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Abstract: Batang Ai Hydroelectric Reservoir not only supplied the energy needed for development, it is also
one of the important sites for cage culture. Information regarding water quality at different locations at the
reservoir is scarce in literature. Therefore, the objective of this study was to determine the water quality at
different locations of the reservoir. Results of the water quality study show that thermocline occurred between
7 - 11 m depth. Chlorophyll-a ranged from 0.38 mg/m  to 6.02 mg/m . The most frequent occurrence of highest3 3

chlorophyll-a was at 10 m depth. There was a significant negative correlation between chlorophyll-a and
turbidity. BOD  was the highest at the outflow with values of 5.9 mg/L in November 2011 and 6.7 mg/L in April5

2012. Higher BOD  was observed at stations near to the reservoir inflow due to settlements upstream. Turbidity5

and total suspended solids complied with Class II standards. As DO values could be less than 5 mg/L at depths
of 10 m and below as evidenced in November 2011 near the cage culture site, mixing of epilimnion and
hypolimnion water is potentially unhealthy for the caged fish. There is also a need for reduction of organic
waste from households upstream.
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INTRODUCTION value, aquaculture  contributed  to about 54.5 % of the

Aquaculture is a rapidly  growing  industry that, aquaculture also provided large seafood supply,
worldwide as the demand of fish food increases and reduced poverty and improved the nutrition value of
capture fisheries is not adequate to meet the demand. human [4]. 
Aquaculture  sector   also  provided  job  opportunities In Malaysia, aquaculture is carried out in rivers,
not only in developing, but also in developed countries coastal areas and in hydroelectric reservoirs and Batang
according to international   organizations   such as Ai Hydroelectric Reservoir (BAHR) is one of the
World  Bank, WWF  and  FAO  2002  [1].   Of  the  total Aquaculture Industrial Zones in Sarawak. After the
food  fish supply  of  142  million  tonnes  of  fish in 2008, construction of the dam in 1984, the resulting reservoir
aquaculture accounted for 46% and 81% was used for was developed for fish culture activities [5]. Despite the
human food [2]. The production from aquaculture in benefits from aquaculture sector, there are some impacts
international trade as food  and  feed  yield  increased of aquaculture on our environment including water quality
from 25 percent in 1976 to 39 percent in 2008 [2]. degradation. The metabolic waste and uneaten  feed
Aquaculture is also an important industry  in  Malaysia. courd increase the blooms of phytoplankton leading to
In 2011, the production from aquaculture sector in depletion of dissolved oxygen as reported by Guo and Li
Malaysia was 526,507 tonnes which  is  38.3  %  of  the [6]. In addition, the high stocking densities in cage culture
total  fish  production  in the country [3]. In terms of will  increase  the  loading  of organic matter and nutrients

total value of fish produced in the country [3]. Besides
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[1]. For a reservoir, another source of pollutants is human
settlements in the watershed. For BAHR, two main rivers
that flow into the reservoir are Batang Ai and Engkari
River and there are settlements along the rivers. However,
literature on the water quality at the confluence of the
river is scarce. Previous water quality studies such as
Ling et al. [7] and Nyanti et al. [8] only concentrated on
stations in the reservoir. Therefore, the objective of this
study was to determine the water quality around the
inflow of the reservoir and at the outflow of the reservoir.

MATERIALS AND METHODS

The Batang Ai Dam is located in Lubok Antu,
Sarawak, Malaysia. It was constructed across the Batang
Ai (Ai  Big  River),  which  is located  within  the  Batang
Ai  Catchment  with an area of 1,200 square kilometers.
The Batang Ai Hydroelectric Dam was commissioned in
1985 [9] and cage aquaculture began in 1990 [5].
Samplings were conducted at BAHR in October 2011,
November 2011 and April 2012. In situ water quality
parameters were measured and water samples were
collected at six stations (Figure 1). The information about
each of the station is given in Table 1.

