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ABSTRACT A study was conducted in the marine finfish cage culture area in Sungai
Udang, Penang, at the northern part of the Malacca Straits to examine the phytoplankton
composition and abundance especially for potentially harmful phytoplankton. Monthly
sampling were taken from March 2016 to January 2017 at nine sampling stations. Physio-
chemical parameters of surface seawater such as pH, dissolved oxygen, temperature, salinity,
total suspended solids, and nutrients (nitrate, nitrite, ammonium, phosphate and silicate) were
also measured. A total of 54 phytoplankton taxa were recorded, with 37 genera belonged to
diatoms, 15 of dinoflagellates, and 2 of cyanobacteria. The composition of phytoplankton was
dominated by diatoms (>85 %) at all sampling stations throughout the sampling period. The
phytoplankton abundance ranged between 2.6x10% cells L and 5.8x10° cells L. The
potentially harmful toxic phytoplankton observed throughout the sampling period are
dinoflagellates Alexandrium spp., Prorocentrum micans and Dinophysis caudata and diatoms,
Pseudo-nitzchia spp but in low cell density. A total of six bloom-forming phytoplankton that
can potentially trigger mass mortality of cultured fish such as Akashiwo sanguinea,
Chaetoceros spp., Ceratium furca, Ceratium fusus, Margalefidinium spp. and Karlodinium
spp. recorded at this area were relatively low in cell densities. Furthermore, no fish kill incident
was reported in the area from blooms of phytoplankton during the period of study. Even though
potentially harmful phytoplankton present were in low densities, they may pose significant
risks to aquaculture activity if there is a sudden bloom. Hence, a monitoring program should
be implemented to provide early warning of harmful algae blooms and safeguard the
aquaculture industry in Sungai Udang, Penang.
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1. INTRODUCTION at RM510.12 million, a 63.39 % of the total
cage-cultured marine finfish production in

Sungai Udang located in Seberang Malaysia (Annual Fisheries Statistics,

Perai Selatan, Penang is an important 2017). A total of 211 out of 285 marine
marine finfish cage culture area in culturists in Penang are from Sungai Udang
Malaysia. Penang is a major contributor to (unpublished data, DoF). The main species
the production of Malaysia’s cage cultured of marine fish cultured are sea bass (Lates
marine finfish. In 2017, Penang produced calcarifer), groupers (Epinephelus spp.),
23,380.32 tonnes of marine finfish valued golden pomfrets (Trachinotus blochii),
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golden trevally (Caranx spp.), and red
snapper (Lutjanus argentimaculatus).

Phytoplankton is a primary producer
in aquatic ecosystems. However, certain
types of phytoplankton may become
harmful if their presence is in unnaturally
high abundance. Harmful phytoplankton
could be divided into two main types, first
is the toxin producer such as Alexandrium
spp., Dinophysis spp., and Pseudo-nitzchia
spp. resulting in shellfish poisoning in
human; and second, bloom-forming group
such as Ceratium spp. and Noctiluca
scintillans which can cause low oxygen or
anoxia/hypoxia and mortality of aquatic life
(Hallegraeff, 2003; Omura et al., 2012).
The occurrence of harmful phytoplankton
species in the cage culturing area may pose
potential threats to the fisheries industries.

Phytoplankton growth is regulated
by environmental parameters such as
sunlight, salinity, temperature and nutrients
(Anderson et al., 2002). In favourable
conditions such as eutrophication, some
phytoplankton can rapidly increase in
density. Eutrophication refers to high
enrichment of nutrients particularly
phosphorus, nitrite, nitrate, and silicate in
the aquatic ecosystem that may trigger algal
blooms (Anderson et al., 2002; Heisler et
al., 2008; Wurtsbaugh et al., 2019).
Phytoplankton abundance and species
composition can be a good indicator of
water quality because it actively responds
rapidly and sensitively to environmental
changes such as nutrient enrichment
(Sadally et al., 2014; Willen, 2007).
Phytoplankton composition and abundance
are also used as the early-warning signals
that describe the health condition of an
aquatic ecosystem (Wan Maznah, 2010).
Ironically, some issues of nutrient or organic
enrichment caused by the aquaculture
activities that are not in accordance with the
standards set will eventually affect cultured
fish. Increased nutrient concentration in fish
farm areas may cause an increase of
phytoplankton biomass and also harmful
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algal blooms that subsequently could affect
cultured fish (Anderson, 2012; Yin et al.,
2008).

