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Abstract: Phytoplankton is an important biotic component that interacts with other
communities in an aquatic ecosystem. This study explored the zooplankton communities and
their interactions among various water quality parameters that may affect their abundance and
distribution in Pinang River. Pinang river is known to the locals as the dirtiest river in Penang
due to its role in the assimilation of industrial, municipal wastewater and manure discharge.
Phytoplankton and water samples were collected from three different sampling locations in the
river. A total of 81 phytoplankton taxa belonging to seven phyla were identified.
Bacillariophyta was the most dominant phylum of the total phytoplankton communities (43
taxa), followed by Chlorophyta (23 taxa), while Cyanophyta, Euglenophyta, and Chrysophyta
were represented by 8, 3 and 2 taxa, respectively. The dominant species of Bacillariophyta were
Nitzchia sp., Navicula sp. and Pinnularia sp. which were recorded as the highly abundant species
found at all stations. Our results clearly showed that there was a strong, positive correlation
between ammonium-nitrogen (NHs*-N) concentration and phytoplankton abundance (p < 0.01),
indicating the importance of ammonia to phytoplankton growth.
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1 Introduction

Water bodies such as rivers and lakes provide drinking water supply and aid irrigation.
Many organisms live in those water bodies that function critically according to their roles.
Phytoplankton or microalgae are one of the organisms that are vital as they become a major
primary producer in the aquatic ecosystem. Phytoplankton undergo photosynthesis by
converting the light energy into chemical energy using chlorophyll. They are phototrophic
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organisms and make their own food from inorganic materials present in their environment and
convert them to organic matter and make it available for the ingestion of other organisms.

Phytoplankton is divided into 6 main divisions which are Bacillariophyta (diatoms),
Cyanophyta (blue-green algae), Euglenophyta (euglenoid), Chlorophyta (green algae),
Pyrrophyta (dinoflagellates) and Chrysophyta whereby diatoms is the dominant group because
they usually present in high abundance in an aquatic ecosystem (Onyema, 2013). Diatoms,
dinoflagellates and cyanobacteria are some of the important and common groups of
phytoplankton that usually inhibit the water column.

The key element of phytoplankton is that it can respond rapidly to any environmental
changes, and its fast reproduction rate makes it a valuable indicator of water quality (Thakur et
al., 2013). Their characteristics of being abundant over a wide area and sensitive to changes in
water quality, planktonic microalgae fulfil the requirement of being a good indicator (Onyema,
2013). The assessments of water quality using biological indicators are extensively developing
because they could provide information on the surrounding physical and chemical
environment through their availability and frequency of abundance sites (Singh et al., 2013).

According to Poniewozik and Lenard (2022), phytoplankton assemblage is one of the
elements used to assess the ecological status of the water body (Poniewozik and Lenard, 2022).
Therefore, studies on phytoplankton species abundance and distribution would provide the
benchmarks of impacted water bodies. The present study is aimed to identify the abundance
and species distribution of phytoplankton and the factors affecting their abundance and
distribution. This study is vital to provide information on how water bodies at particular sites
deteriorate if any.

2 Materials and Methods

2. 1. Study area

The Pinang River is a meandering river located northeast of Penang Island (5°24'N
100°19’E) (Figure 1). It consists of six major tributaries, which are Air Terjun River, Kecil River,
Air Hitam River, Air Putih River, Dondang River and Jelutong River. The total area of the river
basin is approximately 50.97 km? and meanders eastward is estimated at 3.1 km (Naemah &
Norulaini, 2006). The locals know the Pinang River as the dirtiest river in Penang and one of the
most polluted rivers in Malaysia. The Pinang River flows through an immensely developed and
populated area of George Town which is the capital city of Penang. This river has been
categorized as Class IV (very polluted) due to its polluted water quality in accordance proposed
Interim National Water Quality Standards for Malaysia (Naemah & Norulaini, 2006).

