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Abstract. Phytoplankton has an important role in coastal ecosystems due to its ability to process
photosynthesis as the base of producer for the aquatic food chain. The purpose of this study is to
determine the spatial and seasonal distribution pattern of phytoplankton in Gorontalo Bay, Indonesia.
The samples were taken from 5 sampling sites in the Gorontalo Bay, Indonesia in three different
seasons: west monsoon season (in May), transition season (in June) and east monsoon season (in July).
The results showed that ecological dynamics in the Gorontalo Bay was indicated by the various physics
and chemical characteristics of waters spatially and seasonally. Based on the abundance of
phytoplankton in the waters during the study, the east monsoon season was the most productive time in
the Gorontalo Bay with an average of number of phytoplankton of 14430 cells/L followed by transition
and west monsoon season with the average counts of phytoplankton of 6569 cells/L and 201 cells/L
respectively. Spatially, the highest abundance of phytoplankton founded in the Station 3 with an average
of 9891 cell/L followed by Station 4 with an average of 8770 cell/L, Station 1 with an average of 7493
cell/L, Station 2 with an average of 6343 cell/L, and Station 5 with the average of 2651 cell/L.
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Introduction. Tomini Bay is relatively fertile and rich in natural marine potential (Yusron
& Edward, 2000). It is also known as a marine tourism region and has a variety of
potential pelagic fish resources (Wiadnyana 1998). The Bay of Gorontalo is part of Tomini
Bay area which goes into the administrative area of Gorontalo City, Indonesia. The
geographic conditions of the bay give consequences for the mass circulation of water
between the waters within the bay and the surrounding as it is directly related to the
Maluku Sea, Tolo Bay and the Celebes Sea (Setyadji & Priatna 2011). The existence of
phytoplankton in the Gorontalo Bay is one of the ecological studies that need to be
conducted regularly to monitor and ensure aquatic ecosystem balance.

Phytoplankton has an important role in coastal ecosystems due to its ability to
process photosynthesis. Most of marine organisms depend on phytoplankton as a base
producer for the aquatic food chain (Towsend et al 2000). Phytoplankton forms the
essential base of the aquatic food web and plays a major role in aquatic productivity and
ecosystem health (Nursuhayati et al 2013). The abundance and composition of
phytoplankton in waters can be used as an indication of the fertility rate and water
conditions changes (Karydis & Tsirtsis 1996; Thoha & Amri 2011; Radiarta 2013).
Phytoplankton availability influences the distribution of consumer organisms especially
the herbivore zooplankton. The high nutritional contents make phytoplankton become the
valuable feed items in the aquatic food chain (Natrah et al 2007; Khatoon et al 2009;
Banerjee et al 2010).

The phytoplankton distribution in the Gorontalo Bay is influenced by the dynamics
occurring within and outside the water. Internal factors such as ecological interactions
that take place in the bay waters and external factors such as seasons and human
activities around the bay have the potential to affect the stability of the aquatic
ecosystem. The purpose of this study is to determine the spatial and seasonal distribution
pattern of phytoplankton in the Gorontalo Bay, Indonesia.



Material and Method

Description of the study sites. The study area was localized throughout the Gorontalo
City coastal region called as Gorontalo Bay. This research was carried out in west
monsoon (in May), transition (in June) and east monsoon season (in July) in the year
2017. Samplings were performed in 5 stations, all displaying diverse types of land use. In
the main land near from site 1 there are rare resident settlements and a steep cliff close
to site 2 with no human activities. Moreover, land use near from the site 3 is Bone River
estuary. In the site 4 there is an oil port and in the site 5 there are densely populated
settlements. Sampling in each station was performed out in 3 sub-stations by dragging
the line-transect toward the offshore as presented on the map on the Figurel.
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Figurel. Map of the study area showing the locations of stations

Physical and chemical parameters establishment. Physical parameters such as
temperature, salinity, pH, and dissolved oxygen were conducted in situ in each station,
while chemical parameters performed ex situ and determined using spectrophotometry
according to the APHA (Rice at al 2012) methods consist of chlorophyll-a, nitrate,
ammonium and orthophosphate.



The water sample for phytoplankton analysis purpose was collected using
plankton-net (25 pm in mesh size) by horizontally towing at 15 points then compiled into
5 sample bottles preserved with a 10 % lugol solution. In the meantime, water samples
for chemical parameters measuring purpose were taken in depth ranging from 0 m to 2
m from the surface in every site.

Phytoplankton Performace. Phytoplankton was identified taxonomically using light
microscope referred to Davis (1955) taxonomical guide. Phytoplankton abundances were
measured using Lackey drop-transect method. Biological diversity index (H’) and
dominance index (D) were calculated according to the following equation (Shannon &
Wiener and Sampson index 1949 in Odum 1998).

S YEt)
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Ni symbol is individual amount of the phytoplankton species, and N is total individual
amount, then s is a total phytoplankton species.

Data analysis. The variety of water parameters and counts of phytoplankton species in
every sampling sites and different season were performed descriptively. Furthermore, the
correlation between physico-chemical water parameters and the abundance of
phytoplankton in the Gorontalo Bay were analyzed using Microsoft Excel.

Results

Physico-chemical characteristics. Physico-chemical characteristics and chlorophyll-a
in the Gorontalo Bay were studied parallel to the phytoplankton performance at the same
time in the sampled stations. The result showed in Table 1

Table 1. Waters characteristics of Gorontalo Bay in three different seasons in year 2017

Stations west monsoon season transition season east monsoon season

Parameters 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Temperature 29.80 29.70 28.43 29.07 29.50 29.40 28.17 26.73 28.27 26.83 29.60 28.40 26.50 27.27 28.40

pH 6.00 5.67 6.00 5.67 5.67 6.00 6.00 6.00 6.00 6.67 6.00 6.00 6.00 6.00 6.00
Salinity 34.8 34.13 34.63 35.03 34.03 32.73 32.37 31.53 31.9 30.93 32.10 32.9 33.27 30.87 31.8
DO 6.00 5.40 5.36 6.15 6.14 5.32 4.85 5.38 5.63 5.76 4.45 4.35 3.59 4.41 4.46
NOs3 0.058 0.060 0.146 0.042 0.084 0.089 0.132 0.079 0.098 0.126  0.061 0.051 0.084 0.117 0.144
NH3 0.057 0.069 0.142 0.117 0.122 0.130 0.063 0.206 0.035 0.105 0.051 0.073 0.193 0.054 0.336
PO4 0.026 0.057 0.038 0.024  0.044 0.003 0.046 0.013 0.024 0.006  0.059 0.052 0.094  0.137 0.088

Chlorophyll-a 1.789 1.536 1.175 0.651 0.821 1.806 1.610 1.377 1.182 0.984 1.806 1.969 2.332 3.744 1.775

Tomini Bay water surface temperature varied with a minimum of 26,5°C at st.3 in
the east monsoon season and a maximum of 29,8°C at st.1 in the west monsoon season.
Although water temperature effect on communities and ecosystem processes is debated,
it affects phytoplankton growth rates strongly (Edwards et al 2016). Renaud et al (2002)
mentioned that phytoplankton tolerate to range of temperature 20-30 °C and optimum
temperature to phytoplankton develop is 27-30°C.

The pH value showed maximum of 6,67 during transition season and a minimum
of 5,67 at st.2, st.4 and st.5 in in the west monsoon season. Marine phytoplankton in



general is resistant to climate change in terms of ocean acidification and does not
increase or decrease in its growth rate according to ecological relevant ranges of pH and
CO:2 (Berge et al 2010).

The salinity is the main physical parameter that can be attributed to the plankton
diversity and acting as a limiting factor, which influences the distribution of plankton
communities (Sridhar et al 2006). The salinity ranged between 30,93 and 34,80 ppt. The
minimum salinity was observed at st.5 in transition monsoon, while the maximum level
was detected at st.1 in west monsoon period.

The dissolved oxygen (DO) concentration in water depends on its temperature and
salinity. The quantity of organic matter presenting in the aquatic environment also
depends on DO in water. If the decomposition of organic matter is in great proportion
then it will absorb of DO in water too much (Shakweer 2003). The DO varied between a
maximum of 6,15 mg/L in west monsoon period at st.4 and a minimum of 3,59 mg/L in
east monsoon season at st.3. Phytoplankton are responsible for dissolved oxygen level in
surface water, which upturns due to photosynthesis (Ramaraj et al 2010). Concentration
of DO naturally associates with microalgae densities in waters (Kunlasak et al 2013).