Water samples at each station were collected by
using a Van Dorn water sampler in triplicates at three
depths; 0 m (0.2 m), mid layer  (10  m)  and  bottom  layer
(20 m). They were placed in 1 L of acid washed
polyethylene bottles and stored in cooler boxes before
being transported to laboratory for analyses. For station
6, depth and transparency were only measured in October
2011. Total Dissolved Solids (TDS) was measured in
October and November 2011. 

Table 1: Sampling stations in the reservoir and outflow.
Station Description
1 Upstream of the confluent at Engkari River
2 Upstream of the confluent at Batang Ai 
3 Confluent of Batang Ai and Engkari River
4 Near confluence in the reservoir
5 Near cage culture site 
6 Reservoir outflow 

The in-situ parameters such as pH, temperature,
electrical conductivity, TDS, dissolved oxygen, water
depth, transparency and turbidity were measured at five
stations and at each station at three depths. At station 6,
all in-situ and ex-situ parameters were determined only at
0 m, because this station was shallow and the water was
well mixed. pH, temperature, conductivity, TDS and
dissolved oxygen (DO) were measured by using a
multiparameter instrument (Eutech Cyberscan 600). Water
depth was measured by using depth finder, transparency
was measured by Secchi disk and turbidity was measured
by a turbidimeter (Eutech TN-100). Each of the parameter
was measured in triplicates. 

Water samples collected were analysed for five-day
biochemical oxygen demand (BOD ), total suspended5

solids (TSS) and chlorophyll-a according to standard
methods [10]. BOD were measured in November 2011 and5

April 2012. For BOD measurement, 600 mL of water5

samples collected were immediately diluted with distilled
water and shaken vigorously to raise the initial DO. After
measurement of DO, the water was transferred to BOD
bottles and the bottles were wrapped with aluminium foil
to prevent photosynthesis. DO readings were recorded
again on the 5  day and BOD  was calculated. In theth

5

analysis of  TSS,   samples   were   filtered   using  0.45 µm

Fig. 1: Location of sampling stations at the study site (http://maps.google.com)
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membrane filters that have been rinsed, dried and
weighed. The filter paper with solids were dried in oven at
103 – 105°C overnight and then cooled  and  weighted.
TSS values were calculated by deducting the final weight
with the initial weight and dividing by the volume of water
used in filtration.

For chlorophyll-a analysis, the water samples were
filtered through the 0.7 µm glass fiber filter of 47 mm in
diameter. Then, the filtered substances were grinded by
pestle and mortar and 5 - 6 mL of acetone 90% was added.
The sample was transferred into a capped centrifuge tube
and 90% acetone was added to make a total volume of 10
mL. Next, the sample was centrifuged for 10 minutes at
3,000 rpm.  After  that,  the extract was transferred into a
1-cm cuvette and the absorbance was measured at
wavelength 750 nm, 664 nm, 647 nm and 630 nm by using
a spectrophotometer. Chlorophyll-a concentrations were
calculated based on Equation [1] [10].

Chlorophyll-a (mg/m ) = [11.85(E  – E )–1.54(E3
664 750 647

- E )–0.08(E  – E )]*v/V750 630 750

(1)

where E , E , E  and E are absorbance at 750 nm,750 664 647 630

664 nm, 647 nm and 630 nm wavelength, respectively, v is
the volume of acetone added in mL and V is the volume of
water filtered in L. Significant differences in water quality
parameters among stations for each trip and among
depths for each station were analysed using two-way
ANOVA. Pearson correlation analysis was  carried  out.
All statistical analyses were conducted using SPSS
version 19.

RESULTS AND DISCUSSION

The depths of the stations are shown  in  Table 2.
The deepest station measured 58.1 m and the shallowest
29.7  m.  In  October  2011, the  mean depth for all stations

Table 2: Depth and transparency for October 2011, November 2011 and
April 2012

Depth (m) Transparency (m)
---------------------------------------- ---------------------------------------

Station Oct 2011 Nov 2011 Apr 2012 Oct 2011 Nov 2011 Apr 2012

1 39.0 39.5 42.9 1.48 1.36 4.91
2 33.4 47.8 28.3 1.16 1.38 4.70
3 40.0 39.8 58.1 1.12 1.43 5.27
4 50.9 54.4 32.6 1.59 1.71 4.53
5 30.0 29.7 36.9 1.51 2.45 3.92

was 32.6 m and in November 2011, it was 42.2 m. In April
2012, the mean of depth for all  stations  was  39.8 m.
Depth at the same station differs among sampling months
because it was not measured at exactly the same spot
apart from the differences in the water level of the
reservoir at different months. The water level was the
highest in April 2012. Overall, the water depth was the
deepest at station 4.

