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Fish Fauna and Water Quality of Sungai Semadang, Bengoh, Sarawak 

Nurul Anisya binti Abdul Malek 

Aquatic Resource Science and Management 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 

This study was conducted to determine the diversity of fish fauna community and water quality of Sungai 
Semadang, Bengoh, Sarawak. The fishing methods used were gill net and electro shocker. Fourteen species 
belonging to 6 families and 10 genera were recorded from the sampling sites. From the 139 individuals 
caught, the dominant family was Cyprinidae representing 61.9% of the total number of individual caught. 
During the study period, the water was generally clear, fast flowing with rocky and sandy substrate at the 
bottom of the river. Water samplings were conducted twice, once during dry season (7 September 2005) 
and once during rainy season (6 February 2006). Six parameters chosen were dissolved oxygen (DO), 
biological oxygen demand (BOD), ammoniacal nitrogen (NHrN), total suspended solid (TSS), chemical 
oxygen demand (COD) and pH. Several other parameters that were measured were temperature, nitrate
nitrogen (N03 ~) and orthophosphate (POl). The Water Quality Index (WQI) of Sungai Semadang for 
both sampling was 88.8 during dry season and 92.4 during rainy season. Based on the INWQS, Sungai 
Semadang is in Class I for all parameters except BODs, DO and pH. Sungai Semadang was categorized in 
Class II based on INWQS. 

Key word : Fish fauna, Water Quality Index (WQI), river classification (lNWQS). 

ABSTRAK 

Kajian ini telah dijalankan bagi menentukan kepelbagaian komuniti ikan dan kualiti air di Slingai 
Semadang, Bengoh, Sarawak. Kaedah penangkapan yang digunakan ialah Pllkat insang dan kuasa 
renjatan elektrik. Sebanyak 14 spesies ikan yang terdiri daripada 6Jamili dan 10 genera telah direkodkan 
dari tapak persampelan. Daripada 139 individu ikan yang telah ditangkap, Jamili Cyprinidae mendominasi 
kawasan Slingai Semadang dan mewakili 6/.9% daripada jumlah keseluruhan individu ikan yang telah 
ditangkap. Sepanjang kajian, air sllngai adalah dalam keadaan jernih, berarus deras dan dasar substrat 
yang berbatu serta berpasir. Persampelan kualiti air dilakukan sebanyak dua kali iaitll sekali semasa 
musim panas (7 September 2005) dan sekali semasa musim hlljan (6 Februari 2006). Enam parameter 
telah dipilih iaitu oksigen terlarut (DO), permintaan oksigen biokimia (BOD), ammonia-nitrogen (NHrN), 
jumlah pepejal terampai (TSS) , permintaan oksigen kimia (COD) dan pH. Beberapa parameter lain juga 
diukur iaitll sllhu, nitrat-nitrogen (N03--N) dan JosJorlis reaktif (PO/J Indeks Kualiti Air (WQI) bagi 
Sungai Semadang ketika persampelan pertama dan kedlla ialah 88.8 ketika musim panas dan 92,4 ketika 
musim hujan. Berdasarkan INWQS, Slingai Sem'adang berada dalam Kelas 1 bagi semua parameter keeuali 
BODs, DO dan pH. Sungai Semadang boleh dikategorikan dalam Kelas /1 berdasarkan INWQS. 

Kata kunei: Fauna ikan, Indeks Kualiti Air (WQI) , pengkelasan sungai (INWQS). 
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1.0 INTRODUCTION 


River is useful to all living organisms. Apart from fisheries, the river is used for 

public utilities, irrigation and drainage, industrial and recreational purposes. However, 

from the dawn of agriculture we may presume that landscape changes due to farming, 

grazing and deforestation have influenced watershed characteristics directly and through 

effect on climate (Allan, 1995). According to Allan (1995), human activities have 

mod ified the physical, chemical and biological nature of running waters. The 

construction of irrigation canals, dam and other ditches has been developed 5000 years 

ago along the Nile, the Tigris Euphrates and Indus rivers. Some of the construction was 

very useful today in improving navigation and protecting riverside residential from 

flood ing. Rivers that are swift flowing are useful to build a hydropower station to provide 

electrical power for some regions. 

