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 ABSTRACT 

Seasonal changes of freshwater fish assemblages and environmental factors in Bukit 
Merah Reservoir were carried out from January-February 2013 (dry season) to March-April 
2013 (wet season) by measuring several physico-chemical parameters such as dissolved 
oxygen (DO), water temperature, pH, water conductivity, total dissolved solids (TDS) and 
water clarity. 19 fish species comprising of 10 families were collected by using experimental 
gill nets with different mesh sizes at four different sampling stations. Mean CPUE for total 
catch and biomass were significantly different between dry and wet season (p < 0.05). Based 
on a T-test analysis, water temperature, pH and conductivity were significantly different (p < 
0.05) between seasons whereas a one-way ANOVA displayed a significant difference in TDS 
and water clarity between sampling stations (p < 0.05), implicating that those factors did not 
give major influence towards other parameters in a man-made reservoir. From all fish species 
studied, only mean CPUE for individuals (CPUEn) of Osteochilus vittatus and Oxygaster 
anomalura had a significant difference between seasons (p < 0.05); probably an indicator of 
their migration season. 

 
ZUSAMMENFASSUNG: Auswirkungen saisonaler Schwankungen in 

Gemeinschaften von Süßwasserfischen und Umweltfaktoren im Bukit Merah Speicher 
(Malaysia). 

Saison gebundene Schwankungen in Gemeinschaften von Süßwasserfischen und 
Umweltfaktoren wurden im Bukit Merah Speicher von Januar-Februar 2013 (Trockenzeit) bis 
März-April 2013 (Regenzeit) untersucht. Dabei wurden einige physikalisch-chemische 
Parameter wie gelöster Sauerstott (DO), Wassertemperatur, pH, Leitfähigkeit, gelöste 
Feststoffe insgesamt (TDS) und Wassertransparenz gemessen. 19 Fischarten aus 10 Familien 
wurden mit Kiemennetzen unterschiedlicher Maschenweite an vier Probestellen gesammelt. 
Der mittlere CPUE-Wert für den Gesamtfang und die Biomasse war signifikant 
unterschiedlich in der Trocken- und Regenzeit (p < 0,05). Auf Grund einer T-Test Analyse 
zeigten sich bei Wassertemperatur, pH und Leitfähigkeit signifikante Unterschiede (p < 0,05) 

 



Z. Mohd Shafiq et al. – Seasonal changes, freshwater fish and environmental factors in Bukit Merah (97 ~ 108) 98 

zwischen Trocken- und Regenzeit, während TDS und Wassertransparenz nur signifikante 
Unterschiede zwischen den Probestellen (p < 0,05) von einem Einweg ANOVA zeigten, 
woraus sich ergibt, dass diese Faktoren keinen großen Einfluss gegenüber anderen Parametern 
in einem künstlichen Wasserspeicher haben. Von allen untersuchen Fischarten war allein der 
mittlere CPUE-Wert für Individuen (CPUEn) bei Osteochilus vittatus und Oxygaster 
anomalura signifikant unterschiedlich zwischen den beiden Jahreszeiten (p < 0,05), was wohl 
ein Indikator für deren Migrationszeit ist. 

 
REZUMAT: Efectul schimbărilor sezoniere asupra ihtiocomunităților dulcicole și a 

factorilor de mediu în lacul de acumulare Bukit Merah (Malaezia). 
Prezentul articol se bazează pe cercetări efectuate din lunile ianuarie-februarie 2013 

(sezonul secetos) în martie-aprilie 2013 (sezonul umed) prin măsurarea parametrilor fizico-
chimici, precum oxigenul dizolvat (DO), temperatura, transparența și conductivitatea apei, pH, 
materia solidă dizolvată totală (TDS). 19 specii de pești din 10 familii au fost colectate cu 
ajutorul unor plase experimentale cu diferite mărimi ale ochiurilor în patru stații de eșantionare 
diferite. CPUE mediu pentru captura totală și biomasa au diferit semnificativ între sezonul 
secetos și cel umed (p < 0,05). Conform analizei T-test, temperatura, conductivitatea și pH-ul 
au variat semnificativ (p < 0,05) de la un sezon la altul în timp ce TDS și transparența au variat 
semnificativ de la o stație la alta (p < 0,05) după ANOVA, ceea ce înseamnă că acești factori 
nu au avut influență majoră față de alți parametri în acest lac artificial. Dintre toate speciile 
studiate, doar CPUE mediu individual (CPUEn) la Osteochilus vittatus și Oxygaster 
anomalura au variat semnificativ între sezoane (p < 0,05), probabil indicând sezonul de 
migrație. 