2. 2. Methodology

The collection of water samples was conducted monthly for consecutive months, starting
from October 2018 to December 2018. The three replicates of water samples were collected at
each station using 5 litres (L) Van Dorn Sampler, preferable as it is more reliable, easy to trigger
and can be used at various water depths (Howmiller & Sloey, 1969). The feature of the Van
Dorn Sampler, which is made of acrylic, allows the user to see the sample making it more
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suitable and convenient to be used. 40 L water was collected 0.5 m below the surface using a
Van Dorn Sampler and then filtered with a Wisconsin plankton net of 35 um mesh size. The
filtrate was then transferred into a 60 ml polyethylene bottle. The filtrate was preserved with a
few drops of Lugol Iodine Solution (Lugol’s) immediately after obtaining the water samples.
Lugol is used to maintain the quality of the sample other than to minimize the cell from
deteriorating and having morphological changes (Williams et al., 2016).
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Figure 1. Map of Pinang River with the sampling stations

Measurements for water quality parameters, including water temperature (WT),
conductivity, total dissolved solids (TDS), and dissolved oxygen (DO), were conducted in-situ
with a multi-parameter YSI 556 Multi Probe System. pH was measured using the HACH
sensION1 Portable pH meter, while turbidity was measured using the Vernier Turbidity Sensor
(TRB-BTW) after calibrating the sensor using the 100 NTU StabCal® Formazin Standard. Water
transparency was determined using a Secchi disk. Other parameters, including chlorophyll-a,
total suspended solids (TSS), ammonium-nitrogen (NH4"-N), nitrite-nitrogen (NO2-N) and
orthophosphates (PO+*-P), were analyzed in the laboratory following the methods from Adams
(1990) (Adams, 1990).

The Sedgwick-Rafter (S-R) counting cell was used to count the cell number (Woelkerling et
al, 1976). Next, the sample bottle was shaken gently to avoid bias and to make the
phytoplankton sample in suspension. By using a micropipette, 1 mL of the sample was
dispensed on the Sedgwick-Rafter counting cell and then covered with a cover slip gently to
ensure that no air bubble was trapped in the slide.

A compound microscope model Olympus BX41 was used to observe the phytoplankton
with various magnifications. The camera model used was Xcam Alpha, and the software for
this microscope was AnalySIS Image Processing version 5.1. At random, 30 squares of S-R
counting cell were chosen to count the number of the cells present. The S-R counting cell has an
area of 1000 mm? and occupies a volume of 1 mL. The grids were examined using the
compound microscope equipped with a camera attached to capture images. The phytoplankton
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specimens were identified using the relevant taxonomic literature (Baker & Fabbro, 2002; Janse
van Vuuren et al., 2006; Bellinger & Sigee, 2010) while the abundance was calculated using the
Lobban et al. (1988) formula (Lobban et al., 1988).

A repeated measures two-way analysis of variance (ANOVA) was performed to distinguish
the significant differences in physicochemical parameters and phytoplankton abundance
among the sampling stations and monthly intervals. The possible correlation between the
parameters and phytoplankton abundance was determined using Spearman’s correlation. In
addition, Shannon Wiener Diversity Index (H’) and the Margalef Index (R) were used to
measure the species diversity and the richness of the phytoplankton community at the sampling
stations. In contrast, Pielou’s Evenness Index (J') was used to measure the equitability and
uniformity of the species observed.

3 Results and Discussions

3. 1. Phytoplankton species abundance

A total of 81 phytoplankton taxa were quantified in samples collected from 3 stations in
Pinang River. Table 1 presents a list of phytoplankton identified in this study. Bacillariophyta
was the highest taxa recorded (43 taxa) with the highest abundance at all sampling stations
indicating that Bacillariophyta was the dominant phylum in the water samples, followed by
Chlorophyta (23 taxa). Cyanophyta, Euglenophyta, and Chrysophyta were represented by 8, 3
and 2 taxa, respectively. Cryptophyta and Dinophyta were represented by only one taxon. In
the phylum of Bacillariophyta, Nitzchia sp. (14.7 %; 1160 cells/L), Navicula sp. (11.2 %; 880
cells/L) and Pinnularia sp. (9.9 %; 783 cells/L) were recorded as the highly abundant species
found at all stations. Oscillatoria sp. (10.3 %; 813 cells/L) was a highly abundant species in the
phylum of Cyanophyta, while in Chlorophyta, Chlorella sp. was found to be highly abundant,
particularly at Station 2 (9.2 %; 723 cells/L). Trachelomonas sp. was recorded as the abundant taxa
in the phylum of Euglenophyta (0.8 %; 63 cells/L), while some taxa under Cryptophyta,
Dinophyta and Chrysophyta occurred at low abundance during the sampling period. On the
other hand, a high diversity of phytoplankton (69 taxa) was recorded at Station 1, followed by
63 taxa at Station 2, and 55 taxa at Station 3. Other than that, 68 taxa were rare, with a relative
abundance of < 1 %, but they were vital components as they controlled the levels of species
diversity at the study sites.

