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ABSTRACT 

This study was conducted to determine the diversity of fish communities in Batang 
Lemanak and the effects of changes in aquatic environment especially the effects of 
increasing suspended solid (TSS) towards the freshwater fish species. TSS loading was 
calculated based on the river hydrology. Another seven water quality parameters, namely 
DO, BOD, temperature, pH, N03-·N, pol and NH3-N were used to determine the 
quality of the river water. River water was sampled from the main river and its tributaries 
for comparison purposes. The results showed the degradation of water quality at the 
stations which had been affected by the logging activities. Statistical analysis showed that 
the water temperature was not significantly different among the stations but there were 
significant differences between first sampling and second sampling. The distribution and 
population offish species was also affected due to the changes of habitat. 

Key Word: Suspended solid, fish fauna, water quality. 

ABSTRAK 

Kajian ini telah dijalankan untuk menentukan kepelbagaian komuniti ikan di Batang 
Lemanak dan kesan perubahan persekitaran akuatik terutamanya kesan peningkatan 
pepejal terampai (TSS) terhadap ikan air tawar. Muatan TSS telah dikira berdasarkan 
hidrologi sungai. Tujuh parameter lain, iaitu DO, BOD, suhu, pH, NO)-·N, pol- dan 
NHrN telah digunakan untuk menentukan kualiti air sungai. Air daripada sungai utama 
dan anak sungainya telah dikaji untuk membuat perbandingan. Hasil keputusan 
menunjukkan kualiti air yang rendah di stesen yang terpengaruh oleh aktiviti 
pembalakan. Analisis statistik menunjukkan suhu air tiada perbezaan yang signifikan 
antara stesen tetapi mempunyai perbezaan yang signifikan antara persempelan pertama 
dan persempelan kedua. Taburan dan populasi spesies ikan turut terpengaruh disebabkan 
perubahan kepada habitat. 

Kata Kunci: Pepejal terampai, fauna ikan, kualiti air. 



INTRODUCTION 

In the early days, it was advantageous to locate village settlements near the 

riverbanks. Firstly, these offered strategies positions for defence and security against 

invaders. The river also served as a mean of communications as well as sources of water 

and food. 

In Sarawak, the riverine villages are known as long house communities. 

Freshwater fish are the protein sources for the residents living near to the river in 

Sarawak (Kumbang and Laing, 1990). Batang Lemanak is one of the tributary of Batang 

Lupar which is located about 60 kilometres east of Kuching (Figure 1). The Batang 

Lupar flows from the KHngkang Range to the South China Sea (Khoo et al., 1992). 

Batang Lemanak is an important mean of transportation and the food resources for the 

long house residents. However, as a result of logging activities in the watershed of 

Batang Lemanak, the fish population has decreased gradually since 10 years ago. 

According to the local residents, one of the main factors contributing to the decrease of 

fish population is the change of habitat as a result of the logging activity. 

Forest near the riverbank tend to conserve water, topsoil and nutrients and exerts a 

conservative effects on the aquatic system draining forested landscapes. The clearance of 

vegetation has readily observable effects, notably on the water yields in streams, the 

timing and nature of runoff and the production of silt (Welcomme, 1985). Other effects 

are less immediately discernable but may nevertheless be important and include increased 

concentrations of nutrients, changes in pH, water temperature and dissolved oxygen. 

According to local residents, the logging activities had been developed at Batang 

Lemanak since 1987. But it only covered small areas. In 1995, big scale logging activities 
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had been carried out by certain company along the left side of riverbank. As a results, the 

river become cloudy and affected the survival of fish in the river. The food resources 

have been affected and they have to develop the inland fish although they lack suitable 

land to build the ponds. 

The runoff from the sloped forest discharge into the river causes accumulation of 

sediments. Increasing in level of suspended solid is believed to contribute negative 

effects to the habitat, survivor and growth rate of the fish larvae and fries. According to 

Gaber and Gaber (1992), temperate fish that live in water which contain high-suspended 

solid have low growing rate, low protection against disease and incomplete development 

of fish larvae. However, the real effect of an increase of suspended solid towards the fish 

species in tropical area is not well known. 