 
 INTRODUCTION 

One of the biggest challenges of conserving or restoring the source of water is to 
adequately understand the relationship between physico-chemical environment, including 
seasonal and annual variations, and interactions among species in the reservoir. Generally, the 
wetland areas in Malaysia are struggling from resource degradation and have negative impacts 
on the local communities (Ambak and Jalal, 2006; Alang et al., 2010; Aziz and Hashim, 2011). 

The conversion of the catchment area for agricultural and urbanization use affects the 
quality and quantity of water. Water degradation in most lakes is often associated with higher 
presence of nutrients (phosphorous, nitrogen and ammonia) in the water. Deterioration in water 
quality directly or indirectly affects fish physiology and growth. 

Many countries are facing water shortage due to increasing demand of freshwater as a 
result of population pressure and water pollution. In a developing country that has limited food 
production, reservoirs act as a supplemental water source for agriculture (Easton and Petrovic, 
2004; Akinbile et al., 2013). Apart from agricultural purposes, they also serve as habitats for 
wildlife, including endemic and endangered species (Akinbile et al., 2013). Since the demand 
of water in Malaysia is increasing, about 73 lakes have been created to supply the nation’s 
demand (Sharip and Zakaria, 2008; Akinbile et al., 2013). 

However, there are significant anthropogenic interventions occurring such as 
eutrophication, sedimentation, weed infestation and deterioration in water quality. Seasonal 
variation and human activities are major factors influencing fish assemblages and abiotic 
factors in the shallow reservoir. Thus, the objective of the present study is to determine the 
effect of seasonal changes on fish assemblages and environmental factors in Bukit Merah 
Reservoir. 
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 MATERIALS AND METHODS 
Bukit Merah Reservoir (BMR - 5°01’N 100°39’E), which covers an area of 40 km2, is 

a man-made lake and one of the oldest reservoirs located in the district of Kerian, Perak 
(Ismail and Najib, 2011). BMR is divided into two parts; the north lake and the south lake, by 
a 4.7 km railway line (Ismail and Najib, 2011). The water sources spring from two main 
catchment areas, namely Merah and Kurau basins. However, there are several tributaries, 
including the Ara, Jelutong and Selarong rivers, that link up with the basin. Water from the 
reservoir is channelled out by gravity flow through six gates into two outlet canals, the 
Selinsing Canal and Main Canal, for paddy irrigation (Ismail and Najib, 2011; DID, 2012). 
The main purposes of Bukit Merah Reservoir are to provide irrigation water for double 
cropping to 24,000 ha of paddy land under the Krian Irrigation Scheme and for domestic water 
supply. Bukit Merah Reservoir is also well-known as a sanctuary for a species of highly 
commercially valuable fish, Malayan Golden Arowana (Scleropages formosus Müller and 
Schlegel, 1844) and as a northern lakefront resort and water park (Bukit Merah Laketown 
Resort) that supports ecotourism. 

The reservoir has a storage of 74.98 million cubic meters, maximum spillway 
discharge of 424.7 m2 and its length and width are 13.8 km and 4.5 km, respectively (DID, 
2012). The reservoir comprises of spillway and intake structures. The spillway structure is 
used to safely convey discharge or release floods so that the water does not exceed the 
reservoir limit, while the intake is a structure used to release water for paddy irrigation and 
domestic water supply. In most parts, the reservoir is quite shallow (about three meters), 
though at the spillway and intake structures the depth is nearer to five meters. The water level 
of the reservoir is controlled by two main factors: climatic conditions and the outflow of water 
to irrigate paddy fields (DID, 2012). The catchment areas of BMR include the virgin and 
primary forest, agriculture (palm oil plantation) and a breeding farming industry (national boer 
breeding centre) for economical purposes. 

