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Abstract. Othman F, Yuslan A, Suhaimi H, Azani N, Kamal AHM, Sah ASRMD, Rasdi NW. 2024. Plankton distribution, abundance, 
diversity, and its potential in the tropical man-made lakes of Kenyir and Temenggor in Peninsular Malaysia. Biodiversitas 25: 3342-
3358. Kenyir and Temenggor Lakes, the largest artificial lakes in Malaysia, are the focus of this study due to their unique ecological 
characteristics and the limited information available. The study aimed to determine the diversity and abundance of plankton in various 
habitat ecosystems along Kenyir Lake and Temenggor Lake. The selection of three distinct sampling points, namely sampling point A 
(coastal zone), sampling point B (lotic zone), and sampling point C (lentic zone), was a strategic decision to ensure a comprehensive 
representation of the diverse habitat conditions. Samples were collected horizontally using a 30-micrometer-sized plankton net. At 
Kenyir Lake, thirty-two phytoplankton species were recorded, the major division of phytoplankton, with two hundred twenty-eight 

individuals belonging to Charophyta (43.75%). For zooplankton, Arthropoda (83.3%) was the highest recorded. At Temenggor Lake, 
thirty-one species of phytoplankton were recorded. The major division with one hundred sixty-five individuals belonging to Charophyta 
(32.3%). For zooplankton, the major division with two hundred forty-two individuals belonging to Arthropoda (82.4%). The Shannon 
diversity index, evenness, and species richness measurements revealed a range of index values due to variation in plankton species due 
to interaction and habitat conditions. The variation in planktonic abundance in Kenyir Lake and Temenggor Lake was attributed to their 
habitat preferences due to the freshwater lake's ecosystem's different zones and conditions. 
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INTRODUCTION 

Kenyir Lake and Temenggor Lake are significant 

reservoirs in Malaysia that require serious consideration 

regarding the conservation and administration of their 

resources, especially in the context of the vast areas of 

unexplored land surrounding them (Effendi et al. 2020). 

Temenggor Lake is in the Hulu Perak District of Malaysia, 

around 45 km from the district's main city, Gerik (Yap et 

al. 2016). Kenyir Lake, located in Terengganu, is the 

largest lake in Peninsular Malaysia, with Temenggor Lake 
following closely as the second largest (Ramlee et al. 

2022). The location of this man-made reservoir lies to the 

south of the Ulu Titi Basah peak, which stands at an 

elevation of 1,533 meters (Arshad et al. 2022). Temenggor 

Lake is an artificial reservoir created by constructing the 

Temenggor Dam in the northern part of Perak. The purpose 

of building the dam was to generate electricity (Basri et al. 

2019). The construction of this dam commenced in 1970 

and concluded in 1974 (Subehi et al. 2014). The dam 

encompasses a vast expanse of 152 km2 and can store 

6,050 million cubic meters of water. This water body spans 

an area of 117,500 hectares within the Belum Forest 
Reserve (Khalik and Abdullah 2012). 

Plankton, tiny creatures that move in the water's 

currents, play a crucial role in the aquatic ecosystem. 

Phytoplankton, serving as the primary producer of the 

aquatic food chain, uniquely converts energy into chemical 

energy found in food (Jiang et al. 2014; Rasdi et al. 2023). 

On the other hand, zooplankton functions as an 

intermediary between energy producers and consumers, 

facilitating the transport of dietary energy to higher trophic 

levels (Rasdi et al. 2018). The sensitivity of phytoplankton 

to environmental changes makes them valuable indicators 
of water quality and trophic status (Yuslan et al. 2021). 

Their abundance, diversity, and composition can provide 

insights into nutrient levels, temperature, light availability, 

and other limnological factors in aquatic ecosystems, 

including lotic, lentic, and coastal areas. The diversity, 

distribution, and variation of biotic parameters provide an 

excellent indication of energy turnover in aquatic 

environments (Forsberg 1982; Ghosh et al. 2012). For 

example, certain species may thrive in nutrient-rich 

environments, while others may dominate in areas with 

lower nutrient levels. Phytoplankton generates significant 

organic carbon at the bottom of these ecosystems (Shinde 
et al. 2012). Their sensitivity and variations in species 
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composition are adequate justifications for promoting 

modifications to ecosystem composition. 

Therefore, species diversity can be employed to 

distinguish between interactions that contribute to forming 

a particular pattern of community structure by environmental 

gradient changes. Research has demonstrated that even 

slight changes in the habitat and environment, such as the 

formation of lake zonation, can significantly impact 

biodiversity because neither gene flow nor adaptation from 

ecosystem sources occurs. A high diversity count signifies 
the stability of an ecosystem, while a low diversity count 

implies degradation of the environment. Freshwater 

zooplankton comprises many significant taxonomic groups; 

these forms demonstrate distinctive environmental and 

physiological characteristics. These organisms' distribution, 

variety, and abundance throughout an aquatic habitat offer 

information about the habitat's environmental conditions. 

Many environmental factors interact in an environment that 

promotes favorable spatial and seasonal situations for 

zooplankton development (Khanna et al. 2019; Ramlee et 

al. 2022).  
Zooplankton diversity and density are influenced by 

various factors, including the nutritional status of the water 

body, abiotic variables, Dissolved Oxygen (DO), the food 

chain, and soil-water chemistry. Furthermore, zooplankton 

have been utilized as bio-indicators for monitoring aquatic 

ecosystems and water integrity (Dhembare 2011). Water 

temperature, turbidity, transparency, and dissolved oxygen 

all contributed to the growth of the rotifer population 

(Chandrasekhar 1996; Annalakshmi and Amsath 2012). 

Phytoplankton availability and zooplankton's distribution 

and abundance are influenced by interspecific and 
intraspecific factors (Ahmad et al. 2011). Nevertheless, due 

to the extensive region's unexplored potential, research on 

the composition and diversity of phytoplankton and 

zooplankton in Kenyir and Temenggor Lakes is limited.  

This research aims to discover the variations in 

planktonic diversity, the interactions among plankton and 

environmental habitat variables, and the characteristics of 

communities influenced by habitat conditions, species 

composition, and population density. Due to natural and 

human activities, the regulation of water quality and 

ecological conditions on Kenyir Lake has become an 

essential issue. Therefore, it is crucial to evaluate the 
biodiversity of phytoplankton and zooplankton in Kenyir 

Lake and Temenggor Lake, as this will be a biological 

indicator of the ecological condition of the research site. 

Based on our estimations, the results of this research will 

be of greatest significance in establishing fundamental data 

to monitor environmental variations, identifying their 

interconnections, and clarifying their contributions to the 

determination of plankton community dynamics and 

variation in both man-made lakes. Thus, this could serve as 

a model for the conservation and management of aquatic 

ecosystems and contribute towards preserving and restoring 
these ecosystems. 

MATERIALS AND METHODS 

Study area and period 

Kenyir Lake is the largest man-made lake in Southeast 

Asia and Malaysia (Figure 1). It was dammed in 1985 to 

provide water to the Sultan Mahmud Power Station (Dullah 

et al. 2020); its border to the south with Pahang and to the 

west with Kelantan. It is located in the eastern region of 

Terengganu and has an area of 260,000 hectares (Bhuiyan 

et al. 2016). It is also one of Malaysia's national park gates 

and serves as Terengganu's main ecotourism attraction. 
Temenggor Lake is located in the Hulu Perak District of 

Malaysia, approximately 45 km from Gerik's district capital. 

Temenggor Lake is the second-largest lake in Peninsular 

Malaysia, after Kenyir Lake in Terengganu (Figure 1). 

Construction of this dam started in 1970 and finished in 

1974. This artificial lake is located south of the 1,533-

meter-tall Ulu Titi Basah peak. This lake emerged after the 

Temenggor Dam's establishment, which serves as a power 

generation facility in the northern region of Perak. 

Moreover, 117,500 hectares of the Belum Forest Reserve 

are submerged in the 6,050 million cubic meters of water 
contained within the dam's 152 km2 of surface area. 

The overall dimensions of this reservoir are considerable, 

measuring approximately 127 meters in depth and 537 

meters in width. The multiple rivers flow include Sungai 

Sara and Sungai Singor in the east, Sungai Tiang and 

Sungai Kejor north, and Sungai Gadong west. The water 

from these rivers is used to fill the reservoir, an essential 

resource for water supply, generating electricity, and other 

purposes in the region. The sample was taken at three 

sampling points each in the Kenyir Lake and Temenggor 

Lake areas and was conducted once monthly for nine 
months, from February to October 2023. This investigation 

was carried out over three days per location, as there was 

no significant difference in weather between the days 

(Ogbuagu and Ayoade 2012; Ramlee et al. 2022). 

Sampling point 

Three different sampling points in Sungai Como, 

Kenyir Lake, were chosen for zooplankton and phytoplankton 

sampling: Point A, Point B, and Point C (Figure 1). In the 

freshwater ecosystems of Kenyir and Temenggor lakes, the 

coastal (littoral), lotic, and lentic zones exhibit distinct 

characteristics, each playing a crucial role in shaping 

plankton diversity and distribution. These conditions 
promote high primary productivity and diverse habitats for 

planktonic organisms (Kassim et al. 2015). The coastal 

zone, marked by shallow waters near the shore with 

emergent and submerged vegetation, supports relatively 

lower plankton diversity due to reduced light penetration 

and competition with macrophytes for nutrients (Ismail et 

al. 2023). Conversely, the lotic zone, consisting of flowing 

water habitats such as inflowing rivers and streams, 

showcases higher plankton diversity influenced by flow 

rate, turbulence, and nutrient availability. While increased 

flow rates may enhance plankton diversity by promoting 
nutrient mixing and dispersal, excessive turbulence can 

disrupt planktonic communities. In contrast, the lentic 

zone, representing the lakes' open, standing water areas, 
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sustains diverse plankton communities influenced by 

nutrient availability, temperature stratification, and light 

penetration. Nutrient-rich waters near inflowing rivers and 

temperature stratification create distinct planktonic 

communities across different layers. Understanding these 

zone-specific characteristics is essential for assessing and 

managing the ecological dynamics of these freshwater 

ecosystems. Compared to lentic and lotic environments, 

phytoplankton's species composition and community 

structure are still poorly characterized in both systems 
(Chen et al. 2019). 

The sampling points were chosen based on the area's 

physical characteristics, as described in Table 1, to 

resemble the varying physical conditions of the plankton 

habitat. Therefore, point A, point B, and point C in Kenyir 

and Temenggor Lakes were chosen for zooplankton and 

phytoplankton sampling (Figure 1).  

Sampling protocol and data collection 

Figure 2 shows the protocol for sample collection. 