Several research on the diversity of freshwater fish have been carried out in 

Borneo. These researches were carried out by Inger and Chin (1990) in Sabah, Robert 

(1989) and Kotellat el al. ( ] 993) in Kalimantan, Indonesia and Choy (1996) in Brunei. In 

Sarawak, research about the fish community was not very comprehensive if compared to 

Sabah and Kalimantan. However, there have some research in Baram River (Watson and 

Balon, 1984), Batang Rajang (Tan el al., 1995) and Katibas River (Rachmatika el al., 

1998). 

Logging activities substantially alters the physical environment of streams. 

Changes in stream flow and increased sediment production are among the most serious 

consequences of logging activities because they have long-term effects on channel and 

habitat features. Logging also exposes the streambed to increased solar radiation resulting 

in warmer temperatures and greater autotrophic production. The biological consequences 
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of canopy removal may be of relatively short duration due to regrowth of the vegetation 

(Allan, 1995). 

Total suspended solids are an indication of the amount of erosion that took place 

nearby or upstream. Sediment delivery to river is an important long-term consequence of 

logging and other intensive land use activities. Major sources of sediments include 

landslides on deforested slopes, surface scour from logging roads and erosion of 

sediments stored on river banks or with the riverbed itself due to greater flooding 

(Scrivener and Brownlee, 1989). 

Although the studies on fish community have been done in some of the main 

rivers in Sarawak, the fish community in Batang Lemanak had not been researched. The 

effects of total suspended solid towards freshwater fish species at tropical area are also 

not known. Most of the earlier studies that have been carried out in Sarawak reported the 

list of the fish species from certain area but do not relate to the changes of environment 

such as the increasing of suspended solid as a results of logging activities. Therefore, the 

aim of this study is to determine the diversity of communities of fish in Batang Lemanak 

and the effects of changes in aquatic environment especially the effects of increasing 

suspended solid towards the freshwater fish species. 
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METHODOLOGY 

Water Quality 

Sampling Locations 

Sampling was carried out at Batang Lemanak in Lubok Antu, Sri Aman (Figure 

I). First sampling was carried out on 26-30 August 2003 and the second sampling was 

carried out on 7-11 January 2004. Seven stations were selected for the water quality 

studies. Three stations were selected from Batang Lemanak and four stations were 

selected from its tributaries including Sungai Kesit, Sungai Puloh, Sungai Menyebat, and 

Sungai Patoh. The sampling stations for this study are shown in Figure 2. The GPS 

location of these sampling stations is shown in Table 1. For the soil particles analysis, 

Sample 1 was collected from Station X and Sample 2 was collected from Station Y 

(Figure 2). 

178 
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Figure 1: Location of Batang Lemanak in Sri Aman Division (black arrow). 
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Upstream 

Station 7 (Uyau) 

station 6 (Sg Patoh) 

~nx Station 5 (Sg l\'lenyebat) 

Station 4 (Sg Pl~ 
Station 3 (Below Sg Puloh) 

Downstream 

(Ng Kesit Boat Landing) 

Figure 2: Water quality and soil particles sampling stations 
at Batang Lemanak and its tributaries. 

Table I: GPS location of the sampling stations. 

Station GPS Location 
1 NOlO 13.863' E 111°46.942' 
2 NOlO 14.013' Elll°47.361' 
3 N 0 I ° 17.198' E 111°49.036' 
4 NOlO 17.385' E 111° 49.033' 
5 NOlO 17.521' E 111° 49.456' 
6 N 0 I ° 19.990' E 111° 50.088' 
7 N 01°21.810' E 111° 49.942' 
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Discharge Measurement and Sediment Loading ofRiver 

Discharge of the river was measured by field determination of the velocity and 

cross section of the river. Depth measurements for determining the cross sectional area 

was made by submerging a stick which was later measured using a measuring tape. The 

width of the river was measured using a measuring tape. The current velocity of the river 

was measured by using the current meter Model 2000 Portable. 

