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Abstract

This study was conducted to observe the abundance and distribution of phy-
toplankton and temporal and spatial variation physico-chemical water parame-
ters in coastal water of Kudat, Sabah, Malaysia. Water samples and in-situ
water quality parameters were taken from five selected locations from May
2019 to February 2020. The sampling location was selected based on hu-
man-induced activities such as Marina Resort’s Jetty (ST1), Sabah Ports’ Jetty
(ST2), aquaculture cage/pent (ST3), river’s mouth (ST4) and Landung Ayang’s
water village (ST5). Water parameters: pH, salinity (ppt), dissolved oxygen
(mg/L) temperature ("C) and depth (m) were recorded once every month from
the selected station. Identification of phytoplanktonic species and cell density
(cell/mL) were determined from collected water samples. Significant differences
(p < 0.05) between physicochemical parameters to months were observed
during the study period. However, in spatial variations, significant differences
(p < 0.05) of pH, dissolved oxygen (mg/L) and temperature ("C) observed. A
total of 21 phytoplankton species were identified from the study area, where 4
species belonged to Dinophyceae (HABs blooming species) and 17 species
belonged to Bacillariophyceae. The influences of physicochemical water pa-
rameters were not significant in phytoplankton diversity and abundance. In
addition to these parameters, the nutrients in the water might have important
roles in the blooming of phytoplankton, which are essential and vital to ad-
dress in this type of research.

Keywords
Physicochemical Water Parameters, Phytoplankton, Coastal Water, Temporal
and Spatial

DOI: 10.4236/gep.2021.97006 Jul. 22, 2021 86 Journal of Geoscience and Environment Protection


https://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2021.97006
https://www.scirp.org/
https://doi.org/10.4236/gep.2021.97006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

M. R. Romin et al.

1. Introduction

Variability in physical and chemical water parameters, like temperature, pH, sa-
linity, dissolved oxygen concentration and depth, and nutrient concentrations
are affected by both natural and human processes. Human induced activities,
such as agricultural runoff, sewage and municipal effluents for residential areas
and industrial waste are the ultimate sources of pollution that lead to change the
water quality parameters (USEPA, 1998). Integrated physicochemical parame-
ters are important for expertise in the sustainable development process and for
management of healthy marine ecosystem (Kennish, 2000). To assess the pollu-
tion aquatic ecosystem, the basic information of physicochemical parameters is
crucially important. Water parameters of temperature, pH, DO, turbidity, salin-
ity, and nutrient are used as indicator in the condition of the water ecosystem
(Aknaf et al., 2017). Knowledge of quality water and its response to aquatic bio-
diversity are also essential in the management of fisheries resources to provide
more economic and environmental balance ecosystem. Discharges of waste from
human-induced activities either point sources or non-point sources are influ-
ences by surface runoff and water quality parameters vary with season depend
on the climate of the specific region (Singh et al., 2004).

The most significant biological community in any aquatic system is phyto-
plankton, as the basis of the trophic chain (Sin et al., 1999). The structure, dis-
tribution, and species diversity of the phytoplankton population in the aquatic
environment are determined by several physico-chemical parameters (Sin et al.,
1999). Chemical and physical variables such as temperature, salinity, pH, nitrate,
nitrite, ammonia, silicate, and dissolve inorganic phosphate are widely influ-
enced by spatial and temporal variations in phytoplankton distribution (Va-
jravelu et al., 2018). Sudden changes in physicochemical parameters have a sig-
nificant effect on the distribution and abundance of many species of phytoplank-
ton (Shekhar et al., 2008). Phytoplankton diversity and successions are usually
indicative of the water quality; their changes in succession can be correlated with
the change of the aquatic ecosystem and physicochemical parameters such as the
influence of nutrient runoffs into the water (Zulkifly et al., 2020). In a coastal
ecosystem, marine phytoplankton population is mostly depending on nutrients
and physical parameters, while nutrient concentration was insignificant in alter-
ing the phytoplankton density at Kota Kinabalu Wetland, Sabah due to influ-
ences with the tidal water (Azad & Jinau, 2020). On the other hand, similar en-
vironmental in-situ water parameters did not greatly affect the phytoplankton
growth (Azad & Jinau, 2020).