In Peninsular Malaysia, Pahang River is an important river as it supports the 

state in terms of fisheries production and conventional water use. Despite the various 

benefits l>eing derived from the basin, there has been no sound basin management in 

practice. Khan el af. (1996) stated that the existing status of the basin as a source of fish 

biodiversity is not promising, as organic and inorganic pollution in the basin continues to 

increase over the years. With increasing development around the basin, the concentration 

of suspended solids will continue to increase; this was estimated at 500 mg/l in 

1978/ 1979 (JICA Report, 1982). As the problem give effect to the aquatic ecosystem, 

special attention should be given to these habitats. Since the diverse and abundant of fish 

community and the other biota in aquatic ecosystem was endangered due to 

anthropogenic activities and other natural disasters, these ecosystems should be protected 
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pennanently and managed in a sustainable manner. In Malaysia, freshwater fish is the 

main source of animal protein for many rural communities. H is also a source of 

livelihood for a large rural pollution. Aquatic habitats that support a variety of fish 

species are important sites for recreational and ecotourism. Angling and recreational 

fisheries are set to be one of the important fisheries sub-sectors in Malaysia. If Malaysia 

is to be tbe one of the major tourist destinations in the world, these natural resources have 

to be efficiently managed. The country thereby, can sustainable utilize its natural 

resources and at the same time generate considerable income (Khan et al., 1996) . 

ungai Semadang is an important water resource to the people living near the 

river for economic, transportation and domestic purposes. The limited information 

regarding the fish fauna and water quality of the river becomes an essential part to 

undergo this project. Other than that, data for fish fauna and water quality that were 

obtained were recorded as a basic data that can be used for further research. Although 

many surveys had been done on the Sarawak freshwater fishes, none of these was carried 

out in Sungai Semadang. 

1.1 Objectives 

The objectives of these studies were to: 


I) produce a checklist of fish species found in Sungai Semadang, 


2) determjne the distribution and abundance of freshwater fish in Sungai Semadang, 


and 

3) determine the water quality of the river. 
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2.0 LITERATURE REVIEW 

2.1 Fish Fauna Study in Borneo 

Bleeker has been described by Dr. Theodore Gill as "the most active ichthyologist 

that ever lived" (Mohsin and Ambak, 1990). The work of Pieter Bleeker on the 

knowledge of the freshwater fishes of Borneo has begun during the period 1851-60. 

Bleeker had recorded most of the freshwater fishes which has been found in Borneo 

(Inger and Chin, 1990). North Borneo comprises 29,387 square kilometres (or about one

tenth of Borneo's total of 286,969 square kilometres), yet its largely unreported fauna 

includes more than one-third of the primary fresh-water fishes now known from Borneo 

(Inger and Chin, 1990). 

In Malaysia, the distribution of fish was high. About 380 fish species had been 

recorded by Khan el aJ. (1996). From the previous stud ies, more than 300 species of 

primary freshwater fish had been reported to occur in Borneo (Inger and Chin, 1962; 

Roberts, 1989; Kotellat et al., 1993). Kotellat et al. (1993) reported about 249 fish 

species were recorded from the inland waters of Sarawak and Brunei Darussalam. 

In Sabah fish fauna studies have been carried out at several places such as 

Kinabalu Park (Abdullah, 1990), Sayap-Kinabalu Park (Nyanti, 1995) and upper rivers of 

Crocker Range National Park (Khairul et al., 2001). 