The maximum concentration of phosphate (0,137 mg/L) was shown at st.4 east
monsoon season, while the minimum value (0,003 mg/L) was recorded at st.1 transition
period. The role of dissolved inorganic phosphorus could be considered as an important
nutrient for marine phytoplankton in the oligotrophic settings and the need for evaluating
nutrient limitation at the taxa and/or single cell level, rather than inferring it with nutrient
concentrations and ratios or bulk enzyme activities (Mackey et al 2007).

Nitrate is the most stable form of inorganic nitrogen in the oxygenated waters
(Nassar et al 2014). Dissolved nitrate attained a maximum of 0,146 in west monsoon
season at st.3 and a minimum of 0,042 at st.4. Nitrate and phosphate are primary
nutrients for algae growth (Haag 2007). Reduction of nitrogen and phosphorus
concentrations also can be a limiting factor to phytoplankton growth (Freeman 2002)

Ammonium is the nitrogenous end product of the bacterial decomposition of
natural organic matter containing nitrogen. In the presence of high ammonium
concentrations, the phytoplankton productivity could be high or even higher if the cells
are using NHs4* rather than NO3  (Dugdale et al 2007). The maximum concentration of
ammonium (0,336 mg/L) occurred in east monsoon season at st.5 while the minimum
(0,035 mg/L) was found in transition monsoon season at st.4. Hutchinson (1967) stated
that Chlorophyta and diatom preferred nitrogen form of nitrate and ammonia.

Spatial distribution and composition of phytoplankton. The phytoplankton of
Gorontalo Bay was represented by 39 taxa from 8 classes and 3 division; Chrysophyta
(30 taxa), Chlorophyta (7 taxa) and Chyanophyta (2 taxa). Chrysophyta was the most
dominant group, since it constitutes about 63.3% of the total average phytoplankton
abundance of 182.326 cell/L, mainly due to the flourishing of Chaetoceros affinis
(average of 25.441 cell/L), Bacteriastrum hyalinum (average of 19.624 cell/L),
Chaetoceros brightwelli (average of 17.539 cell/L), Chaetoceros messanensis (average of
17.007 cell/L) and Bacteriastrum delicatulum (average of 15.660 cell/L). Cyanophyta was
the second dominant group forming about 22,7% of the total average phytoplankton with
65.334 cell/L and a relative high occurrence of Oscilatoria limosa (average of 42.140
cell/L) and Anabaena sp. (average of 23.194 cell/L). Whereas, the other algae division,
Chlorophyta as the least dominant group forming collectivity about 14.1% (total average
40.558 cell/L) with relative high occurrence of Pediastrum simplex (average of 17.381
cell/L) and Pediastrum duplex (average of 11.708 cell/L).

Recording of 39 phytoplankton species in this study is considered to be high since
compared to the previous study that was reported by Kadim and Arsad (2016) that in the
west of Tomini Bay founded 29 species of phytoplankton which dominated by
Chrysophyta. In addition, Setyadji & Priatna (2011) stated that in the eastern part of
Tomini Bay there were 33 species phytoplankton was recorded and dominated by
Bacillariophyceae.

This research shows that the highest abundance of phytoplankton founded in the
Station 3 with an average of 9891 cell/L followed by Station 4 with an average of 8770



cell/L, Station 1 with an average of 7493 cell/L and Station 2 with an average of 6343
cell/L. Furthermore, the lowest population density of phytoplankton was recorded at
Station 5 with the average of 2651 cell/L. This may be due to rising up of organic
materials which entered the river. The sewage discharge can cause phytoplankton
productivity growth where sewage was the main source of nitrogen and phosporus
(Burford et al 2012). The distribution and abundance of phytoplankton in tropical waters
varied substantially because of the environmental flunctuations during the seasons
(Rajkumar et al 2009).

Species diversity index (H’) of phytoplankton population during this research
varied from 0.433 to 2.712 and the dominance index (D) ranged between 0.071 and
0.302 (Table 2). In the west monsoon period, H' values with an average of 1.287-2.262
were recorded. Meanwhile, in the transition period, H' increased with the average from
2.268 to 2.712. In general, based on Shannon-Wiener diversity index, these two seasons
performed an average diversity condition. On the other hand, the lower diversity value
recorded during the east monsoon season with an average of 0.433 to 0.904. Diversity
depends on key ocological processes such as competition, predation, succession and
therefore changes in these processes can alter the species diversity index trough changes
in evenness (Stirling & Wilsey 2001). The species diversity index of plankton communities
can serve as an indicator that the ecosystem is under the influence of pollution or
eutrophication (Telesh 2004 in Nassar & Gharib 2014). An increasing in diversity values
means the water quality is recovered. Lower species diversity indicated influence of
pollution (Nassar & Gharib, 2014). According to the dominance index value (D) in the
west monsoon to east monsoon seasons, there is no species domination in Gorontalo
Bay.

Table 2 Diversity Index (H’) and Dominance Index (D) of Phytoplankton in the Gorontalo Bay

Stations
Seasons Index
1 2 3 4 5

H' 1.890 2.034 1.287 2.262 1.813
West monsoon

D 0.177 0.171 0.302%* 0.121 0.180

H' 2.304 2.469 2.268 2.712%* 2.284
Transition

D 0.190 0.131 0.129 0.078 0.142

H' 0.723 0.904 0.433 0.874 0.760
East monsoon

D 0.103 0.071 0.096 0.110 0.118

Note: *: maximum values

Seasonal fluctuation of phytoplankton. Result of phytoplankton analysis according to
their abundance, spatial-seasonal fluctuation is successively presented on Table 3; Figure
2 and Figure 3.

Table 3. Seasonal fluctuation of phytoplankton abundance (cell/L) in the Gorontalo Bay

Class Species west transition east
monsoon monsoon

Division: Chlorophyta

Trebouxiophyceae Chlorella sp. 141 7817 5761

Zygnematophyceae Cosmarium sp. 118 2042 2533
Hyalotheca mucosa 76 1880 5533
Spirogyra sp. 223 1196 4258

Chlorophyceae Pediastrum duplex 282 8202 26641
Pediastrum simplex 0 12858 39283
Golenkinia sp. 94 2734 0

Division: Chrysophyta
Bacillariophyceae Achnanthes brevipes 94 4955 3146
Dyitylum criophilum 203 1126 4331



west east

Class Species transition
monsoon monsoon

Synedra gailonii 218 4836 11956
Synedra montana 249 6519 6832
Synedra ulna 102 6092 7257
Pleurosigma formosum 24 0 5598
Amphora obtusa 235 3913 8581
Cymbella cistula 24 1196 2942
Gyrosigma sp. 12 352 1136
Nitzschia sp. 326 5801 6178
Rhizosolenia castracanei 317 5784 8711
Rhizosolenia imbricate 642 9665 7020
Rhizosolenia pungens 509 3238 9766
Rhizosolenia shrubsolei 353 2136 5720
Surirella sp. 142 2691 9725
Corethron hystrix 0 162 597
Thalassionema nitzschioides 0 8031 11147
Thalassiothrix frauenfeldii 0 5895 14056
Trachyneis aspera 352 0 2243

Mediophyceae Biddulphia aurita 141 85 8989
Hemiaulus membranaceus 355 3845 11858
Lauderia anulata 106 5468 5042
Bacteriastrum delicatulum 176 13456 36039
Bacteriastrum hyalinum 212 16575 42086
Chaetoceros affinis 1752 20846 53724
Chaetoceros brightwelli 690 12986 38940
Chaetoceros messanensis 0 6237 44783

Coscinodiscophyceae Coscinodiscus eccentricus 259 3904 4944
Coscinodiscus radiates 74 1837 3906
Coscinodiscus sp. 86 940 2860

Division: Chyanophyta

Cyanophyceae Anabaena sp. 142 7577 61863
Oscillatoria limosa 153 66366 59902

The total phytoplankton in the whole investigated areas showed the highest
counts during east monsoon season with an average of 673026 cell/L followed by
transition season with an average of 352704 cell/L and west monsoon season with an
average of 3839 cell/L. It can be seen from Table 2 that in the Gorontalo Bay the east
monsoon season was the most productive season. Awwaludin et al (2005) stated that in
the east monsoon season, phytoplankton distribution was concentrated in the north part
of Tomini Bay with the abundance ranged between 80010 and 1082520 cell/m3 which
consisted of 45 species and dominated by Bacillariophyceae. In the transitional season,
the number of phytoplankton cell tends to be homogeny recorded as 26 taxa with the
abundance ranged from 25000 to 1500000 cell/m3® dominated by Chaetoceros and
Rhizosolenia (Wiadnyana 1998).