Phytoplankton and zooplankton were collected using a 

plankton net with a mesh size of 30 micrometers. Two 
different towing methods, hand and boat towing, were used 

to collect the sample horizontally (Schwoerbel 2016). For 

five minutes at a determined depth, the net was horizontally 

held. At each sampling point, three 50 ml bottles sanitized 

beforehand were used to collect replicates from a 200 mL 

bucket of collective plankton. A drop of 40% formalin was 

put in to prevent bacteria decomposition during the 

preservation process (Abd Latif et al. 2014).  

Furthermore, the scraping method obtained samples that 

focused on the objects in the body of water, like leaves, 

dead trees, and stones (Sabki et al. 2012). A portable YSI 

probe meter was used to take water quality parameters that 

include Dissolved Oxygen (DO), pH, salinity, turbidity, and 

parameters with three replicates for the precision of the 
data collected. Three replicates from separate water samples 

were used to determine the chlorophyll concentration at the 

sampling point. Methanol was used to extract the water 

sample and shaken at 30 Hz. Once done with 

centrifugation, the supernatant was collected. A microplate 

reader was used for the analysis of chlorophyll by pipetting 

200 µL into a 96-well plate (Wang et al. 2019). 

Data analyses 

After sampling, the phytoplankton and zooplankton 

were taken to the laboratory for species identification and 

analysis. The process of identifying metazoan plankton 
requires the study of specimens that have been preserved in 

formalin. Monographs and descriptions in the original 

literature provide the opportunity to compare a sample with 

identified species (McManus and Katz 2009).  

 

 

 
Table 1. Sampling points and description in Kenyir and Temenggor Lakes, Malaysia 
 

Sampling point Coordinate Description 

Kenyir Lake   
Point A 5° 2' 13.0164" N, 102° 50' 44.2968"' E Sample was taken from a stony area with a lotic water current 
Point B 5° 2'7.7676" N, 102° 50'46.0824" E Sample was taken at a coastal zone area with lotic and lentic water current 
Point C 5° 2' 11.382" N, 102° 50' 47.3568"' E Sample was taken at the area with lentic water current 

Temenggor Lake  
Point A 5° 33' 19.8108" N, 101° 21' 3.9672" E Sample was taken from the coastal zone area with a lotic water current 
Point B 5° 33' 16.5816" N, 101° 21' 6.9408"' E Sample was taken at the profundal zone with lotic and lentic water currents. 
Point C 5° 33' 13.6008" N, 101° 21' 11.286" E  Sample was taken in the area with a lentic water current 

 
 
 

 
 
Figure 1. Study location of sampling points in Kenyir Lake, Hulu Terengganu, Terengganu, and Temenggor Lake, Hulu Perak, Perak, 
Malaysia. The label on the map indicates different sampling points 
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Figure 2. The graphical flow of sampling protocol of phytoplankton and zooplankton 
 

 

This method is particularly efficient for Crustaceans, 
which frequently dominate the plankton captured by 

plankton net. Although it is typically feasible to accurately 

identify adult stages, certain larval forms, such as many 

copepod nauplii, cannot be definitively recognized to 

species by light microscopy and may remain undescribed. 

Morphospecies identification is typically feasible for 

diatoms and other larger organisms with recognizable hard 

structures, however it is generally challenging for small 

flagellates (McManus and Katz 2009). The samples were 

examined using an OLYMPUS light compound 

microscope. Photos were taken with a Dino-Lite digital 

microscope and recorded using Dino-Capture 2.0 software.  
Species analysis and identification of the zooplankton 

and phytoplankton were done at the laboratory once the 

sampling was conducted. Plankton were isolated and 

identified according to their morphological structure 

(Bellinger and Sigee 2015; Bledzki and Rybak 2016). For 

example, different species of copepods were identified by 

studying their body shape, segments of the antenna and 

caudal rami (Dussart and Defaye 2001; Lopes et al. 2001; 

Yuslan et al. 2022). The mean±Standard Deviation (SD) 

was used to present the water quality study results. 

Meanwhile, the estimation of the relationship between 
parameters at different sampling points was assessed using 

a one-way Analysis of Variance (ANOVA). The 

significance level for the mean difference between 

sampling points was established using multiple comparison 

tests by Tukey and Duncan. The statistical level was set to 

P < 0.05. The evenness Index, Shannon's diversity index, 

and species richness were determined by the number of 

individuals per mL of the examined and counted samples 

(Shannon and Weaver 1949; Sihombing et al. 2017).  

RESULTS AND DISCUSSION 

Water quality of Kenyir and Temenggor Lakes 

Table 2 shows the water quality parameters at sampling 

points A, B, and C differed, indicating that the three sampling 

points had varying environmental conditions. The maximum 

temperature observed was (27.45±0.10°C) at sampling 

point C, whereas (26.29±0.49°C) and (26.11±0.29°C) were 

recorded at sampling points A and B, respectively, 

indicating the optimal temperature parameter for 

phytoplankton growth and development. The salinity of all 

sample points was less than 0.5 ppt, indicating that the river 

was pure freshwater. The highest turbidity (NTU) was 

reported at sampling point A (3.39±0.17), followed by 
sampling points B (2.81±0.37) and A (2.33±0.09). 

Sampling point A has a pH of (7.03±0.05), while sampling 

points B and C have pH values of (5.65±0.09) and 

(6.49±0.65), respectively. The dissolved oxygen, DO for 

sampling point A has the highest (8.34±0.12) among 

sampling points B and C (5.58±0.28) (6.12±0.11). 

According to Table 2, the water quality parameters at 

sampling points A, B, and C differed, indicating that the 

three sampling points had varying environmental conditions. 

The maximum temperature observed was (28.45±0.22°C) 

at sampling point C, whereas (26.32±0.43°C) and 
(27.47±0.42°C) were recorded at sampling points A and B, 

respectively, indicating the optimal temperature parameter 

for phytoplankton growth and development. The salinity of 

all sample points was less than 0.5 ppt, indicating that the 

river was pure freshwater. The highest turbidity (NTU) was 

reported at sampling point C (4.20±0.22), followed by 

sampling points A (3.06±0.35) and B (2.33±0.24). 

Sampling point B has a dissolved oxygen, DO of 

(8.03±0.09), while sampling points A and C have pH 

values of (5.93±0.18) and (7.06±0.17), respectively. The 

pH for sampling point B has the highest (8.53±0.29) among 
sampling points A and C (7.06±0.86; 6.93±0.81), respectively. 
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Table 2. Water quality parameters across three sampling points in 
Kenyir and Temenggor Lake, Malaysia (Mean±SD) 

 

Parameter 
Sampling point 

Point A Point B Point C 

Kenyir Lake    
Temp. (°C) 26.29±0.49b 26.11±0.29b 27.45±0.10a 
Salinity (ppt) 0.05±0.01a 0.03±0.01a 0.06±0.02a 
pH 7.03±0.05a 5.65±0.09b 6.49±0.65a 

DO  8.34±0.12a 5.58±0.28c 6.12±0.11b 
Turbidity (NTU) 3.39±0.17a 2.81±0.37ab 2.33±0.09b 
Chl a (µg/mL) 11.14±0.63a 11.39±0.64a 15.76±4.31a 

Temenggor Lake    
Temp. (°C) 26.32±0.43c 27.47±0.42b 28.45±0.22a 
Salinity (ppt) 0.04±0.01ab 0.03±0.01b 0.05±0.02a 
pH 7.06 ±0.86b 8.53±0.29a 6.93±0.81b 
DO  5.93±0.18c 8.03±0.09a 7.06±0.17b 
Turbidity (NTU) 3.06±0.35b 2.33±0.24b 4.20±0.22a 

Chl a (µg/mL) 11.29±0.16a 11.49±0.57a 15.75±4.75a 

Note: All values are mean±standard deviation (n=3). The 

different small letters indicate significant differences between 
water quality parameters (P<0.05) 

 

 

 

The fertility of the waters in the sampling locations is 

affected by physical elements such as temperature, 
turbidity, light, and current, as well as chemical factors 

including salinity, dissolved oxygen, pH, and nutrient 

content (Mellard et al. 2011; Putri and Tjahjaningsih 2019; 

Syaifudin et al. 2019), many factors can influence 

phytoplankton and zooplankton growth in aquatic 

environments. According to Liwutang et al. (2013), generally, 

phytoplankton can develop well at 20 to 30°C; 

temperatures affect the distribution, composition, and 

phytoplankton abundance in the waters. High temperatures 

will increase the phytoplankton abundance and the 

chlorophyll-a contents. In contrast, low temperatures will 
reduce the phytoplankton abundance and the chlorophyll-a 

contents. The chlorophyll-a level content in the waters can 

indirectly indicate the phytoplankton abundance, which can 

determine these water's fertility levels (Al Diana et al. 

2021). The nutrient content in the waters is closely related 

to the phytoplankton abundance, as the higher the nutrient 

content in the waters, the greater the phytoplankton 

abundance and the chlorophyll-a. Magumba et al. (2014) 

stated that the nitrogen element is very significant to the 

chlorophyll content, especially chlorophyll-a, which is 

chlorophyll type t mostly found in seawater phytoplankton 

(Arief and Laksmi 2006). Chlorophyll-a contributes 95% to 
primary productivity in the aquatic environment (Widyorini 

2009). Therefore, according to Ismail (2012), algal blooms 

can develop when chlorophyll-a levels increase, indicating 

rapid growth of certain phytoplankton species, leading to 

high cell densities (Ramlee et al. 2022). However, no algal 

bloom was observed during the investigation in these areas, 

as the chlorophyll-a level was below the eutrophic range 

determined by Carlson's trophic status index (Carlson 

1977; Ayoade et al. 2019). 

Variation of phytoplankton in Kenyir Lake 

Based on Table 3 and Figure 4, in sampling points A, 

B, and C, 32 phytoplankton species were recorded in 

Kenyir Lake. Therefore, 228 individuals of phytoplankton 

belonged to Charophyta (43.75%), followed by Chlorophyta 

(28.13%), Bacillariophyta (6.25%), Euglenophyta (9.38%), 

Gyrista (3.13%), Cyanobacteria (6.25%) and Ochrophyta 

(3.13%) (Figure 3). At point A, 13 phytoplankton species 

belonging to phylum Charophyta were found. However, the 

highest number of individuals found is Pediastrum simplex, 
9 individuals that belong to the phylum Chlorophyta. At 

point B, 11 phytoplankton species from phylum 

Charophyta were found among the 32 species recorded in 

Table 5. The dominant species recorded from species of 

Phacus sp.2 that belong to phylum Euglenophyta, 

respectively. At point C, the dominant species found was 

recorded at phylum Charophyta with 11 species. 

Pseudopediastrum boryanum, which belongs to phylum 

Chlorophyta, has the highest number of phytoplankton 

individuals found compared to the other 7 phyla recorded 

at point C in Kenyir Lake. 