Blooms of harmful phytoplankton
have a significant impact on fisheries
industries by triggering massive fish deaths,
especially caged fish due to oxygen
depletion or excretion of toxic bioactive
compounds that may clog, irritate or
damage the fish gills and lead to suffocation
(Rensel & Whyte, 2003). In Malaysia,
several harmful phytoplankton species
were reportedly have caused mass mortality
of cultured fish such as Chattonella sp.
(Choo, 1994), Margalefidinium polykrikoides
(Anton et al., 2008; NorRohaida et al.,
2015), Karlodinium australe (Lim et al.,
2014) and Noctiluca scintillans (Choo,
1994; Roziawati et al., 2016). Margalefidinium
polykrikoides have been associated with
massive fish Kill events in Sabah and Perak
coastal waters (Anton et al., 2008,
NorRohaida et al., 2015). In February 2014
a bloom of Karlodinium australe threatened
caged fish in West Johor Straits (Lim et al.,
2014) and recurred in February 2015 (Teng
et al., 2016). Harmful algae blooms
incident associated with massive deaths of
caged fish in Kuala Gula, Perak in 2016 was
attributed to Noctiluca scintillans species
which caused more than RM500,000 losses
to mariculturists (Roziawati et al., 2016).

Nevertheless, not all cases of mass
fish mortalities caused by phytoplankton
bloom in cages have been identified. In
2005, a fish kill event with more than RM20
million losses to mariculturists have been
reported in Penang but the causative
organism remained obscure (Lim et al.,
2012). In January 2016, mass mortality of
caged fish in Sungai Udang, Penang was
reported, and again, the cause of death
remains unclear (Roziawati & Shahunthala,
2017). In between those two events,
monitoring activities done in nearby cage
culture areas in Pulau Aman, Penang
detected the presence of several potentially
harmful phytoplankton species (Roziawati
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et al., 2015). In Peninsular Malaysia,
regular HABs monitoring programs are
currently implemented only in important
mollusk culture areas under the National
Shellfish Sanitation Program (NSSP) by the
Department of Fisheries focusing on the
toxic phytoplankton species and toxins in
shellfish. There are very limited baseline
data on potentially harmful phytoplankton
species in the fish cage culture area. More
locations should be included in the
country’s HABs monitoring program
especially areas with previously known
HABs hot spots where aquaculture
activities have been established. Thus, the
aims of this study are to document the
species composition and abundance of
phytoplankton in the finfish cage culture
area in Sungai Udang, Penang that could
contribute information on the distribution
of potentially harmful phytoplankton in the
region and as an inventory of Malaysia’s
species for monitoring purposes.

2. MATERIALS AND METHODS

2.1 Sampling

The phytoplankton sampling was
done on monthly basis from March 2016 to
January 2017 at nine stations of Sungai
Udang, Penang area (Figure 1, Table 1).
Station 1 (05°12'29.7"N, 100°24'55.5"E)
was situated near the Sungai Tengah river
mouth, Station 2 (05°12'06.4"N,
100°23'58.1"E), Station 3 (05°12'32.2"N,
100°23'49.2"E), Station 4 (05°13'10.0"N,
100°23'55.7"E), Station 5 (05°13'18.8"N,
100°23'26.9"E), Station 6 (05°1324.1"N,

100°22'50.0"E) and Station 7
(05°12'55.9"N, 100°23'17.2"E) located
around the fish cages. Station 8

(05°14'0.97"N, 100°21'36.9"E) is outside
the aquaculture area while Station 9
(05°11'32.3"N, 100°24'23.3"E) is near the
river mouth of Sungai Kerian. A total of
one liter (1L) of surface water were
sampled using Van Dorn's sampler.
Samples were then concentrated through a
20 um net and preserved in acidic Lugol’s
solution.