In this study, the high abundance of phytoplankton during east monsoon season
was associated with high flourishing of Anabaena sp. (61863 cell/L in average),
Oscillatoria limosa (59902 cell/L in average), Chaetoceros affinis (53724 cell/L in
average), Chaetoceros messanensis (44783 cell/L in average) and Bacteriastrum
hyalinum (42086 cell/L in average). On the other hand, some phytoplankton species
showed their maximum abundance during transition season. These taxa namely
Oscilatoria limosa (average of 66366 cell/L), Chlorella sp. (average of 7817 cell/L) and
Rhizosolenia imbricate (average of 7732 cell/L).



Chaetoceros as a group from Bacillariophyceae appeared frequently in the waters.
It has high tolerance in waters salinity fluctuating (Kennish 1990), has segmented cell
form where each segment is self-contained, and more adaptable to its environment and
is a phytoplankton group favored by fish and shrimp larvae. In addition, Anabaena and
Oscillatoria from Cyanophyceae class also appeared in the waters with a high frequency.
They can survive in unfavorable environmental conditions since they have ability to fixing
nitrogen in the air directly (Meeks and Elhai 2002; Conradie 2008).

The spatial distribution of abundance of phytoplankton species varied substantially
among all seasons (Figure 2). The fluctuation of total phytoplankton abundance among
sub stations located in front of estuary has alteration with a cyclic-like pattern. In West
monsoon season, the higher abundance of total phytoplankton species was separate

between

in front of estuary and western waters.

It was move and being fully

concentrated at western waters during transition season. The fully concentrated in front
of estuary is back later when East Monsoon. The continually lower abundance were
located in eastern waters of Gulf Gorontalo (predominantly at sub stations XIII, XIV, and

XV).
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Figure2. Tempo-spatial variations of phytoplankton distribution and species-class fluctuation
during different season (a) west monsoon, (b) transition and (c) East monsoon. The interpolation map
was constructed by GIS software using the kriging method.
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Figure 3. Average of total abundance of phytoplankton species and classes and
their ration of comparison during three phase of season.

In General, the average of species and class occurrence was rise from time to
time of season (Figure 3). Further analysis to comparison in term of ratio between
occurrence of average amount of classes and their member of species has also a rising
pattern. While in East monsoon the higher ratio was significant, the lag distance (i.e.
differences value between ratios) from West monsoon to transition season was higher
than transition to East monsoon season.

Bacillariophyceae and Mediophyceae from Chrysophyta divison have a high
species presence variety in Gorontalo Bay. Nybakken (1992) stated that phytoplankton
species dominated by Chrysophyta mainly from Bacillariophyceae. The marine
phytoplankton community is characterized by high density dominated by diatoms and
high species biodiversity (Nursuhayati et al 2013). Diatom dominance among
phytoplankton groups has been reported by Shah et al (2008), Ananthan et al (2008),
Muylaert et al (2009), Setyadji and Priatna (2011) and Nassar et al (2014).

Phytoplankton growth rate and distribution are tremendously influenced by
environmental factor. The affecting parameters differ for each species (Adenan et al
2013). The variety of planktonic diatom species existing in temperate waters is essential.
Horizontal distribution influence factors are temperature, salinity, and current.
Rhizosolenia as the great of number species found dispersed along tropical seawater
(circumtropical) and has being adapted with warm temperature (Morrisay & Sumich
2012; Cokrowati et al 2014). Water temperature is very vital for metabolic processes,
growth and reproductive ability among aquatic organisms. Power plants can affect
temperature fluctuations in the water and can influence the composition of phytoplankton
communities. The effect is primarily for phytoplankton existence such as declining of
community composition, abundance, and their productivity in water column (Chuang et al
2009; Choi et al 2012).

In addition, species from the chlorophyta and chyanophyta divisions in the waters
have relatively low species diversity, although Oscilatoria limosa exhibits a fairly high
abundance in the three distinct seasons. Oscillatoria dominance will be in line with the
high value of BOD. The dominance of the Oscillatoria can be an indication of the decline
of water quality or pollution by organic waste disposal (Kumari 2008; Rangpan 2008;
Panich-pat 2009).

Phytoplankton abundance and phisyco-chemical parameters correlation. The
relationship between the abundance of phytoplankton and environmental parameters is
shown in Table 3. The parameters which have positive correlation with phytoplankton
abundance are pH (r=0.15; p>0.05), NOs (r=0.06; p>0.05), NHs3 (r=0.04; p>0.05), PO4



(r=0.65; p<0.05), and Chlorophyll-a (r=0.83; p<0.05), while it was inversely correlated
with temperature (r=0.51; p>0.05), salinity (r=0.47; p>0.05), and dissolved oxygen
(r=0.83; p<0.05).

Table 3. Correlation matrix between the physico-chemical parameters and the total
counts of phytoplankton in the Gorontalo Bay

Phyto. Temp. pH Salinity DO NOs3 NHs PO4 Chl-a
Phyto. 1.00
Temp. -0.78 1.00
pH 0.54 -0.95 1.00
Salinity -0.77 1.00 -0.96 1.00
DO -0.98 0.64 -0.37 0.63 1.00
NOs 0.50 -0.93 1.00 -0.94 -0.33 1.00
NH3 0.96 -0.56 0.28 -0.55 -0.99 0.23 1.00
PO4 0.74 -0.15 -0.17 -0.13 -0.85 -0.21 0.90 1.00
Chl-a 0.96 -0.57 0.28 -0.55 -1.00 0.24 1.00 0.90 1.00

Conclusions. The most productive season in Gorontalo Bay, Indonesia was shown in
east monsoon season with the abundance of phytoplankton in average of 673026 cell/L,
followed by the transition and west monsoon season with the mean counts of
phytoplankton of 352704 cell/L and 3839 cell/L consecutively. The highest variety of
phytoplankton species found in waters is from the Chrysophyta group. Spatially, the
highest abundance of phytoplankton founded in the Station 3 with an average of 9891
cell/L followed by Station 4 with an average of 8770 cell/L, Station 1 with an average of
7493 cell/L, Station 2 with an average of 6343 cell/L, and Station 5 with the average of
2651 cell/L.
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Spatial and temporal distribution of

phytoplankton in the Gorontalo Bay, Indonesia
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Abstract. Phytoplankton has an important role in coastal ecosystems due to its ability to process
photosynthesis as the base of producer for the aquatic food chain. The purpose of this study is to
determine the spatial and seasonal distribution pattern of phytoplankton in Gorontalo Bay, Indonesia.
The samples were taken from 5 sampling sites in the Gorontalo Bay, Indonesia in three different
seasons: west monsoon season (in May), transition season (in June) and east monsoon season (in July).
The results showed that ecological dynamics in the Gorontalo Bay was indicated by the various physics
and chemical characteristics of waters spatially and seasonally. Based on the abundance of
phytoplankton in the waters during the study, the east monsoon season was the most productive time in
the Gorontalo Bay with an average of number of phytoplankton of 14430 cells L followed by transition
and west monsoon season with the average counts of phytoplankton of 6569 cells L' and 201 cells L*
respectively. Spatially, the highest abundance of phytoplankton was found in the station 3 with an
average of 9891 cell L', followed by station 4 with an average of 8770 cell L', station 1 with an average
of 7493 cell L, station 2 with an average of 6343 cell L'?, and, finally, station 5 with the average of 2651
cell L.

Key Words: monsoon season, phytoplankton distribution, Gorontalo Bay.