Variation of zooplankton in Kenyir Lake 

Table 4 and Figure 6 show that in sampling points A, B, 

and C, 30 zooplankton species were recorded in Kenyir 

Lake. Therefore, 157 individuals belong to Arthropoda 

(83.3%), followed by Rotifera (13.3%) and Ciliophora 

(3.3%) (Figure 5). At point A, 13 species of zooplankton 

belonging to phylum Arthropoda were found. At point B, 

14 zooplankton species from phylum Arthropoda were 

found among the 30 species recorded in Table 4. At point 

C, the dominant species found was recorded at phylum 

Arthropoda, fifteen species. Calanoid copepods that belong 
to the phylum Arthropoda have the highest number of 

zooplankton individuals found at point C. 

Variation of phytoplankton in Temenggor Lake 

Based on Table 5 and Figure 8, in sampling points A, B, 

and C, 31 phytoplankton species were recorded in Temenggor 

Lake. Therefore, 165 individuals belong to Charophyta 

(32.3%), followed by Gyrista (25.8%), Bacillariophyta 

(16.1%), Chlorophyta (16.1%), Dinoflagellata (6.5%) and 

Heliozoa (3.2%) (Figure 7). At point A, 8 species of 

phytoplankton belonging to phylum Charophyta were 

found. At point B, 7 phytoplankton species from phylum 

Charophyta were found among the 31 species recorded in 
Table 5. At point C, the dominant species found was 

recorded at phylum Charophyta 10 species.  

Variation of zooplankton in Temenggor Lake 

Table 6 and Figure 10 show that 17 zooplankton species 

are recorded in Temenggor Lake in sampling points A, B, 

and C. The two hundred forty-two individuals belong to 

Arthropoda (82.4%), followed by Rotifera (11.8%) and 

Ciliophora (5.9%) (Figure 9). At point A, 15 species of 

zooplankton were found. At point B, 14 zooplankton 

species were found among the 17 species recorded in Table 

6. At point C, the dominant species found was recorded at 
phylum Arthropoda with 14 species.  
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Figure 3. Relative abundance of phytoplankton phylum in Kenyir 

Lake, Malaysia. Different area shade in the chart indicates the 
relative abundance percentage of the phylum 

 
 
Figure 5. Relative abundance of zooplankton phylum in Kenyir 
Lake, Malaysia. Different area shade in the chart indicates the 
relative abundance percentage of the phylum 

 

 

 

 
 

Figure 4. Phytoplankton species recorded in Kenyir Lake, Malaysia: 1. Frustulia sp.; 2. Thalassionema nitzschioides; 3. Ankistrodesmus 

sp.; 4. Cosmarium depressum; 5. Cosmarium sp.; 6. Mougeotia sp.; 7. Staurastrum aculeatum; 8. Staurastrum anatinum; 9. Staurastrum 
arachne; 10. Staurastrum chaetoceras; 11. Staurastrum gracile; 12. Staurastrum punctulatum; 13. Staurastrum rotula; 14. Staurastrum 
sp.1; 15. Staurastrum sp.2; 16. Staurastrum tetracerum; 17. Chlamydocapsa sp.; 18. Chlorella vulgaris; 19. Lagerheimia sp.; 20. 
Oocystis lacustris; 21. Pediastrum biradiatum; 22. Pediastrum simplex; 23. Pseudopediastrum boryanum; 24. Scenedesmus 
quadricauda; 25. Sphaerocystis sp.; 26. Cylindrospermopsis raciborskii; 27. Pseudanabaena sp.; 28. Euglena sp.; 29. Phacus sp.1; 30. 
Phacus sp.2; 31. Amphora sp.; 32. Ochromonas sp. 
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Table 3. Species list of phytoplankton in Kenyir Lake, Malaysia 
 

Phylum, species 
Point A  

(%) 
Point B  

(%) 
Point C  

(%) 

Bacillariophyta    
Frustulia sp. 14.29 38.10 47.62 
Thalassionema nitzschioides 32.14 25.00 42.86 

Charophyta    
Ankistrodesmus sp. 0.00 41.67 58.33 
Cosmarium depressum 56.25 43.75 0.00 
Cosmarium sp. 35.00 40.00 25.00 
Mougeotia sp. 47.37 0.00 52.63 
Staurastrum aculeatum 25.00 40.00 35.00 
Staurastrum anatinum 60.00 0.00 40.00 
Staurastrum arachne 24.00 28.00 48.00 
Staurastrum chaetoceras 15.00 30.00 55.00 
Staurastrum gracile 24.00 36.00 40.00 
Staurastrum punctulatum 23.53 35.29 41.18 
Staurastrum rotula 63.64 0.00 36.36 
Staurastrum sp.1 22.22 77.78 0.00 
Staurastrum sp.2 36.36 63.64 0.00 
Staurastrum tetracerum 22.22 50.00 27.78 

Chlorophyta    
Chlamydocapsa sp. 0.00 35.71 64.29 
Chlorella vulgaris 33.33 25.93 40.74 
Lagerheimia sp. 23.08 0.00 76.92 
Oocystis lacustris 10.53 36.84 52.63 
Pediastrum biradiatum 20.00 0.00 80.00 
Pediastrum simplex. 62.50 37.50 0.00 
Pseudopediastrum boryanum 25.00 10.00 65.00 
Scenedesmus quadricauda 30.77 46.15 23.08 
Sphaerocystis sp. 26.32 42.11 31.58 

Cyanobacteria    
Cylindrospermopsis raciborskii 55.56 44.44 0.00 
Pseudanabaena sp. 0.00 0.00 100.00 

Euglenophyta    
Euglena sp. 28.00 36.00 36.00 
Phacus sp.1 100.00 0.00 0.00 
Phacus sp.2 0.00 100.00 0.00 

Gyrista    
Amphora sp. 25.93 33.33 40.74 

Ochrophyta    
Ochromonas sp. 36.36 0.00 63.64 

 

 

 

The abundance and variation of phytoplankton and 

zooplankton in Kenyir Lake and Temenggor Lake are 

significant freshwater ecosystems in Malaysia that play 

crucial roles in shaping their productivity and overall 

ecosystem dynamics. The plankton comprises all those 

aquatic organisms that drift passively or whose powers of 
locomotion are insufficient to enable them to move 

contrary to the motions of their in-habitat water mass 

(Sagala 2016). A motile species may move vertically in a 

laterally flowing water current. The movement of plankton 

depends on nutrition supply; hence, they reproduce very 

quickly on the surface of little streams and many pools 

when their nutrition is available (Sharip et al. 2019). 

Additionally, planktonic communities act as sensitive 

indicators of water quality, with their composition 

reflecting shifts in nutrient levels, temperature, and other 

environmental factors (Chandel et al. 2024). The impact of 

temperature on phytoplankton diversity seems to be mostly 

mediated by zooplankton activity and community structure 

changes. Still, the strength of the zooplankton impact on 

phytoplankton varies with the bloom development 

(Lewandowska et al. 2014). Furthermore, phytoplankton 

contribute significantly to oxygen production through 

photosynthesis, while zooplankton play a key role in 

nutrient cycling through consumption and excretion.  
Phytoplankton are the primary producer organisms 

supporting zooplankton and fishes in aquatic environments. 

Their abundance directly impacts the availability of organic 

matter for consumption by other organisms. Thus, 

phytoplankton are placed at the trophic strata's base or the 

aquatic food web (Ruegg et al. 2021). Phytoplankton also 

plays a major role in global carbon dioxide fixation and 

maintains the water body's oxygen level, which is 

designated as dissolved oxygen through photosynthesis 

(Pal and Choudhury 2014; Abd Hamid et al. 2019). 
 

 

 

Table 4. Species list of zooplankton in Kenyir Lake, Malaysia 
 

Phylum, species 
Point A  

(%) 
Point B  

(%) 
Point C  

(%) 

Arthropoda    
Calanoid copepods 59.26 0.00 40.74 
Calanus finmarchicus 0.00 50.00 50.00 
Ceriodaphnia laticaudata 22.22 33.33 44.44 
Ceriodaphnia rigaudi 0.00 25.00 75.00 
Ceriodaphnia sp. 66.67 33.33 0.00 
Chydorus sp.1 33.33 0.00 66.67 
Chydorus sp.2 0.00 0.00 100.00 
Chydorus sp.3 0.00 100.00 0.00 
Chydorus sphaericus 1 100.00 0.00 0.00 
Chydorus sphaericus 2 50.00 25.00 25.00 
Cyclopoida nauplius 0.00 100.00 0.00 
Cyclops scutifer 14.29 57.14 28.57 
Cyclops sp. 0.00 100.00 0.00 
Daphnia catawba 100.00 0.00 0.00 
Daphnia magna 66.67 0.00 33.33 
Daphnia parvula 0.00 0.00 100.00 
Daphnia pulex 66.67 0.00 33.33 
Daphnia sp. 0.00 100.00 0.00 
Macrocyclops albidus 75.00 0.00 25.00 
Macrocyclops fuscus 28.57 71.43 0.00 
Mesocyclops edax 0.00 0.00 100.00 
Microcyclops rubellus 0.00 33.33 66.67 
Moina micrura 0.00 28.57 71.43 
Moina sp.1 0.00 100.00 0.00 
Moina sp.2 100.00 0.00 0.00 

Ciliophora    
Trachelius ciliophora 0.00 0.00 100.00 

Rotifera    
Brachionus plicatilis 22.22 33.33 44.44 
Brachionus sp. 0.00 100.00 0.00 
Keratella cochlearis 23.08 30.77 46.15 
Notholca laurentiae 50.00 50.00 0.00 
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Figure 6. Zooplankton species recorded in Kenyir Lake, Malaysia: 1. Calanoid copepods; 2. Calanus finmarchicus; 3. Ceriodaphnia 
laticaudata; 4. Ceriodaphnia rigaudi; 5. Ceriodaphnia sp.; 6. Chydorus sp.1; 7. Chydorus sp.2; 8. Chydorus sp.3; 9. Chydorus 
sphaericus 1; 10. Chydorus sphaericus 2; 11. Cyclopoida nauplius; 12. Cyclops scutifer; 13. Cyclops sp.; 14. Daphnia catawba; 15. 