Based on the two-way repeated measures ANOVA analysis, there was no significant
difference in phytoplankton abundance between sampling stations and months (Fs,¢=4.19, P >
0.01, n? = 0.74). In addition, there was also no significant effect in phytoplankton species
number between sampling stations and months (Fs,¢=1.43, P > 0.01, 1,7 = 0.49). This study failed
to reject the null hypothesis that there is no difference in phytoplankton abundance and species
number in the sampling stations throughout the study periods. This effect indicated that the
rating profile for abundance and species number in sampling stations were similar for Stations
1,2 and 3.

Table 1. The occurrence of phytoplankton species at all sampling stations in the Pinang River
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Station/Mean Abundance (cells/L)

Phylum/Species

1 2 3
CYANOPHYTA
Anabaena sp. 10 0 10
Arthospira sp. 130 100 110
Calothrix sp. 10 10 20
Gloeocapsa sp. 10 0 0
Lyngbya sp. 10 10 30
Microcystis sp. 10 210 90
Oscillatoria sp. 990 510 940
Planktolyngbya sp. 40 10 70
CHRYSOPHYTA
Dynobryon sp. 0 0 10
Synura sp. 0 20 10
BACILLARIOPHYTA
Achnanthidium minutissimum 50 180 250
Actinella sp. 10 20 10
Amphipleura pellacida 30 0 0
Amphora sp. 10 0 0
Aulacodiscus sp. 10 0 10
Aulacoseira granulata 10 0 30
Bacillaria sp. 10 70 60
Chaetoceros sp. 370 60 0
Cocconeis pediculus 0 60 0
Cosscinodiscus sp. 0 10 0
Craticula sp. 110 90 60
Cyclotella meneghiniana 460 230 270
Cymbella sp. 10 10 0
Diadesmis confervacea 60 60 20
Diatoma vulgaris 70 0 50
Diploneis sp. 20 20 10
Ditylum sol 60 0 0
Eucampia sp. 530 180 20
Eunotia sp. 30 60 30
Fragilaria sp. 20 60 160
Gomphonema sp. 30 90 270
Guinardia striata 40 10 0
Gyrosigma sp. 40 0 0
Hantzschia sp. 0 20 10
Hyalodiscus sp. 120 20 40
Lauderia borealis 10 0 0
Leptocylindrus sp. 20 20 0
Melosira varians 60 0 0
Navicula sp. 680 740 1220
Neidium sp. 0 10 0
Nitzschia sp. 890 690 1900
Odontella sp. 70 20 0
Pinnularia sp. 560 670 1120
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Station/Mean Abundance (cells/L)

Phylum/Species

1 2 3
Pleurosigma elongatum 120 20 10
Rhizosolenia sp. 100 10 0
Skeletonema costatum 30 0 0
Stephanodiscus sp. 40 20 0
Striatella unipunctata 50 20 0
Surirella sp. 50 500 20
Synedra ulna 20 30 110
Tabellaria flocculosa 30 20 10
Tetracyclus sp. 10 30 0
Thalassiosira sp. 20 10 10
CRYPTOPHYTA
Cryptomonas sp. 0 10 0
DINOPHYTA
Ceratium hirudinella 20 0 10
EUGLENOPHYTA
Euglena sp. 10 70 50
Phacus sp. 20 10 70
Trachelomonas sp. 140 10 40
CHLOROPHYTA
Actinastrum hantzchii 20 10 0
Chlamydomonas sp. 0 10 0
Chlorella sp. 10 2160 0
Closterium sp. 10 20 10
Coelastrum sp. 0 20 20
Cosmarium sp. 40 20 40
Crucigenia sp. 70 0 10
Crucigeniella sp. 10 0 30
Desmidium sp. 30 10 170
Dictyosphaerium sp. 40 60 10
Micractunium sp. 10 30 10
Monoraphidium sp. 40 10 20
Pandorina sp. 20 0 10
Pediastrum simplex 60 390 130
Penium sp. 450 10 30
Pleurotaenium sp. 0 10 0
Scenedesmus sp. 20 40 10
Staurastrum sp. 50 370 310
Stigeoclonium sp. 20 20 20
Tetraedron sp. 0 10 10
Tetrastrum sp. 40 60 130
Ulothrix sp. 0 20 10
Volvox sp. 10 0 0