In Sarawak, the studies of freshwater fish had been done at Sungai Baram 

(Watson and Balon, 1984), Sarawak and Brunei (Kotellat et al., 1995), the upper rivers of 

Sungai Batang Rajang (Nyanti et al., 1995), Lanjak-Entimau Wildlife Sanctuary (Leh, 

2000), Kelabit-Bario Highland River (Nyanti et al., 1998), Katibas River (Rachmatika et 

aI., 1998), Layar River and Sepak River, Betong (Kelvin et al., 2002a), Ba'KeIalan 
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Highland (Kelvin el al., 2002b), Bakong River, Miri (Kelvin el al., 2003), Sungai Batang 

Lemanak, Engki li (Lee, 2004) and Loagan Bunut (Nyanti et al., 2004). 

Among these studies, about 57 species of fish had been reported to occur In 

Sungai Baram (Watson and Balon, 1984). According to Nyanti et af. (1995), 66% species 

of fish comes from the family Cyprinidae which was dominant in Batang Rajang. Kelvin 

et al. (2002b) had reported that there were 22 species of fish belonging to 8 families at 

Ba'Kelalan Highland. Other than that, Lee (2004) had reported that there were 29 species 

of fish occur up at Sungai Batang Lemanak, Engkilili . In Kelabit-Bario Highland River 

has been recorded about 24 species of fish belonging to 7 families and 19 genera (Nyanti 

et aI., 1998). These studies become important sources on the diversity of freshwater 

fishes in Sarawak. 

2.2 Zonations of River 

According to Mohsin and Ambak (1991), rivers can be divided into zones which 

are upper, middle and lower zone. These zonations are due on the basis of gradient, 

morphometry and current velocity. However, each zone has differences in biotic nature 

and also in biotic communities as well. The upper zone has a mean water temperature 

which is not exceeding 25°C. The turbulent now for this part is very fast with high 

current velocity. It is also high in oxygen concentration. The bottom of the river was 

sandy and with mixtures of boulders, stones and gravel. The features of upper the upper 

zone is due to the upper reaches of rivers flow up through a thick vegetative canopy of 

virgin jungle. The middle zone of the river has the most fish fauna. This zone is also 

varied in its environment. Mean water temperature is in excess of 25°C, but usually 
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about 27-28 °C with low current velocities. It has seasonal variable discharge, usually 

with large suspended solids over sand bed. The lower zone in almost all rivers is the most 

polluted zone with high silt loads compared to the middle and upper zones. The 

biological and chemical oxygen demand for the lower zone is greater than the middle 

zone. However, the oxygen content is almost similar for both of the zones. The flow rate 

is low and is influenced by tides. 

2.3 Water Quality Parameters 

Water quality study and monitoring was made based on several classification 

prepared by the Department of Environment (DOE) 1994. Interim National Water 

Quality Standards for Malaysia (INWQS) was used to classify Malaysian water based on 

chosen parameters such as Biochemical Oxygen Demand (BOD), Chemicaf Oxygen 

Demand (COD), pH, Ammoniacal Nitrogen (NH3-N), Dissolved Oxygen (DO) and Total 

Suspended Solid (TSS). 

Organic pollution In the rivers is caused by domestic sewage, effluent from 

industries rubber factories, oil palm mills and animal husbandries. Biological oxygen 

demand (BOD) concentrations of more than 5 mgll were recorded in the Pahang River in 

1978/1979. This has greatly reduced the self-purification mechanism of the river and 

affected the aquatic ecosystems (JICA Report, 1982). Khan e/ al. (1996) stated that there 

have also been recent reports of mass fish mortality due to toxic effects of chemicals 

from untreated rubber and palm oil effluents. 

There are numerous reactions of physical and chemical parameters occurring in 

the river. These physical and chemical characteristics were analyzed to determine the 

5 



index of water quality in the river. The Department of Environment (1994) had defined 

the water quality criteria as "concentration limitations of pollutant established purely on 

the basis of scientific knowledge for the protection of specifically identified beneficial 

uses of the ambient water resources". 
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3.0 MATERIALS AND METHODS 

3.1 Study Site 

+ 
N 
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Figure 1: (a) Map of Sarawak. (b) Map of Sungai Semadang which is the tributary of 
Sungai Sarawak Kiri, and (c) Map of study site and sampling stations. 