Daphnia magna; 16. Daphnia parvula; 17. Daphnia pulex; 18. Daphnia sp.; 19. Macrocyclops albidus; 20. Macrocyclops fuscus; 21. 
Mesocyclops edax; 22. Microcyclops rubellus; 23. Moina micrura; 24. Moina sp.1; 25. Moina sp.2; 26. Trachelius ciliophora; 27. 
Brachionus plicatilis; 28. Brachionus sp.; 29. Keratella cochlearis; 30. Notholca laurentiae 
 

 

 

 
 
Figure 7. Relative abundance of phytoplankton phylum in 
Temenggor Lake, Malaysia. Different area shade in the chart 
indicates the relative abundance percentage of the phylum 

 

 
 

Figure 9. Relative abundance of zooplankton phylum in 
Temenggor Lake, Malaysia. Different area shade in the chart 

indicates the relative abundance percentage of the phylum 
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Figure 8. Phytoplankton species recorded in Temenggor Lake: 1. Cyclotella sp.; 2. Melosira varians; 3. Nitzschia sp.; 4. Pinnularia sp.; 
5. Thalassionema nitzschioides; 6. Closterium parvulum; 7. Cosmarium cucurbita; 8. Cosmarium depressum; 9. Cosmarium sp.; 10. 
Hyalotheca dissiliens; 11. Micrasterias pinnatifida; 12. Micrasterias sp.; 13. Netrium sp.; 14. Staurastrum sp.; 15. Xanthidium sp.; 16. 
Actinastrum sp.; 17. Botryococcus braunii; 18. Pediastrum duplex; 19. Pediastrum sp.; 20. Tetraspora sp.; 21. Ceratium sp.; 22. 
Nusuttodinium aeruginosum; 23. Amphora sp.; 24. Cymbella sp.1; 25. Cymbella sp.2; 26. Navicula sp.1; 27. Navicula sp.2; 28. 
Navicula sp.3; 29. Skeletonema costatum; 30. Synura petersenii; 31. Acanthocystis sp. 
 

 

Zooplankton, a vital food source for many fish species, 

contribute to fisheries productivity by supporting the 

growth and reproduction of small fish (Lomartire et al. 

2021; Suhaimi et al. 2022); even a diverse plankton 

community can contribute to overall biodiversity in the 

freshwater ecosystem (Amorim and Moura 2021). As the 

primary energy source in the plankton-based food web, the 

zooplankton community has become a key component of 

the aquatic ecosystem (Ismail and Mohd Adnan 2016); the 

zooplankton community is an important factor in the 
aquatic food chain (Lomartire et al. 2021). Zooplankton 

plays a key role in nutrient cycling through consumption 

and excretion. Zooplankton is pivotal in the food chain 

since it allows nutrient intake onto the lower level and 

provides food to the upper levels. Therefore, the 

malfunctions of each trophic level affect even the predator-

prey interaction, leading to severe ecosystem degradation 

(Lomartire et al. 2021).  

Zooplankton are crucial for the survival of juvenile 

fishes in aquatic ecosystems, while phytoplankton are vital 

for the existence of zooplankton communities in aquatic 

ecosystems (Rasdi et al. 2020). Zooplankton, which feed 

on phytoplankton, serve as energy transfer intermediaries 

on the food web. Phytoplankton population changes can 

cascade through the ecosystem, affecting the abundance 

and distribution of zooplankton and its higher trophic 

levels, such as fish. The fluctuation and quantity 

measurement of phytoplankton and zooplankton in lakes is 

essential due to the significance of these tiny creatures in 

freshwater ecosystems.  

Quantifying the abundance of phytoplankton and 
zooplankton in lakes offers crucial insights into the 

dynamics and conservation of freshwater ecosystems 

(Xiong et al. 2020). It assists in evaluating the water 

quality, the dynamics of trophic levels, and the lake's 

general condition, thus contributing to efficient methods for 

conservation and management. Moreover, the abundance 

and variation of phytoplankton and zooplankton in a 

freshwater food web can affect the ecosystem (Su et al. 

2021); the positive outcomes include increased primary and 

secondary productivity, supporting diverse organisms, and 

supporting fish populations. 
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Figure 10. Zooplankton species recorded in Temenggor Lake: 1. Ceriodaphnia rigaudi; 2. Ceriodaphnia sp.; 3. Chydorus ovalis; 4. 
Chydorus sp.1; 5. Chydorus sp.2; 6. Chydorus sphaericus; 7. Macrocyclops sp.; 8. Mesocyclops edax; 9. Mesocyclops fuscus; 10. Moina 
macrocopa; 11. Moina micrura; 12. Moina sp.1; 13. Moina sp.2; 14. Monospilus dispar; 15. Urotricha farcta; 16. Lecane lunaris; 17. 
Rotaria neptunia 
 

 

 

Shannon's diversity index, evenness indexes, and species 

richness 

Table 7 showed the Shannon diversity index of 
phytoplankton in Kenyir Lake, which revealed that 

phytoplankton in sampling point A with H': 3.24 of 

diversity index and 0.94 evenness index was more diverse 

than the other sampling sites. It was discovered that rocky 

places had a higher diversity of phytoplankton, mainly 

diatom species, which tended to be attached in rocky areas 

with strong currents or streams. While sampling point C 

recorded with H': 3.15 of diversity index and 0.91 evenness 

index followed by sampling point B with H': 3.14 of 

diversity index and 0.91 evenness index. 

The highest species richness of phytoplankton in Kenyir 
Lake (Table 8) belonging was phylum of Charophyta in 

sampling point B (47.31%) and followed by Chlorophyta 

(24.55%) and other distributions of Euglenophyta (11.38%), 

Bacillariophyta (8.98%), Gyrista (5.39%), Cyanobacteria 

(2.40%), were recorded. Meanwhile, in sampling point A, 

the distribution division of Charophyta (45.39 %) was the 

highest, followed by Chlorophyta (26.97%) and other 

distributions of Euglenophyta (9.21%), Bacillariophyta (7.89%), 

Gyrista (4.61%), Cyanobacteria (3.29%). In sampling point 

C, Charophyta (38.28%), followed by Chlorophyta 
(35.41%), and other distributions of Bacillariophyta (10.53%), 

Gyrista (5.26%), Euglenophyta (4.31%), Ochrophyta (3.35%) 

and Cyanobacteria (2.87%) were recorded respectively.  

Table 7 shows the Shannon diversity index and 

evenness index of phytoplankton in Temenggor Lake. This 

revealed that phytoplankton in sampling point C, with H': 

3.23 of diversity index and 0.94 of evenness index, was 

more diverse than the other sampling sites. Sampling point 

A was recorded with H': 3.08 of diversity index and 0.90 of 

evenness index, followed by sampling point B with H': 

2.96 of diversity index and 0.86 of evenness index. 
The highest species richness of phytoplankton was 

recorded in Temenggor Lake (Table 8), belonging to the 

phylum of Charophyta in sampling point A (37.13%). At 

point A, the highest species richness recorded is 

Charophyta, followed by Gyrista (31.74%), Chlorophyta 

(14.37%), Bacillariophyta (12.57%), and Dinoflagellata 

(4.19%). Meanwhile, at sampling point B, the distribution 
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division of Charophyta (33.33%) was the highest, followed 

by Bacillariophyta (21.01%), Chlorophyta (20.29%), 

Gyrista (15.22%), Dinoflagellata (7.25%), and Heliozoa 

(2.90%). In sampling point C, the highest species richness 

is Charophyta (25.22%), followed by Bacillariophyta 

(22.57%), Gyrista (22.12%), Chlorophyta (20.35%), 

Dinoflagellata (4.87%), Heliozoa (4.87%) and were 

recorded respectively.  

Table 9 shows the Shannon diversity index and 

evenness index of zooplankton in Kenyir Lake. This 
revealed that phytoplankton in sampling point C, with H': 

2.56 of diversity index and 0.75 of evenness index, was 

more diverse than the other sampling sites. Sampling point 

B recorded H': 2.47 in the diversity index and 0.73 in the 

evenness index, followed by sampling point A with H': 

2.36 in the diversity index and 0.69 in the evenness index. 

The highest species richness of zooplankton in Kenyir 

Lake (Table 10) was in the phylum of Arthropoda in 

sampling point A (89.83%), followed by Rotifera 

(10.17%). Meanwhile, in sampling point B, Arthropoda 

(60.00 %) was the highest, followed by Rotifera (40.00 %). 
In sampling point C, Arthropoda (83.10%) was followed by 

Rotifera (14.08%) and Ciliophora (2.82%). 

Table 9 shows the Shannon diversity index and 

evenness index of zooplankton in Temenggor Lake. This 

revealed that zooplankton in sampling point C, with H': 

2.59 of diversity index and 0.91 evenness index, was more 

diverse than the other sampling sites. Sampling point A 

was recorded with H': 2.58 of diversity index and 0.91 

evenness index, followed by sampling point B with H': 

2.52 of diversity index and 0.89 evenness index. 
The highest species richness of zooplankton in 

Temenggor Lake (Table 10) was in the phylum of 

Arthropoda in sampling point C (92.55%), followed by 

Rotifera (7.45%). Meanwhile, in sampling point A, 

Arthropoda (84.11%) was the highest, followed by Rotifera 

(14.02%) and Ciliophora (1.87%). In sampling point B, 

Arthropoda (81.25%) was followed by Rotifera (18.75%). 

The utilization of the Shannon diversity index 
facilitated the comprehensive assessment of phytoplankton 

and zooplankton diversity in Kenyir Lake and Temenggor 

Lake. In Kenyir Lake, sampling point C exhibited the 

highest diversity (H': 2.37) and evenness (0.86) for 

phytoplankton, while in Temenggor Lake, sampling point 

C demonstrated the highest diversity (H': 3.18) and the 

lowest evenness (0.02). For zooplankton communities, 

Kenyir Lake's sampling point A displayed the highest 

diversity (H': 3.24), evenness (0.95), and species richness 

(53.01), indicative of a diverse population in both shallow 

coastal waters and the pelagic depth zone. In Temenggor 

Lake, sampling point A exhibited the highest zooplankton 
diversity (H': 2.73) and evenness (0.95). Variations in 

diversity and evenness were observed across different 

sampling points and lakes, underscoring the influence of 

specific ecological factors in each aquatic ecosystem. 