Notes: Absent = 0 cell/L; Present = 1-30 cell/L; Abundant = 31-300 cell/L; Highly abundant = 301-2200 cell/L
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The result of ecological indices is shown in Table 2. For Shannon Weiner’s index, the
highest value was recorded at Station 1 in October (3.34) while the lowest value was recorded at
Station 2 in November (1.87). Similarly, the highest value of Margalef’s index was recorded at
Station 1 in October (4.85), but the lowest value was recorded at Station 3 also in October (3.23).
The phytoplankton species were evenly distributed based on the evenness index with the
highest value at Station 1 in October (0.89), while the lowest value occurred at Station 2 in
November (0.54).

Table 2. Temporal and spatial variations of phytoplankton ecological indices in Pinang River

Month Station Diversity Index Richness Index Evenness Index
Shannon Wiener (H') Margalef (R) Pielou (J')

1 3.34 4.85 0.89
October 2 2.88 3.45 0.85
3 2.32 3.23 0.68
1 247 3.99 0.69
November 2 1.87 3.31 0.54
3 2.57 3.66 0.73
1 2.75 4.31 0.75
December 2 2.84 4.68 0.75
3 2.60 3.76 0.73

Spearman’s correlation coefficient test was analyzed each month at each sampling station.
The results (Table 3) show that phytoplankton abundance had a strong negative correlation
with turbidity (r = -0.651, P < 0.01) and PO+*-P (r = -0.534, P <0.01) values, a moderate negative
correlation with DO (r = -0.458, P < 0.01), but a significantly strong positive correlation with
NH«-N (r=0.712, P <0.01).

3. 2. Phytoplankton assemblages in relation to physicochemical parameters

Physicochemical parameters are an important factor in determining the abundance of
phytoplankton and indicating the status of water quality in an aquatic ecosystem. Ajayan and
Ajit Kumar (2017) suggested that phytoplankton diversity and abundance effectively monitor
deteriorating water conditions. On the other hand, water quality parameters such as
temperature, pH, salinity and dissolved oxygen regulate the species composition of
phytoplankton (El Gammal et al., 2017).

Generally, the abundance of phytoplankton in this study was high at a higher temperature
(except for measurements at Station 1 in November). The findings of this study are consistent
with the study conducted by Babu et al. (2013) in Muthupettai, India which stated that a lower
abundance of phytoplankton was observed during monsoon months due to intense rainfall,
reduced temperature, salinity, and pH. According to Rasconi et al. (2017), it can be expected
that, with rising temperatures, the growth rate of phytoplankton will increase. In contrast,
Striebel et al. (2016) claimed that increasing water temperature would reduce phytoplankton
biomass. Therefore, temperature variability may have an inconsistent effect on the
phytoplankton abundance.
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The DO in the water body of the Pinang River at all sampling sites varied from 3.66 to 0.22
mg/L. DO recorded relatively low measurements in December, with the highest abundance of
cyanobacteria (Cyanophyta) species recorded. This result agrees with Noyma et al. (2015) who
suggested that massive and harmful blooms often contribute by cyanobacteria species to the
depletion of the water quality as DO is depleted in the water. Previous results stated that the
DO level declined with an increase in temperature and salinity (El Gammal et al., 2017).

In this study, DO showed a strong negative correlation with phytoplankton abundance (r =
-0.458). The negative correlation of DO was probably due to the decomposition of organic
matter, detritus and other aquatic life that used oxygen and produced carbon dioxide (El
Gammal et al,, 2017). Besides, Hu et al. (2018) reported that DO in river water, which was
negatively correlated with phytoplankton abundance, was affected by the reproductive status
of phytoplankton, as the increased rate of growth and reproduction of phytoplankton
necessitated an enormous consumption of DO.

