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Abstract: Mangroves, which are among the world’s most productive ecosystems, harbour thousands of species of phytoplankton. 
Phytoplankton are microorganisms that provide essential ecosystem services within mangrove ecosystems. This ecosystem is currently under 
threat for various reasons. A study was conducted in a mangrove ecosystem along the Kerteh River, Terengganu, which is experiencing metal 
pollution due to rapid industrialisation. This pollution has a strong potential to directly affect the species composition, occurrence, and 
abundance of phytoplankton. Therefore, this study aimed to determine the spatial diversity of phytoplankton species at three stations along 
the Kerteh River, selected for their exposure to anthropogenic activities. A single sampling event was conducted for two days in August 2019. 
The study recorded 56 phytoplankton species from four divisions: Bacillariophyta (45 species), Chlorophyta (4 species), Dinophyta (6 species), 
and Cyanophyta (1 species). Phytoplankton diversity, measured by the Shannon-Weiner index (H’), ranged from 2.60 to 3.0, and equitability 
(J’), measured by Pielou’s evenness index, ranged from 0.75 to 0.80. A one-way analysis of variance (ANOVA) indicated a significant difference 
in phytoplankton diversity among stations (p < 0.05). Chaetoceros curvisetus had the highest relative abundance at Stations 1 and 3, while 
Frustulia vulgaris was most abundant at Station 2. Five Dinoflagellate species were recorded at the study site: Ceratium sp., Dinophysis sp., 
Protoperidinium pallidum, and Protoperidinium sp. 1 and sp. 2. This preliminary record of phytoplankton species in the Kerteh River sheds 
light on the impact of the shift caused by current and emerging anthropogenic activities in the area. 
 
Keywords: Phytoplankton, mangroves, diversity, Kerteh River. 

 
1. Introduction 

Mangroves are a conducive habitat for phytoplankton, the 
underrated phylogenetically diverse producers. These 
microscopic producers are mostly diatoms of the division 
Bacillariophyta, green algae of the division Chlorophyta, and 
Cyanobacteria. Ecologically, phytoplankton can be sampled in the 
water column, mediating numerous ecosystem functions, such as 
contributing to overall ecosystem productivity (Janousek, 2005). 
The mangrove ecosystem is known to accommodate higher 
phytoplankton than the estuarine system (Rajkumar et al., 2009). 
In turn, phytoplankton aid mangroves in playing their vital roles in 
servicing the ecosystem. 

Phytoplankton inhabiting the mangrove system can be 
considered extremophiles, as they withstand the ecosystem's 
unique conditions. These microscopic extremophiles are not only 
able to adapt in the low dissolved oxygen of the ecosystem but 
also able to tolerate exposure to tidal cycles, limited sunlight 
(Graham & Wilcox, 2000), and variable salinity levels (Owen et al., 
2004; Stanković et al., 2024). 

Frequently, studies on mangrove ecosystems focus on the 
overall groups of microalgae, including benthic (Jeslin et al., 
2021), epiphytic (Chen et al., 2010), and suspended microalgae 

(also known as phytoplankton) (Saravanakumar et al., 2008; 
Hilaluddin et al., 2020). The mangrove ecosystem receives 
notable nutrients from terrestrial runoff, which may have led to 
greater attention to the relationship between phytoplankton 
occurrence in the system and physico-chemical parameters 
(Tanaka & Choo, 2000). The terrestrial runoff that intensifies 
domestic discharge or anthropogenic influence (Saravanakumar 
et al., 2008; Manna et al., 2010) consequently channels into the 
ecosystem. The additional nutrients will concentrate the already 
highly nutrient-enriched ecosystem originating from 
decomposing mangrove litter fall, which is consequently at high 
risk of causing eutrophication (Tanaka & Choo, 2000; Perumal et 
al., 2009; Xu et al., 2022).   