 

 

 

 

 

Table 5. Species list of phytoplankton in Temenggor Lake, Malaysia 
 

Phylum, species 
Point A  

(%) 

Point B  

(%) 

Point C  

(%) 

Bacillariophyta    
Cyclotella sp. 16.67 0.00 83.33 
Melosira varians 36.36 18.18 45.45 
Nitzschia sp. 0.00 50.00 50.00 

Pinnularia sp. 25.00 40.00 35.00 
Thalassionema nitzschioides 20.00 36.00 44.00 

Charophyta    
Closterium parvulum 38.89 33.33 27.78 
Cosmarium cucurbita 26.32 31.58 42.11 
Cosmarium depressum 22.22 33.33 44.44 
Cosmarium sp. 40.00 28.00 32.00 
Hyalotheca dissiliens 0.00 71.43 28.57 
Micrasterias pinnatifida 0.00 0.00 100.00 

Micrasterias sp. 58.33 0.00 41.67 
Netrium sp. 47.83 39.13 13.04 
Staurastrum sp. 44.44 22.22 33.33 
Xanthidium sp. 82.35 0.00 17.65 

Chlorophyta    
Actinastrum sp. 13.64 50.00 36.36 
Botryococcus braunii 25.00 0.00 75.00 
Pediastrum duplex 23.08 26.92 50.00 

Pediastrum sp. 20.00 35.00 45.00 
Tetraspora sp. 38.46 11.54 50.00 

Dinoflagellata    
Ceratium sp. 28.00 32.00 40.00 
Nusuttodinium aeruginosum 0.00 66.67 33.33 

Gyrista    
Amphora sp. 50.00 0.00 50.00 
Cymbella sp.1 41.67 0.00 58.33 

Cymbella sp.2 40.91 0.00 59.09 
Navicula sp.1 26.92 23.08 50.00 
Navicula sp.2 40.00 20.00 40.00 
Navicula sp.3 30.00 20.00 50.00 
Skeletonema costatum 48.15 44.44 7.41 
Synura petersenii 100.00 0.00 0.00 

Heliozoa    
Acanthocystis sp. 0.00 26.67 73.33 

 
 
Table 6. Species list of zooplankton in Temenggor Lake, Malaysia 
 

Phylum, species 
Point A  

(%) 

Point B  

(%) 

Point C  

(%) 

Arthropoda    

Ceriodaphnia rigaudi 50.00 20.00 30.00 
Ceriodaphnia sp. 47.06 23.53 29.41 
Chydorus ovalis 43.75 37.50 18.75 
Chydorus sp.1 60.00 20.00 20.00 
Chydorus sp.2 0.00 0.00 100.00 
Chydorus sphaericus 25.00 0.00 75.00 
Macrocyclops sp. 44.12 35.29 20.59 
Mesocyclops edax 43.75 25.00 31.25 

Mesocyclops fuscus 33.33 27.78 38.89 
Moina macrocopa 44.83 24.14 31.03 
Moina micrura 45.45 31.82 22.73 
Moina sp.1 27.78 27.78 44.44 
Moina sp.2 12.50 33.33 54.17 
Monospilus dispar 0.00 22.22 77.78 

Cilliophora    
Urotricha farcta 100.00 0.00 0.00 

Rotifera    
Lecane lunaris 40.00 60.00 0.00 
Rotaria neptunia 40.91 27.27 31.82 
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Table 7. Shannon diversity index and evenness index of 
phytoplankton in Kenyir Lake and Temenggor Lake, Malaysia 
 

Point Shannon Diversity index Evenness 

Kenyir Lake   
A 3.24 0.94 
B 3.14 0.91 
C 3.15 0.91 

Temenggor Lake   
A 3.08 0.90 
B 2.96 0.86 
C 3.23 0.94 

 

 

 

Table 8. Richness (%) of phytoplankton in Kenyir Lake and 

Temenggor Lake, Malaysia 
 

Species richness (%) A B C 

Kenyir Lake    
Charophyta 45.39 47.31 38.28 
Chlorophyta 26.97 24.55 35.41 
Bacillariophyta 7.89 8.98 10.53 

Gyrista 4.61 5.39 5.26 
Cyanobacteria 3.29 2.40 2.87 
Euglenophyta 9.21 11.38 4.31 
Ochrophyta 2.63 0.00 3.35 

Temenggor Lake    
Charophyta 37.13 33.33 25.22 
Chlorophyta 14.37 20.29 20.35 
Bacillariophyta 12.57 21.01 22.57 

Gyrista 31.74 15.22 22.12 
Heliozoa 0.00 2.90 4.87 
Dinoflagellata 4.19 7.25 4.87 

 

 

 

Table 9. Shannon Diversity Index and Evenness Index of 
zooplankton in Kenyir Lake and Temenggor Lake, Malaysia 
 

Point Shannon Diversity index Evenness 

Kenyir Lake   
A 2.36 0.69 
B 2.47 0.73 
C 2.56 0.75 

Temenggor Lake   
A 2.58 0.91 
B 2.52 0.89 
C 2.59 0.91 

 
 
 
Table 10. Species richness (%) of zooplankton in Kenyir Lake 

and Temenggor Lake, Malaysia 

 

Species richness (%) A B C 

Kenyir Lake    

Arthropoda 89.83 60.00 83.10 
Rotifera 10.17 40.00 14.08 
Ciliophora 0.00 0.00 2.82 

Temenggor Lake    
Arthropoda 84.11 81.25 92.55 
Rotifera 14.02 18.75 7.45 
Ciliophora 1.87 0.00 0.00 

Species richness involves quantifying the total count of 

distinct species within a given ecological community. In 

contrast, species evenness elucidates individuals' 

equilibrium or distributional proportionality among various 

species (Chao and Chiu 2015). Both parameters are crucial 

for understanding and safeguarding ecosystems' vitality 

and diversity. Diversity indices, explaining species richness 

and diversity uniformity, serve as ecological indicators in 

community diversity assessment. Ramlee et al. (2022) 

study indicated higher plankton diversity in Kenyir Lake, 
potentially attributed to its longer natural lake history, 

making it more vulnerable to eutrophication under 

uncontrolled nutrient enrichment. However, despite good 

diversity indices (H': 2.37 and evenness 0.86), plankton's 

abundance and community composition in Temenggor 

Lake were not well-distributed. 

Climate change can significantly affect plankton 

populations and their distribution in lakes. As temperatures 

rise, lakes experience changes in their physical and 

chemical properties, impacting plankton dynamics (Adrian 

et al. 2009). Warmer temperatures can disrupt the natural 
stratification of lakes, affecting nutrient cycling and 

plankton productivity. Altered precipitation patterns also 

influence freshwater input and nutrient concentrations, 

affecting the balance between different plankton species 

(Jeppesen et al. 2009). These interconnected effects 

underscore the importance of considering climate change in 

studying and managing lake plankton populations. 

Charophyta demonstrated prominence in Kenyir and 

Temenggor water bodies, known to inhabit various aquatic 

environments in Malaysia and exhibit specialization based 

on specific environmental conditions. The murky water 
quality observed at these sampling points provided an 

optimal habitat for desmid algae, aligning with findings 

from Celewicz et al. (2022). The biophysical state observed 

at both sample points indicates a tributary condition, where 

river water enters the lake carrying contaminants like 

animal feces and organic debris (Ramlee et al. 2022). 

Runoff water fosters excessive phytoplankton 

development, providing a habitat for various fish species 

and wild animals (Reid et al. 2019). High nutrient 

concentrations, irradiance, food web structure, and 

physicochemical conditions influence phytoplankton 

populations (Wisha et al. 2018; Andriyani et al. 2020). 
Natural lakes recorded higher zooplankton species than 

man-made lakes due to their greater variation and less 

stability in water level fluctuations (Zhou et al. 2020). 

Diverse phytoplankton communities in freshwater lakes 

also play a crucial role in shaping food web dynamics and 

increasing primary productivity (Jia et al. 2020; Susilowati 

et al. 2023). The presence of varied phytoplankton species 

forms the base of the food chain, supporting a diverse 

zooplankton community and benefiting the higher trophic 

levels. This diversity fosters stable food web dynamics, 

filling ecological niches and enhancing resilience to 
fluctuations (Kassim et al. 2020; Flood et al. 2023). 

Additionally, it aids in nutrient cycling, mitigates harmful 

algal blooms, and contributes to improved water quality. 

Overall, a diverse phytoplankton community enhances the 

resilience and sustainability of freshwater lake ecosystems. 
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Similarly, high zooplankton diversity in aquatic ecosystems 

is essential to maintain stability by compensating for 

specific species declines, ensuring efficient energy transfer, 

and regulating predator-prey dynamics (Burian et al. 2020); 

the diverse zooplankton communities support enhanced 

nutrient cycling, promoting ecosystem health and 

productivity. This diversity also provides resilience to 

environmental changes, contributing to overall biodiversity 

and offering essential ecosystem services. Pollution and 

human activities significantly pressure plankton 
populations and marine ecosystems (Worm et al. 2006; 

Doney et al. 2012). Chemical pollutants, including 

agricultural and industrial runoff, introduce toxins that can 

directly harm plankton or disrupt their ecological balance 

through eutrophication (Glibert et al. 2005; Lazim et al. 

2024). Physical pollutants such as plastic debris pose 

additional threats, with microplastics being ingested by 

plankton and potentially transferring toxins up the food 

chain (Thompson et al. 2009). Overfishing further disrupts 

plankton dynamics by altering predator-prey relationships 

(Worm et al. 2006). These impacts underscore the urgent 
need for comprehensive measures to mitigate pollution and 

human activities to safeguard plankton populations and the 

health of ecosystems. 

The ecological dynamics and health of freshwater lake 

ecosystems, such as Kenyir and Temenggor lakes, can be 

significantly impacted by variations in plankton species. As 

primary producers, plankton are of utmost importance in 

these ecosystems as they facilitate nutrient cycling and 

energy transfer, significantly affecting upper trophic levels. 

Variations in the composition of plankton species could 

potentially indicate alterations in environmental factors, 
including the accessibility of nutrients, water temperature, 

and light penetration. Following these variations, the 

stability and resilience of the entire ecosystem may be 

affected. Additionally, variations in pollution inputs and 

nutrient levels generate diverse responses from various 

plankton species, which can affect water quality. Moreover, 

plankton community modifications can potentially disturb 

trophic relationships and biodiversity within these 

ecosystems, which may result in reorganizations of the 

community structure and the extinction of species. 

Furthermore, specific species of plankton, most notably 

cyanobacteria, can generate harmful algal blooms, which 
pose potential risks to aquatic organisms and human well-

being. A comprehension of the consequences of 

fluctuations in plankton is critical for developing efficient 

management and conservation approaches that seek to 

safeguard the ecological viability of lakes such as Kenyir 

and Temenggor in the context of continuous environmental 

transformations, considering the complex relationship of 

freshwater ecosystems. 

Plankton plays a fundamental role in aquatic 

ecosystems. They're vital as a direct food source for many 

organisms and contribute significantly to the carbon cycle 
and overall ecosystem health. Human activities can indeed 

disrupt this delicate balance. Pollution introduces harmful 

substances into the water, affecting plankton populations 

directly or indirectly through the food chain. Overfishing 

disrupts the natural predator-prey dynamics, potentially 

leading to harmful algal blooms due to unchecked plankton 

growth. Maintaining the health of plankton populations is 

crucial for the well-being of marine and freshwater 

ecosystems. 

