 1999 and Songkhla Lake, with 32 million PL In 2002 (Choonhapran et aI., 

2003). Increase In river production was reported, as a result of the stocking 

activities. The most successful stock enhancements In AsIa are In floodplain beels and 

oxbow lakes In Bangladesh (De Silva and Funge-Smith, 2(05), where the use of small 

water bodies that are not capable of supporting natural fisheries had led to culture­

based fisheries that have very high rates of recapture and stock. 
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