In October 2011, water transparency ranged from
1.12 m to 1.59 m where station 3 recorded the lowest
transparency and station 4 recorded the highest
transparency (Table 2). Overall, mean transparency of the
stations was 1.38 m. In November 2011, transparency
ranged from 1.36 m to 2.45 m where station 1 recorded the
lowest transparency and station 5 recorded the highest
transparency and mean transparency was 1.67 m. In April
2012, the range of transparency was 3.92 - 5.27 m where
station 5 recorded the lowest transparency and station 3
recorded the highest transparency and mean transparency
was 4.67 m.

Temperature profile at station 4 in November 2011
showed drastic decrease at depth of 7 m to 9 m. Below 9
m depth, there was minimal  change  in  temperature
(Figure 2a). Temperature profile at station 4 in April 2012
showed drastic decrease at depth of 8 m to 11 m. Beyond
11 m depth, there was minimal change in temperature
(Figure 2b). These profiles show that thermocline lies
between  7  m and 11 m. Mean temperature of the stations

Fig. 2: Temperature profiles at station 4 in (a) November 2011 and (b) April 2012.
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Table 3: Comparisons of mean temperature and pH among stations in each month.
Temperature ( C) pH BOD (mg/L)o

5

---------------------------------------------------------------------------------- -------------------------------------- --------------------------------------
Station Oct 2011 Nov 2011 Apr 2012 Oct 2011 Nov 2011 Apr 2012 Nov 2011 Apr 2012
1 29.0±2.4 28.2±1.7 30.8±0.5 7.79±0.41 7.01±0.00 6.58±0.18 5.00±0.55 5.38±0.89a a ab c ab a b c

2 27.6±2.3 28.8±2.0 31.2±0.3 8.59±0.26 7.03±0.01 6.45±0.15 4.29±0.30 5.51±0.79b b b d b a a c

3 28.3±2.0 28.5±1.7 29.7±1.4 8.47±0.44 7.04±0.02 5.98±0.32 5.16±0.31 3.96±1.50ab ab ac d c b b b

4 27.6±1.7 28.7±1.8 28.6±2.0 6.93±0.37 7.00±0.01 5.78±0.32 4.24±0.44 4.53±0.73b b c a a b a bc

5 28.3±1.6 27.5±1.2 28.7±1.8 7.46±0.05 7.04±0.03 5.96±0.57 4.20±0.33 2.47±0.57ab c c bc c b a a

6 27.7±0.1 26.7±0.0 26.4±0.0 7.30±0.05 7.04±0.00 6.03±0.01 5.93±0.10 6.73±0.20b d d ab c b c d

*Means in each column with same alphabet are not significantly different at 5 % level.

Table 4: Comparisons of mean temperature and pH among depths at each station
Temperature ( C) pH BOD  (mg/L)o

5

--------------------------------------------------- -------------------------------------------------------- -----------------------------------------------------------
Station 0 m 10 m 20 m 0 m 10 m 20 m 0 m 10 m 20 m
1 31.1±1.0 29.2±1.3 27.7±1.9 7.15±0.46 7.21±0.85 7.02±0.29 5.47±1.20 4.93±0.16 5.17±0.48a b c a a a a a a

2 31.1±0.4 28.8±2.0 27.6±2.5 7.33±1.07 7.44±1.07 7.29±0.75 5.23±0.92 4.50±0.11 4.97±1.15a b c a a a a a a

3 30.8±0.2 28.7±1.0 27.0±0.8 7.22±0.79 7.31±1.41 6.97±1.06 5.37±0.59 4.47±1.11 3.83±1.43a b c a a a a b b