Introduction. Tomini Bay is relatively fertile and rich in natural marine potential (Yusron
& Edward 2000). It is also known as a marine tourism region and has a variety of
potential pelagic fish resources (Wiadnyana 1998). The Bay of Gorontalo is part of Tomini
Bay area which goes into the administrative area of Gorontalo City, Indonesia. The
geographic conditions of the bay give consequences for the mass circulation of water
between the waters within the bay and the surrounding as it is directly related to the
Maluku Sea, Tolo Bay and the Celebes Sea (Setyadji & Priatna 2011). The existence of
phytoplankton in the Gorontalo Bay is one of the ecological studies that need to be
conducted regularly to monitor and ensure aquatic ecosystem balance.

Phytoplankton has an important role in coastal ecosystems due to its ability to
process photosynthesis. Most of marine organisms depend on phytoplankton as a base
producer for the aquatic food chain (Townsend et al 2000). Phytoplankton forms the
essential base of the aquatic food web and plays a major role in aquatic productivity and
ecosystem health (Nursuhayati et al 2013). The abundance and composition of
phytoplankton in waters can be used as an indication of the fertility rate and water
conditions changes (Karydis & Tsirtsis 1996; Thoha & Amri 2011; Radiarta 2013).
Phytoplankton availability influences the distribution of consumer organisms especially
the herbivore zooplankton. The high nutritional contents make phytoplankton become the
valuable feed items in the aquatic food chain (Natrah et al 2007; Khatoon et al 2009;
Banerjee et al 2010).

The phytoplankton distribution in the Gorontalo Bay is influenced by the dynamics
occurring within and outside the water. Internal factors such as ecological interactions
that take place in the bay waters and external factors such as seasons and human
activities around the bay have the potential to affect the stability of the aquatic
ecosystem. The purpose of this study is to determine the spatial and seasonal distribution
pattern of phytoplankton in the Gorontalo Bay, Indonesia.
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Material and Method

Description of the study sites. The study area was localized throughout the Gorontalo
City coastal region called as Gorontalo Bay. This research was carried out in west
monsoon (in May), transition (in June) and east monsoon season (in July) in the year
2017. Samplings were performed in 5 stations, all displaying diverse types of land use. In
the main land near from site 1 there are rare resident settlements and a steep cliff close
to site 2 with no human activities. Moreover, land use near from the site 3 is Bone River
estuary. In the site 4 there is an oil port and in the site 5 there are densely populated
settlements. Sampling in each station was performed out in 3 sub-stations by dragging
the line-transect toward the offshore as presented on the map on the Figurel.

N
W<Y<P(K;—E

s

GORONTALO

[] AREA OF INTEREST
A POINT WATER SAMPLING

|Figure \1. Map of the study area showing the locations of stations. Commented [indra2]: add the number for each station. It is not
clear which is station 1, which is 2 and so on. Thank you!

Physical and chemical parameters establishment. Physical parameters such as
temperature, salinity, pH, and dissolved oxygen were conducted in situ in each station,
while chemical parameters performed ex situ and determined using spectrophotometry
according to the APHA (Rice at al 2012) methods consist of chlorophyll-a, nitrate,
ammonium and orthophosphate.
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The water sample for phytoplankton analysis purpose was collected using
plankton-net (25 pm in mesh size) by horizontally towing at 15 points then compiled into
5 sample bottles preserved with a 10% lugol solution. In the meantime, water samples
for chemical parameters measuring purpose were taken in depth ranging from 0 to 2 m
from the surface in every site.

Phytoplankton performace. Phytoplankton was identified taxonomically using light
microscope referred to Davis (1955) taxonomical guide. Phytoplankton abundances were
measured using Lackey drop-transect method. Biological diversity index (H’) and
dominance index (D) were calculated according to the following equation (Shannon &
Wiener and Sampson index 1949 in Odum 1998).

i=1
Where N; symbol is individual amount of the phytoplankton species, and N is total
individual amount, then s is a total phytoplankton species.

Data analysis. The variety of water parameters and counts of phytoplankton species in
every sampling site and different season were performed descriptively. Furthermore, the
correlation between physico-chemical water parameters and the abundance of
phytoplankton in the Gorontalo Bay were analyzed using Microsoft Excel.

Results

Physico-chemical characteristics. Physico-chemical characteristics and chlorophyll-a
in the Gorontalo Bay were studied parallel to the phytoplankton performance at the same
time in the sampled stations. The results are showed in Table 1.

Tomini Bay water surface temperature varied with a minimum of 26.5°C at station
3 in the east monsoon season and a maximum of 29.8°C at station 1 in the west
monsoon season. Although water temperature effect on communities and ecosystem
processes is debated, it affects phytoplankton growth rates strongly (Edwards et al
2016). Renaud et al (2002) mentioned that phytoplankton tolerate a range of
temperature 20-30°C and optimum temperature to phytoplankton development is 27-
30°C.

The pH value showed maximum of 6.67 during transition season and a minimum
of 5.67 at stations 2, 4 and 5 in in the west monsoon season. Marine phytoplankton in
general is resistant to climate change in terms of ocean acidification and does not
increase or decrease in its growth rate according to ecological relevant ranges of pH and
CO2 (Berge et al 2010).

The salinity is the main physical parameter that can be attributed to the plankton
diversity and acting as a limiting factor, which influences the distribution of plankton
communities (Sridhar et al 2006). The salinity ranged between 30.93 and 34.80 ppt. The
minimum salinity was observed at station 5 in transition monsoon, while the maximum
level was detected at station 1 in west monsoon period.

The dissolved oxygen (DO) concentration in water depends on its temperature and
salinity. The quantity of organic matter presenting in the aquatic environment also
depends on DO in water. If the decomposition of organic matter is in great proportion
then it will absorb of DO in water too much (Shakweer 2003). The DO varied between a
maximum of 6.15 mg L'in west monsoon period at station 4 and a minimum of 3.59 mg
L' in east monsoon season at station 3. Phytoplankton are responsible for dissolved
oxygen level in surface water, which upturns due to photosynthesis (Ramaraj et al 2010).
Concentration of DO naturally associates with microalgae densities in waters (Kunlasak et
al 2013).
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Waters characteristics of Gorontalo Bay in three different seasons in year 2017

Table 1

West monsoon season

Transition season

East monsoon season

Parameters

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Temperature 29.80 29.70 28.43 29.07 29.50 29.40 28.17 26.73 28.27 26.83 29.60 28.40 26.50 27.27 28.40
pH 6.00 5.67 6.00 5.67 5.67 6.00 6.00 6.00 6.00 6.67 6.00 6.00 6.00 6.00 6.00
Salinity 34.8 34.13 34.63 35.03 34.03 32.73 32.37 31.53 31.9 30.93 32.10 329 33.27 30.87 31.8
DO 6.00 5.40 5.36 6.15 6.14 532 485 538 5.63 576 445 435 3.59 4.41 4.46

NOs 0.058 0.060 0.146 0.042 0.084 0.089 0.132 0.079 0.098 0.126 0.061 0.051 0.084 0.117 0.144

NH3 0.057 0.069 0.142 0.117 0.122 0.130 0.063 0.206 0.035 0.105 0.051 0.073 0.193 0.054 0.336

PO4 0.026  0.057 0.038 0.024 0.044 0.003 0.046 0.013 0.024 0.006 0.059 0.052 0.094 0.137 0.088
Chlorophyll-a 1.789 1.536 1.175 0.651 0.821 1.806 1.610 1.377 1.182 0.984 1.806 1.969 2.332 3.744 1.775

1-5: stations.
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The maximum concentration of phosphate (0.137 mg L) was shown at station 4
east monsoon season, while the minimum value (0.003 mg L!) was recorded at station 1
transition period. The role of dissolved inorganic phosphorus could be considered as an
important nutrient for marine phytoplankton in the oligotrophic settings and the need for
evaluating nutrient limitation at the taxa and/or single cell level, rather than inferring it
with nutrient concentrations and ratios or bulk enzyme activities (Mackey et al 2007).