Most research carried out on phytoplankton in mangrove areas 
has reported diatoms (Bacillariophyta) as the most abundant 
division in the ecosystem. Kamal et al., (2022) recorded four 
phytoplankton divisions in the tropical mangrove estuarine of the 
South China Sea, which comprised the Bacillariophyta, 
Cyanophyta (Cyanobacteria), Chlorophyta, and Chrysophyta. 
Coscinodiscus, the pennate diatom of Bacillariophyta, was with 
the highest total density at the research area. The species was the 
primary phytoplankton recorded in both wet and intermediate 
seasons. There was, however, a notable difference in species 
composition between the three seasons. Centric diatoms, 
Pleurosigma normanii recorded to be was the dominant species 
in wet season. On the other hand, the intermediate season 
showed a high abundance of Coscinodiscus lineatus, which is 
classified in the centric diatom group. However, phytoplankton of 
the division Bacillariophyta were commonly reported as the 
highest species richness across the three seasons, while cells of 
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Dinophysis caudata of the Dinoflagellate were recorded with the 
highest density in the dry season.  

Mangrove sediments are responsible for holding nutrients and 
for significant nutrient cycling pathways, which promote coastal 
development along mangrove ecosystems (Saifullah et al., 2016). 
In addition, refractive materials such as humic acid, which abound 
in mangroves, promote the growth of phytoplankton (Xu et al., 
2022). Tanaka & Choo (2000) conducted a study of mangrove 
phytoplankton in Matang Mangrove Estuary in Malaysia. The 
study, which primarily focused on the influence of nutrient 
availability and tidal variations, also documented monospecies 
blooms driven by increased nutrient availability during spring 
tides. Nutrients containing concentrated phosphate were shown 
to influence Dinoflagellates, such as Ceratium kofoidii, to 
dominate the Matang mangrove ecosystem. In a more recent 
study in the Matang Mangrove ecosystem, Hilaluddin et al. (2020) 
reported the alterations in phytoplankton species composition 
structures attributed to reduced mangrove vegetation, 
aquaculture, and human settlements, which directly shift mainly 
the chemical parameters of the mangrove ecosystem. 

 Studies on phytoplankton in the mangrove environment 
generally examine the effects of monsoon-related nutrient 
inputs. Some research discussed that phytoplankton abundance 
decreased during monsoon months because the mangrove’s 
water column is highly turbid, largely stratified, with variedly 
lower salinity temperature, and pH (Rajkumar et al., 2009; 
Redzuan & Milow, 2021). A study that was done on phytoplankton 
at Pahang Estuary by Chowdhury et al. (2011) indicated that the 
phytoplankton community during the monsoon was quite diverse 
and dominant during the non-monsoon season. 

The Kerteh Mangrove Forest is described as a mangrove estuary 
as it receives inflow of seawater from the South China Sea as well 
as fresh water from the Kerteh River. Nutrients in mangrove 
estuaries provide ideal conditions for phytoplankton productivity. 
These nutrients, together with environmental factors altered by 
pollution, urbanization, industrialization, anthropogenic 
activities, and climate change, largely affected the species 
composition, distribution, and also the abundance of 
phytoplankton (Ajibare et al., 2019). In 2014, Kerteh and Paka 
River were strongly impacted by major effluent from municipal 
and industrial outflows post-flood (Azaman et al., 2017), which 
potentially contributed to the active development of chemical 
manufacturing industries, such as the oil and gas industries. In 
addition, petroleum plants, agricultural areas, fishery areas, and 
residential areas near the Kerteh River have high potential to 
contribute to heavy metal pollution in the river (Yaakob et al., 
2017). According to Azaman et al. (2017), the Kerteh River had 
significant concentrations of metals such as Cadmium, Copper, 
Zinc, Cobalt, Nickel, Arsenic, Chromium, and Lead. Thus, metal 
pollution significantly affected the structure of marine and 
freshwater ecosystems, particularly phytoplankton, thereby 
reducing community diversity and species richness (Utami et al., 
2019). 

With regards that mangrove ecosystem of Kerteh River is facing 
threat due to rapid industrial growth and development of 

adjacent terrestrial areas, and the fact that the ecosystem is also 
exposed to natural shift due to climate change, frequent storm 
and rise of sea level, this present study was set to create a 
checklist on the species composition of phytoplankton at selected 
areas of Kerteh River mangrove ecosystem. Although the 
collected and presented data are from a one-off sampling 
occasion, this preliminary work can hopefully serve as an initial 
step toward more comprehensive biomonitoring in the future. 
Related data on the distribution, with integration of abundance, 
species richness, and phytoplankton composition, with respect to 
any patterns, are crucial for determining the condition of the 
ecological structure and functioning of the Kerteh River 
mangrove. Findings of this study, even preliminary, can also aid 
future management of the Kerteh River and conservation efforts 
for the river’s mangrove area and its associated organisms. 