The sediment loads of the river were determined by mUltiplying the discharge of 

the river with the concentration of suspended solid. For example: 

River Discharge = X lis 

TSS = Y mg/I 

Therefore, Sediment Load = X x Y mg/s 

= 24 x 3600 x ( X x Y ) mg/day 

In-situ Field Measurement 

Temperature and dissolved oxygen of the water were measured by using DO 

meter Model 300 series Cyderscan whereas pH were measured using pH meter Model 

Jenway 3305. Secci disc was used to measure the transparency of the water. The secci 

disc was lowered into the water until it cannot be seen. The length of the rope is the 

measurement for transparency. 
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Laboratory Analysis 

Total Suspended Solid 

Total suspended solid concentration were determined by filtering about 300 ml of 

water samples through a pre-weighted 0.45 ).lm pore size membrane filter. After that, the 

filter paper was dried under 103°C. The dry weight of the residue was measured until 

getting a constant measurement. The formula is showed below (APHA, 1998): 

TSS (mg/I) = ( A-B) x 1000 

C 

A = weight after filtration (mg) 


B =weight before filtration (mg) 


C = volume of water sample which had been filtered (ml) 


Particle Size Analysis 

Soil sample were sieved using a sieve with a mesh size of 2 mm. The sieved 

ample was then weighed for 10 grams. The weighed sample was then put into a flask 

cone and 100 ml of distilled water was added. The mouth of the flask was sealed using a 

parafilm. The flask was then left on the shaker for 18 hours. After 18 hours, the sample 

was sieved by using a sieve with a mesh size of 50 Ilm. The sieved sample was collected 

by using a beaker. The sample was then poured into a 1000 ml measuring cylinder. The 

sample on the sieve was rinsed with distilled water until reaching the water that came out 

from the sieve was clear. Distilled water was then added to the cylinder until reaching the 

1000 ml level. Particles that were retained on the sieve were rinsed into a petri dish. All 

fthe petri dishes were weighed before the sample fractions were put onto the dish. The 
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petri dish was then placed in the oven for the first fraction of the sample (sand fraction). 

Tbe fract ions of the samples were kept in an oven at a temperature of 105°C and were 

left overnight until the samples were dried. These fractions were weighed and the initial 

weights of the fractions were recorded. For the fractions of coarse silt, fine silt and clay, 

the samples were pipetted by using 25 ml pipette. As for coarse silt (20 /-lm), the tip end 

of the pipette was dipped until 10 cm depth (measured from the surface of mixture). For 

silt (5 /-lm) and clay (2 /-lm), the depth of dipping the tip end of pipette is reduced to 6.7 

cm. The samples were then put onto petri dishes before the petri dishes were placed in the 

oven at a temperature of 105°C overnight. The initial weights of the petri dishes were 

recorded. Particle sizes were determined in three replicates. Table 2 shows the time 

fraction for coarse silt, fine silt, and clay (Padmanabhan and Atet, 1999). 

Table 2: Timetable for the soil fraction analysis. 

Sample Stir Coarse silt Fine silt Clay 
Sample I Omin 4 min I sec t h 4 min 27 sec 4 h 30 min 

Sample 2 2 min 7 min 1 sec I h 7 min 27 sec 4 h 33 min 

Sample 3 8min 13 min 1 sec 1 h 13 min 27 sec 4 h 39 min 
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Particles sizes were calculated using the formula (Padmanabhan and Atet, 1999): 

Clay (%) = 100 x (RW2 x CF) / TW 

Where: RW2 == Residue weight of2 Jlm fraction (g) 

CF 1000 ml / OV 

OV Pipette volume 

TW == Sample total weight (g) 

SUt (%) == [100 x (RW2ox CF) / TW)] - Clay (%) 

Where: R W20 == Residue weight of 20 f..lm fraction (g) 

Sand (%) == Residue weight / TW x 100 

Coarse silt (%) == 100 - (silt + sand)(%) 

Biochemical Oxygen Demand (BOD5) 

BOD of the water was measured by measuring the differences between the initial 

dissolve oxygen (~O) and DO reading obtained after five days. 300 ml BOD bottle was 

wrapped with aluminum foil and kept at 25°C in a cooler box. After 5 days, DO was 

measured to get the BODs value. The formula is shown below (APHA, 1998): 

BODs (mg/I) == 0\- 05 

P 


0\ =DO measured in Day I (mg/I) 


Ds =DO after 5 days (mg/I) 


P =Volume sample of water used (I) 
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Nutrient 

The nutrient contents were analyzed using the Hach Spectrophotometer DR 2010. 