The species composition aligns with findings from 

previous research on tropical reservoirs, with Rotifera 

predominating in natural lakes, consistent with its role as 

the primary zooplankton group in tropical lakes (Sharma 

and Sharma 2019; Arcifa et al. 2020; Elmoor-Loureiro et 

al. 2023). The diversity and species composition of 
zooplankton is negatively affected by reservoirs, which are 

less productive than natural lakes. The study underscores 

the intricate ecological dynamics and diverse compositions 

of phytoplankton and zooplankton communities in Kenyir 

Lake and Temenggor Lake freshwater ecosystems. 

Understanding and monitoring species richness, evenness, 

and diversity are crucial for effective management and 

conservation strategies, increasing productivity and 

preserving ecological integrity. 

One key aspect is seasonal variation, where temperature 

and nutrient availability fluctuations profoundly impact 
plankton abundance and diversity throughout the year 

(Reynolds 2006). Moreover, considering the role of 

plankton in nutrient cycling sheds light on their 

significance as primary producers, converting nutrients into 

organic matter through photosynthesis (Smith et al. 2007). 

Understanding predator-prey interactions is equally crucial, 

as plankton is a vital food source for various organisms, 

and their populations can be influenced by predation 

pressure from fish and other predators. Additionally, 

physical factors such as water temperature, light 

penetration, and turbulence significantly shape plankton 
distribution within the lake, contributing to spatial 

variability in abundance and diversity (Winder and 

Sommer 2012). By examining these ecosystem dynamics, 

we gain insights into the complex interplay of factors that 

govern plankton communities and their responses to 

environmental changes in lakes. 

Invasive species significantly threaten plankton 

populations, exerting profound ecological impacts on 

aquatic ecosystems. By disrupting natural biotic 

interactions and competitive dynamics, these non-native 

species can engender the displacement and decline of 

Indigenous plankton taxa. Invasive species often exhibit 
rapid proliferation rates and aggressive resource acquisition 

strategies, enabling them to outcompete native plankton for 

essential resources such as nutrients and habitat space. 

Moreover, introducing invasive species can introduce novel 

diseases and parasites to native plankton communities, 

potentially causing population declines or even extinctions 

among susceptible species. Consequently, the ecological 

ramifications of invasive species on plankton populations 

extend beyond mere competitive exclusion, encompassing 

disruptions to trophic dynamics and ecosystem functioning. 

Effective management strategies, including early detection, 
prevention, and control measures, are imperative to 

mitigate the adverse impacts of invasive species on 

plankton and safeguard the integrity of aquatic ecosystems. 

Addressing the possibility that the sampling method 

may not capture the full diversity of plankton species in the 
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lakes is crucial for ensuring the accuracy and 

comprehensiveness of the study. One approach is to 

employ multiple sampling techniques that target different 

plankton size fractions and habitats within the lakes (Caron 

et al. 2012). For example, vertical and horizontal net tows 

can capture plankton from various depths and locations 

within the water column. Finally, engaging in collaborative 

efforts with other researchers and leveraging existing 

datasets can further enhance the scope and reliability of 

plankton biodiversity assessments in the lakes. By 
employing these strategies, researchers can minimize the 

potential biases associated with sampling methods and 

improve our understanding of the full diversity of plankton 

species in the lakes. Therefore, standard sampling protocols 

and methods have been used in this study to ensure that all 

plankton data collected are sufficient to picture the 

distributions and abundance of plankton at both lakes of 

Kenyir and Temenggor.  

In conclusion, the abundance of phytoplankton and 

zooplankton recorded in this research exhibited substantial 

variation across the sample stations in Kenyir Lake and 
Temenggor Lake. This may indicate their specific 

ecological niche or habitat preferences, influenced by the 

lake's zonation and overall condition. The ecological lake 

condition changes may lead to a rise in phytoplankton and 

zooplankton populations, benefiting fish and other aquatic 

animals. Therefore, long-term management of aquatic 

species in Malaysian freshwater lakes may depend on 

proper oversight of phytoplankton and zooplankton density 

variations. However, another variable that must be 

investigated further is the additional component impacts on 

the phytoplankton and zooplankton abundances. Overall, 
the impact of high phytoplankton and zooplankton 

abundance and variation in a freshwater food web depends 

on the specific dynamics of the ecosystem. This knowledge 

may be advantageous for advancing sustainable fisheries 

and overall lake management, especially in conserving 

aquatic ecosystems and assessing their susceptibility to 

biological richness. Therefore, to ensure the 

comprehensiveness and precision of plankton biodiversity 

studies in lakes, it is essential to use a rigorous approach 

incorporating various sampling techniques. This approach 

is necessary to encompass the entire range of plankton 

species in lake ecosystems. Consequently, sampling points 
were selected based on the area's physical characteristics to 

resemble the varying physical conditions of the plankton 

habitat. This entails employing both vertical and horizontal 

net tows to capture plankton from diverse depths and 

spatial distributions throughout the water column. 

Additionally, a multi-faceted approach enhances the 

comprehensiveness of biodiversity assessments by 

revealing a broader array of planktonic taxonomy, 

including rare or cryptic ones. Moreover, collaborative 

endeavors among researchers and utilizing existing datasets 

further enrich the depth and reliability of these 
assessments.  

ACKNOWLEDGEMENTS 

We thank Universiti Malaysia Terengganu, Malaysia 

for funding this project [UMT/TAPE-RG/2021/55340], 

facilities, accommodation, lodging, and other needs. 

REFERENCES 

Abd Hamid M, Zainudin MHM, Aisyah N, Omar SNI, Mansor M. The 

ecological succession of Sungai Enam Delta, Temengor Lake, 

Malaysia. Asia Pacific Centre for Ecohydrology-UNESCO Research 

Center for Limnology-Indonesian Institute of Sciences: 479. 

Abd Latif L, Husin SM, Kutty AA. 2014. Variation of phytoplankton at 

Kenyir Lake, Tembat River and Terengganu Mati River. Sci J 

Environ Eng Res 2014: 177. DOI: 10.7237/sjeer/177. 

Adrian R, O'Reilly CM, Zagarese H, Baines SB, Hessen DO, Keller W, 

Livingstone DM, Sommaruga R, Straile D, Van Donk E, 

Weyhenmeyer GA, Winder M. 2009. Lakes as sentinels of climate 

change. Limnol Oceanogr 54 (6part2): 2283-2297. DOI: 

10.4319/lo.2009.54.6_part_2.2283. 

Ahmad U, Parveen S, Khan AA, Kabir HA, Reda H, Ganai AH. 2011. 

Zooplankton population in relation to physico-chemical factors of a 

sewage fed pond of Aligarh (UP), India. Biol Med 3 (2): 336-341. 

Al Diana NZ, Sari LA, Arsad S, Pursetyo KT, Cahyoko Y. 2020. 

Monitoring of phytoplankton abundance and chlorophyll-a content in 

the estuary of Banjar Kemuning River, Sidoarjo Regency, East Java. J 

Ecol Eng 22 (1): 29-35. DOI: 10.12911/22998993/128877. 

Amorim CA, Moura AdN. 2021. Ecological impacts of freshwater algal 

blooms on water quality, plankton biodiversity, structure, and 

ecosystem functioning. Sci Total Environ 758: 143605. DOI: 

10.1016/j.scitotenv.2020.143605. 

Andriyani N, Mahdiana A, Hilmi E, Kristian S. 2020. The correlation 

between plankton abundance and water quality in Donan River. 

Omni-Akuatika 16 (3): 14-20. DOI: 10.20884/1.oa.2020.16.3.844. 

Annalakshmi G, Amsath A. 2012. Studies on the hydrobiology of river 

Cauvery and its tributaries Arasalar from Kumbakonam region 

(Tamilnadu, India) with reference to zooplankton. Intl J Plant Anim 

Environ Sci 2 (3): 325-336. 

Arcifa MS, de Souza BB, de Morais-Junior CS, Bruno CGC. 2020. 

Functional groups of rotifers and an exotic species in a tropical 

shallow lake. Sci Rep 10 (1): 14698. DOI: 10.1038/s41598-020-

71778-1. 

Arief M, Laksmi L. 2006. Suitability analysis of pond waters in Demak 

Regency in terms of chlorophyll-a value, surface water temperature, 

and suspended solids using Landsat ETM 7+ satellite image data. J 

Remote Sens 3 (1): 108-118. 

Arshad N, Rahman ATA, Jafar SM, Aziz NW, Osman R. 2022. 

Assessment of water quality in the Temenggor Forest Reserve based 

on physicochemical data and elemental content. Malays J Chem 24 

(2): 1-11. DOI: 10.55373/mjchem.v24i2.1. 

Ayoade AA, Osuala BO, Adedapo TA. 2019. Physico-chemical 

parameters, chlorophyll and phytoplankton community as trophic 

state indices of two tropical lakes, southwestern Nigeria. EurAsian J 

BioSci 13 (1): 15-22. 

Basri H, Sidek LM, Sh Sammen S, Razad AZ, Pokhrel P. 2019. 

Hydrological modelling of surface runoff for Temengor Reservoir 

using GR4H model. Intl J Civil Eng Technol 10 (7): 22-28.  

Bellinger EG, Sigee DC. 2015. Freshwater algae: Identification, 

enumeration and use as bioindicators. John Wiley & Sons, UK. DOI: 

10.1002/9781118917152. 

Bhuiyan MAH, Siwar C, Ismail SM. 2016. Sustainability measurement for 

ecotourism destination in Malaysia: A study on Lake Kenyir, 

Terengganu. Soc Indic Res 128: 1029-1045. DOI: 10.1007/s11205-

015-1068-5. 

Bledzki LA, Rybak JI. 2016. Freshwater crustacean zooplankton of 

Europe: Cladocera & Copepoda (Calanoida, Cyclopoida) key to 

species identification, with notes on ecology, distribution, methods 

and introduction to data analysis. Springer, Switzerland. DOI: 

10.1007/978-3-319-29871-9. 

Burian A, Nielsen JM, Winder M. 2020. Food quantity-quality 

interactions and their impact on consumer behavior and trophic 

transfer. Ecol Monogr 90 (1): 01395. DOI: 10.1002/ecm.1395. 

https://doi.org/10.4319%2Flo.2009.54.6_part_2.2283
https://doi.org/10.12911/22998993/128877
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2020.143605
http://dx.doi.org/10.20884/1.oa.2020.16.3.844
https://doi.org/10.1038/s41598-020-71778-1
https://doi.org/10.1038/s41598-020-71778-1


 BIODIVERSITAS  25 (8): 3342-3358, August 2024 

 

3356 

Carlson RE. 1977. A trophic state index for lakes 1. Limnol Oceanogr 22 

(2): 361-369. DOI: 10.4319/lo.1977.22.2.0361. 