 
2. Methodology  

Study Area  
Kerteh River, which lies on the grid of ‘4°31'37.4" N 

103°26'40.0"E’, was the study area for this preliminary study, 
which lies in the district of Kemaman, Terengganu, Malaysia 
(Figure 1). Kerteh is part of the Kemaman watershed with highly 
varied land use. According to the United Nations Department of 
Economic and Social Affairs (2019) in World Population Review, 
the estimated population of Kerteh is 24,401, with a total area of 
256 km². Kerteh is often referred to as a district in Malaysia that 
is a complex of oil and gas-related industries and landing facilities. 
Being one of the main outlets of the Kemaman watershed, the 
Kerteh River receives downstream flows from the Batu Putih and 
Rangon Rivers. There are more than 30 species of mangrove in the 
Kerteh River. Based on the EcoCare Environmental Education 
Centre website, the common species that can be observed there 
are Rhizophora apiculata, R. mucronata, Sonneratia alba, 
Bruguiera parviflora, Avicennia alba, and Nypa fruticans. 
Therefore, it is worth noting that the Kertih River is also important 
in mitigating the effects of coastal erosion initiated by the annual 
monsoon and the rise in sea level. In October 2005, the Kerteh 
River Mangrove Rehabilitation Project was launched by the 
Malaysian Nature Society (MNS) through the ecoCare 
Environmental Education Centre (ECC). This project aims to 
rehabilitate and replant the mangrove ecosystem along the 
Kerteh River. EcoCare is the first environmental education centre 
in the East of Peninsular Malaysia that serves as a resource centre 
with facilities to promote awareness and conservation among 
communities.  

In relation to the aim of the project, three station points were 
selected near ecoCare, in the vicinity of the Kerteh River 
mangrove, based on their exposure to potential pollutants. The 
sites were ST1, which receives anthropogenic discharges from the 
adjacent village of Gelugor via a non-centralized drainage system. 
ST2, a station located at the site of replanted mangrove trees 
(Figure 1). Finally, ST3 is located adjacent to a boat parking area. 
All stations are also exposed to runoff or discharge from Kerteh, 
however, at an unknown rate.  
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Figure 1. Location of sampling stations adjacent to the ecoCare Centre Kerteh: ST1 (4.525494°N, 103.441899°E), S2 (4.526935°N, 

103.443382°E), and ST3 (4.527664°N, 103.444784°E). 
 
Water temperature, DO, and pH at station 1 were recorded to 

be significantly lower than at stations 2 and 3 at p < 0.05. Station 
2 showed a lower level of salinity than the other stations, with a 
salinity reading of 25.66±2.38 ppt (p <0.01). The low salinity was 
concurrent with a low TDS at station 2. Physical parameter data 

were obtained in this study solely for the site characteristics 
record. No correlation analysis was carried out in this preliminary 
study to investigate the relationship between phytoplankton 
species diversity and the physical parameters. 

 
 

Table 1. Physical water parameters at three different stations along the study site at Kerteh River. Also included the ANOVA scores of the 
spatial variability (n = 9). 

Physical Water Parameters Station ANOVA SCORE 

1 2 3 

Temperature (°C) 28.90±0.01 29.30±0.18 29.68±0.54 F2,9=4.83, p <0.05 

Total dissolved solids (TDS)  
(g L-1) 

28.61±1.99 26.20±2.19 28.25±2.83 F2,9=20.41, p <0.01 

Salinity (ppt) 28.31±2.18 25.66±2.38 28.18±2.76 F2,9=16.67, p <0.01 

Dissolved oxygen (DO) (mg L-1) 2.60±1.35 3.30±0.37 3.94±0.61 F2,9=4.06, p <0.05 

pH 5.53±0.17 5.90±0.02 6.04±0.03 F2,9=5.94, p <0.05 

 
Water Sampling and Physical Parameters Measurement for 
Site Characteristics 
A one-off sampling was carried out in August 2019 for two 

consecutive days. Triplicate water samples were collected using a 
plankton net with a wire mesh of 30 µm during the high-tide 
period. The plankton net was towed for 10 m at approximately 
10–20 cm below the water surface. Samples of filtered water 
containing phytoplankton were immediately transferred to 15 mL 
tubes, which were then preserved with 5 % formalin. The tubes 
were then fully wrapped in aluminium foil. 