The study area consisted of four sampling sites to represent different ecological 
conditions within the same system. Site 1 (05°01’56.4”N, 100°40’04.3”E) was located at the 
outlet of the Kurau River basin, Site 2 (04°59’48.0”N, 100°41’14.5”E) was located in the 
outlet of the river area that far from the, while Site 3 (05°01’04.2”N, 100°39’20.3”E) and Site 
4 (05°01’52.1”N, 100°39’12.3”E) were located at the irrigation canal and gated spillway 
structures, respectively (Fig. 1). 

Sampling was carried out monthly at the four sites from January to April 2013. The 
sampling months were grouped into two seasons (wet and dry) based on the mean rainfall data 
of last 10 years (source from the Malaysian Meteorological Department). The season was 
characterized by monthly rainfall ranging from 150 to 300 mm during wet season and 0 to 150 
mm during dry season. Fish sampling was conducted monthly by using experimental mesh 
gill-nets ranging from 2.5 to 13 cm in size. All of the fish caught were preserved in an ice chest 
during transportation to the laboratory. In the laboratory, the fish were counted, their body 
length and weight measured and identified to the lowest taxa possible using standard 
taxonomic keys (Kottelat et al., 1993; Rainboth, 1996; Ambak et al., 2010) before being 
preserved in 10% formalin. Voucher specimens were then catalogued and kept at the School of 
Biological Sciences, University Sains Malaysia. The physico-chemical parameters of the water 
were measured using YSI 56, and secchi disc. The variables measured were dissolved oxygen 
(DO, mg/l), temperature (°C), pH, water conductivity (µS/cm), total dissolved solids (TDS, 
mg/l) and water clarity (cm). 
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Figure 1: Bukit Merah Reservoir (BMR) system with four sampling sites 

(S1, S2, S3 and S4). 
 
Catch per Unit Effort (CPUE) was used to estimate fish abundance and biomass from 

different seasons and sampling sites, which is defined as the sum of the total number (CPUEn) 
and weight (CPUEb) of captured fish per 24 hours (sampling effort). The values of both CPUE 
were then transformed into log10 (CPUE + 1) to stabilize the variance for statistical 
comparison analysis. Species diversity for each sampling site was measured using the Shannon 
Index while species richness was compared among sampling sites by using rarefaction of 
individual samples from the program EcoSim 7.0 (Gotelli and Entsminger, 2001). 
Comparisons among season and sites were made by using a T-test analysis and one-way 
analysis of variance (ANOVA), respectively. 
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RESULTS 
A total of 19 species belonging to 10 families were recorded during the study (Tab. 1). 

Eight species that had more than 1% of the numerical abundance contributed 97.08% of the 
total catch in number of individuals and 89.03% of the total biomass. Oxygaster anomalura 
had the highest abundance of 27.63%, followed by Notopterus notopterus (17.34%), 
Barbonymus gonoinotus (16.94%) and Cyclocheilichthys apogon (11.75%). While other 
species were frequent, their numbers collected were very much less. However, the greatest 
biomass was recorded by N. notopterus, which contributed to 30.67% of the total weight. 

 
Table 1: Fish checklist by sampling sites with their percentage of numerical abundance 

and biomass in Bukit Merah Reservoir, Malaysia; notes: + = present; - = absent. 

Family Species S1 S2 S3 S4 
Numerical 
abundances 

(%) 

Biomas 
(%) 

Bagridae Hemibagrus nemurus - - + + 0.24 0.52 
Clariidae Clarias gariepinus + + - - 0.24 1.58 
Channidae Channa micropeltes - - + - 0.08 0.55 
Cichlidae Oreochromis niloticus + - - + 0.49 3.72 
Cyprinidae Cyclocheilichthys apogon + + + + 11.75 4.03 

Barbonymus gonionotus + + + + 16.94 19.53 
Barbonymus schwanenfeldi + + + + 9.97 11.30 
Hampala macrolepidota + + + + 2.43 3.79 
Labiobarbus leptocheilus - + + - 0.57 1.31 
Osteochilus vittatus + + + + 7.21 5.18 
Oxygaster anomalura + + + + 27.63 17.34 
Systomus orphoides - - + - 0.16 0.23 
Thynnichthys thynnoides + - - - 0.73 2.72 