Caron DA, Alexander H, Allen AE, Archibald JM, Armbrust EV, Bachy 

C, Bell CJ, Bharti A, Dyhrman ST, Guida SM, Heidelberg KB, Kaye 

JZ, Metzner J, Smith SR, Worden AZ. 2017. Probing the evolution, 

ecology and physiology of marine protists using transcriptomics. Nat 

Rev Microbiol 15 (1): 6-20. DOI: 10.1038/nrmicro.2016.160. 

Celewicz S, Kozak A, Kuczyńska-Kippen N. 2022. Chlorophytes 

response to habitat complexity and human disturbance in the 

catchment of small and shallow aquatic systems. Sci Rep 12 (1): 

13050. DOI: 10.1038/s41598-022-17093-3. 

Chandel P, Mahajan D, Thakur K, Kumar R, Kumar S, Brar B, Sharma D, 

Sharma AK. 2024. A review on plankton as a bioindicator: A 

promising tool for monitoring water quality. World Water Policy 10 

(1): 213-232. DOI: 10.1002/wwp2.12137. 

Chandrasekar SA. 1996. Ecological studies on Sarrornagar lake 

Hyderabad with special reference to zooplankton communities. 

[Dissertation]. Osmania Univ, Hyderabad, India. 

Chao A, Chiu C-H. 2016. Species richness: Estimation and comparison. 

Wiley StatsRef: Stat Ref Online 1: 26. 

DOI: 10.1002/9781118445112.stat03432.pub2.  

Chen W, Ren K, Isabwe A, Chen H, Liu M, Yang J. 2019. Stochastic 

processes shape microeukaryotic community assembly in a 

subtropical river across wet and dry seasons. Microbiome 7 (138): 1-

16. DOI: 10.1186/s40168-019-0749-8. 

Dhembare AJ. 2011. Diversity and its indices in zooplankton with 

physico-chemical properties of Mula Dam Water Ahmednagar, 

Maharashtra, India. Eur J Exp Biol 1 (4): 98-103. 

Doney SC, Ruckelshaus M, Emmett DJ, Barry JP, Chan F, English CA, 

Galindo HM, Grebmeier JM, Hollowed AB, Knowlton N, Polovina J. 

2012. Climate change impacts on marine ecosystems. Annu Rev Mar 

Sci 4 (1): 11-37. 

Dullah H, Malek MA, Hanafiah MM. 2020. Life cycle assessment of nile 

tilapia (Oreochromis niloticus) farming in Kenyir Lake, Terengganu. 

Sustainability 12 (6): 2268. DOI: 10.3390/su12062268. 

Dussart BH, Defaye D. 2001. Introduction to the Copepoda: Revised and 

Enlarged. Backhuys publishers. 

Effendi AF, Bahri AS, Roslan ANN, Rosli MZ, Shahbodin NA, Faiz M, 

Amin M, Sah ASRM, Husin SM. 2020. Characteristics of Pergau 

Reservoir water quality profile. IOP Conf Ser: Earth Environ Sci 549 

(1): 012008. DOI: 10.1088/1755-1315/549/1/012008. 

Elmoor-Loureiro LMA, Sousa FDR, Oliveira FR, Joko CY, Perbiche-

Neves G, Da Silva ACS, Silva AJ, Ghidini AR, Meira BR, Aggio 

CEG, Morais-Junior CS, Eskinazi-Sant'Anna EM, Lansac-Tôha FM, 

Cabral GS, Portinho JL, Nascimento JR, Silva JVF, Veado L, 

Chiarelli LJ, Santana LO, Diniz LP, Braghin LSM, Schwind LTF, et 

al. 2023. Towards a synthesis of the biodiversity of freshwater 

protozoa, rotifera, cladocera, and copepoda in Brazil. Limnologica 

100: 126008. DOI: 10.1016/j.limno.2022.126008. 

Flood PJ, Loftus WF, Trexler JC. 2023. Fishes in a seasonally pulsed 

wetland show spatiotemporal shifts in diet and trophic niche but not 

shifts in trophic position. Food Webs 34: e00265. DOI: 

10.1016/j.fooweb.2022.e00265. 

Forsberg C. 1982. Limnological research can improve and reduce the cost 

of monitoring and control of water quality. Hydrobiologia 86: 143-

146. DOI: 10.1007/BF00005801. 

Ghosh S, Barinova S, Keshri JP. 2012. Diversity and seasonal variation of 

phytoplankton community in the Santragachi Lake, West Bengal, 

India. QSci Connect 2012 (1): 3. DOI: 10.5339/CONNECT.2012.3. 

Glibert PM, Seitzinger S, Heil CA, Burkholder JM, Parrow MW, 

Codispoti LA, Kelly V. 2005. 2005. The role of eutrophication in the 

global proliferation of harmful algal blooms. Oceanography 18 (2): 

198-209. DOI: 10.5670/oceanog.2005.54. 

Ismail AH. 2012. Community structure and algal feeding preferences of 

zooplankton in Myponga and South Para Reservoirs. [Dissertation]. 

University of Adelaide, Adelaide. 

Ismail AH, Adnan AAM. 2016. Zooplankton composition and abundance 

as indicators of eutrophication in two small Man-made Lakes. Trop 

Life Sci Res 27 (1): 31-38. DOI: 10.21315/TLSR2016.27.3.5. 

Ismail SN, Mansor A, Subehi L, Ridwansyah I, Mansor M. 2023. 

Zonation of macrophytes based on bathymetry analysis at Chenderoh 

Reservoir, Perak, Malaysia. In AIP Conf Proc 2683 (1): 030056. DOI: 

10.1063/5.0125208. 

Jeppesen E, Kronvang B, Meerhoff M, Søndergaard M, Hansen KM, 

Andersen HE, Lauridsen TL, Liboriussen L, Beklioglu M, Özen A, 

Olesen JE. 2009. Climate change effects on runoff, catchment 

phosphorus loading and lake ecological state, and potential 

adaptations. J Environ Qual 38 (5): 1930-1941. DOI: 

10.2134/jeq2008.0113.  

Jia J, Gao Y, Zhou F, Shi K, Johnes PJ, Dungait JA, Ma M, Lu Y. 2020. 

Identifying the main drivers of change of phytoplankton community 

structure and gross primary productivity in a river-lake system. J 

Hydrol 583: 124633. DOI: 10.1016/j.jhydrol.2020.124633. 

Jiang Z, Liu J, Chen J, Chen Q, Yan X, Xuan J, Zeng J. 2014. Responses 

of summer phytoplankton community to drastic environmental 

changes in the Changjiang (Yangtze River) estuary during the past 50 

years. Water Res 54: 1-11. DOI: 10.1016/j.watres.2014.01.032. 

Kassim Z, Yunus K, Jalal KA, Jaafar IN, Nordin NS. 2015. Spatial 

distribution trend of plankton in sungai pulai estuary, the straits of 

Johor, Malaysia. Sains Malaysiana 44 (9): 1257-1262. 

Kassim Z, Ahmad Z, Shammodin MS, Johari WS, Wan M, Ismail A. 

2020. Phytoplankton and zooplankton composition in mangroves of 

the Mendana Strait, Johor River, Johor, Malaysia. Malay Nat J 72 (3): 

349.  

Khalik W, Abdullah P. 2012. Seasonal influence on water quality status of 

Temenggor Lake, Perak. Malays J Anal Sci 16: 163-171. 

Khanna N, Sridhar A, Subramanian R, Pandit S, Fosso-Kankeu E. 2019. 

Phycoremediation: A solar-driven wastewater purification system. 

Nano and Bio‐Based Technologies for Wastewater Treatment: 

Prediction and Control Tools for the Dispersion of Pollutants in the 

Environment: 373-427. DOI: 10.1002/9781119577119.ch11. 

Lazim NNFM, Mohamed A, Rudin ZRZ, Yusoff FM, Natrah I, Zulkifly S. 

2024. Physicochemical impacts on bacterial communities in Putrajaya 

Lake, Malaysia. Pertanika J Sci Technol 32 (1): 1-29. DOI: 

10.47836/pjst.32.1.01.  

Lewandowska AM, Hillebrand H, Lengfellner K, Sommer U. 2014. 

Temperature effects on phytoplankton diversity—The zooplankton 

link. J Sea Res 85: 359-364. DOI: 10.1016/j.seares.2013.07.003. 

Liwutang YE, Manginsela FB, Tamanampo JFWS. 2013. Phytoplankton 

density and diversity in the waters around the reclamation area in 

Manado Beach. Jurnal Ilmiah Platax 1 (3): 109-117. DOI: 

10.35800/jip.1.3.2013.2568. 

Lomartire S, Marques JC, Gonçalves AMM. 2021. The key role of 

zooplankton in ecosystem services: A perspective of interaction 

between zooplankton and fish recruitment. Ecol Indic 129: 107867. 

DOI: 10.1016/j.ecolind.2021.107867. 

Lopes RM, Reid JW, Rocha CE. (eds.). 2001. Copepoda: Developments 

in Ecology, Biology and Systematics: Proceedings of the Seventh 

international conference on Copepoda, held in Curitiba, Brazil, 25-31 

July, 1999: reprinted from Hydrobiologia: 453/454 (2001): 156.   

Magumba D, Maruyama A, Takagaki M, Kato A, Kikuchi M. 2014. 

Relationships between chlorophyll-a, phosphorus and nitrogen as 

fundamentals for controlling phytoplankton biomass in lakes. Environ 

Control Biol 51 (4): 179-185. DOI: 10.2525/ecb.51.179. 

McManus GB, Katz LA. 2009. Plankton identification: Morphology or 

molecules or both? Limnol Oceanogr Bull 18 (4): 86-90. DOI: 

10.1002/lob.200918485. 

Mellard JP, Yoshiyama K, Litchman E, Klausmeier CA. 2011. The 

vertical distribution of phytoplankton in stratified water columns. J 

Theor Biol 269 (1): 16-30. DOI: 10.1016/j.jtbi.2010.09.041. 

Ogbuagu D, Ayoade A. 2012. Seasonal dynamics in plankton abundance 

and diversity of a freshwater body in Etche, Nigeria. Environ Nat 

Resour Res 2 (2): 48-58. DOI: 10.5539/ENRR.V2N2P48. 

Pal R, Choudhury AK. 2014. Physicochemical environment of aquatic 

ecosystem. In: Pal R, Choudhury AK, (eds.). An Introduction to 

phytoplanktons: Diversity and ecology. Springer India, New Delhi. 

DOI: 10.1007/978-81-322-1838-8_2. 

Putri ADA, Tjahjaningsih W. 2019. Post-harvest management microalgae 

culture of Porphyridium cruentum on laboratory scale and 

intermediates scale in center for development of Brackish Water 

Aquaculture Jepara, Bulu Village, Jepara District - Central Java. J 

Aquac Fish Health 7 (3): 111-117. DOI: 10.20473/jafh. v7i3.11259. 