Table 1. Sampling date and respective season during the study

Sr?tznn?tl)ienrg Date Season
1. 8 March 2016 Northeast Monsoon
2. 4 April 2016 Inter-monsoon season 1
3. 4 May 2016 Southwest Monsoon
4. 2 June 2016 Southwest Monsoon
5. 12 July 2016 Southwest Monsoon
6. 1 August 2016 Southwest Monsoon
7. 5 September 2016 Southwest Monsoon
8. 4 October 2016 Inter-monsoon season 2
9. 5 November 2016 Northeast Monsoon
10. 4 December 2016 Northeast Monsoon
11. 5 January 2017 Northeast Monsoon
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2.2 Physico-Chemical Properties

Surface seawater physico-chemical
parameters such as pH, temperature,
salinity and dissolved oxygen (DO) were
measured in situ using a Hydrolab Quanta
multiparameter water quality probe
(Loveland, CO, USA) in triplicate. Water
samples for dissolved inorganic nutrients
such as nitrate, nitrite, phosphate,
ammonium, silicate and total suspended
solid were brought back to the laboratory
and immediately analysed spectro-
photometrically by using a HACH DREL
2010 (HACH, USA). Chlorophyll-a (Chl-a)
concentration was measured in situ using a
Hydrolab MS5 chlorophyll probe
(Loveland, Co, USA). One-way Analysis of
Variance (ANOVA) was analysed using
GraphPad Prism 6 to determine differences
in water quality parameters among the
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sampling stations.

2.3 Phytoplankton identification and
enumeration

Phytoplankton identification was
carried out based on identification books,
Tomas (1997), Backer et al., (2003), and
Omura et al., (2012). The micrographs for
each phytoplankton are taken using CCD
camera and Analysis (R) software (Soft
Imaging System Inc., USA). A concentrated
phytoplankton sub-sample (1 mL) was
placed in the counting chamber Sedgewick-
Rafter and enumerated under an inverted
microscope Olympus [X70 (Olympus,
Tokyo, Japan) at 100 times magnification.
The cell density, cell L for each
phytoplankton taxon was calculated in
three replications in each sample.

Sungai Kerian

Figure 1. Map of Sungai Udang, Penang showing the sampling stations (St. 1, St. 2, St. 3,
St. 4, St. 5, St. 6, St. 7, St. 8 and St. 9).
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3. RESULTS & DISCUSSIONS

3.1  Phytoplankton composition
A total of 54 phytoplankton taxa
were identified during the sampling

activities. It consists of three main groups,
i.e. diatoms (37 genera), dinoflagellates
(15 genera) and cyanobacteria (2 genera).
Phytoplankton documented in Sungai
Udang, Penang are listed in Table 2. Cell
density of phytoplankton and
Chlorophyll-a (chl-a) concentrations in all
sampling stations showed a similar trend
where they fluctuated throughout the
sampling period (Figure 2). The cell density
of phytoplankton at all sampling stations
ranged from 2.6x10° cells L' to
5.8x10° cells L. The highest abundance of
phytoplankton appeared at St. 8 in early
September 2016 with 45 % of Lauderia sp.
being the dominant species. While the
lowest abundance event was recorded at
St. 4 in December 2016. In comparison, cell
density of phytoplankton in the nearby
aquaculture area of Pulau Aman, Penang
ranged from 1.44x10% cells L' to
4.01x10° cells L (Roziawati et al., 2015)
and Sepanggar Bay in Sabah, Malaysia
ranged from 7.10x10° cells L™ to 2.05x10°
cells L (Madihah et al., 2008). In this
study, the concentration of chl-a ranged
from 1.013 pg L (October 2016) at St. 6 to
20.85 ug Lt at St. 1 (June 2016).

The productivity of an aquatic
system can usually be evaluated from the
presence or abundance of phytoplankton. In
the case of polluted waters, the
phytoplankton composition in that
particular water body will be very low
(Pasztaleniec & Poniewozik, 2010;
Veronica et al., 2014). Waters with low
fertility levels have the presence of
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phytoplankton less than 1.0x10* cells L,
moderate fertility is more than
1.0x10%cells L%, while very high fertility is
more than 1.0x107 cells L. Phytoplankton
abundance with of more than
1.0x107 cells L is called blooms (Veronica
et al.,, 2014). However, the bloom of
harmful phytoplankton was not observed in
all sampling stations during the period of
study.

Diatoms were found as dominant at
all sampling stations with more than 86.6 %
of the total phytoplankton throughout the
sampling period except in July 2016 at
St. 8 (60.6 %). Meanwhile, the percentage
of dinoflagellates remained low during the
study from 1 % to 14 % of total density except in
July 2016 at St. 8 (35.6 %). A similar
finding was reported in the previous studies
where the diatoms was the most abundant
phytoplankton in comparison with the other
groups (Carter et al., 2005; Majbritt et al.,
2004; Normawaty et al., 2013; Sidik et al.,
2008). The composition of phytoplankton
in the nearby finfish cage culture area of
Pulau Aman, Penang was also dominated
with more than 90 % diatoms. Diatoms
have a fast growth rate and can rapidly
grow in high nutrient concentration (Carter
et al., 2005; Polat, 2007; Schluter, 1998).