Kudat is coastal district in the northernmost of Sabah, Malaysia has been an
important area for recreational site attraction of many visitors and an increasing
number of permanent residents as well as known for its seafood industry. There
has been a lot of interest in researching different factors affecting phytoplankton
growth in relation to physicochemical attributes over the past few decades (Sharma
& Tiwari, 2018). However, there is still a lack of information about the physico-

chemical conditions specifically associated with the phytoplankton community
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in this study area. The aim of the study was to provide information of phyto-
plankton community and the parameters of physicochemical water parameters
to increase our understanding of variation of distribution patterns in this area of
study. The contributed scientific data about the water quality and checklist of
phytoplankton will help to take proper management to maintain the healthy eco-
system in that coastal area.

2. Methodology
2.1. Site Description

Samplings were conducted in Kudat, at the northernmost of Sabah and are lo-
cated facing the South China Sea and Sulu Sea (Figure 1). Five sampling stations
were selected (Figure 2). Using the Global Positioning System (GPS), the loca-
tion of the sampling stations was labelled (Table 1). Stations 1 and 2 were lo-
cated along the jetty, where the depth of water ranged from 3 to 15 metres, while
stations 3, 4 and 5 were roughly 1 to 10 metres high. Stations 1, 2 and 5 were
situated in areas of high human density with exposure to anthropogenic influ-
ences. Station 3 was the pent of a sea cucumber and fish cage while Station 4 was
located near the mouth of a river and was also near the Kudat Esplanade (a har-
bour for most of the ships and boats in Kudat).

Figure 1. Study area within the coastal area of Kudat, Sabah, Malaysia.

Figure 2. Location of stations within the coastal area of Kudat used to col-
lect samples during the study period.
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Table 1. Coordinates of five sampling stations set with GPS.

Station Coordinates (N/E)
ST1 06°53'29.4"/116°51'26.7"
ST 2 06°52'44.3"/116°50'48.3"
ST3 06°52'47.4"/116°5126.7"
ST 4 06°52'10.4"/116°51'32.9"
ST 5 06°51'45.7"/116°49'39.1"

2.2. Sampling for Phytoplankton Samples

Samples of phytoplankton were collected from May 2019 until February 2020 in
Kudat’s water that covers smallest areas of the Coral Triangle Initiative (CTI)
area. Initial planning was to collect samples for the period of May 2019 to May
2020, but due to pandemic of Covid-19 remaining sampling program was post-
poned. Phytoplankton were collected with plankton net (20 um mesh size, radius
= 0.52 m). Samples were collected by hauling a net which covered 10 meters
from each sampling station, to estimate water passed though the net. Collected
samples were on spot preserved immediately with 3% formalin to avoid zoo-
plankton grazing. In the laboratory zooplankton were separated by passing the
sample through 60 pm meshed sized filter and will be preserved with 5% Lugol’s
solution for further analysis. Standard species identification was done in the la-
boratory by using Identifying Marine Phytoplankton book by C.R Tomas pub-
lished in 1997. The Sedzwick rafter counting chamber was used to count the
quantitative estimate of the phytoplankton using a compound microscope and
the abundance was represented (cells/L) (Aktan et al., 2005). The total number
of cells was counted according to the following information (Stirling, 1985) for-

mula:

N =(A><1000><C)(V x F x L)

where:
N=No. of plankton cells per liter of original water;
A = No. of plankton counted;
C = Volume of final concentrate of the samples in milliliters (mL);
V' = Volume of a field in cubic millimeter (mm);
F=No. of fields counted;

L = Volume of original water in liters.