7 




The study site that was chosen is Sungai Semadang which is a tributary of Sungai 

Sarawak Kiri. There are four sampling stations that have been chosen to collect the 

sample of fish and water quality parameters. Global Positioning System, Model GPS 12X 

12 Channel was used to mark the coordinate of each station (Table I). 

Table I: GPS coordinate for each selected station. 

Station Study Site GPS coordinate II 

I Upstream area of Sungai Semadang N 01 ° 07' 28.8" E 110° 16' 42.4" 

2 Midd le section of Sungai Semadang N 01 ° 08' 28.1" E 110°15' 97.4" 

3 Middle section of Sungai Semadang NOl OII' 15.9" E 110°15'9.4" 

4 Downstream area of Sungai Semadang NOlO 14'66.7"E 110°15'20.5" 

3.2 Sample Collection 

The fie ld samplings were carried out twice, once during dry season (7 September 

2005) and once during rainy season (6 February 2006). However, the fish sampling was 

undergone only once, during dry season. Various types of fishing methods were used for 

the fish sample collection. Fishing methods used were electroshoking and seine net. 

Electro shocker device consisted of two copper electrodes on wooden handles powered 

by a 500-watt portable AC generator. Fish were also collected using small mesh size 

seine net. 

All fishes that have been captured were sorted in the field. Samples were 

preserved in 10% formalin for a week and later transferred to 70% ethanol for 

identification in the laboratory. Essential data such as the date of capture, location and 

station number were labeled on the bottles. Total and standard length measurements were 

me sured u ing a ruler and the value was recorded to the nearest centimeter. Total length 
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is the distance from the tip of the mouth (when closed) to the extreme tip of the caudal 

fin, where the lobes of the caudal fin are squeezed together. Standard length is the length 

from the tip of the mouth (when closed) to the posterior end of the fleshy caudal 

peduncle. 

Weight for each samples were recorded using the electronic balance. Care was 

taken to ensure that the balance data was correct because the balance is sensitive to any 

vibration or wind. 

At the station where electro shocking was used for fish sampling, diversity index, 

species evenness and species richness were calculated. 

Shannon-Wiener Index, (Shannon-Weaver, 1963) was calculated based on the formu la: 

H'= - ~ (Pi log Pi) 

Where H'= a measure of species diversity 

Pi = ni IN 

ni = number of individual of species i 

N = total number of individual collected 

Species evenness (J) (Pielou, 1966) was calculated based on the formula: 

J = H'/Hmax 


Where H'= a measure of species diversity 


Hmax = In S 


S = number of species collected 
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Species richness (D) (Margalef, 1958) was calculated based on the formula: 

o = (S-I)I (log N) 

Where S = the number of species 


N = the number of individual 


3.3 Water Quality Assessment 

Water quality parameters were measured in the field and in laboratory. Parameters 

such as pH, temperature, dissolved oxygen (DO) and water flow was measured in situ. 

Parameters such as chemical oxygen demand (COD), biochemical oxygen demand 

(BOD), total suspended solid (TSS), and nutrients concentrations such as phosphorus, 

nitrate-nitrogen and ammoniacal nitrogen were done in laboratory. 

3.4 Instrument for Measuring 

Hydrolab (Surveyor 3 Display Logger's model) would be use to get the value for 

pH, temperature, redoks potential, conductivity and dissolved oxygen. While DO meter 

(Cyberscan model 300/310) has been used to determine the temperature and dissolved 

oxygen. The pH meter (Cyberscan model 100) would be used to determine pH value. 