Nitrate is the most stable form of inorganic nitrogen in the oxygenated waters
(Nassar et al 2014). Dissolved nitrate attained a maximum of 0.146 in west monsoon
season at station 3 and a minimum of 0.042 at station 4. Nitrate and phosphate are
primary nutrients for algae growth (Haag 2007). Reduction of nitrogen and phosphorus
concentrations also can be a limiting factor to phytoplankton growth (Freeman 2002).

Ammonium is the nitrogenous end product of the bacterial decomposition of

natural organic matter containing nitrogen. In the presence of high ammonium
concentrations, the phytoplankton productivity could be high or even higher if the cells
are using NHa4* rather than NOs~ (Dugdale et al 2007). The maximum concentration of
ammonium (0.336 mg L) occurred in east monsoon season at station 5 while the
minimum (0.035 mg L!) was found in transition monsoon season at station 4.
Hutchinson (1967) stated that Chlorophyta and diatom preferred nitrogen form of nitrate
and ammonia.
Spatial distribution and composition of phytoplankton. The phytoplankton of
Gorontalo Bay was represented by 39 taxa from \8 classes and 3 divisions: Chrysophyta
(30 taxa), Chlorophyta (7 taxa) and Cyanophyta (2 taxa). Chrysophyta was the most
dominant group, since it constitutes about 63.3% of the total average phytoplankton
abundance of 182.326 cell L', mainly due to the flourishing of Chaetoceros affinis
(average of 25.441 cell L), Bacteriastrum hyalinum (average of 19.624 cell L),
Chaetoceros brightwelli (average of 17.539 cell L''), Chaetoceros messanensis (average
of 17.007 cell L*') and Bacteriastrum delicatulum (average of 15.660 cell L%).
Cyanophyta was the second dominant group forming about 22.7% of the total average
phytoplankton with 65.334 cell L'* and a relative high occurrence of Oscillatoria limosa
(average of 42.140 cell L'') and Anabaena sp. (average of 23.194 cell L''). Whereas, the
other algae division, Chlorophyta as the least dominant group forming collectivity about
14.1% (total average 40.558 cell L'') with relative high occurrence of Pediastrum simplex
(average of 17.381 cell L'') and Pediastrum duplex (average of 11.708 cell L).

Recording of 39 phytoplankton species in this study is considered to be high since
compared to the previous study that was reported by Kadim & Arsad (2016) that in the
west of Tomini Bay founded 29 species of phytoplankton which dominated by
Chrysophyta. In addition, Setyadji & Priatna (2011) stated that in the eastern part of
Tomini Bay there were 33 species phytoplankton was recorded and dominated by
Bacillariophyceae.

This research shows that the highest abundance of phytoplankton found in the
station 3 with an average of 9891 cell L followed by station 4 with an average of 8770
cell L't, station 1 with an average of 7493 cell L' and station 2 with an average of 6343
cell L''. Furthermore, the lowest population density of phytoplankton was recorded at
station 5 with the average of 2651 cell L. This may be due to rising up of organic
materials which entered the river. The sewage discharge can cause phytoplankton
productivity growth where sewage was the main source of nitrogen and phosporus
(Burford et al 2012). The distribution and abundance of phytoplankton in tropical waters
varied substantially because of the environmental flunctuations during the seasons
(Rajkumar et al 2009).

Species diversity index (H’) of phytoplankton population during this research
varied from 0.433 to 2.712 and the dominance index (D) ranged between 0.071 and
0.302 (Table 2). In the west monsoon period, H’ values with an average of 1.287-2.262
were recorded. Meanwhile, in the transition period, H’ increased with the average from
2.268 to 2.712. In general, based on Shannon-Wiener diversity index, these two seasons
performed an average diversity condition. On the other hand, the lower diversity value
recorded during the east monsoon season with an average of 0.433 to 0.904. Diversity

AACL Bioflux, 2018, Volume 11, Issue 3.
http://www.bioflux.com.ro/aacl

|

Commented [indra3]: you wrote about all the parameters in
Table 1, except for chlorophyll-a. So, write few lines about it as well.

|

|

Commented [indra4]: | only see 7 classes when looking in Table
3

|




depends on key ecological processes such as competition, predation, succession and
therefore changes in these processes can alter the species diversity index trough changes
in evenness (Stirling & Wilsey 2001). The species diversity index of plankton communities
can serve as an indicator that the ecosystem is under the influence of pollution or
eutrophication (Telesh 2004 in Nassar & Gharib 2014). An increasing in diversity values
means the water quality is recovered. Lower species diversity indicated influence of
pollution (Nassar & Gharib 2014). According to the dominance index value (D) in the
west monsoon to east monsoon seasons, there is no species domination in Gorontalo
Bay.

Table 2
Diversity index (H") and dominance index (D) of phytoplankton in the Gorontalo Bay
Stations
Seasons Index 1 > 3 2 5
West monsoon H' 1.890 2.034 1.287 2.262 1.813
D 0.177 0.171 0.302* 0.121 0.180
Transition H' 2.304 2.469 2.268 2.712%* 2.284
D 0.190 0.131 0.129 0.078 0.142
East monsoon H' 0.723 0.904 0.433 0.874 0.760
D 0.103 0.071 0.096 0.110 0.118

Note: * maximum values.

Seasonal fluctuation of phytoplankton. Result of phytoplankton analysis according to
their abundance, spatial-seasonal fluctuation is successively presented on Table 3 and
Figures 2 and 3.

The total phytoplankton in the whole investigated areas showed the highest
counts during east monsoon season with an average of 673026 cell L' followed by
transition season with an average of 352704 cell L't and west monsoon season with an
average of 3839 cell L. It can be seen from Table 2 that in the Gorontalo Bay the east
monsoon season was the most productive season. [Awwaludin Let al (2005) stated that in
the east monsoon season, phytoplankton distribution was concentrated in the north part
of Tomini Bay with the abundance ranged between 80010 and 1082520 cell m= which
consisted of 45 species and dominated by Bacillariophyceae. In the transitional season,
the number of phytoplankton cell tends to be homogeny recorded as 26 taxa with the
abundance ranged from 25000 to 1500000 cell m3 dominated by Chaetoceros and
Rhizosolenia (Wiadnyana 1998).

In this study, the high abundance of phytoplankton during east monsoon season
was associated with high flourishing of Anabaena sp. (61863 cell L' in average),
Oscillatoria limosa (59902 cell L' in average), Chaetoceros affinis (53724 cell L in
average), Chaetoceros messanensis (44783 cell L' in average) and Bacteriastrum
hyalinum (42086 cell L' in average). On the other hand, some phytoplankton species
showed their maximum abundance during transition season. These taxa are namely
Oscillatoria limosa (average of 66366 cell L'!), Chlorella sp. (average of 7817 cell L'!) and
Rhizosolenia imbricata (average of 7732 cell L'Y).

Chaetoceros as a group from Bacillariophyceae appeared frequently in the waters.
It has high tolerance in waters salinity fluctuation (Kennish 1990), has segmented cell
form where each segment is self-contained, and more adaptable to its environment and
is a phytoplankton group favored by fish and shrimp larvae. In addition, Anabaena and
Oscillatoria from Cyanophyceae class also appeared in the waters with a high frequency.
They can survive in unfavorable environmental conditions since they have ability to fixing
nitrogen in the air directly (Meeks & Elhai 2002; Conradie et al 2008).

The spatial distribution of abundance of phytoplankton species varied substantially
among all seasons (Figure 2). The fluctuation of total phytoplankton abundance among
sub stations located in front of estuary has alteration with a cyclic-like pattern. In west
monsoon season, the higher abundance of total phytoplankton species was separate
between in front of estuary and western waters. It was move and being fully
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concentrated at western waters during transition season. The fully concentrated in front
of estuary is back later in east monsoon. The continually lower abundances were located
in eastern waters of Gulf Gorontalo (predominantly at sub stations XIII, XIV, and XV).