Abiotic physical water parameters, including water 
temperature, total dissolved solids (TDS), salinity, dissolved 
oxygen (DO), and pH, were measured in situ using a handheld YSI 
Multi-probe system (MPS) Model 556. 

Phytoplankton Cells Extraction 
Extraction of phytoplankton cells from water samples was done 

by separating the cells from water (with formalin) and suspended 
particles by means of centrifugation at 2300 rpm for 15 minutes. 
Excess formalin and distilled water, which were the supernatant, 
were siphoned off and discarded. Distilled water was then added 
to the samples (up to 0.5 cm). Phytoplankton samples in the water 
were concentrated and underwent frustule cleaning as the 
samples were centrifuged another five times at 2300 rpm for 15 
minutes. The concentrated samples were retained in distilled 
water (up to 5 ml in the centrifuge tube) at room temperature.  
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Sedimentation Slides Preparation: Phytoplankton Cells 
Enumeration and Identification 
One mL of sample was carefully pipetted into utermöhl 

sedimentation tube. The step was followed by the addition of 1 
drop of Lugol’s iodine. Sedimentation slides were prepared by 
following the preparation steps. by Bellinger & Sigee (2010). The 
abundance of phytoplankton was enumerated under a compound 
microscope by dividing the slides into 4 divisions. The calculation 
was carried out from one division to another (Evans, 1972). Only 
200 phytoplankton cells were counted to represent the 
assemblage composition, which was expressed as relative 
abundance (%). Phytoplankton were identified to the lowest 
possible taxonomic level, either the genus or species level. The 
identification process was carried out by referring to taxonomic 
work by Redzuan (2012), Tomas (2007) and Salleh and Tajuddin 
(2006), by means of the phytoplankton cells’ morphology, as 
guided in the mentioned taxonomic works.  

 
Data Analyses 
ANOVA was carried out to determine the variation in the means 

of the measured physical parameters between the 3 stations, 
using IBM SPSS Statistics 25. Species diversity of phytoplankton 
was analysed between stations and was investigated using the 
number of species or taxa S (S), Shannon Diversity Index (H’), and 
Pielou Evenness Index (J). The mentioned diversity indices were 
calculated using the Paleontological Statistics Software Package 
(PAST) version 4.16 (Hammer et al., 2001). Species data were 
pooled (n=3) to conduct the diversity analyses in PAST 4.16.   

 
3. Results and Discussion 

Phytoplankton Species Composition  
Overall, a total of 56 phytoplankton species from four divisions 

were recorded in this one-off sampling survey. Division 
Bacillariophyta or the diatoms, had the highest recorded species 
with a total of 46 species, followed by 5 species of Dinophyta, 4 
species of Chlorophyta, and finally, the Cyanophyta with a 
recorded S of only 1 species (Table 2). High Bacillariophyta taxa 
recorded in the mangrove ecosystem are well documented in 
most studies, such as reported by Canini et al. (2013), Saifullah et 
al. (2014), Fang & Sommer (2017) and Redzuan & Milow (2021). 

Chaetoceros curvisetus (Figure 1a) of Bacillariophyta showed the 
highest abundance at Station 1 (27.08 ± 5.07) and Station 3 (8.80 
± 3.59), while at Station 2, it was Frustulia vulgaris with a relative 
abundance of 24.92 ± 3.44 (Table 2). Genus Chaetoceros is 
commonly reported to inhabit both oceanic and brackish 
ecosystems in the tropics. While in the temperate countries, 
Chaetoceros is reported to cause a spring bloom before the onset 
of summer heat. (Flynn et al., 2023; Onitsuka et al., 2018). Onset 
of Chaetoceros multi-species blooms proved to be significantly 
correlated to nitrate, phosphate, and temperature (Razali et al., 
2015; Bosak et al., 2016; Redzuan & Milow, 2021; Mohd-Din et al., 
2022). It is also reported that often, the blooms initiate as the 
genus increases its growth by proliferating rapidly and 
consequently increasing the cell numbers in a chain. (Begum et 
al., 2015; Shao et al., 2023).  