3.4.1 Chemical oxygen demand (COD) 

Hach Kit (DR 2010), method 8000 (Reactor Digestion Method) was used to 

I:InaI COD value. A colorimetric determination of this method allows only 0-150 mgll 

~f COD value (low range method). The measurement process also consists of digestion 

II" using COD Reactor (C 9800 Reactor) for 2 hours at 150°C and wavelength that 

lias used in this method was 420 nm. 

10 



3.4.2 Biochemical oxygen demand (BOD) 

To measure BOD, water sample was kept in 300 ml BOD bottle and wrapped 

with aluminium foils. After that, the samples were kept at 25°C in cooler box. The DO 

values were measured 5 days after taking the initial DO using DO meter. The formula for 

BODs is as follow: 

BODs (mg/I) = 0 1 - O2 
P 

Where: 01 = Initial DO (mg/I) 

Os = DO value after 5 days incubation (mg/I) 

P = Volume of water sample diluted (I) 

3.4.3 Total Suspended Solid (TSS) 

The total suspended solid (TSS) is defined as the fine particles that are suspended 

the water bodies. The filter papers were dry in the oven at 103°C - 105°C and the 

weight was recorded. 500 ml of water sample was filtered using pre-weight filter 

(millipore) and dry in the oven at the same temperature for about 2 hours. Dry processes 

were continued until there were no longer changes in weight. The last values were 

.recorded. Calculations for the TSS are as follow: 

TSS (mg/I) = B - A 
C 

Wbere; A =Initial weight 

B = Weight of filter + dried residue 

C = Sample volume (I) 

I 1 




3.4.4 Nitrate Nitrogen (NOrN) 

Nitrate nitrogen (N03-N) determination was carried out using Method 819, 

Cadmium Reduction Methods (Hach Kit, DR20 I 0) and the wavelength was set at 507 

nm. Nitra Ver 6 was added to 30 ml of water sample and shook for 3 minutes. Next, the 

sample was allowed to settle for 2 minutes. Then, 25 ml of the same water sample was 

placed into the sample cell and Nitra Ver 3 was added to it. Then, a 10-minute reaction 

begun and nitrate value could be measured after the reactions ends. Before taking nitrate 

nitrogen value, one blank sample was prepared using the same water sample to 

standardize the nitrate reading (ZERO reading). 

3.4.5 Ammoniacal nitrogen (NH3 -N) 

Nessler Method (Method 8038) was used to measure ammonia-nitrogen using DR 

2010. The water samples were placed in one of the sample cells and the other sample cell 

added with deionizer water and was considered as a blank sample. Three drops of 

Polyvinyl Alcohol Dispersing Agent were added and swirled to mix the water sampled. 

ext, I ml of Nessler Reagent was added to each sample cell. The result for ammonia 

nitrogen was ready to be taken. Wavelength that was used in the analysis was 425 nm. 

River Classification 

Water quality of the river was assessed based on the Interim National Water 

Standards (lNWQS) adopted by DOE (1994) and was classified into five classes 

"1ID~:m~ from Class I of the highest quality to Class V of the poorest quality. Water 

IIWIUltv Index (WQI) has been adopted for the classification of the rivers based on the 
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WQS. The water quality index combined six water quality parameters into one concise 

objective value representing the state ofthe water quality. These parameters included 

oxygen (DO), pH, biochemical oxygen demand (BOD), chemical oxygen 

_lana (COD), ammoniacal nitrogen (NH3-N) and suspended solids (SS). 

Based on the WQI value, a particular river segment can be classified into certain 

and the beneficial use is designated accordingly. The standard calculation to 

w.olw .. 'I'ft\inpthe classification of the river was referred to Appendix 2. 
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A total of 139 individuals were caught throughout the study period. These 

s belong to 14 species of fish, 10 genera and 6 families (Table 2). Analyses 

on the number of individual caught, showed that 62% were represented by the 

Iy Cyprinidae, 17% by Gastromyzontidae, 1% by Gobiide, 12% by Hemiramphidae, 

by Mastacembelidae and 2% represented by the family Sisoridae (Figure 2). Based on 

results, Cyprinidae was the dominated species in Sungai Semadang. The dominance 

the Cyprinidae species is typical for not only Sungai Semadang but also for other 

"'lfl'n: in Sarawak (Nyanti and Bali, 2004). 