Table 3
Seasonal fluctuation of phytoplankton abundance (cell L'!) in the Gorontalo Bay

Class Species West Transition East
monsoon monsoon
Division: Chlorophyta
Trebouxiophyceae Chlorella sp. 141 7817 5761
Zygnematophyceae Cosmarium sp. 118 2042 2533
Hyalotheca mucosa 76 1880 5533
Spirogyra sp. 223 1196 4258
Chlorophyceae Pediastrum duplex 282 8202 26641
Pediastrum simplex 0 12858 39283
Golenkinia sp. 94 2734 0
Division: Chrysophyta
Bacillariophyceae Achnanthes brevipes 94 4955 3146
Dyitylum criophilum 203 1126 4331
Synedra gailonii 218 4836 11956
Synedra montana 249 6519 6832
Synedra ulna 102 6092 7257
Pleurosigma formosum 24 0 5598
Amphora obtusa 235 3913 8581
Cymbella cistula 24 1196 2942
Gyrosigma sp. 12 352 1136
Nitzschia sp. 326 5801 6178
Rhizosolenia castracanei 317 5784 8711
Rhizosolenia imbricata 642 9665 7020
Rhizosolenia pungens 509 3238 9766
Rhizosolenia shrubsolei 353 2136 5720
Surirella sp. 142 2691 9725
Corethron hystrix 0 162 597
Thalassionema nitzschioides 0 8031 11147
Thalassiothrix frauenfeldii 0 5895 14056
Trachyneis aspera 352 0 2243
Mediophyceae Biddulphia aurita 141 85 8989
Hemiaulus membranaceus 355 3845 11858
Lauderia anulata 106 5468 5042
Bacteriastrum delicatulum 176 13456 36039
Bacteriastrum hyalinum 212 16575 42086
Chaetoceros affinis 1752 20846 53724
Chaetoceros brightwelli 690 12986 38940
Chaetoceros messanensis 0 6237 44783
Coscinodiscophyceae Coscinodiscus eccentricus 259 3904 4944
Coscinodiscus radiatus 74 1837 3906
Coscinodiscus sp. 86 940 2860
Division: Cyanophyta
Cyanophyceae Anabaena sp. 142 7577 61863
Oscillatoria limosa 153 66366 59902
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[Figure 2. Tempo-spatial variations of phytoplankton distribution and species-class fluctuation

during different season: (a) west monsoon, (b) transition and (c) east monsoon. The interpolation
map was constructed by GIS software using the kriging method.
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ration of comparison during three phase of season.

In general, the average of species and class occurrence was rise from time to time of
season (Figure 3). Further analysis to comparison in term of ratio between occurrence of
average amount of classes and their member of species has also a rising pattern. While
in east monsoon the higher ratio was significant, the lag distance (i.e. differences value
between ratios) from west monsoon to transition season was higher than transition to
east monsoon season.

Bacillariophyceae and Mediophyceae from Chrysophyta division have a high
species presence variety in Gorontalo Bay. Nybakken (1992) stated that phytoplankton
species dominated by Chrysophyta mainly from Bacillariophyceae. The marine
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phytoplankton community is characterized by high density dominated by diatoms and
high species biodiversity (Nursuhayati et al 2013). Diatom dominance among
phytoplankton groups has been reported by Shah et al (2008), Ananthan et al (2008),
Muylaert et al (2009), Setyadji & Priatna (2011), and Nassar et al (2014).

Phytoplankton growth rate and distribution are tremendously influenced by
environmental factors. The affecting parameters differ for each species (Adenan et al
2013). The variety of planktonic diatom species existing in temperate waters is essential.
Horizontal distribution influence factors are temperature, salinity, and current.
Rhizosolenia as the great of number species found dispersed along tropical seawater
(circumtropical) and has being adapted with warm temperature (Morrisay & Sumich
2012; Cokrowati et al 2014). Water temperature is very vital for metabolic processes,
growth and reproductive ability among aquatic organisms. Power plants can affect
temperature fluctuations in the water and can influence the composition of phytoplankton
communities. The effect is primarily for phytoplankton existence such as declining of
community composition, abundance, and their productivity in water column (Chuang et al
2009; Choi et al 2012).

In addition, species from the Chlorophyta and Cyanophyta divisions in the waters
have relatively low species diversity, although Oscillatoria limosa exhibits a fairly high
abundance in the three distinct seasons. Oscillatoria dominance will be in line with the
high value of BOD. The dominance of the Oscillatoria can be an indication of the decline
of water quality or pollution by organic waste disposal (Kumari et al 2008; Rangpan
2008; Panich-pat et al 2009).

Phytoplankton abundance and phisyco-chemical parameters correlation. The
relationship between the abundance of phytoplankton and environmental parameters is
shown in Table 4. The parameters which have positive correlation with phytoplankton
abundance are pH (r = 0.15; p > 0.05), NOs3 (r = 0.06; p > 0.05), NH3 (r = 0.04; p >
0.05), PO4 (r = 0.65; p < 0.05), and chlorophyll-a (r = 0.83; p < 0.05), while it was
inversely correlated with temperature (r = 0.51; p > 0.05), salinity (r = 0.47; p > 0.05),
and dissolved oxygen (r = 0.83; p < 0.05).

Table 4
Correlation matrix between the physico-chemical parameters and the total counts of
phytoplankton in the Gorontalo Bay

Phyto. Temp. pH Salinity DO NOs3 NH3 PO4 Chl-a

Phyto. 1.00
Temp. -0.78 1.00

pH 0.54 -0.95 1.00
Salinity -0.77 1.00 -0.96 1.00

DO -0.98 0.64 -0.37 0.63 1.00

NOs3 0.50 -0.93 1.00 -0.94 -0.33 1.00

NH3 0.96 -0.56 0.28 -0.55 -0.99 0.23 1.00

PO4 0.74 -0.15 -0.17 -0.13 -0.85 -0.21 0.90 1.00

Chl-a 0.96 -0.57 0.28 -0.55 -1.00 0.24 1.00 0.90 1.00

Conclusions. The most productive season in Gorontalo Bay, Indonesia was shown in
east monsoon season with the abundance of phytoplankton in average of 673026 cell L,
followed by the transition and west monsoon season with the mean counts of
phytoplankton of 352704 cell L'* and 3839 cell L! consecutively. The highest variety of
phytoplankton species found in waters is from the Chrysophyta group. Spatially, the
highest abundance of phytoplankton founded in the Station 3 with an average of 9891
cell L'* followed by Station 4 with an average of 8770 cell L™, Station 1 with an average
of 7493 cell L'!, Station 2 with an average of 6343 cell L'?, and Station 5 with the average
of 2651 cell L.
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Abstract. Phytoplankton has an important role in coastal ecosystems due to its ability to process
photosynthesis as the base of producer for the aquatic food chain. The purpose of this study is to
determine the spatial and seasonal distribution pattern of phytoplankton in Gorontalo Bay, Indonesia.
The samples were taken from 5 sampling sites in the Gorontalo Bay, Indonesia in three different
seasons: west monsoon season (in May), transition season (in June) and east monsoon season (in July).
The results showed that ecological dynamics in the Gorontalo Bay was indicated by the various physics
and chemical characteristics of waters spatially and seasonally. Based on the abundance of
phytoplankton in the waters during the study, the east monsoon season was the most productive time in
the Gorontalo Bay with an average of number of phytoplankton of 673026 cells L™ followed by transition
and west monsoon season with the average counts of phytoplankton of 352704 cells L'* and 3839 cells L°
! respectively. Spatially, the highest abundance of phytoplankton was found in the station 3 with an
average of 9891 cell L, followed by station 4 with an average of 8770 cell L, station 1 with an average
of 7493 cell L, station 2 with an average of 6343 cell L'}, and, finally, station 5 with the average of 2651
cell L.

Key Words: monsoon season, phytoplankton distribution, Gorontalo Bay.

Introduction. Tomini Bay is relatively fertile and rich in natural marine potential (Yusron
& Edward 2000). It is also known as a marine tourism region and has a variety of
potential pelagic fish resources (Wiadnyana 1998). The Bay of Gorontalo is part of Tomini
Bay area which goes into the administrative area of Gorontalo City, Indonesia. The
geographic conditions of the bay give consequences for the mass circulation of water
between the waters within the bay and the surrounding as it is directly related to the
Maluku Sea, Tolo Bay and the Celebes Sea (Setyadji & Priatna 2011). The existence of
phytoplankton in the Gorontalo Bay is one of the ecological studies that need to be
conducted regularly to monitor and ensure aquatic ecosystem balance.