Eleotridae Oxyeleotris marmoratus - - - + 0.08 0.09 
Helostomatidae Helostoma temminckii + + + - 3.81 7.19 
Notopteridae Notopterus notopterus + + + + 17.34 20.67 
Osphronemidae Osphronemus goramy + + - - 0.16 0.14 

Trichopodus pectoralis + - - - 0.08 0.08 
Siluridae Ompok siluroides + - - - 0.08 0.02 

 
Among all sampling sites, S1 had the highest diversity index value of 2.06, and S4 

scored the least (1.46), while S2 and S3 had 1.82 and 1.79, respectively. Based on the 
rarefaction curves, the species richness expected for a standard sample of 191 individuals was 
12 for S1, 10 species for S2, 11 species for S3 and 10 species for S4 (Fig. 2). However, species 
diversity and richness were not significantly different among sites and season (p > 0.05). 
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Figure 2: Individual-based rarefaction curves by sites (S1 to S4) for species richness in Bukit 

Merah Reservoir. Standard sample of individuals was labelled as N = 191. 
 

 
Figure 3a: Mean abundance (CPUEn ± s.e.) and biomass (CPUEb ± s.e.) of spatial and 

seasonal variations in Bukit Merah Reservoir, Perak, Malaysia. 
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Figure 3b: Mean abundance (CPUEn ± s.e.) and biomass (CPUEb ± s.e.) of spatial and 

seasonal variations in Bukit Merah Reservoir, Perak, Malaysia. 
 

Changes in mean CPUEn and CPUEb were observed between seasons and sampling 
sites (Figs. 3a, b). Both seasons showed similar patterns in mean CPUE values, decreasing of 
mean CPUEn values from S1 to S4. Site 1 recorded the highest mean CPUEn values of 0.36 ± 
0.19 during the dry season and 0.50 ± 0.16 during the wet season, while the lowest mean 
CPUEn were recorded in S4 with the values of 0.2 ± 0.12 and 0.26 ± 1.56 during the dry and 
wet season, respectively. The CPUEn values for S2 were 0.31 ± 0.13 (dry) and 0.47 ± 0.21 
(wet) while the values for S3 were 0.26 ± 0.12 (dry) and 0.36 ± 0.16 (wet). A similar pattern 
was found for the mean CPUEb during the dry season, with the highest mean being recorded in 
S1 (21.96 ± 13.14), followed by S2 (14.57 ± 4.36), S3 (11.44 ± 4.75) and S4 (10.01 ± 7.43). 
However, during the wet season, the mean CPUEb for S1 (20.65 ± 6.25), S2 (21.40 ± 9.7) and 
S3 (21.07 ± 8.05) were less varied, except for S4 (12.90 ± 5.8). Based on a mean comparison 
of T-test analysis, there was a significant difference of mean CPUEn (t = 3.77, df = 11, p < 
0.05) and CPUEb (t = 2.50, df = 11, p < 0.05) during both seasons. However, there was no 
significant difference found among sites, although the variation for both mean CPUEn and 
CPUEb were observed among sites. 
 Concentration of DO content in the reservoir was less varied, from 5.06 ± 0.52 mg/l 
(wet season, Site 4) to 6.28 ± 0.55 mg/l (dry season, Site 3) with no significant difference 
among the seasons and the sampling sites. Water temperature showed an increasing trend from 
dry to wet seasons, which was statistically significant between both seasons (t = 4.93, df = 14, 
p = 0.00), ranging from 24.51 ± 1.28°C (dry season, Site 1) to 29.48 ± 0.59°C (wet season, Site 
2). However, there were no differences found in water temperature among the sampling sites. 
The pH values were significantly higher during the wet season compared to the dry season, 
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ranging between 5.73 to 7.19 (t = 2.39, df = 14, p = 0.031). Water conductivity showed a 
different seasonal pattern, with increasing values from the dry to the wet season (t = 3.22, df = 
14, p = 0.013), ranging from 14.67 ± 0.33 µS/cm (dry season, Site 3) to 19.67 ± 2.19 µS/cm 
(wet season, Site 1). The mean TDS values fell into small range, from 13 ± 0.58 mg/l (dry 
season, Site 3) to 14.67 ± 0.33 mg/l (wet season, Site 1). The TDS values were significant 
among sampling sites (F (3.12) = 4.316, p = 0.028). A Tukey post-host test found that only S1 
and S3 were significantly different (p < 0.05). Water clarity showed large variations, ranging 
from 33 ± 0.14 cm (wet season, Site 1) to 93.5 ± 4.37 cm (wet season, Site 2). The large 
variation of this parameter, leading to a significant different among the sampling sites (F (3.12) 
= 4.381, p = 0.027), indicates that the clarity of water was significantly different between the 
outlet of Kurau River basin and the area with high aquatic plants (p < 0.05) (Tab. 2). 