Phytoplankton composition in
Sungai Udang was dominated by different
species of diatoms in each sampling.
Cyclotella spp. was dominant once in early
March 2016 for all stations at more than
58 % of total phytoplankton except station
8. Meanwhile, Skeletonema spp. was found
dominant in April at over 30 % of total
phytoplankton at St. 1, St. 2, St. 3 and St. 4.
Throughout June 2016 to August 2016,
Helicotheca spp. dominated at all
sampling stations at more than 30 % to
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94 % of total phytoplankton. This dominant
species was however replaced by
Skeletonema spp. and Chaetoceros spp. in
October and November 2016. Nonetheless,
Eucamphia spp. was dominant in January
2017 at all sampling stations at over 30 %
of total phytoplankton. The marine fish
cage culture area in Pulau Aman, Penang
showed phytoplankton composition was
also dominated by different species of
diatoms, i.e. Skeletonema spp., Thallassiosira
spp. and Chaetoceros spp. at each sampling
occasion (Roziawati et al., 2015).
Similarly, in the aquaculture area of
Sepanggar Bay, Sabah the water is dominated
by Coscinodiscus spp., Chaetoceros spp. and
Bacteriastrum spp. (Madihah et al., 2008).

The potentially harmful toxic
phytoplankton recorded throughout the
study period are dinoflagellates Alexandrium
spp., Prorocentrum micans and Dinophysis
caudata and diatoms, Pseudo-nitzchia spp
but in low cell density. Bloom-forming and
non-toxic phytoplankton such as Akashiwo
sanguinea, Ceratium furca, Ceratium
fusus, Chaetoceros spp. and Skeletonema
spp. were commonly found in each
sampling but also low in density. Akashiwo
sanguinea, Ceratium furca and Ceratium
fusus were reported as commonly found in
low density in coastal waters off Melaka
(Normawaty et al., 2007), Sg. Jarum Mas,
Perak (Roziawati & Faazaz, 2011), Tebrau
Strait (Lim et al., 2014) and Pulau Aman,
Penang (Roziawati et al., 2015). Akashiwo
sanguinea was reported as a fish killer
(Cardwell, 1979) and caused fish mortality
along Bolivar Peninsula, Texas in 2007
(Antonietta, 2016). Ceratium fusus has
caused discoloration of the water and
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massive death of marine organisms in the
Oman coastal water (Al Gheilani et al.,
2011) whereas red discoloration of Penang
and Perak coastal waters in 2007 and 2008
are caused by blooms of Ceratium furca
(Deparment of Fisheries, 2007). In the
present study, Ceratium furca was observed
in almost every sampling, with the
maximum cell density of 1.1x10% cells L.
Margalefidinium spp., Karlodinium spp.,
Ceratium trichoceros and Ceratium tripos
were rarely observed in low density
throughout the sampling period. A bloom
of Margalefidinium polykrikoides with a
cell density 1.5x107 cells L™ was reportedly
responsible for the mortality of cultured
fish in Sepanggar Bay, off Kota Kinabalu,
Sabah in 2005 (Anton et al., 2008). Died
fish occurrence in Tanjung Kupang, Johor
cages in 2014 were attributed to the
Karlodinium australe with a bloom
concentration of 1.25x10° cells L™ (Lim et
al., 2014). Among other potentially harmful
phytoplankton, Chaetoceros spp. was
recorded with the highest maximum cell
density, 3.90x10° cells L in November
2016 at St. 4. Chaetoceros spp. had been
reported to cause fish mortality in fish
cages (Bell, 1961; Helleren, 2016; Rensel
& Whyte, 2003). Chaetoceros concavicornis,
Chaetoceros convolutus, and Chaetoceros
danicus have caused extensive fish kills in
aquaculture industries in Washington state
(Horner et al., 1997). The cell densities of
Chaetoceros spp. reached up to 7.48x10°
cells L! and has been linked to fish
mortality events in Cockburn Sound,
Western  Australia, (Helleren, 2016).
However, in the present study, no fish kill
event due to phytoplankton was recorded
throughout the sampling period.
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Figure 2. Cell density of phytoplankton in nine sampling stations of Sungai Udang, Penang
from Mac 2016 to January 2017
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Table 2. Phytoplankton taxa of Sungai Udang, Penang identified in this study. An asterisk
indicates potentially harmful taxon.