2.3. Determination of Water’s Physiochemical Parameters

Multi-function environmental sensor (YSI multi-parameter probe, Model: Pro
Plus, Geo-Hydro--Ocean Services) was used to measure the physiochemical pa-
rameters like pH, temperature (°C), dissolved oxygen (mg/L) and salinity (ppt)

values from each station of the study site.
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2.4. Statistical Analysis

The statistical analysis was performed using the SPSS Window Statistical Pack-
age (Version 23) to find out significant differences of the physicochemical water
quality parameters and abundance of phytoplankton among the months and
within the stations. One ways ANOVA and significance values were set at p <
0.05 used in this study.

3. Results

3.1. Temporal Variations

The range of temporal variations in pH, salinity (ppt), dissolved oxygen (mg/L),
temperature (°C) and depth (m) were between 7.33 £ 0.20 to 8.20 + 0.17 (Figure
3(a)), 29.37 £ 0.09 ppt to 32.71 * 0.47 ppt (Figure 3(b)), 4.02 + 0.83 mg/L to
6.71 + 0.83 mg/L (Figure 3(c)), 28.3°C + 0.26°C to 31.5°C * 0.33°C (Figure
3(d)) and 2.6 = 0.24 m to 3.7 £ 0.26 m (Figure 3(e)) respectively. However,
there are significant.
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Figure 3. (a)-(e). The Temporal variations of physiochemical parameters (mean * sd.) in
Kudat’s coastal water from May 2019 to February 2020.
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However, there are significant differences (p < 0.05) between those physio-

chemical parameters among the months except for depth (p > 0.05).

3.2. Spatial Variations

The spatial ranges of pH salinity (ppt), dissolved oxygen (mg/L), temperature
(°C) and depth (m) were 7.86 + 0.32 to 8.13 + 0.26 (Figure 4(a)), 30.31 + 1.96
ppt to 31.29 = 1.77 ppt (Figure 4(b)), 4.33 + 1.06 mg/L to 5.38 + 0.81 mg/L
(Figure 4(c)), 30.3°C + 0.95°C to 30.6°C + 1.02°C (Figure 4(d)) and 1.7 £ 0.21
m to 5.0 + 0.39m (Figure 4(e)) respectively. However, there observed the sig-

nificant difference (p < 0.05) of all those parameters among the stations.

3.3. Phytoplankton Composition and Abundance

A total of 21 phytoplanktonic species were identified in Kudat’s coastal water
from May 2019 to February 2020 (Table 2). The most dominant phytoplankton
were from group Bascillariophyceae with 18 diatom species followed by Dino-

phyceae with 3 dinoflagellates species. The highest density of 112.31 cells/L of
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Figure 4. (a)-(e). The spatial variations of physiochemical parameters (mean * sd.) in
Kudat’s coastal water from May 2019 to February 2020.
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Table 2. Species of phytoplankton recorded in the coastal water of Kudat during study

period.
Class Phytoplankton species T(Z:Ljil)ls Percentage (%)

Diatom Dinophyceae Ceratium sp. 112.31 30.46
Diatom Bascillariophyceae Nitzschia sp. 38.02 10.31
Diatom Bascillariophyceae  Coscinodiscus sp. 29.41 7.97
Diatom Bascillariophyceae  Thalassiothrix sp. 25.57 6.93
Diatom Bascillariophyceae  Thalassionema sp. 2541 6.89
Diatom Bascillariophyceae  Pleurosigma sp. 24.94 6.76
Dinoflagellate Dinophyceae Peridinium sp. 23.78 6.45
Diatom Bascillariophyceae Navicula sp. 20.63 5.59
Diatom Bascillariophyceae Rhizosolenia sp. 14.69 3.98
Dinoflagellate Dinophyceae Prorocentrum sp. 12.69 3.44
Diatom Bascillariophyceae Chaetoceros sp. 11.78 3.19
Diatom Bascillariophyceae Entomonelis sp. 10.56 2.86
Diatom Bascillariophyceae Asterionella sp. 5.15 1.40
Diatom Bascillariophyceae  Bacteriastrum sp. 4.07 1.10
Dinoflagellate Dinophyceae Dinophysis sp. 3.40 0.92
Diatom Bacillariophyceae Biddulphia sp. 1.89 0.51
Diatom Bascillariophyceae Ditylum sp. 1.48 0.40
Diatom Bascillariophyceae Thalassiosira sp. 1.11 0.30
Diatom Bascillariophyceae Hemiaulus sp. 0.81 0.22
Diatom Bascillariophyceae  Climacodium sp. 0.74 0.20
Diatom Bascillariophyceae Triceratium sp. 0.34 0.09
TOTAL 368.78 100