The nitrate was analyzed following the Standard Method 8192 based on cadmium 

reduction method. Ammonia nitrogen was analyzed using the Standard Method 8038 

based on Nessler method and the determination of reactive phosphorus was analyzed 

using the Standard Method 8048 based on Powder Pillow Method (Hach Kit, 2000). 

The Hach Kit uses the colorimetric method in which a colorimeter is being used. 

The colorimeter comprises a glass sample cell through which a beam of light from a low 

voltage lamp is passed. Firstly, a blank of the sample without the color forming reagents 

is used to set the zero optical density position. The treated sample is then placed in the 

light path whereby light emerging from the sample is detected by a photoelectric cell 

whose output is displayed on a meter in terms of the nutrients concentration. 

Fish Fauna 

Sampling Locations 

Fish collection was made at eight selected stations in Batang Lemanak and its 

tributaries. Along the Batang Lemanak, three stations were selected [Station D (Uyau), 

Station F (Bilararap) and Station H (Ng Bangai)]. Five tributaries were selected for fish 

sampling [Station A (Sg Kesit), Station B (Sg Puloh), Station C (Sg Menyebat), Station E 

(Sg Bangkit), and Station G (Sg Bangai)]. The sampling stations for this study are shown 

in Figure 3. Station A, B, C and D of the fish sampling locations are similar to Station 2, 

4,5 and 6 of the water quality sampling locations. 
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Upstream 

Station H (N g Bangai) 

, Station F (Bilaral"ap) 

Station D (Uyau) 

Station C (Sg Menyebat) 

Downstnam 

Figure 3: Fish sampling stations at Batang Lemanak and its tributaries. 

Fish Sampling 

The fish were collected by using the electroshocker device consisting of two 

copper electrodes on wooden handles powered by a 500-watt portable AC generator. 

Fishes were then collected using small mesh size seine net, dip nets or caught by hands. 

Electrofishing device was used at all these stations because the streams were narrow 

(width ranges from 15 to 27 m), shallow (depth ranges from 0.4 to 1.3 m) and relatively 

flowing with rocky/pebbles bottom (speed ranges from 0.11 to 1.1 m/s). Station 0 
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was sampled using gill nets of different mesh size. All of the collected specimens were 

kept in a plastic container which contain 10% formalin and later transferred to 70% 

ethanol. 

Fish Measurement 

Total length and standard length were measured in 0.1 cm and the weight were 

measured in 0.00 I g. Total length is the measurement from tip of mouth to end of tail and 

the standard length was measured from the anteriormost point of the upper lip to the base 

of the median caudal rays to caudal peduncle (Kotellat et al., 1993) (Figure 4). 

Total Length 

Standard Length 


Figure 4: Total length and standard length for fish species. 


13 




.... 
I 

Diversity Indexes 

For fish sampling, the value for Shannon-Weiner Diversity Index (H), Margalef 

Richness Index (D), Pielou Similarity Index (1) were calculated for each station based on 

the formula below: 

Shannon-Weiner Diversity Index (H) (Shannon and Weaver, 1963) 

H =n log n - L fi log fi 
n 

n = Sample size 

fi = number of individual each species 

Marga/eJ Richness Index (D) (Margalef, 1968) 

D = ( S-I) 
Log10N 

S = Total number of species. 

N =Total number of individual 

Pielou Similarity Index (J) (Pie lou, 1966) 

J =-H...
Ln S 

H =Diversity of Species 

S =Total number of species 

Fish Identification 

Fish species were identified using the taxonomic method according to Inger and 

Chin, (1990) and Kotellat et al. (1993). 
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RESULTS 

River Cross Section and River Discharge 

The cross section of the river at each station is shown in Table 3 and Figure 5. 