C. curvisetus is also frequently disclosed as one of the species 
that causes a multispecies bloom of Chaetoceros spp (Fang & 
Sommer, 2017; Murty et al., 2017; Redzuan & Milow, 2021; Shao 
et al., 2023) worldwide. Interestingly, even in the multispecies 
blooms, numerous studies, including the present study, proved 
that the C. curvisetus was the dominant species in the blooms. 
(Fang & Sommer, 2017; Murty et al., 2017; Somsap et al., 2015). 
A number of studies reported a significant positive relationship 
between C. curvisetus and nitrate. (Begum et al., 2015) and 
temperature (Redzuan & Milow, 2021). 

At Station 2, the significantly lower salinity and TDS of the newly 
replanted mangrove system, which characterized the station, 
possibly explained the different highest-abundance species, 
which was Frustulia vulgaris (Figure 1b). Frustulia vulgaris, 
although normally reported to inhabit the freshwater ecosystem 
(Odido et al., 2024), its occurrence in ocean-connected 
ecosystems, such as coastal rivers (Spaulding et al., 2021) and 
mangrove system (Redzuan & Milow, 2021) It is also well known. 
The species, however, has never been reported as either the 
dominant species or the species responsible for causing mono or 
multi-specific bloom in any ecosystem. Therefore, no 
comprehensive ecological study on this species has ever been 
reported.  

Genus Guinardia showed the highest occurrence frequency, 
with all species of the genus present at all stations. Guinardia 
(Figure 1c) is known to be cosmopolitan and frequently reported 
as a dominant species in both temperate (Arsenieff et al., 2019) 
and tropical regions (Haridevi et al., 2022; Murty et al., 2017). 
Razali et al. (2022) reported that Guinardia sp. was the dominant 
species, as the species constituted 65–80% of the phytoplankton 
composition during a high biomass multi-species algal bloom in 
active aquaculture areas of the Johor Strait. G. delicatula blooms 
were reported in countries such as India, and most of the bloom 
events were the first report at the sites (Haridevi et al., 2022; 
Murty et al., 2017). Events of chain-forming species blooms in the 
Sub-tropical regions recorded multiple species of Guinardia 
blooms that dominated by 70 – 80 % of Guinardia striata (Taucher 
et al., 2018). Those multispecies Guinardia blooms, proven by 
Taucher et al. (2018) to closely relate to ocean acidification 
phenomena in the region. 

Occurrence of five species of three genera from the division 
Dinophyta was also the highlight of this present study (Table 3) 
(Figure 2). Three of the five species, Ceratium sp. (Figure 2a), 
Protoperidinium depressum (Figure 2b), and Alexandrium sp. 
(Figure 2d), were present at all stations, indicating high 
occurrence frequency. The occurrence and distribution of harmful 
blooms by Dinophyta in both oceanic and estuarine ecosystems 
in Malaysia have been well reported by Usup et al. (2002), Lim et 
al. (2012), Lim et al. (2014) and Mohd-Razali et al. (2022). For 
example, harmful blooms involved shellfish toxin-producers 
Alexandrium species; A. tamiyavanichii (Usup et al., 2002; 
Mohammad-Noor et al., 2018; Liow et al., 2019) and A. minutum 
(Lim et al., 2012; Lau et al., 2017; Law et al., 2023); while fish 
killing-species caused high biomass blooms: Margalefidinium 
polykrikoides, Noctiluca scintillans, and Karlodinium australe (Lim 
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et al., 2012; Lim et al., 2014; Yñiquez et al., 2021; Mohd Razali et 
al., 2022) caused significant losses in the aquaculture industries in 
Malaysia. Global warming and increasing nutrient concentrations 
in oceanic ecosystems have been shown to stimulate the onset of 
harmful blooms. The three recorded species of Dinoflagellate 
recorded in this study were of the three genera listed as harmful 

taxon by Razali et al. (2015) that can either cause high biomass 
bloom forming water discoloration (Alvarez Dalinger et al., 2024) 
or shellfish toxin- producer (Ettoubi et al., 2020; Yñiguez et al., 
2021).  