4 30.6±0.7 27.6±0.7 26.7±0.7 6.59±0.38 6.50±0.54 6.62±1.92 4.33±0.27 4.57±0.92 4.27±0.52a b c a a a a a a

5 29.5±0.4 28.7±1.2 26.2±0.1 7.09±0.35 6.71±0.78 6.66±0.90 3.10±1.44 3.73±0.74 3.17±0.71a b c a b b a b ab

6 26.9±0.7 - - 6.79±0.67 - - 6.33±0.47 - -
*Means in each row with same alphabet are not significantly different at 5 % level.

(1 - 5) in different months ranged from 27.5 to 31.2°C In November 2011, BOD  values ranged from 4.20 to
(Table 3). By comparing mean temperature among 5.93 mg/L with station 6 showing the highest value that
sampling months, temperature was the highest in April was significantly higher than all the other stations
2012 at stations 1, 2, 3 and 5. Among the  stations,  station (P<0.05). In addition, stations 1 and 3 also showed
6 located at the outflow of the reservoir showed the significantly higher BOD  than stations 2, 4 and 5. In April
lowest temperature both for November 2011 and April 2012, BOD  values ranged from 2.47 - 6.73 mg/L and
2012, mean temperatures at station 6 were significantly station 6 also showed the highest BOD  value,
lower than other stations (P<0.05) as shown in Table 3. significantly higher than all the other stations (P<0.05)
Comparing among depths, at all stations, the mean followed by stations 2 and 1. Among the depths for each
temperatures at 20 m were significantly lower than 10 m station (Table 4), BOD  values were mostly not
depth and mean temperature at 10 m lower than 0 m level significantly different except station 5 where at 10 m depth
(Table 4). The difference between temperatures at the 0 m it was significantly higher than 0 m (P<0.05). BOD  at 20 m
and 20 m were about 3.3 - 3.9°C. depth was not significantly different from the 0 m and 10

Mean pH among the stations ranged from 6.93 - 8.59, m depths (P>0.05). The higher BOD  at stations 1, 2 and 3
7.00 - 7.04, 5.78 - 6.58 in October 2011, November 2011 and are related to human settlement upstream where untreated
April 2012, respectively (Table 3). Mean pH was the household greywater and partially treated black water
highest in October 2011  and  the  lowest  in  April  2012. potentially exert high oxygen demand. Previous studies
In April 2012, the mean values at all stations were all showed that BOD  of household wastewater ranged from
below neutral value. Among the stations, in October 2011, 60 to 189 mg/L [12, 13]. BOD  have been observed to be
stations 2 and 3 showed significantly higher pH than the the highest near residential areas in Santubong River [14].
other stations with values above 8. In November, little The range of BOD  obtained in this study fall in the range
difference  was   observed   in  pH  among  the  stations. of previous studies (2.2 to 14.8 mg/L) conducted at 0.5, 14
In April 2012, stations 1 and 2 showed significantly higher and 27 m depths in 2009 - 2010 where most of the stations
pH than the other stations. Among the stations, mean pH were located in the reservoir [7]. Compared with NWQS,
values fall in Class II (6 - 9) of National Water Quality BOD  for most of the stations exceeded Class II limit of 3
Standards of Malaysia (NWQS) [11] except stations 2, 3 mg/L except station 5 in April 2012 which falls in Class II
and 4 in April 2012 where the values fall in Class III (5 - 9) (<3 mg/L). Of those that exceeded Class II limits, station
of NWQS. Generally, pH at 20 m were lower than 0 m and 6 exceeded Class III limit of 6 mg/L in April 2012.
10 m but they were not significantly different (p>0.05). pH DO for the three months are shown in Figures 3a-d.
at station 4 showed the lowest value in all months (Table In all months, 0 m DO was the highest followed by 10 m
3) and at all depths (Table 4). and  subsequently  2 0  m  depth. The range of DO for 0 m
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Fig. 3: Comparisons of mean dissolved oxygen by depth in (a) October 2011, (b) November 2011, (c) April 2012 and (d)
by month. Bars from same group with same alphabet were not significantly different at 5% level of significance.