[Indonesian] 

Ramlee A, Suhaimi H, Rasdi NW. 2022. Diversity and abundance of 

plankton in different habitat zonation of Papan River, Lake Kenyir, 

Malaysia. Biodiversitas 23 (1): 212-221. DOI: 

10.13057/BIODIV/D230127. 

Rasdi N, Suhaimi H, Yuslan A, Sung YY, Ikhwanuddin M, Omar SS, Qin 

JG, Kassim Z, Yusoff FM. 2018. Effect of mono and binary diets on 

growth and reproduction of cyclopoid copepod. Aquac Aquarium 

Conserv Legislation-Intl J Bioflux Soc 11 (5): 1658-1671. 

https://doi.org/https:/doi.org/10.4319/lo.1977.22.2.0361
https://doi.org/10.1038/nrmicro.2016.160
https://doi.org/10.1038/s41598-022-17093-3
https://doi.org/https:/doi.org/10.1002/wwp2.12137
https://doi.org/https:/doi.org/10.1002/9781118445112.stat03432.pub2
https://doi.org/10.3390/su12062268
https://doi.org/https:/doi.org/10.1016/j.limno.2022.126008
https://doi.org/10.1007/BF00005801
https://doi.org/10.5339/CONNECT.2012.3
https://doi.org/10.21315/TLSR2016.27.3.5
https://doi.org/https:/doi.org/10.1016/j.jhydrol.2020.124633
https://doi.org/https:/doi.org/10.1016/j.watres.2014.01.032
https://doi.org/https:/doi.org/10.1002/9781119577119.ch11
https://doi.org/10.35800/jip.1.3.2013.2568
https://doi.org/https:/doi.org/10.1016/j.ecolind.2021.107867
https://doi.org/10.2525/ecb.51.179
https://doi.org/https:/doi.org/10.1016/j.jtbi.2010.09.041
https://doi.org/10.5539/ENRR.V2N2P48
https://doi.org/10.1007/978-81-322-1838-8_2
https://doi.org/10.20473/jafh.v7i3.11259
https://doi.org/10.13057/BIODIV/D230127
https://doi.org/10.13057/BIODIV/D230127


OTHMAN et al. – Plankton in the tropical man-made lakes of Kenyir and Temenggor of Malaysia 

 

3357 

Rasdi NW, Ramlee A, Abol-Munafi A, Ikhwanuddin M, Azani N, Yuslan, 

A, Suhaimi H, Arshad A. 2020. The effect of enriched Cladocera on 

growth, survivability and body coloration of Siamese fighting fish. J 

Environ Biol 41 (5): 1257-1263. 

Rasdi WNNW, Musa N, Suhaimi H, Iberahim NA, Yuslan A, Murni K. 

2023. Healthy aquatic ecosystem, towards sustainable food supply. 

Innovation of food products in halal supply chain worldwide: 275-

298. Academic Press. DOI: 10.1016/B978-0-323-91662-2.00009-0. 

Reid AJ, Carlson AK, Creed IF, Eliason EJ, Gell PA, Johnson PTJ, Kidd 

KA, MacCormack TJ, Olden JD, Ormerod SJ, Smol JP, Taylor WW, 

Tockner K, Vermaire JC, Dudgeon D, Cooke SJ. 2019. Emerging 

threats and persistent conservation challenges for freshwater 

biodiversity. Biol Rev 94 (3): 849-873. DOI: DOI: 10.1111/brv.12480. 

Reynolds CS. 2006. The ecology of phytoplankton. Cambridge University 

Press, Cambridge. 

Rüegg J, Conn CC, Anderson EP, Battin TJ, Bernhardt ES, Boix CM, 

Bonjour SM, Hosen JD, Marzolf NS, Yackulic CB. 2021. Thinking 

like a consumer: Linking aquatic basal metabolism and consumer 

dynamics. Limnol Oceanogr Lett 6 (1): 1-17. 

Sabki NS, Salleh A, Nasrodin S. 2012. Desmid flora in Tasik Sungai 

Semuji, Kuantan, Pahang, Malaysia. In: Proceedings of the 2nd. 

International Conference on Arts, Social Sciences and Technology 

Penang, Malaysia. 

Sagala EP. 2016. Plankton diversity index in estuary of Musi River to 

determinate the quality of waters as habitat of fishes. Proc 3rd Intl 

Biol Conf Biodivers Biotechnol Hum Welf 2016: 17-27. 

Schwoerbel J. 2016. Methods of Hydrobiology: (Freshwater Biology). 

Elsevier, Nederlands. 

Shannon CE, Weaver W. 1949. The mathematical theory of 

communication. The mathematical theory of communication. 

University of Illinois Press, Champaign, IL, US. 

Sharip Z, Yusoff FM, Jusoh J, Jamin A. 2019. Comparative limnology of 

natural and man-made tropical lakes. IOP Conf Ser: Earth Environ 

Sci 380 (1): 012019. DOI: 10.1088/1755-1315/380/1/012019. 

Sharma BK, Sharma S. 2019. The biodiverse rotifers (Rotifera: 

Eurotatoria) of Northeast India: Faunal heterogeneity, biogeography, 

richness in diverse ecosystems and interesting species assemblages. 

Bonn Zool Bull 68 (1): 147-162. 

Shinde SE, Pathan TS, Sonawane DL. 2012. Seasonal variations and 

biodiversity of zooplankton in Harsool-Savangi Dam, Aurangabad, 

India. J Environ Biol 33 (4): 741. 

Sihombing VS, Gunawan H, Sawitri R. 2017. Diversity and community 

structure of fish, plankton and benthos in Karangsong Mangrove 

Conservation Areas, Indramayu, West Java, Indonesia. Biodiversitas 

18 (2): 601-608. DOI: 10.13057/BIODIV/D180222. 

Smith VH. 2007. Using primary productivity as an index of coastal 

eutrophication: the units of measurement matter. J Plankton Res 29 

(1): 1-6. 

Su H, Feng Y, Chen J, Chen Jun, Ma S, Fang J, Xie P. 2021. Determinants 

of trophic cascade strength in freshwater ecosystems: A global 

analysis. Ecology 102 (7): 03370. DOI: 10.1002/ecy.3370. 

Subehi L, Ridwansyah I, Omar NA, Abd Hamid M, Mansor M. 2014. The 

utilization and problems in tropical lakes with special references to 

Lake Maninjau (Indonesia) and Lake Temengor (Malaysia). Asia 

Pacific Centre for Ecohydrology-UNESCO Research Center for 

Limnology-Indonesian Institute of Sciences, Yogyakarta, 10-12 

November 2014. [Indonesia] 

Suhaimi H, Yuslan A, Azani N, Habib A, Liew HJ, Rasdi NW. 2022. 

Effect of dietary enhanced Moina macrocopa (Straus, 1820) on the 

growth, survival and nutritional profiles of hybrid Nile tilapia fry. 

Egypt J Aquat Res 48 (1): 67-73. 

Susilowati R, Bengen DG, Krisanti M, Januar HI, Rusmana I. 2023. 

Temporal and spatial distribution of plankton community in three 

Indonesian salt pond environments. Biodiversitas 24 (3). DOI: 

10.13057/biodiv/d240359. 

Syaifudin SM, Sulmartiwi L, Andriyono S. 2019. Addition of red 

microalgae Porphyridium cruentum in feed to betta fish (Betta 

splendens) color brightness. J Aquac Fish Health 6: 41-47. DOI: 

10.20473/jafh.v6i1.11274. 

Thompson RC, Swan SH, Moore CJ, Vom Saal FS. 2009. Our plastic age. 

Philos Trans R Soc B: Biol Sci 364 (1526): 1973-1976. DOI: 

10.1098/rstb.2009.0054. 

Wang Q, Peng H, Higgins BT. 2019. Cultivation of green microalgae in 

bubble column photobioreactors and an assay for neutral lipids. J 

Visualized Exp (JoVE) 2019: e59106. DOI: 10.3791/59106. 

Widyorini N. 2009. The Community Structure of Phytoplankton Based on 

Pigment Content in Jepara Estuary. Saintek Perikanan 4: 69-75. 

[Indonesian] 

Winder M, Sommer U. 2012. Phytoplankton response to a changing 

climate. Hydrobiologia 698: 5-16. DOI: 10.1007/s10750-012-1149-2. 

Wisha UJ, Ondara K, Ilham I. 2018. The influence of nutrient (N and P) 

enrichment and ratios on phytoplankton abundance in Keunekai 

Waters, WehIsland, Indonesia. Makara J Sci 22 (4): 6. 

Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS, 

Jackson JB, Lotze HK, Micheli F, Palumbi SR, Sala E. 2006. Impacts 

of biodiversity loss on ocean ecosystem services. Science 314 (5800): 

787-790. DOI: 10.1126/science.1132294. 

Xiong W, Huang X, Chen Y, Fu R, Du X, Chen X, Zhan A. 2020. 

Zooplankton biodiversity monitoring in polluted freshwater 

ecosystems: A technical review. Environ Sci Ecotechnol 1: 100008. 

DOI: 10.1016/j.ese.2019.100008. 

Yap SK, Muneera I, Syakir MI, Zarul HH, Widad FJIJ. 2016. Stable 

isotopes approach to infer the feeding habit and trophic position of 

freshwater fishes in tropical lakes. Iranica J Energy Environ 7 (2): 

177-183.  

Yuslan A, Suhaimi H, Taufek HM, Rasdi NW. 2022. Effect of bio-organic 

fertilizer and agro-industrial residue on the growth and reproduction 

of cyclopoid copepod, Oithona rigida (Giesbrecht, 1896). Intl J Aquat 

Biol 10 (2): 151-168. 

Yuslan A, Najuwa S, Hagiwara A, Ghaffar MA, Suhaimi H, Rasdi NW. 

2021. Production performance of Moina macrocopa (Straus 1820) 

(Crustacea, cladocera) cultured in different salinities: the effect on 

growth, survival, reproduction, and fatty acid composition of the 

neonates. Diversity 13 (3): 105. 

Zhou J, Qin B, Zhu G, Zhang Y, Gao G. 2020. Long-term variation of 

zooplankton communities in a large, heterogenous lake: Implications 

for future environmental change scenarios. Environ Res 187: 109704. 

DOI: 10.1016/j.envres.2020.109704. 
 

https://doi.org/https:/doi.org/10.1111/brv.12480
https://doi.org/10.1088/1755-1315/380/1/012019
https://doi.org/10.13057/BIODIV/D180222
https://doi.org/https:/doi.org/10.1002/ecy.3370
https://doi.org/10.3791/59106
https://doi.org/https:/doi.org/10.1016/j.ese.2019.100008
https://doi.org/https:/doi.org/10.1016/j.envres.2020.109704