 

 
Table 3. Abundance (in relative terms) of phytoplankton species recorded at Station 2, Station 3, and Station 4 in the chosen area of Kerteh 

River. The data were obtained through a one-off sampling occasion. 

 Taxa Stations 

 Division Bacillariophyta Station 1 Station 2 Station 3 

1 Actinoptychus undulatus 0.25 ± 0.29 * 1.02 ± 0.42 

2 Amphora sp * * 0.42 ± 0.17 

3 Asterolampra sp * * 0.21 ± 0.09 

4 Bacteriastrum delicatulum 0.08 ± 0.02 * * 

5 Bacteriastrum furcatum 0.08 ± 0.02 * * 

6 Bacteriastrum sp. 1 6.67 ± 2.70 5.75 ± 3.59 2.72 ± 1.11 

7 Bacteriastrum sp2 * 0.17 ± 0.26 * 

8 Chaetoceros constrictus * 0.08 ± 0.01 5.81 ± 2.37 

9 Chaetoceros curvisetus 27.08 ± 5.07 7.50 ± 5.16 8.80 ± 3.59 

10 Chaetoceros sp2 5.33 ± 3.75 * 2.42 ± 0.99 

11 Climacodium frauenfeldianum 2.50 ± 0.63 0.92 ± 1.11 1.28 ± 0.52 

12 Coscinodiscus radiatus * * 0.58 ± 0.24 

13 Coscinodiscus sp1 1.33 ± 0.17 1.58 ± 1.11 1.21 ± 0.49 

14 Coscinodiscus sp2 0.17 ± 0.10 0.25 ± 0.61 0.82 ± 0.33 

15 Cossoneis placentula 0.08 ± 0.10 * * 

16 Cyclotella meneghiniana 0.08 ± 0.10 0.08 ± 0.20 0.20 ± 0.08 

17 Cymbella sp 0.50 ± 0.20 0.33 ± 0.61 0.61 v 0.25 

18 Diploneis sp 0.25 ± 0.17 * 0.41 ± 0.17 

19 Ditylum brightwellii 0.08 ± 0.10 * 0.21 v 0.09 

Continuation of Table 3    

20 Eucampia zodiacus * 0.33 ± 0.82 * 

21 Eunotia valida 0.92 ± 0.48 * * 

22 Frustulia vulgaris 15.17 ± 1.12 24.92 ± 3.44 3.13 ± 1.28 

23 Fragilaria sp. 0 1.25 ± 1.75 3.90 ± 1.59 

24 Guinardia delicatula 7.17 ± 3.15 1.92 ± 3.44 5.57 ± 2.27 

25 Guinardia flaccida 4.50 ± 0.93 2.92 ± 2.69 4.83 ± 1.97 

26 Guinardia striata 1.08 ± 1.27 3.67 ± 6.91 4.89 ± 1.99 

27 Gyrosigma scalproides * 0.17 ± 0.41 0.20 ± 0.08 

28 Gyrosigma sp. * * 0.87 ± 0.27 

29 Navicula radiosa * 0.25 ± 0.03 * 

30 Navicula peticolasii * 0.08 ± 0.03 * 

31 Nitzshia longissima * 0.08 ± 0.02 0.20 ± 0.08 

32 Nitzschia epithemoides 0.75 ± 0.12 0.17 ± 0.41 * 

33 Odontella sinensis * * 0.42 ± 0.17 

34 Pinnularia sp1 0.50 ± 0.10 1.00 ± 0.88 * 
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35 Pinnularia sp2 1.08 ± 0.88 * * 