Fig. 4: Comparison of mean conductivity in (a) October 2011 (b) November 2011 (c) April 2012 and (d) by month. Bars
from same group with same alphabet are not significantly different at 5% level of significance.

was from 5.09 mg/L at station 6 in November 2011 to 11.4 Among the three months, November 2011 showed the
mg/L at station 4 in October 2011. At 10 m depth, DO lowest value (Fig. 4d).  DO  at  the  outflow  was  lower
range from 4.02 mg/L at station 5 in November 2011 to 7.8 than that of 0 m and close to DO at 10 m depth values.
mg/L at station 3 in October 2011. At that depth, station The upper layer of the water body has higher DO due to
2 in October 2011 sampling and station 5  in  November atmospheric diffusion. As there is thermal stratification,
2011 sampling showed values below 5 mg/L. At 20 m little exchange occurred between the epilimnion and
depth, DO range from 0.9 mg/L at station 1 in November hypolimnion, leading to DO decreasing with depth.
2011 to 5.8 mg/L at station 3 in October 2011 and April Stations 3 and 4 showed higher DO than the other
2012. In October and November 2011, at 20 m depth, only stations as they were located at the confluence of the two
station 3 showed DO above 5 mg/L whereas in April 2012, rivers and thus there is input of higher oxygenated water
all stations except station 5 showed DO above 5 mg/L. from the rivers upstream. Furthermore, turbulence also
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results in re-aeration of the water at those stations. the months was observed for station 5 whereas station 6
Station 5 recorded the lowest DO in all the sampling showed a trend of increasing conductivity from October
months (Fig. 3d) due the aquaculture activities nearby to April 2012. April has the most frequent occurrence of
where oxygen was consumed by microorganisms in the lower conductivity especially at stations 1 - 4 due to the
breakdown of excess feed and physiological waste. high water level. The conductivity values were very much
Furthermore, being enclosed on three sides by land mass below the Class I standard of 1000 µS/cm. Conductivity
this station experienced less water exchange. observed  in  this  study  is  very  close  to the range of

Electrical conductivity ranged from 11.2 µS/cm to 35.4 18.0 - 31.0 µS/cm of Lajes Reservoir located in a preserved
µS/cm over the sampling period and there is a general area with dense vegetation in Brazil but lower than Funil
trend  of  increasing   conductivity   with   depth  (Fig. 4). Reservoir (64.6 - 107.6 µS/cm) which received inflow from
In October 2011, the highest conductivity (35.3 µS/cm) populated area as reported by Soares et al. [15].
was recorded at 20 m depth at station 5 (Fig. 4a). At 0 m, Turbidity ranged from 1.0 NTU at station 5 to 15.0
station 6 showed the highest conductivity (23.3 µS/cm) NTU at station 3, both occurring at 20 m depth. In October
while at 10 m depth, station 2 showed the highest 2011, it was observed that the highest turbidity occurred
conductivity (22.3  µS/cm).  In  November  2011, the at 20 m depth at station 3 (15.03 NTU), followed by the
highest conductivity (37.0 µS/cm) was at 20 m at station same station (10.68 NTU) at 10 m depth and subsequently
2 (Fig. 4b). At 0 m of that month, station 6 also recorded station 4 (10.03 NTU) at 20 m depth (Fig. 5a). In November
the highest conductivity (24.8 µS/cm) while at  10 m 2011, station 3 at 20 m depth again showed the highest
depth, station  5  and 1 showed significantly higher values value (14.9 NTU) among the stations and depth (Fig. 5b).
(28.2, 27.2 µS/cm) than the other stations and at 20 m In April 2012, turbidity values  were  much  lower,  below
depth  station  2  recorded   the   highest  conductivity 9  NTU) with 0 m showing the lowest value (Fig. 5c).
(37.0 µS/cm). In April 2012, the highest conductivity was There is a general trend of increasing turbidity with an
recorded at 20 m depth at station 5 (35.4 µS/cm) followed increase in depth of the water, except for stations 2 and 5
by at 0 m level at station 6 (28.6 µS/cm). The other values where the highest was at 0 m or 10 m depending on the
recorded in April 2012 were less than 15 µS/cm. In all the month of sampling (Fig. 5a-c). Comparing among the
three sampling months, the highest conductivity at 0 m months, chlorophyll-a trend was in decreasing order of
level occurred at station 6. Comparing among the months, October 2011>November 2011>April 2012 at stations 1, 3
stations 1, 2 and 3 showed similar trend of increasing and 6 (Fig. 5d). However, stations 2 and 5 showed the
conductivity in the order of November 2011>October highest concentrations and station 4 showed the lowest
2011>April 2012 whereas station 4 showed the highest concentration in November 2011. Over the three months,
value in October  2011. No  significant  difference  among station  3  and  4  ranked  the  first  and second in terms of