The width of the river ranged from 10.0 m at Station 4 to 27 m at Stations 3 and 7. The 

depth ranged from 0.46 m at Station 5 to 1.33 m at Station 2. The cross section ranged 

from 2.51 m2 at Station 4 to 9.13 m2 at Station 2. The current speed ranged from 0.11 m/s 

at Station 2 to 1.08 m/s at Station 3. The discharge of the river ranged from 0.43 m3Is at 

Station 4 to 5.59 m3/s at Station 3. 

Table 3: Cross section and river discharge measurements. 

Station 
Width 

(m) 
Depth 
(m) 

Cross Section 

(m2
) 

Current Speed 
(m/s) 

Discharge 
(m3/s) 

I 18.6 1.17 3.77 0.87 3.54 

2 22.0 1.33 9.13 0.11 1.07 

3 27.0 I 0.54 4.80 1.08 5.59 

4 10.0 0.58 2.51 0.16 0.43 

5 23.0 0.46 5.28 0.23 1.41 

6 14.7 0.52 3.35 
I 

0.23 0.84 

7 27.0 0.54 4.31 0.66 2.98 
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Figure 5: Cross section and discharge rate for all stations. 
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TSSLoading 

From the results of Table 4, TSS loading ranged from 245 g/day at Station 6 to 

31,733 g/day at Station l. The TSS loading increases from upstream to downstream along 

Batang Lemanak. Station 7 at upstream recorded 3,527 g/day, Station 3 recorded 7,230 

glday and Station 1 at downstream recorded 31,733 g/day. TSS loading of sampling 

stations at Batang Lemanak were higher than stations at its tributaries. Station 2 which is 

one of the tributaries at the downstream had the highest value of 701 g/day and Station 6 

which located at upstream tributaries recorded the lowest value of245 g/day. 

Table 4: TSS loading of all stations during second sampling. 

TSS Load (2/day) 

1 

Station 

31,733 

2 701 


3 
 7,230 


4 
 445 


5 
 301 


6 III 245 


7 
 3,527 

Particles Size Analysis 

According to textural triangle for soil texture analysis of the USDA classification, 

percent of clay and sand were used to determine the classification (Klute, 1994). The clay 

percentage of sample 1 was 7.68 % and the percentage of sand was 39.24 %. Sample 2 

had higher clay percentage with 8.17 % but the percentage of sand was lower with 33.66 

% (Table 5). Both sample were classified as silt foam. 
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Table 5: Percentage of soil particles. 

Soil Particle (Size) Percenta2e (%) 
Sample 1 Sample 2 

Clay (2 um) 7.68 8.17 

Silt (5 ~m) 23.76 23.16 

Coarse silt ( 20 Ilm ) 29.32 35.02 

Sand ( > 50 ~m ) 39.24 33.66 

Water Quality Parameters 

Total Suspended Solid 

From the results of Figure 6, the mean of TSS ranged from 1.00 mg/I at Station 2 

to 337.84 mg/I at Station 7 during the first sampling. The mean of TSS ranged from 2.47 

mg/I at Station 5 to 103.75 mg/I at Station ] during the second sampling. There was a 

large differences between first sampling and second sampling at Station 5 and Station 7. 

Station 5 recorded the TSS value of 99.83 mg/I during first sampling (29/8/03) and 2.47 

mg/I during second sampling (9/1/04). Station 7 recorded the TSS value of 337.84 mg/] 

during first sampling (27/8/03) and 13.7 mg/I during second sampling (9/1/04). 

400 


350 

300
-
----.- 1 st Samplinga 2W 1.s. 200 
-+- 2nd Sampling

~ 150 
100 
50 

0 
1 2 34567 

Stations 

Figure 6: Mean TSS value at all the stations. 
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Figure 7 shows the comparison of TSS level between sunny and rainy day. Both 

stations recorded higher TSS value during rainy day than during sunny day. Station 7 

recorded the highest TSS level of 1,548 mg/I during rainy day (29/8/03) whereas it was 

only 337.84 mgll during sunny day (27/8/03). Station 3 also recorded higher TSS level of 

639 mg/I during rainy day (29/8/03) and lower value of 14.9 mg/I during sunny day 

(9/1/04). 