Diatoms .
Pennate Diatoms Centric Diatoms
Amphora spp. Bacteriastrum spp. Lithodesmium spp.

Amphiprora spp.
Asterionella spp.
Bacillaria spp.
Cylindrotheca closterium
Climacosphenia spp.
Gyrosigma spp.
Navicula spp.
Nitzschia longissima
Nitzschia spp.
Pleurosigma spp.
Pseudo-nitzschia spp.*
Surirella spp.

Dinoflagellates
Alexandrium spp.*
Akashiwo sanguinea*
Ceratium furca *
Ceratium fusus*
Ceratium trichoceros
Ceratium tripos
Margalefidinium spp.*
Dinophysis caudata*
Dinophysis spp.
Fragilidinium spp.

Bellerochea spp.
Biddulphia spp.
Chaetoceros spp. *
Corethron spp.
Coscinodiscus spp.
Cyclotella spp.
Detonula spp.
Ditylum spp.
Eucampia spp
Guinardia spp.
Hemiaulus spp.
Leptocylindrus spp.

Gonyaulax spp.
Gyrodinium spp.
Gymnodinium spp.
Karlodinium sp. *
Prorocentrum gracile*
Prorocentrum micans®
Protoperidinium spp.
Pyrophacus spp.
Polykrikos spp.
Scripsiella spp.

Melosira spp.
Meuniera membranacea
Odontella spp.
Paralia spp.
Planktoniella sol
Rhizosolenia spp.
Proboscia spp.
Skeletonema spp. *
Thalassiosira spp.
Triceratium spp.

Cyanobacteria
Anabeana spp.
Trichodesmium spp.

3.2  Physico-chemical

properties of

experienced the dry season from January

seawater

Penang faces two monsoon winds,
the Northeast Monsoon (November to
March) and the Southwest Monsoon (May
to September) and receives more rainfall
during the Southwest Monsoon (Ying &
Abdul Naser, 2019). The total monthly
rainfall of Bayan Lepas Station, Penang
from January 2016 to January 2017
obtained from Malaysian Metrological
Services indicated that the sampling area

94

2016 to April 2016, while the wet season
was from September 2016 to November
2016 (Figure 3). The lowest rainfall was in
February (30.2 mm) and the highest in
October (420.4 mm). This was similarly
reported by Yasser (2003) and Ying and
Abdul Naser (2019) that stated low rainfall
in Penang in February while heavy rainfall
occurred in October.

The wvalues of physicochemical
parameters at different sampling stations in
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Sungai Udang are presented in Figure 4.
One-way Analysis of Variance (ANOVA)
showed a significant difference among
stations for temperature (p=0.001), pH
(p=0.016), salinity (p<0.0001), dissolved
oxygen (p=0.025) and total suspended
solids (p=0.009), while turbidity (p=0.05)
showed no significant difference. High
temperature values were recorded at
32.39 £ 0.09°C in May 2016 at St. 1 and
low values of 29.00 + 0.01°C was recorded
in September 2016 at St. 8. Temperature
declined from June to September 2016 and
slightly increased in October 2016. The low
temperature could be attributed by the high
rainfall received during the southwest
monsoon season (June to September). The
fluctuation of water pH was observed over
the sampling period but it was consistently
above neutral (>7.0) in the range of
7.37 £0.05 to 8.57 £ 0.06. The highest pH
was recorded at Station 1 in July 2016 and
the lowest in September 2016 at Station 9.
Salinity ranged from 23.64 + 2.23 ppt to
30.52 + 0.82 ppt with the highest values in
April 2016 and the lowest in December
2016 at most studied stations. Seawater
experienced dilution by precipitation and
floodwater during rainy season where
salinity was found to decline from October
2016 to January 2017. Dissolved oxygen
(DO) generally exceeded 4.0 mg L*
throughout the study period except in
March at St. 2 and St. 3 and in December
2016 for most studied stations which
ranged from 2.36 + 0.04 mg Lt (St. 2,
March) to 9.18 + 0.20 mg L (St. 1, April).
Total suspended solids (TSS) were below
the MWQS of 50 mg Lt except in June and
September 2016 at Station 1 and St. 9 with
ranged from 200 * 0.01 mg L*! to
117.3 +4.16 mg LL. Turbidity ranged from
3.07 NTU to 93.70 NTU and the highest
turbidity was recorded in March 2016 at
St. 2.