Throughout the sampling period, salinity, conductivity and TDS data showed a similar

trend, with a high value of salinity resulting in high conductivity and TDS values. According to
Sukumaran et al. (2013), high salinity is caused by the intrusion of neritic water and river
discharge, while inflows of freshwater and tide fluctuation are responsible for reduced salinity
(Vajravelu et al., 2018) besides rainfall intensity (Vinayachandran et al., 2002). According to
Nursuhayati et al. (2013), some freshwater phytoplankton species have evolved into tolerance
to fluctuations in the salinity of the water body.
Another study conducted in the Bay of Bengal, India, found that the river discharge from the
Ganges with low salinity, TDS and nutrients prefers the growth of diatoms Chaetoceros sp.,
Nitzchia sp. and Thalassiosira sp. with the same species present at higher salinity and TDS water
(Bharathi et al.,, 2018; Prasad et al., 2015). Therefore, the researchers suggested that the
phytoplankton community should control the source of the river discharge and associated
physicochemical parameters. This present study is also relevant to the findings of the studies, as
three species were found abundantly at sampling stations with higher salinity. However,
Chaeoteros sp. was absent in November, which may be related to other environmental
parameters that hindered the growth of this species.

Inyang et al. (2016) stated that TDS values were lower in dry months and higher in wet
months. The TDS values in this study fluctuated between 0.09 and 24.54 g/L and significantly
differed between sampling months and the stations. In the study, there is no correlation
between the TDS phytoplankton abundance (r = -0.229). The contribution of TDS to the
phytoplankton growth rate is unclear (Kang et al.,, 2019). However, TDS showed a strong
correlation with salinity and conductivity, which indirectly affects the distribution and
abundance of phytoplankton. Some studies have proposed that a higher concentration of TDS
may reduce the productivity of phytoplankton and that the species may be more sensitive to the
toxicity of TDS (Duffy & Weber-Scannell, 2007).
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Table 3. Spearman’s correlation coefficients between physicochemical parameters and phytoplankton abundance in Pinang River

Parameter rs/ Sig.  Temperature DO TDS Conductivity  Salinity pH Turbidity TSS Chl. a NHs+-N  NO2-N PO#-P Phyto
Temperature Is 1.000 -0.456* 0.648** 0.471* 0.718** 0.250 -0.187 -0.182 0.163 0.274 -0.045 0.074 0.043
Sig. . 0.017 0.000 0.013 0.000 0.208 0.349 0.363 0.417 0.166 0.825 0.713 0.014
DO Is -0.456* 1.000 -0.248 0.053 -0.285 0.285 0.473* 0.473* 0.217 -0.633** -0.183 0.307 -0.458*
Sig. 0.017 . 0.212 0.794 0.150 0.149 0.013 0.013 0.277 0.000 0.362 0.119 0.016
TDS Ts 0.648** -0.248 1.000 0.768** 0.982** 0.548** -0.127 -0.404* -0.104 -0.052 0.080 -0.056 -0.229
Sig. 0.000 0.212 . 0.000 0.000 0.003 0.527 0.036 0.607 0.798 0.690 0.781 0.250
Conductivity Ts 0.471 0.053 0.768** 1.000 0.762** 0.585** 0.035 -0.278 -0.159 -0.356 -0.311 0.163 -0.370
Sig. 0.013 0.794 0.000 . 0.000 0.001 0.861 0.161 0.428 0.068 0.114 0.415 0.057
Salinity Ts 0.718** -0.285 0.982** 0.762** 1.000 0.538** -0.137 -0.397* -0.081 -0.013 0.056 -0.068 -0.190
Sig. 0.000 0.150 0.000 0.000 . 0.004 0.495 0.040 0.687 0.947 0.782 0.736 0.344
pH Is 0.250 0.285 0.548** 0.585** 0.538** 1.000 -0.026 -0.511** -0.071 -0.330 -0.043 -0.173 -0.240
Sig. 0.208 0.149 0.003 0.001 0.001 . 0.898 0.006 0.726 0.093 0.830 0.387 0.228
Turbidity Is -0.187 0.473* -0.127 0.035 -0.137 -0.026 1.000 0.665** -0.218 -0.763** -0.152 0.823*  -0.651**
Sig. 0.349 0.013 0.527 0.861 0.495 0.898 . 0.000 0.275 0.000 0.449 0.000 0.000
TSS Ts -0.182 0.359 0.404* -0.278 -0.397* -0.511** 0.665** 1.000 0.188 -0.355 -0.137 0.776** -0.280
Sig. 0.363 0.066 0.036 0.161 0.040 0.006 0.000 . 0.348 0.069 0.497 0.000 0.157
Chl. a Ts 0.163 0.217 -0.104 -0.159 -0.081 -0.071 -0.218 0.188 1.000 0.418* 0.135 -0.027 0.333
Sig. 0.417 0.277 0.607 0.428 0.687 0.726 0.275 0.348 . 0.030 0.501 0.894 0.089
NHs-N Is 0.274 -0.633** -0.052 -0.356 -0.013 -0.330 -0.763** -0.355 0.418* 1.000 0.380 -0.571**  0.712**
Sig. 0.166 0.000 0.798 0.068 0.947 0.093 0.000 0.069 0.030 . 0.051 0.002 0.000
NO2-N Is -0.045 -0.183 0.080 -0.311 0.056 -0.043 -0.152 -0.137 0.135 0.380 1.000 -0.169 0.254
Sig. 0.825 0.362 0.690 0.114 0.782 0.830 0.449 0.497 0.501 0.051 . 0.400 0.200
PO#-P Is 0.074 0.307 -0.056 0.163 -0.068 -0.173 0.823** 0.776* -0.027 -0.571** -0.169 1.000 -0.534**
Sig. 0.713 0.119 -0.781 0.415 0.736 0.387 0.000 0.000 0.894 0.002 0.400 . 0.004
Phyto Is 0.043 -0.458* -0.229 -0.370 -0.190 -0.240 -0.651** -0.280 0.333 0.712** 0.254 -0.534** 1.000
Sig. 0.832 0.016 0.250 0.057 0.344 0.228 0.000 0.157 0.089 0.000 0.200 0.004
Notes.