Fig. 5: Comparison of mean turbidity in (a) October 2011 (b) November 2011 (c) April 2012 and (d) by month. Bars from
same group with same alphabet are not significantly different at 5% level of significance.
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Fig. 6: Comparison of mean total suspended solids (TSS) in (a) October 2011 (b) November 2011 (c) April 2012 and (d)
by month. Bars from same group with same alphabet are not significantly different at 5% level of significance.

turbidity. Turbidity results showed increasing value with Chlorophyll-a values ranged from 0.38 mg/m  to 6.02
depth especially at stations near the inflow of Engkari mg/m . In October 2011, stations 4, 5 and 6 showed high
River and Batang Ai. This is most likely the results of values of chlorophyll-a at all the three depths and station
resuspension due to turbulence since stations 3 and 4 are 2 also showed high values at 20 m depth (Fig.7a). In that
located at the confluence of the two rivers. However, for month, for each station, the highest value did not occur at
stations with relatively calm water such as station 5, the same depth, that is, for station 1, 3 and 5, the highest
turbidity is mostly due  to  organic  compounds occurred at 10 m, for stations 4 the highest concentrations
originating from fish culture nearby and planktons or occurred at 0 m and for station 2, the highest occurred at
other microorganisms [16]. Turbidity at all the stations 20 m. In November 2011, chlorophyll-a concentrations
complied with NWQS Class II limit of 50 NTU. were mostly lower than October 2011 and they were all

TSS ranged from 1.3 mg/L at 0 m of station 5 to 11.0 below 4 mg/m (Fig. 7b). In that month, at 0 m, stations 1,
mg/L at 20 m depth of station 4 (Fig. 6a-c). At the 0 m, TSS 4, 5 and 6 have high values. At 10 m depth, stations 2 and
at station 6 showed significantly higher values compared 5 have significantly higher values than the others
to other stations for the month of October 2011 (Fig. 6a) (P<0.05). At 20 m depth, stations 1, 2 and 3 have very low
and April 2012 (Fig. 6c) and in November 2011, station 1 concentrations of chlorophyll-a (0.41-0.54 mg/m ) whereas
showed the highest value. At 10 m depth, in October 2011, stations 4 and 5 have the highest concentrations for that
there was no significant difference among the stations depth in that month (Fig. 7b). Again the occurrence of the
(P>0.05). However, in November 2011, station 1, 3 and 4 highest concentration differs for each station where
showed significantly higher values than the other two stations 1 and 4 showed highest concentrations at 0 m
stations (Fig. 6b). In April 2012, stations 1, 2 and 4 level but the other stations showed highest
showed significantly higher values than stations 3 and 5 concentrations at 10 m depth. 
(P<0.05) (Fig. 6c). At 20 m depth, in October 2011, station In April 2012, chlorophyll-a showed a large range of
3 showed the highest value, significantly higher than the 0.38-6.02 mg/m (Fig. 7c). Overall, the 10 m depth showed
other stations (P<0.05). In November 2011, at 20 m depth, the lowest values (0.38-2.02 mg/m ). The highest value
all stations except 1 and 5 showed significantly different was recorded at station 6 and the second and third
TSS values and are in increasing order of highest were at 20 m of stations  5  and  4,  respectively.
S4>S3>S1=S5>S2 (Fig. 6b) and in April 2012, the order At 0 m depth, stations 1 and 3 were also high,
was S3=S4>S2>S1>S5 (Fig. 6c). All the TSS values were significantly higher than stations 2 and 4. The occurrence
below the NWQS Class I limit of 25 mg/L. Correlation of the highest concentrations of stations 1 and 3 were at
analysis showed that turbidity and TSS concentrations 0 m whereas that of station 2 was at 10 m depth and
were significantly correlated (P=0.002, r=0.445, N=48). stations  4  and  5  were  at  20  m   depth.   Over   the  three
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Fig. 7: Comparison of mean chlorophyll-a in (a) October 2011 (b) November 2011 (c) April 2012 and (d) by month. Bars
from same group with same alphabet are not significantly different at 5% level of significance.