Ceratium sp. was recorded during the study period and followed by Nitzschia sp.
(38.02 cells/L), Coscinodiscus sp. (29.41 cells/L), Thalassiothrix sp. (25.57
cells/L), Thalassionema sp. (25.41 cells/L), Pleurosigma sp. (24.94 cells/L), and
Peridinium sp. (23.78 cells/L).

The highest abundance of phytoplankton was observed during the month of
December, January and February with the density of 929, 773 and 410 cells/L
respectively. On the other hand, the lowest density of 206 cell/L phytoplanktonic
abundance was recorded during the month of August in this study area (Figure
5(a)). However, significant difference (p < 0.05) was observed between the total
densities of phytoplankton within the months during the study period. The
highest cell density of 619.81 + 121.10 cell/L (Figure 5(b)) phytoplanktonic spe-
cies were observed in station 3 (ST3) and the lowest density of 264.07 + 85.63
cell/L obtained in station 1 (ST1). There observed no significant difference (p >
0.05) between densities of phytoplankton within the station.
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Figure 5. Temporal (5a) and spatial (5b) variations of phytoplankton density (cells/L) in
Kudat’s coastal water during study period of May 2019 to February 2020 (value of mean +
sd.).

4. Discussion
4.1. Temporal Variation in Physicochemical Water Parameters

The significant differences (p < 0.05) were observed between all physio-chemical
parameters within the months except for depth (m). Typically, low pH value of
7.33 was recorded during the month of Feb and slightly higher value of 8.20 ob-
served in the month of November. The range of value indicated that the coastal
ecosystem is suitable of aquatic life. The suitable range fish production within the
range of 5.0 to 9.5, as the run-offs into water due monsoon and other anthropo-
genic activities strongly influenced the amount of organic and will have pro-
found influence on pH concentrations (Dan-kishiya et al., 2013). The high pH
value (8.46) is due to the algae growth during that period, increasing the con-
sumption of CO, as part the photosynthesis process and consequently driving up
the pH (Aknaf et al., 2017), but in this study no relationship was observed be-
tween the fluctuation of pH with the production of cell density. The extensive
buffering capacity of the seawater with the tidal fluctuation may be the cause for
a change in pH within a very narrow limit (Srinivasan & Natesan, 2013).

Significant differences in monthly fluctuation in salinity were observed in the
Kudat Coastal water. The changes are mainly because of monsoonal pattern in
the study area. The highest of 32.37 ppt and the lowest of 29.37 ppt were recorded
in the month of Nov to Jan and May to August respectively. Salinity mainly
caused by dilution and evaporation process, influences the phytoplankton diver-
sity in coastal ecosystem. Typically, changes in salinity in the brackish water
habitats, such as estuaries, backwaters, and mangrove waters, are because of the
influx of freshwater from land runoff caused by monsoon or tidal variations
(Srinivasan & Natesan, 2013). The low salinities were the consequence of higher
river discharge from the surface runoff. In addition, tidal cycles influenced estu-
ary with high salinity water and relatively weak vertical mixing, leading to an in-
crease in the vertical salinity gradient (Xia et al., 2011).