The standard length, total length and weight for each species caught from Sungai 

I'CDllKli!UJgare shown in Table 3. The fishing method that was used to catch fish in Sungai 

!ienladiang (electro shocker) especially in Station 4 is not practical because the river is too 

with fast flowing water. Bigger sized fish cannot be caught with this method 

~Iuse they easily escape with the flowing water. There are no commercial riverine 

ficIh ... ",~c:: in Sungai Semadang. Most of the fishing activities in the river are performed by 

residents who live near the river and are almost entirely for their own consumption. 

14 




2: List offish species caught from Sungai Semadang. 

Pusat Khidmat Makfumat AkadenuR 

UNIVERSITI MALAYSIA SARAWAf( 


94100 Kot3 Samarahan 

Paracrossochilus acerus 
Punt ius binotatus 
Puntius collingwoodi 
Puntius lateristriga 
Puntius sealei 
Rasbora myersi 
Rasbora sumatrana 

Gastromyzon borneensis 20 
Glaniopsis hanitschi 2 
Protomyzon griswoldi 2 

Stigmotogobius isognathus 2 

Dermogenys pusi/lus 16 

Mastacembelus maculatus 8 

3 

2% 

• Gastromyzontidae 

• Cyprinidae 

o Mastacem belidae 

o Hem iram phidae 

• Gobiidae 

05isoridae 

Figure 2: The percentage of fish by families caught in Sungai Semadang. 
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3: Standard length (SL), total length (TL), weight (WT) and the number of 
)IIIII;ivi,fmll (N) caught for each species in Sungai Semadang. 

N 
SL 

P(Uacrossochilus acerus 5.23 ± 1.14 6.48 ± 1.25 2.91± 2.07 28 
Punlius binolalus 4.41 ± 1.62 5.78±2.11 3.09 ± 2.44 16 
Punlius collingwoodi 5.03 ± 1.35 6.53 ± 1.76 2.98 ± 2.28 4 
Puntius lalerislriga 4.63 ± 3.33 5.88 ± 4.10 8.18±15.18 6 
Punlius sealei 5.46 ± 2.11 6.98 ± 2.65 6.67 ± 7.58 17 
ItDsbora myersi 4.17 ± 1.59 5.22 ± 1.89 1.75 ± 2.68 13 
Rasbora sumalrana 5.90 ± 1.27 7.60 ± 1.27 3.56 ± 2.11 2 

Gutromyzontidae 
Gaslromyzon borneensis 4.17 ± 0.68 5.02 ± 0.82 2.05 ± 0.75 20 
G/aniopsis hanitschi 4.35 ± 0.64 4.70± 0 0.72 ± 0 2 
Prolomyzon griswoldi 2.75 ± 0.64 3.35 ± 0.78 0.28 ± 0.17 2 

iidae 
StigmOlogobius isognalhus 6.40 ± 4.10 7.60± 4.8 11 4.96 ± 6.00 2 

miramphidae 
Dermogenys pusillus 4.68 ± 0.81 5. 19±1.62 0.46 ± 0.26 16 

9.14 ± 3.61 9.76 ± 3.84 4.02 ± 4.10 8 

6.03 ± 4.37 6.10 ± 3.29 5.56 ± 6.80 3 

Fish Diversity Indexes 

Species diversity ranged from 0.1437 at Station I to 1.1433 at Station 4. Species 

IcJUless ranged from 4.20 at Station 4 to 24.27 at Station 2 and species evenness ranged 

0.0402 at station 2 to 0.4965 at Station 4. Station 4 had the highest species diversity 

species richness when compared to all the other stations. 
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