** Correlation is significant at 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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3. 3. Species composition of phytoplankton phyla

Bacillariophyta (diatom) is the dominant phylum and has contributed to the highest
number of taxa (43 taxa) in the Pinang River. This also resulted in an agreement with previous
studies in Malaysia that diatoms are a common group found in most water bodies (Sidik et al.,
2008; Nursuhayati et al., 2013). Muhammad Adlan et al., (2012) found that Bacillariophyta was a
common phylum, followed by Chlorophyta (green algae) and Cyanophyta (cyanobacteria) at
selected stations in the coastal waters of Manjung, Perak. Similarly, the abundance of
phytoplankton species in the Pinang River also constitutes diatoms as the main phylum
followed by green algae and cyanobacteria as the second and third highest abundance groups.

Diatom has also been shown to be one of the dominant groups commonly found in most
water bodies worldwide (Gao & Song, 2005; Babu et al., 2013). Chaetoceros sp. was one of the
dominant genera identified in both studies of Sidik et al. (2008) and Muhammad Adlan et al.
(2012). In the Pinang River, this species was found to be abundant at Station 1 with the highest
temperature and salinity recorded at the station. According to Nurul Salma et al. (2013),
Chaetoceros sp. is abundant in high-salinity habitats, such as marine, and may tolerate low
salinity. Renaud et al. (2002) reported Chaetoceros sp. performed the best within 27-30 °C and the
temperature recorded at Station 1 in the Pinang River lies within this range.

The Bacillariophyta found in the Pinang River was Nitzchia sp., followed by Navicula and
Oscillatoria sp. Vajravelu et al. (2018) and Gharib et al. (2011) listed Bacillariophyta as the main
phylum and Nitzchia as the most common genus seen throughout the study period,
respectively, in the Parangipettai coastal waters of India and the Mediterranean Sea, Egypt.
Vajravelu et al. (2018) also suggested that a suitable environmental condition would promote
the proliferation and growth of diatoms. This may also indicate that the Pinang River basin has
a favourable growth condition for diatoms since this group of species dominated the river.
Mixson (2007) claimed that Nitzchiods and Naviculoids are some of the dominant groups
present in samples taken from Maple River, Northern Michigan. This finding is consistent with
the current study, as Navicula sp. and Nitzchia sp. were highly abundant at all sampling stations.