The lowest concentration of dissolved oxygen of 4.02 mg/l in June 2019 and
the highest of 6.71 mg/l were observed in September 2019. This could be attrib-

uted to the peak time of biochemical oxygen demand due to bacteria and other
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decomposers uptake during dry season. The low DO values in dry months were
possibly due to considerable activities of microorganisms, which consumed ap-
preciable amount of oxygen as a result of metabolizing activities and decay of
organic matter (Eliku & Leta, 2018). High dissolved oxygen values are probably
due to the good oxygenation of the surface water as a consequence of the new
uptakes of water, whereas the lower DO found in summer was due to the algal
growth cessation and algal death, which consume dissolved oxygen (Aknaf et al.,
2017). Dissolved oxygen content was high during monsoon season in the study
area, which could be a result of the influx of freshwater during the monsoon
season’s higher solubility and low salinity (Prema & Subramaniam, 2003). The
concentration of DO and pH in any water body varies over time and is usually
affected by other factors such as temperature, salinity and conductivity which are
very important parameters that form the basis for an enlightened fisheries and
water resources management (Araoye, 2009). In addition, the dissolved oxygen
concentration is the resultants of the other factor, like rainfall, temperature,
phytoplankton photosynthesis, and salinity in aquatic ecosystem.

The temperature was the lowest of 28.3°C and the highest of 31.5°C were ob-
served in the month of January 2020 and May 2019 respectively. Seasonal varia-
tions in temperature can attribute with wind force, influx of freshwater and at-
mospheric temperature. The low temperature may be due to the heavy rainfall
received during monsoon season. Decrease in water temperatures depends pri-
marily on the rate of seasonal rainfall and lower air temperatures (Vajravelu et
al., 2018). Temperature play significant roles in the aquatic ecosystem, which is
one of the important parameters to control the physicochemical water The water
temperature of the in this study area varied significantly among the month as
regulated by the seasonal cycles of the air temperature as well down pour in par-
ticular locations. The regular seasonal cycle with minimum reached in January
and a maximum in May and therefore did not appear to pose any threat in Ku-
dat coastal ecosystem.

Seasonal changes in depth during the study period were observed in the range
of 2.6 to 3.7 m and not significantly different. In additional to tidal fluctuations,
the depth also is affected by the seasonal pattern such as rainfall and surface
runoff in coastal areas. The depth is important parameter that controls the pene-
tration of light, which in turn accelerated photosynthesis activity and increase
primary productivity of coastal ecosystem (Ibrahim et al., 2009). However, the
rainfall data of this study was not collected, but cell density of phytoplankton
clearly shows the productivity of Kudat coastal area with recorded depth.

4.2. Spatial Variation in Physicochemical Water Parameters

The highest pH value of 8.13 and the lowest of 7.86 were recorded in ST4 and
ST2 respectively. DO and pH, generally are influenced with photosynthesis, res-
piration and decomposition in aquatic ecosystem. The high pH value (8.46) is

due to the algae growth and increasing the consumption of CO, as part the pho-
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tosynthesis process and consequently increase the pH in aquatic substrate (Aknaf
et al., 2017), but in this study the cell density was observed the highest at ST1,
which shows no relationship in the increase in pH at ST 4. The low pH (7.86) at
ST 3 might be due to algal mortality with high temperature, as the highest tem-
perature was observed at ST 3, and might also be due to decomposition of or-
ganic matter generated from the cage culture activity in Kudat coastal area. The
low pH value of 7.80 at station was explained by algal mortality period and the
decomposition of plants and organic matter generated by eutrophication (Aknaf
et al., 2017). The highest pH at ST 4 might also be due to drainage and other
human activities, as well the concentration of nutrients. This station situated at
the opening of river mouth, which might strongly influence the discharges from
excessive land use and other human activities (Dan-kishiya et al., 2013).