Phytoplankton has an important role in coastal ecosystems due to its ability to
process photosynthesis. Most of marine organisms depend on phytoplankton as a base
producer for the aquatic food chain (Townsend et al 2000). Phytoplankton forms the
essential base of the aquatic food web and plays a major role in aquatic productivity and
ecosystem health (Nursuhayati et al 2013). The abundance and composition of
phytoplankton in waters can be used as an indication of the fertility rate and water
conditions changes (Karydis & Tsirtsis 1996; Thoha & Amri 2011; Radiarta 2013).
Phytoplankton availability influences the distribution of consumer organisms especially
the herbivore zooplankton. The high nutritional contents make phytoplankton become the
valuable feed items in the aquatic food chain (Natrah et al 2007; Khatoon et al 2009;
Banerjee et al 2010).

The phytoplankton distribution in the Gorontalo Bay is influenced by the dynamics
occurring within and outside the water. Internal factors such as ecological interactions
that take place in the bay waters and external factors such as seasons and human
activities around the bay have the potential to affect the stability of the aquatic
ecosystem. The purpose of this study is to determine the spatial and seasonal distribution
pattern of phytoplankton in the Gorontalo Bay, Indonesia.
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Material and Method

Description of the study sites. The study area was localized throughout the Gorontalo
City coastal region called as Gorontalo Bay. This research was carried out in west
monsoon (in May), transition (in June) and east monsoon season (in July) in the year
2017. Samplings were performed in 5 stations, all displaying diverse types of land use. In
the main land near from site 1 there are rare resident settlements and a steep cliff close
to site 2 with no human activities. Moreover, land use near from the site 3 is Bone River
estuary. In the site 4 there is an oil port and in the site 5 there are densely populated
settlements. Sampling in each station was performed out in 3 sub-stations by dragging
the line-transect toward the offshore as presented on the map on the Figurel.
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Figure 1. Map of the study area showing the locations of stations.

Physical and chemical parameters establishment. Physical parameters such as
temperature, salinity, pH, and dissolved oxygen were conducted in situ in each station,
while chemical parameters performed ex situ and determined using spectrophotometry
according to the APHA (Rice at al 2012) methods consist of chlorophyll-a, nitrate,
ammonium and orthophosphate.
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The water sample for phytoplankton analysis purpose was collected using
plankton-net (25 pm in mesh size) by horizontally towing at 15 points then compiled into
5 sample bottles preserved with a 10% lugol solution. In the meantime, water samples
for chemical parameters measuring purpose were taken in depth ranging from 0 to 2 m
from the surface in every site.

Phytoplankton performace. Phytoplankton was identified taxonomically using light
microscope referred to Davis (1955) taxonomical guide. Phytoplankton abundances were
measured using Lackey drop-transect method. Biological diversity index (H’) and
dominance index (D) were calculated according to the following equation (Shannon &
Wiener and Sampson index 1949 in Odum 1998).

Where N; symbol is individual amount of the phytoplankton species, and N is total
individual amount, then s is a total phytoplankton species.

Data analysis. The variety of water parameters and counts of phytoplankton species in
every sampling site and different season were performed descriptively. Furthermore, the
correlation between physico-chemical water parameters and the abundance of
phytoplankton in the Gorontalo Bay were analyzed using Microsoft Excel.

Results

Physico-chemical characteristics. Physico-chemical characteristics and chlorophyll-a
in the Gorontalo Bay were studied parallel to the phytoplankton performance at the same
time in the sampled stations. The results are showed in Table 1.

Tomini Bay water surface temperature varied with a minimum of 26.5°C at station
3 in the east monsoon season and a maximum of 29.8°C at station 1 in the west
monsoon season. Although water temperature effect on communities and ecosystem
processes is debated, it affects phytoplankton growth rates strongly (Edwards et al
2016). Renaud et al (2002) mentioned that phytoplankton tolerate a range of
temperature 20-30°C and optimum temperature to phytoplankton development is 27-
30°C.

The pH value showed maximum of 6.67 during transition season and a minimum
of 5.67 at stations 2, 4 and 5 in in the west monsoon season. Marine phytoplankton in
general is resistant to climate change in terms of ocean acidification and does not
increase or decrease in its growth rate according to ecological relevant ranges of pH and
CO:2 (Berge et al 2010).

The salinity is the main physical parameter that can be attributed to the plankton
diversity and acting as a limiting factor, which influences the distribution of plankton
communities (Sridhar et al 2006). The salinity ranged between 30.93 and 34.80 ppt. The
minimum salinity was observed at station 5 in transition monsoon, while the maximum
level was detected at station 1 in west monsoon period.

The dissolved oxygen (DO) concentration in water depends on its temperature and
salinity. The quantity of organic matter presenting in the aquatic environment also
depends on DO in water. If the decomposition of organic matter is in great proportion
then it will absorb of DO in water too much (Shakweer 2003). The DO varied between a
maximum of 6.15 mg Ltin west monsoon period at station 4 and a minimum of 3.59 mg
L' in east monsoon season at station 3. Phytoplankton are responsible for dissolved
oxygen level in surface water, which upturns due to photosynthesis (Ramaraj et al 2010).
Concentration of DO naturally associates with microalgae densities in waters (Kunlasak et
al 2013).
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Waters characteristics of Gorontalo Bay in three different seasons in year 2017

Table 1

West monsoon season

Transition season

East monsoon season

Parameters 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Temperature 20.80 20.70 28.43 29.07 29.50 29.40 28.17 26.73 28.27 26.83 29.60 28.40 26.50 27.27 28.40
pH 6.00 567 6.00 567 567 600 6.00 6.00 6.00 667 600 600 6.00 6.00 6.00
Salinity 34.8 34.13 34.63 35.03 34.03 32.73 32.37 31.53 31.9 30.93 32.10 32.9 33.27 30.87 31.8
DO 6.00 540 536 6.15 6.14 532 4.85 538 563 576 445 435 3.5 441 4.46
NO3 0.058 0.060 0.146 0.042 0.084 0.089 0.132 0.079 0.098 0.126 0.061 0.051 0.084 0.117 0.144
NH3 0.057 0.069 0.142 0.117 0.122 0.130 0.063 0.206 0.035 0.105 0.051 0.073 0.193 0.054 0.336
PO4 0.026 0.057 0.038 0.024 0.044 0.003 0.046 0.013 0.024 0.006 0.059 0.052 0.094 0.137 0.088
Chlorophyll-a 1.780 1.536 1.175 0.651 0.821 1.806 1.610 1.377 1.182 0.984 1.806 1.969 2.332 3.744 1.775

1-5: stations.
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The maximum concentration of phosphate (0.137 mg L!) was shown at station 4
east monsoon season, while the minimum value (0.003 mg L) was recorded at station 1
transition period. The role of dissolved inorganic phosphorus could be considered as an
important nutrient for marine phytoplankton in the oligotrophic settings and the need for
evaluating nutrient limitation at the taxa and/or single cell level, rather than inferring it
with nutrient concentrations and ratios or bulk enzyme activities (Mackey et al 2007).

Nitrate is the most stable form of inorganic nitrogen in the oxygenated waters
(Nassar et al 2014). Dissolved nitrate attained a maximum of 0.146 in west monsoon
season at station 3 and a minimum of 0.042 at station 4. Nitrate and phosphate are
primary nutrients for algae growth (Haag 2007). Reduction of nitrogen and phosphorus
concentrations also can be a limiting factor to phytoplankton growth (Freeman 2002).

Ammonium is the nitrogenous end product of the bacterial decomposition of
natural organic matter containing nitrogen. In the presence of high ammonium
concentrations, the phytoplankton productivity could be high or even higher if the cells
are using NHa4* rather than NOs3  (Dugdale et al 2007). The maximum concentration of
ammonium (0.336 mg L!) occurred in east monsoon season at station 5 while the
minimum (0.035 mg L!) was found in transition monsoon season at station 4.
Hutchinson (1967) stated that Chlorophyta and diatom preferred nitrogen form of nitrate
and ammonia.