samplings, 10 m depth has the most occurrence of the most  cases  deep  chlorophyll maximum was located
highest value (46.7%) followed by 0 m (33.3%) and 20 m below the metalimnion. In this study, metalimnion is
depth (20%). Comparing among the months,  the  trend of between 7-11 m depth and thus it was possible for high
chlorophyll-a  differed  according  to  stations  (Fig.  7d). chlorophyll-a to be observed at 10 m depth. The
It was observed that  stations  1,  3,  6  have  the  same significant negative correlation between chlorophyll-a
trend  of  lowest  value  in  October  2011 and highest and turbidity indicates that high turbidity inhibits light
value  in  April  2012.  The opposite trend was observed penetration and thus lower chlorophyll-a was observed.
for the other stations. Overall, stations 4, 5 and 6 showed Barbiero and Tuchman [18] also reported that highly
higher values than the other stations and station 3 significant negative relationship existed between the
showed the lowest value (Fig. 7d). There is a significant depth of deep chlorophyll maximum and the turbidity of
negative correlation between chlorophyll-a and turbidity the upper 20 m.
(P=0.022, r=-0.331, N=48). Comparing results at the
aquaculture site with observations  (0.20-4.58  mg/L) CONCLUSIONS
carried out in Sep 2009 as reported by Nyanti et al. [8], the
range of chlorophyll-a observed in Apr 2012 in the Station located at cage culture site recorded
present study (3.75-6.10 mg/m  in Oct 2011, 2.47-3.41 consistently higher electrical conductivity than other3

mg/m  in Nov 2011) was the closest. Furthermore, the stations with higher values at 20 m depth. The outflow3

values obtained in the present study are also close to the station also showed high conductivity values during all
range of 0.62 to 8.88 mg/m  in Demirdöven Dam Reservoir samplings. The highest chlorophyll-a concentration3

as reported by Kivrak and Hasan [17]. The observation of occurred most frequently at 10 m depth. There is a
the most frequent occurrence of the highest value of significant negative correlation between chlorophyll-a
chlorophyll-a at 10 m which is at the lower edge of and turbidity. Higher BOD  was observed at stations near
metalimion in this study is similar to observations of to the reservoir inflow. Turbidity and TSS complied with
Barbiero and Tuchman [18] and Kivrak and Hasan [17]. Class II but BOD  exceeded Class II at most of the
Kivrak and Hasan [17] reported that maximum chlorophyll- stations with outflow in Class III in Apr 2012. The DO
a concentrations were found at metalimnion. Barbiero and values at subsurface waters are mostly above 5 mg/L.
Tuchman [18] reported the occurrence of deep chlorophyll However, at 20 m, DO values are mostly less than 5 mg/L
maximum in Lake Superior and it was observed that in and were the lowest near cage culture site. Should there
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be overturn of the water body it could be a threat to cage 9. SIWR, 2008. Sarawak Integrated Water Resources
culture activities in the reservoir. In addition, household Master Management Plan. Hydroelectric Power Dams
waste needs to be treated before being discharged into in Sarawak. http://www.siwrs.com.my/modules/iwrm/
the rivers to prevent input into the reservoir. page.php?id=8&menu_id=0&sub_id=3
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