The highest salinity of 31.29 ppt and the lowest of 30.31 ppt was determined
from ST 4 and ST3 respectively. The increase in salinity was limited with the
mixing or renewal of new water from the respective station. The highest salinity
and electrical conductivity values found at station probably due to the shallowest
depth of this station and to the low rate of water renewal in this site which is
very fare from the inlet (Aknaf et al., 2017). Salinity was at a maximum (34.6
ppt) during monsoon season because of the opening of the mouth (Srinivasan &
Natesan, 2013). Salinity was the lowest of 30.31 at ST4 because there was mini-
mum interaction of the sea with the estuary, as the depth observed the lowest of
2.0 m, compare to 5.0 m at ST 2. Changes in salinity in the brackish water habi-
tats, such as estuaries, backwaters, and mangrove waters, are because of the in-
flux of freshwater from land runoff caused by monsoon or tidal variations
(Srinivasan & Natesan, 2013). The tidal cycles influenced estuary a high salinity
in water assumed to be comparatively weak vertical mixing (Xia et al., 2011).

Dissolved oxygen concentration of coastal ecosystem related with primary pro-
ductivity in particular location, which also is inversely related with the produc-
tion of carbon dioxide in aquatic ecosystem. In addition to primary productivity
saturation of dissolved oxygen in marine ecosystem is related to temperature, sa-
linity, atmospheric pressure and oxygen demand from aquatic flora and fauna.
Changes in dissolved oxygen can be an early indication of shifting conditions in
the water body (Balance, 1996). Changes in dissolved oxygen can be an early in-
dication of shifting conditions in the water body (Balance, 1996). The high con-
centration of dissolved oxygen values found at the location and was due to bloom
of macro algae icluding Ulva lactuca Caulerpa prolefera and Gracilarea gracilis,
characterized by high primary production due to photosynthesis and the mini-
mum value of oxygen probably caused by the temperature rise which reduced
the levels of dissolved oxygen and by Low rates of water renewal (Aknaf el al.,
2017). In present study the highest concentration of DO was observed at ST 4
and at ST3, which was might be due to the highest density of phytoplankton re-
corded in respective station. On the other hand, the lowest dissolved oxygen of
4.33 (mg/L) was determined at ST 2 not due to related of phytoplankton density,
but probably for other factors like microbial decomposition of organic matter, as
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the area near by Jetty and heavily utilised by the peoples. Dissolved oxygen is
also controlled by various factors such as rainfall, temperature, and salinity. Dur-
ing the present study, salinity was not found to be the most important factor that
controlled the level of dissolved oxygen in the coastal waters, as shows insignifi-
cant correlation with dissolved oxygen (Srinivasan & Natesan, 2013).

Water temperature is the resultant of certain environmental factors and to the
geographical location of the sampled stations. The temperatures were observed
similar between sampling stations, with maximum of 30.6°C at ST 3 and the
lowest of 30.3°C at ST 4 throughout the period of study which was probably due
time of sampling as it dependent to presence of sunlight and heating effect. Here
found no significant differences of temperature among the stations. Water tem-
perature varied insignificantly with sampling stations so, did not appear to pose
any threat to the aquatic system (Aknaf el al., 2017). The lowest temperature at
ST 4 might be due to influences of renewal of new water from the river, as the
station located near the mouth opening. However, the temperature on all sta-
tions was observed relatively homogeneous and favourable for the flora and
fauna, as aquatic fauna (from microorganisms to fish) depend on certain tem-

perature range for optimal growth.