 
Table 2: Physico-chemical parameters (mean ± s.e.) from four sampling sites of Bukit 

Merah Reservoir during dry and wet season. 

Season Site DO (mg/l) Temp. 
(°C) pH Conduct. 

(µS/cm) 
TDS 

(mg/l) 

Water 
clarity(cm

) 

Dry 

1 5.91 ± 
1.21 

24.51 ± 
1.28 

5.98 ± 
0.27 

16.33 ± 
0.33 

14.33 ± 
0.33 

57.67 ± 
8.29 

2 5.20 ± 
0.76 

24.60 ± 
0.33 

6.79 ± 
0.18 

16 ± 
0.01 

14 ± 
0.01 

92.33 ± 
8.54 

3 6.28 ± 
0.55 

25.21 ± 
1.14 

5.76 ± 
0.31 

14.67 ± 
0.33 

13 ± 
0.58 

92.67 ± 
7.65 

4 6.21 ± 
0.91 

25.13 ± 
0.44 

5.73 ± 
0.26 

17 ± 
0.01 

14 ± 
0.01 

77.5 ± 
6.06 

Wet 

1 5.62 ± 
0.53 

28.34 ± 
0.96 

6.58 ± 
0.42 

19.67 ± 
2.19 

14.67 ± 
0.33 

33 ± 
0.14 

2 5.32 ± 
0.36 

29.48 ± 
0.59 

7.19 ± 
0.42 

19 ± 
2.31 

13.33 ± 
0.33 

93.5 ± 
4.37 

3 5.97 ± 
0.40 

29.18 ± 
0.49 

6.84 ± 
0.44 

18.67 ± 
2.19 

14 ± 
0.01 

81.88 ± 
12.70 

4 5.06 ± 
0.52 

28.88 ± 
0.61 

6.51 ± 
0.43 

19 ± 
2.52 

14.33 ± 
0.33 

66.25 ± 
12.99 

 
DISCUSSION 
Based on the numerical abundance, eight species were commonly found in the 

reservoir, in which six of them (Oxgaster anomalura, Cyclocheilichthys apogon, Barbonymus 
gonionotus, Barbonymus schwanenfeldii, Hampala macrolepidota and Osteochilus vittatus) 
were from family Cyprinidae. In Southeast Asia, the Cyprinidae family was the most dominant 
in both lotic and lentic water bodies, because it consists of many species (Zakaria, 1994). 
Chong et al., (2010), with about 150 species in Malaysia alone. The dominance of cyprinids in 
local reservoirs were recorded in Subang Reservoir, Selangor (42%) (Yap, 1992), Temengor 
Reservoir, Perak (57%) (Zakaria and Lim, 1995), and Kenyir Reservoir, Terengganu (57%) 
(Yusoff et al., 1995; Kamaruddin et al., 2011). The dominance of O. anomalura, C. apogon, B. 
gonionotus, B. schwanenfeldii, H. macrolepidota and O. vittatus, N. notopterus and Helostoma 
temminckii indicated that they thrive well in lentic water body as they contributed 97.08% of 
the total catch. These species were also dominant in Chenderoh Reservoir, Malaysia (Kah-Wai 
and Ali, 2001). 
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Although there was no significant difference in fish diversity among sites, fish 
assemblage in the reservoir was different spatially, with greater species richness and        
diversity observed in the area where the influence of the river is the greatest. The ecotone        
of river and reservoir, or transitional zone, contributes to the increase of fish diversity due       
to high abundance of submerged and floating macrophytes that increase spatial heterogeneity 
and feeding resource availability (Lowe-McConnell, 1991; Aliko et al., 2010; Terra et al., 
2010). 