One-way ANOVA shows no
significant difference among stations for
nitrite (P=0.342), nitrate (p=0.073),
ammonium (p=0.077) and phosphate
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(p=0.24), meanwhile silicate (P=0.008)
shows significant difference. Nitrate
concentration ranged from 0.00 mg L to
0.18 mg L with the highest concentration
recorded in September 2016 at St. 9. The
concentration of nitrate was low from
March to August 2016 and exceeded the
acceptable values of MWQS
(<0.06 mg L) during rainy seasons from
September 2016 to December 2016. While,
the concentration of nitrite is low
throughout the study period with a range
from 0.0 mg L*! to 0.08 mg L? at all
sampling stations. Mean ammonium
concentration ranged from 0.003 % 0.006
mg L to 0.64 + 0.03 mg L. The highest
values of ammonium (0.64 mg L) were
found at St. 9 in September 2016
(Southwest Monsoon). Ammonium level at
most sampling stations exceeded the
acceptable values for aquaculture activity
under the MWQS (<0.07 mg L*) from
September 2016 to January 2017 with a
mean of 0.096 + 0.05 mg L t0 0.368 + 0.09
mg L. Ammonium enters the waterway
from several sources including sewage
discharge, industrial wastes, runoff from
agriculture and aquaculture activities
(Anderson et al., 2002; Davies & Ugwumba,
2013). High ammonium concentration at
sampling stations near the fish cage culture
area can be caused by the waste effluent
from fish cages. Fish cages release nutrients
and organic wastes from uneaten fish feed
and faeces (Degefu et al., 2011; Kibria et
al., 1997). Phosphate concentrations in all
sampling stations were mostly higher than
the acceptable values for aquaculture
activity under the MWQS (<0.075 mg L)
during the sampling period. The levels of
phosphate ranged from 0.02 mg L™ to 0.86
mg L. The maximum value recorded was
in early June 2016 in St. 8 at 0.86 mg L.
Meanwhile, toward the end of the sampling
period in September 2016, phosphate
concentration remained constant but still
exceeded the acceptable values. Level of
phosphate was also high in the aquaculture
area of Pulau Aman, Penang throughout the
sampling time in year 2011 and January to
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May 2012 with the maximum value of
6.30 mg L' (Roziawati et al., 2015).
Concentration of silicate ranged from 0.06
mg L to 6.02 mg L. Similar pattern was
observed with the ammonium and nitrate
contents which showed an increase during
heavy rainfall events.

The enhancement of phytoplankton
was observed at most sampling stations in
months with higher precipitation (i.e. May
2016, September 2016, November 2016
and January 2017) and higher concentration
of phosphate, ammonium, and nitrate. It
could be due to the increase of nutrient
loading into water systems by terrestrial
runoffs during heavy rains that stimulated
the growth of phytoplankton. Paul et al.
(2008) found that nutrient concentration

450.0
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150.0
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Total amount of rainfall (mm)
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o 1 =
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gives a significant impact on phytoplankton
growth in  which greater nutrient
concentration  contributes to  higher
phytoplankton presence. In this study, the
diatoms were the dominant group
throughout the sampling period, it seems
that diatoms were more sensitive than other
phytoplankton groups to the increase in
nutrients. HABs often occur after heavy
rain and runoffs, followed by a period of
high sunlight leading to a nutrient increase
in the water-column thus triggering the
bloom (Anton, 2008; Smadya, 2003).
However, blooms of phytoplankton were
not recorded in all sampling stations during
the study period probably because nutrient
concentrations were not sufficiently high to
regulate the excessive growth of harmful
phytoplankton species.
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Figure 3. Total monthly rainfall and rainy days in Bayan Lepas, Penang from January 2016
to January 2017 (Source: Department of Meteorological Malaysia).
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4. CONCLUSIONS