4.3. Phytoplankton Composition and Abundance

A total of 21 phytoplankton were identified in this study during May 2019 to
February 2020. Among them 18 species of phytoplankton were identified as dia-
toms which are the most dominant phytoplankton in this study area while 3
more species were dinoflagellates phytoplankton. Only three species of harmful
alga blooming phytoplankton such as, Peridinium sp., Prorocentrum sp. and Di-
nophysis sp. were identified in the coastal water of Kudat, Sabah (Table 2). Over-
all, the total numbers of genera in Kudat coastal areas (24 genera) were observed
relatively smaller compared to studies done by other researchers in tropical es-
tuaries. As total of 24 species was identified at Kota Kinabalu wetland areas,
mainly fluctuated with the tidal level (Azad & Jinau, 2020). A total of 37 genera
in Philippine mangrove estuary (Canini et al., 2013) and 30 genera in Sungai
Brunei estuary (Majewska et al., 2017) indicated the lower diversity of phyto-
plankton at Kudat coastal areas. The environmental parameters such as tem-
perature, salinity, Secchi depth (visibility), pH, and dissolved oxygen are the
factors that can affect the algal cells community succession or limit the growth of
certain groups of algae (Hastuti et al., 2018). The three species belongs to HABs
indicated that the area is not saturated with the nutrients generally that favour
the growth of HAB species.

The highest cell density of 929.26 + 122.51 (cell/L) and lowest total density of
206.67 £ 60.11 (cell/L phytoplankton was observed on August 2019 and Decem-
ber 2020 respectively (Figure 5). However, there were significant difference (p <
0.05) was observed between the total mean density of phytoplankton and
months during the study period. This could be due to monsoonal effects as

heavy rainfall bringing nutrients to the study areas via river run-offs during
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rainy season (Soon & Rangsangan, 2016). Phytoplankton communities are gen-
erally represented as an indicator in determining the changes of nutrients in wa-
ter and as a vital component for evaluating eutrophication in marine ecosystems
(Hastuti et al., 2018).

The highest total mean density of 619.81 + 121.10 phytoplankton (cell/L) and
the lowest of 264.07 + 85.63 (cell/L was recorded at ST 3 and ST 1 respectively
(Figure 5(b)). However, there is no significant difference (p > 0.05) between to-
tal mean density of phytoplankton and the sampled locations in this study. The
highest density at ST 4 is probably due to release of metabolic waste products
(faeces and excreta) and uneaten fish diet inside the cage area, which are en-
riched with nutrients that favour the growth of phytoplankton. The release of
soluble inorganic nutrients (nitrogen and phosphorus) has a potential for phyto-
plankton growth and blooming (FAO, 1992). It is also caused by the effect of the
coastal current and mixing action between offshore seawater and dilution of riv-
ers (Huang et al., 2004). Due to seasonal and temporal changes, the distribution
and abundance of phytoplankton in tropical waters vary greatly. Because of dif-
ferent environmental utilization strategies, the occurrence and succession of
species in phytoplankton communities are usually caused by resource competi-
tion. That the higher nutrient concentrations are related to various hydrological
factors (Srichandan et al., 2019).

The composition, abundance and growth of phytoplankton species are mainly
affected by the physical and chemical parameters of the specific marine envi-
ronment in which they are located (Vajravelu et al., 2018). In the estuarine en-
vironment, productivity primarily depends on phytoplankton, which alone con-
tributes approximately 90% of the total estuarine primary production (Sriniva-
san & Natesan, 2013).

5. Conclusion

The temporal and spatial distribution of physicochemical water quality is sig-
nificantly different between the stations and months except for depth. Among
the 21 phytoplankton species found in the Kudat’s coastal water, only 3 are HAB
namely, Peridinium sp., Prorocentrum sp. And Dinophysis sp. indicates the pres-
ence of insufficient amount of nutrients in the ecosystem. Not only man-made
stressors might have an impact on the distribution of water quality parameters
and that affected the abundance of phytoplankton in the study area. These data
might be used as criteria for future research in water quality parameters of
coastal areas. Besides that, continuous monitoring of other water quality like
nutrient and hydrodynamics profiling necessary to achieve for better manage-

ment of healthy ecosystem in coastal areas.
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