The fish community in BMR has distinct seasonal variations. The number of 
individuals and their biomass caught (CPUEn and CPUEb) during wet season were higher than 
in dry season. In tropical countries, wet season indicates the main feeding and growing time 
for the fish (Rainboth, 1996; Meye and Ikomi, 2012). The similar trend was also reported in 
Kenyir Lake, in which the CPUE was higher during the rainy season compared to the dry 
season (Kamaruddin et al., 2011). The CPUE data was influenced by the catchability of the 
gear, location of the sampling and the abundance of the fish in that area (Abiodun and Miller, 
2007). The littoral zone had the highest fish catch value, because most of the fish stay close to 
the shore and were commonly found feeding on the surface of the littoral zone in the reservoir 
(Fernando and Holčík, 1991; Ali, 1996; Ambak and Jalal, 2006). The inundation of littoral 
areas that rich the aquatic and terrestrial vegetation during the wet season increase the 
availability of food resources and thus enables a large number of fish species to occupy those 
areas. Generally, fish that inhabit reservoirs were formerly riverine species that depended on 
terrestrial and aquatic vegetation such as ripe fruits, seeds, terrestrial and aquatic insects for 
food (Ambak and Jalal, 2006). Bishop and Forbes (1991) also found a significant positive 
correlation between aquatic vegetation and fish diversity. However, the decreasing of CPUEn 
and CPUEb during the dry season was influenced by the increasing number of fishing 
occurrences by full and part-time local fishermen hence reducing the fish collection during the 
sampling. A greater and easier accessibility into the water body due to reduced water volume 
contributed to the increase of fishermen (Allison et al., 1997). Arcifa and Meschiatti (1993) 
concluded that the fish population was concentrated in the shallow areas during the wet season 
and moved to the open area during the dry season. 

From the results of physico-chemical parameters, all the parameter values were      
quite similar with other major reservoirs in Malaysia (Ambak and Jalal, 2006). However, 
because of the shallowness of the reservoir, the values of those parameters were less varied 
among sites, although they showed a significant difference spatio-temporally. One possible 
explanation could be that all sampling sites are located in the same geographical zone and 
sampling was done in the same environmental conditions. The range of water level did not 
vary much due to the release of water through spillway to maintain the reservoir level and for 
paddy irrigation from the Selinsing Canal intake. Dissolved oxygen (DO) showed no 
significant difference among sites, and seasons indicate that BMR has a uniform reading of 
oxygen concentration in the water. The concentration of DO in the water lies within the 
optimum range of fish health (Jain et al., 1977; Alabaster and Lloyd, 1982). Temperature was 
higher during the wet season than in dry season. The water temperature increasing during the 
wet season was also recorded in Three Gorges Reservoir, China (Chen et al., 2013) and in 
Itupararanga Reservoir, Brazil (Pedrazzi et al., 2013). Weather conditions during the sampling 
influenced the reading of the water temperature (Pedrazzi et al., 2013). The water temperature 
in BMR provides optimum growth for the fish which ranged between 25-30°C (Afzal Khan et 
al., 2004). 
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Pedrazzi et al. (2013) also recorded higher pH values during the wet season, similar 
with the present study. Photosynthetic activity may increase the pH values in the reservoir 
(Pedrazzi et al., 2013). Climatic condition, such as rainfall that occurred during the sampling, 
influenced the values of some parameters. For example, surface runoff that contained large 
nutrients during the wet season was probably one of the factors that increased the water 
conductivity in the reservoir (Terra et al., 2010). However, the values were still within the 
normal range for fresh water (10-1,000 µS/cm) (Offem et al., 2011). 
 

CONCLUSIONS 
Increased abundance and biomass during the wet season suggests that new 

microhabitats become available for fish in the floodplain areas, and fish in both lotic and lentic 
habitats used littoral habitats within river-reservoir interfaces and migrated through the ecotone 
during the wet season. 

The reservoir showed less variation for its physico-chemical parameters, although 
there were significant differences during both seasons and sampling sites. 

Generally, the reservoir is relatively small, with its depth ranging from three to five 
meters. 

The water fluctuation did not vary much due to the withdrawal of water to maintain its 
reservoir limit, for paddy irrigation and domestic water supply, resulting in less variation in the 
mean values of most parameters. 

From the result, most of the parameters fell within the suitable range for the aquatic 
life. 
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