Diatoms were the dominant
phytoplankton found at all sampling
stations throughout the sampling period
except in July 2016. In addition, blooms of
dinoflagellates were not observed in all
sampling stations during the period of
study. This study found that most water
parameters were within acceptable values
for mariculture, based on the Malaysia
Marine Water Quality Criteria and
Standards during the period of study except
for ammonium and phosphate. The presence
of potentially harmful phytoplankton species
such as Akashiwo sanguinea, Ceratium
furca, Ceratium fusus, Karlodinium spp.
and Margalefidinium spp. in the fish cages
within the area of Sg. Udang waters need
regular monitoring even though no case of
HABs was reported throughout the study
period to safeguard mariculture industries
in Sungai Udang, Penang. Distribution data
of phytoplankton could be used for risk
assessment of potential HABs incidences
for early warning and HABs monitoring
purposes.
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Supplementary Table: Mean, standard deviation and range of the physico-chemical parameters at nine sampling stations in Sungai Udang, Penang.

Stations St. 1 St. 2 St. 3 St. 4 St.5 St.6 St.7 St. 8 St.9
Temp. (°C) 30.83+0.32 30.72+0.30 30.78+0.31 30.71+0.32 30.62+0.33 30.51+0.32 30.54+0.34 30.47+0.31 30.51+0.33
29.30- 29.37-32.11 29.27-32.41 29.20-32.34 29.20-32.24 29.07-32.20 29.00-32.35 29.00-32.24 29.37-31.59
32.39
Salinity 27.22+1.33 27.48+1.27 28.51+1.22 28.78+1.17 29.33+1.17 29.65+1.13 26.78+1.16 30.52+0.82 23.64+2.23
(ppt) 20.59- 21.16-32.58 21.48-33.59 22.53-33.31 23.69-33.77 23.65-33.66 23.45-33.81 26.48-33.66 11.42-30.63
32.83
pH 8.09+0.09 8.04+0.09 8.11+0.07 8.15+0.07 8.17+0.06 8.19+0.06 8.17+0.06 8.24+0.04 7.98+0.15
7.67-8.58 7.51-8.47 7.78-8.46 7.87-8.49 7.95-8.48 7.80-8.54 7.95-8.50 8.00-8.45 7.37-8.46
DO 5.99+0.55 5.12+0.50 5.16+0.33 6.05+0.33 5.81+0.35 6.18+0.35 5.86+0.30 6.40+0.25 5.55+0.47
(mgL™) 3.12-7.29 2.36-8.12 3.76-6.97 3.76-5.95 3.69-7.05 3.91-7.84 381-7.15 4.87-7.94 3.86-7.75
Nitrate 0.06+0.01 0.06+0.01 0.05+0.01 0.04+0.01 0.05+0.0.01 0.04+0.01 0.05+0.01 0.04+0.01 0.08+0.02
(mgL™) 0.07-0.12 0.01-0.10 0.01-0.09 0.00-0.09 0.01-0.07 0.00-0.08 0.01-0.10 0.01-0.08 0.03-0.18
Ammonium 0.21+0.07 0.25+0.06 0.18+0.05 0.15+0.04 0.14+0.04 0.12+0.03 0.15+0.04 0.05+0.04 0.29+0.08
(mgL™) 0.04-0.59 0.07-0.48 0.02-0.44 0.01-0.39 0.01-0.40 0.003-0.34 0.003-0.39 0.01-0.12 0.03-0.64
Phosphate 0.29+0.04 0.24+0.04 0.22+0.02 0.23+0.02 0.21+0.04 0.18+0.03 0.15+0.01 0.19+0.07 0.15+0.02
(mgL™) 0.09-0.55 0.05-0.42 0.08-0.43 0.13-0.31 0.08-0.53 0.09-0.36 0.08-0.22 0.02-0.86 0.08-0.24
Silicate 1.38+0.40 1.29+0.37 0.94+0.34 0.86+0.27 0.83+0.24 0.68+0.23 0.77+0.25 0.42+0.10 2.36+0.65
(mgL™) 0.19-3.93 0.07-3.91 0.15-3.61 0.10-2.64 0.23-2.30 0.17-2.21 0.19-2.21 0.12-1.02 0.84-6.02
TSS 31.76+5.78 23.97+4.00 17.18+2.47 17.61+1.15 12.00+1.18 13.73+1.48 13.94+1.52 24.85+5.17 36.67+12.55
(mgL™) 11.00-70.33 10.00-48.67 10.67-37.67 12.33-22.00 6.33-18.67 6.67-22.00 6.67-22.00 2.00-55.00 11.33-117.3