Chlorophyta, the second dominant phylum recorded in this study, was mainly contributed
by Oscillatoria sp., which was highly abundant in all the sampling stations. The adaptive
characteristics of Oscillatoria sp. as a thermotolerant that grew at both high and low
temperatures by changing pigmentations accordingly to changes in temperature may contribute
to its successful abundance growth (Zhao et al.,, 2019). In a study by Huertas et al. (2011),
Scenedesmus sp. proliferated at 40 °C and Dicotysphaerium sp. can tolerate a wide range of
temperatures supported by this study where both species were found to be highly abundant at
fluctuating temperatures.

Other than that, the excessive growth of some phytoplankton genera, such as Oscillatoria,
Pediastrum, Scenedesmus, Melosira, and Anabaena displays nutrient enrichment of aquatic bodies
(Zargar & Ghosh, 2006). Therefore, the water body of the Pinang River can be considered rich in
nutrients, as the above-mentioned species were present either as highly abundant and abundant
at all; or at some stations, except for Anabaena, which was only present in small numbers, and
Melosira, which was only abundant at Station 1 and absent at both Stations 2 and 3.

Furthermore, Chlorophyta was once found at higher abundance in Station 2 in November,
which contributed to the occurrence of Chlorella sp. At Station 2, where Chlorella sp. was found
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in high abundance, the salinity level was very low. Therefore, the present results contradict the
previous study by Nurul Salma et al. (2013) which suggested that Chlorella sp. showed a higher
growth rate with increased salinity. However, according to Kang et al. (2019), phytoplankton
abundance is not regulated by single factors but by several environmental parameters.

On the other hand, some of the phytoplankton genera and species found throughout the
sampling period, such as Cyclotella meneghiniana, Coelastrum sp., Closterium sp., Gomphonema sp.,
Scenedesmus sp., Nitzchia sp., Navicula sp., Euglena sp., Phacus sp., Pediastrum sp., Synedra ulna.,
and Tracheolomonas sp., were significant species used to indicate the conditions of the Pinang
River due to their characteristics as a pollutant-tolerant species (Ajayan & Ajit Kumar, 2017).
Other than Coelastrum sp. and Closterium sp., all of the phytoplankton species mentioned above
were found either highly abundant or abundant at each sampling station.

Cyclotella sp. is claimed to be common freshwater bloom phytoplankton by Soja-Wozniak et
al. (2018). It may be proposed that the water body of the Pinang River is at the risk of
occurrence of Cyclotella sp. bloom since it was found to be highly abundant at Station 1 and
abundant at Stations 2 and 3. Scenedesmus sp. from phylum Chlorophyta and Synedra ulna from
Bacillariophyta were found abundantly at Stations 2 and 3, respectively, and were collectively
known as algae bloom inducers (Zhao et al., 2019).

Bouhaddada et al. (2016) found Microcystis sp. bloom contains harmful toxins and is known
to bioaccumulate in common aquatic phytoplankton feeders that pose a high risk to human and
animal health when consumed. Despite being only present at Station 1, Microcystis sp. was
observed in abundance at both Stations 2 and 3. Therefore, according to the results obtained, the
probability of Microcystis bloom occurring at the study site cannot be denied even though no
bloom can be observed during the sampling period.

Ceratium sp. is one of the harmful species of Dinophyta and may cause intensive
dinoflagellates to bloom if found in high abundance (Aktan et al., 2005). Ceratium hirudinella
was found to be only about three individuals throughout the sampling period in the Pinang
River, suggesting that dinoflagellate's bloom may be neglected at present. Most phytoplankton
species found in the Pinang River may be used as bioindicators of water quality in the Pinang
River basin. Palmer (1969) stated that diatoms, green algae, and blue-green algae are well-
established as pollution-tolerant genera and species. The leading eight genera according to
Palmer (1969), are Oscillatoria, Euglena, Chlamydomonas, Scenedesmus, Chlorella, Nitzchia, Navicula
and Stigeoclonium. Therefore, the presence of these genera indicates the organic pollution of the
water body (Jose et al., 2011).