36 Pleurosigma directum 0.08 ± 0.10 0.08 ± 0.03 * 

37 Pleurosigma elongatum * 0.33 ± 0.16 * 

38 Pleurosigma sp * * 1.21 ± 0.49 

39 Rhizosolenia alata * * 1.02 ± 0.42 

40 Rhizosolenia imrbicata 0.83 ± 0.48 * 1.87 ±  0.27 

41 Rhizosolenia striata 5.08 ± 0.40 1.08 ± 0.08 0.66 ± 0.27 

42 Skeletonema sp 0.33 ± 0.10 * 0.66 ±  0.27 

43 Strauroneis producta * * 0.49 ± 0.20 

44 Synedra ulna * 6.75 ± 1.72 2.09 ± 0.85 

45 Triceratium favus 0.58 ± 0.58 0.08 ± 0.01 0.42 ± 0.17 

46 Zygoceros atlanticus 0.75 ± 0.15 * * 

  Division Chlorophyta    

47 Closterium sp * * 0.20 ± 0.08 

48 Mougetia sp 7.50 ± 1.34 10.00 ± 2.61 5.21 ± 2.13 

48 Pleurococcus miniatus 7.83 ± 3.11 17.00 ± 3.12 4.77 ± 1.95 

50 Ulothrix sp 0.50 ± 0.10 5.42 ± 1.30 4.46 ± 1.82 

  Division Dinophyta    

51 Ceratium sp 0.08 ± 0.02 0.33 ± 0.10 0.41 ± 0.17 

52 Dinophysis caudata 0.08 ± 0.10 * 0.41 ± 0.17 

53 Protoperidinium depressum 0.42 ± 0.11 0.08 ± 0.01 0.80 ± 0.33 

54 Protoperidium sp1 0.08 ± 0.02 * 0.42 ± 0.17 

55 Alexandrium sp2 0.17 ± 0.20 0.25 ± 0.02 0.52 ± 0.21 

  Division Cyanophyta    

56 Oscillatoria tenuis * 4.83 ± 0.51 2.80 ± 1.14 

   * indicates not recorded 
 

   
Figure 1. Light microscopy plate of; a. Eight cells of Chaetoceros curvisetus in a chain, b. Frustulia vulgaris and; c. Single cell of genus 

Guinardia, the Guinardia striata. 
 
 

 
Figure 2. a. Ceratium sp., b. Protoperidinium depressum, c. Dinophysis caudata and d. Alexandrium sp. Four out of the five Dinoflagellate 

species recorded at chosen sites of Kerteh River. 

   
a b c 
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Spatial Variability of Phytoplankton Diversity  
Diversity-wise, Station 3, located further away from the main 

outlet to the South China Sea, had the highest species richness (S). 
There were 42 species recorded at Station 3, followed by Station 
1 and Station 2, with 36 and 34 species, respectively. The high 
species richness at Station 3 potentially contributed to its 
relatively higher diversity value (H’) (2.96)(Magurran, 2004; 
Supriatna, 2018) than the other two stations, Station 1 (2.697) 
and Station 2 (2.669), in addition, the H’ value of Station 3 was 
also at high potential to be attributed by the station’s small 
species relative abundance range of 0.2 – 8.80 % (Table 3). The 
range was the lowest range between the 3 stations and further 
confirmed by Station 3’s Equitability (J) index score of 0.792, 
followed by Station 2 and 1 with the values of 0.7569 and 0.7526, 
respectively (Table 3). A positive relationship between the 
diversity indices scores and both the species richness and species 
equal abundance (evenness) was confirmed in a comprehensive 
analysis on measuring biodiversity by Magurran (2004).  

 
Table 2. Diversity scores based on phytoplankton species 

composition and abundance at the three stations. 

  Station 2 Station 3 Station 4 

Taxa (S) 36 34 42 

Shannon (H’) 2.697 2.669 2.96 

Equitability (J) 0.7526 0.7569 0.792 
 

4. Conclusion 
Although the Kerteh River is facing rapid urbanization from 

adjacent terrestrial areas, the abundance of the phytoplankton 
species suggested that the ecosystem is still in a ‘not alarming 
ecosystem’ condition. However, preliminary results of this study 
indicated that the phytoplankton species Chaetoceros curvisetus 
is the species that needs to be monitored in future biomonitoring 
projects. The presence of some species of bloom-forming and 
harmful dinoflagellates is also an important concern that needs 
attention. Biomonitoring or comprehensive temporal studies on 
phytoplankton abundance and diversity should be initiated 
immediately as a precaution to ensure no threat to phytoplankton 
diversity imbalance in the Kerteh River. Phytoplankton, although 
small, collectively, if in bloom, could potentially lead to the 
collapse of ecosystems, causing economic loss as well as 
biodiversity loss.  
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