1600 
1400 ~ 

_ 1200 j 
• sunnya 1000 

.5. 800 i Orainny 

m 600 
~ 400 

200 

o 

3 7 

Stations 

Figure 7: Mean TSS levels during sunny day and rainy day at Station 3 and 7. 

Temperature 

The water temperature ranged from 23.7 °c at Station 5 to 27.1 °c at Station 3 

during the first sampling. During the second sampling, the water temperature ranged from 

24.5 °C at Station 2 to 26.1 °c at Station 3 and 4. Among the stations located at Batang 

Lemanak, Station 3 recorded a value of 27.1 °c during first sampling and 26.1 °c during 

second sampling whereas Station 7 recorded a value of26.5 °c during first sampling and 

2S.4°C during second sampling. The water temperature of Station I was not significantly 

different between samplings. Among the stations at the tributaries, only Stations 4 and 5 
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showed significant differences between samplings. Station 4 recorded a value of 25.1 °C 

during first sampling and 26.1 °C during second sampling whereas Station 5 recorded the 

value of23.7 °C during first sampling and 24.9 °C during second sampling (Figure 8). 

28 -, 

- 27o 
o 	 26

! 25  --+- 1st Sampling.a
I! 24  --.- 2nd Sampling CD 

~ 23 

~ 22 1 


21 ----,

1 2 345 6 7 

Stations 

Figure 8: Mean temperature values at all the stations. 

Dissolved Oxygen (DO) 

The DO levels ranged from 7.56 mg/I at Station 2 to 8.77 mg/I at Station 5 during 

the first sampling and the value ranged from 6.47 mg/I at Station 5 to 7.54 mg/I at Station 

I during the second sampling. The DO levels at all stations during the first sampling was 

higher than second sampling. The value at Station 5 showed significant differences 

between samplings. The DO level was 8.77 mg/I during first sampling but decreased to 

6.47 mg/I during second sampling. Station 2 showed no significant differences (7.56 mg/I 

during first sampling and 7.31 mg/l during second sampling) (Figure 9). 
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Figure 9: Mean DO values at all the stations. 

Biochemical Oxygen Demand (BODs) 

The BOD5 for first sampling ranged from 4.53 mg/I at Station 6 to 10.67 mg/I at 

Station 7 and the second sampling ranged from 3.23 mg/I at Station 6 to 6.30 mg/I at 

Station I. The BOD5 level at first sampling was higher than second sampling. Only 

Station 7 showed a large differences between samplings which recorded 10.67 mg/l 

during the first sampling but the value decreased to 3.43 mg/l during the second sampling 

(Figure 10). 
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Figure 10: Mean BOD values at all the stations. 
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pH 

Figure 11 shows that the pH of water ranged from 5.83 at Station 5 to 7.34 at 

Station 3 during the first sampling. During the second sampling, the water at almost all 

the stations were observed to be slightly alkaline in nature with mean pH values ranged 

from 7.40 at Stat ion 3 to 8.50 at Station 2. When compared between the samplings, the 

pH value at Station 2 and Station 5 showed significant differences. pH at Station 2 was 

6.25 during the first sampling and 8.50 during the second sampling. pH at Station 5 was 

5.83 during the first sampling and 8.00 during the second sampling. 

10 
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J: 
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Figure 11: Mean pH values at all the stations. 

The nitrate level ranged from 0.05 mg/I at Station 2 to 0.14 mg/I at Station 3 and 7 

during the first sampling. The Nitrate level ranged from 0.03 mg/I at Station 5 to 0.05 

mgtl at Station 3 and 7 during second sampling. During the first sampling, the value of 

'on 1, 3 and 7 at Batang Lemanak which ranged from 0.1 to 0.14 mg/1. These value 

higher when compared to all the stations at its tributaries which ranged from 0.05 to 

mgtl. During the second sampling, the levels of nitrate were consistent among the 
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