Ecological indices can provide greater insight into the interactions in a system, particularly
for environmental monitoring and conservation (Morris et al., 2014). The indices have become
part of the standard methodology in many applied studies of ecology, such as to compare
biological components and to be a complement in conjunction with multivariate analyses. In
order to understand the interactions between plankton communities and physicochemical
parameters in the study site including their changes in population diversity and abundance,
ecological indices are essential. Nevertheless, the interpretation of community dynamics likely
depends on the index chosen as it is predicted to interact in different ways and slightly different
aspects. Thus, it will be useful to compare several indices for other assemblages, such as specific
structural differences.
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Zargar and Ghosh (2006) stated that the Shannon-Wiener Diversity Index (H’) is the most
widely used index to calculate species diversity, while the Evenness Index (J’) is used to identify
how evenly the species were distributed in the sampling area. Station 1 in October (3.34)
showed the highest H" during the sampling period. Station 1 also recorded the highest number
of species (S) of 42 species. This may also indicate that, at greater H’, more diverse the
phytoplankton species in the Pinang River. The lowest value of H” was recorded at Station 2 in
November (1.87) but included many species. Microcystis sp. was found at the highest abundance
at Station 2 in November (540 cells/L). The occurrence of Microcystis may influence the species
diversity at Station 2 since Hu et al. (2018) stated that microcystin toxin produced by Microcystis
sp. at high concentrations has changed the water quality and affected the growth of other
aquatic organisms. Telesh (2004) demonstrated that the trophic state of the water body
influenced the species diversity within aquatic communities.

According to Gao and Song (2005), the H" of phytoplankton community was correlated in
several cases with the degree of pollution, whereby the authors suggested that the value of H’
would be greater in less populated water. They found that the sites with red tide blooms in the
Changjiang estuary were recorded with low diversity. However, Zargar and Ghosh (2006)
noted that it is widely accepted that the decrease of H' may be relevant to more severe pollution
due to environmental stress. This is earlier supported by Green and Vascotto (1978), who
argued that the relationship between large H” and better environmental quality was not always
reliable.

In addition, Station 2 was recorded in November with the highest abundance of
phytoplankton (11760 cells/L) but had the lowest H’ value. Therefore, phytoplankton
abundance and species diversity may not be related. The present result was further supported
by a previous study by Gharib et al. (2011), that the phytoplankton abundance and species
diversity indices were insignificant.

Based on the Evenness Index (J') value, the distribution of phytoplankton species in a
population can be determined by the increase in J', indicating that the phytoplankton species in
the sample are evenly distributed. Species evenness also indicates the ecosystem's health when
no single species dominates the phytoplankton community in the sample and no invasive
species in that sample. Station 1 in October has the highest ] value (0.89) and Station 2 in
November has the least evenly distributed phytoplankton community (0.54). This is probably
due to the dominant species of Chlorella sp. that appeared in abundance only at Station 2 in
November (6480 cells/L). Lehtinen (2017) stated that the species evenness was inversely
proportional to the phytoplankton abundance which applies to the current study in the Pinang
River.

Similar trends were seen between H" and ] whereby H’ increased with ]’ throughout the
sampling period at all sampling stations. There was a positive relationship between J* and H’,
but ecological processes, such as competition and predation, can modify the species diversity
index by changing the species evenness without altering the species richness of the sample (Gao
& Song, 2005). According to Zhang et al. (2017), environmental parameters such as water
temperature, pH and nutrients affect the species richness of phytoplankton in the community
and the pH is an important factor that influences Bacillariophyta. The findings of this study are
relevant to the Margalef index (R) in the Pinang River as it was the highest at Station 1 in
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October (4.85), where Bacillariophyta was the most abundant and pH was the highest (7.74)
throughout the sampling period. Overall, the species diversity, evenness, and richness of the
phytoplankton community may express the status of the water body in the Pinang River.

4 Conclusion

Phytoplankton communities have been utilized as a useful tool for accessing the ecological
status of the river ecosystem. As a sensitive ecosystem, various environmental stressors can
affect river structure and function, including the phytoplankton community. This study
suggested that the water body in the Pinang River is likely to be polluted at higher intensity due
to anthropogenic activities. Changes in physicochemical parameters may affect the distribution
and abundance of phytoplankton. Thus, in order to preserve the Pinang River from losing its
function as a habitat for aquatic organisms, a food source and a clean water resource, the
monitoring of phytoplankton abundance by researchers would help to determine the water
quality of the Pinang River. Human attitudes that neglect the function of the river should be
punished, and awareness should be triggered from time to time. The state council should
consider reviewing existing laws with a view to more intense punishment for those who still
intend to pollute the river.
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