Ocean phytoplankton production plays a considerable role in the ecosystem.
Primary production can be indexed by chlorophyll concentration (Gui & Subrahmanyam
2018). Chlorophyll-a is the most commonly used indicator of phytoplankton biomass in
the marine environment. It is relatively simple and cost effective to measure when
compared to phytoplankton abundance and is thus routinely included in many surveys
(Davies et al 2017). The highest Chlorophyll-a occurred in east monsoon season with the
number of average 3.744 mg L!. Season is one of some factors that can affect the
variability of Chlorophyll-a concentration in the water. The upwelling in Gorontalo Bay
generally occurs in the east season. The mass of water in the upper layers of the waters
is driven by the eastern winds then the vacuum of this coated water is filled by the water
mass from the nutrient-rich bottom. In addition, Al-Azri et al (2009) stated that the
highest concentrations of Chlolophyll-a (3 mg m=3) were recorded during the southwest
monsoon when upwelling is active along the coast of Oman.

Spatial distribution and composition of phytoplankton. The phytoplankton of
Gorontalo Bay was represented by 39 taxa from 7 classes and 3 divisions: Chrysophyta
(30 taxa), Chlorophyta (7 taxa) and Cyanophyta (2 taxa). Chrysophyta was the most
dominant group, since it constitutes about 63.3% of the total average phytoplankton
abundance of 182.326 cell L?, mainly due to the flourishing of Chaetoceros affinis
(average of 25.441 cell L), Bacteriastrum hyalinum (average of 19.624 cell L),
Chaetoceros brightwelli (average of 17.539 cell L), Chaetoceros messanensis (average
of 17.007 cell L?') and Bacteriastrum delicatulum (average of 15.660 cell L%).
Cyanophyta was the second dominant group forming about 22.7% of the total average
phytoplankton with 65.334 cell L' and a relative high occurrence of Oscillatoria limosa
(average of 42.140 cell L'!) and Anabaena sp. (average of 23.194 cell L''). Whereas, the
other algae division, Chlorophyta as the least dominant group forming collectivity about
14.1% (total average 40.558 cell L'!) with relative high occurrence of Pediastrum simplex
(average of 17.381 cell L'!) and Pediastrum duplex (average of 11.708 cell L1).

Recording of 39 phytoplankton species in this study is considered to be high since
compared to the previous study that was reported by Kadim & Arsad (2016) that in the
west of Tomini Bay founded 29 species of phytoplankton which dominated by
Chrysophyta. In addition, Setyadji & Priatna (2011) stated that in the eastern part of
Tomini Bay there were 33 species phytoplankton was recorded and dominated by
Bacillariophyceae.

This research shows that the highest abundance of phytoplankton found in the
station 3 with an average of 9891 cell L followed by station 4 with an average of 8770
cell Lt, station 1 with an average of 7493 cell L't and station 2 with an average of 6343
cell L', Furthermore, the lowest population density of phytoplankton was recorded at
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station 5 with the average of 2651 cell L. This may be due to rising up of organic
materials which entered the river. The sewage discharge can cause phytoplankton
productivity growth where sewage was the main source of nitrogen and phosporus
(Burford et al 2012). The distribution and abundance of phytoplankton in tropical waters
varied substantially because of the environmental flunctuations during the seasons
(Rajkumar et al 2009).

Species diversity index (H") of phytoplankton population during this research
varied from 0.433 to 2.712 and the dominance index (D) ranged between 0.071 and
0.302 (Table 2). In the west monsoon period, H’ values with an average of 1.287-2.262
were recorded. Meanwhile, in the transition period, H' increased with the average from
2.268 to 2.712. In general, based on Shannon-Wiener diversity index, these two seasons
performed an average diversity condition. On the other hand, the lower diversity value
recorded during the east monsoon season with an average of 0.433 to 0.904. Diversity
depends on key ecological processes such as competition, predation, succession and
therefore changes in these processes can alter the species diversity index trough changes
in evenness (Stirling & Wilsey 2001). The species diversity index of plankton communities
can serve as an indicator that the ecosystem is under the influence of pollution or
eutrophication (Telesh 2004 in Nassar & Gharib 2014). An increasing in diversity values
means the water quality is recovered. Lower species diversity indicated influence of
pollution (Nassar & Gharib 2014). According to the dominance index value (D) in the
west monsoon to east monsoon seasons, there is no species domination in Gorontalo
Bay.

Table 2
Diversity index (H’) and dominance index (D) of phytoplankton in the Gorontalo Bay
Stations
Seasons Index 1 2 3 4 5
West monsoon H' 1.890 2.034 1.287 2.262 1.813
D 0.177 0.171 0.302%* 0.121 0.180
Transition H' 2.304 2.469 2.268 2.712%* 2.284
D 0.190 0.131 0.129 0.078 0.142
East monsoon H' 0.723 0.904 0.433 0.874 0.760
D 0.103 0.071 0.096 0.110 0.118

Note: * maximum values.

Seasonal fluctuation of phytoplankton. Result of phytoplankton analysis according to
their abundance, spatial-seasonal fluctuation is successively presented on Table 3 and
Figures 2 and 3.

The total phytoplankton in the whole investigated areas showed the highest
counts during east monsoon season with an average of 673026 cell L' followed by
transition season with an average of 352704 cell L' and west monsoon season with an
average of 3839 cell L. It can be seen from Table 3 that in the Gorontalo Bay the east
monsoon season was the most productive season. Awwaludin et al (2005) stated that in
the east monsoon season, phytoplankton distribution was concentrated in the north part
of Tomini Bay with the abundance ranged between 80010 and 1082520 cell m= which
consisted of 45 species and dominated by Bacillariophyceae. In the transitional season,
the number of phytoplankton cell tends to be homogeny recorded as 26 taxa with the
abundance ranged from 25000 to 1500000 cell m3 dominated by Chaetoceros and
Rhizosolenia (Wiadnyana 1998).

In this study, the high abundance of phytoplankton during east monsoon season
was associated with high flourishing of Anabaena sp. (61863 cell L' in average),
Oscillatoria limosa (59902 cell L't in average), Chaetoceros affinis (53724 cell Lt in
average), Chaetoceros messanensis (44783 cell L' in average) and Bacteriastrum
hyalinum (42086 cell L' in average). On the other hand, some phytoplankton species
showed their maximum abundance during transition season. These taxa are namely
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Oscillatoria limosa (average of 66366 cell L''), Chlorella sp. (average of 7817 cell L'') and
Rhizosolenia imbricata (average of 7732 cell L1).

Chaetoceros as a group from Bacillariophyceae appeared frequently in the waters.
It has high tolerance in waters salinity fluctuation (Kennish 1990), has segmented cell
form where each segment is self-contained, and more adaptable to its environment and
is a phytoplankton group favored by fish and shrimp larvae. In addition, Anabaena and
Oscillatoria from Cyanophyceae class also appeared in the waters with a high frequency.
They can survive in unfavorable environmental conditions since they have ability to fixing
nitrogen in the air directly (Meeks & Elhai 2002; Conradie et al 2008).

The spatial distribution of abundance of phytoplankton species varied substantially
among all seasons (Figure 2). The fluctuation of total phytoplankton abundance among
sub stations located in front of estuary has alteration with a cyclic-like pattern. In west
monsoon season, the higher abundance of total phytoplankton species was separate
between in front of estuary and western waters. It was move and being fully
concentrated at western waters during transition season. The fully concentrated in front
of estuary is back later in east monsoon. The continually lower abundances were located
in eastern waters of Gulf Gorontalo (predominantly at sub stations XIII, XIV, and XV).

Table 3
Seasonal fluctuation of phytoplankton abundance (cell L'!) in the Gorontalo Bay

Class Species West Transition Fast
monsoon monsoon
Division: Chlorophyta
Trebouxiophyceae Chlorella sp. 141 7817 5761
Zygnematophyceae Cosmarium sp. 118 2042 2533
Hyalotheca mucosa 76 1880 5533
Spirogyra sp. 223 1196 4258
Chlorophyceae Pediastrum duplex 282 8202 26641
Pediastrum simplex 0 12858 39283
Golenkinia sp. 94 2734 0
Division: Chrysophyta
Bacillariophyceae Achnanthes brevipes 94 4955 3146
Dyitylum criophilum 203 1126 4331
Synedra gailonii 218 4836 11956
Synedra Montana 249 6519 6832
Synedra ulna 102 6092 7257
Pleurosigma formosum 24 0 5598
Amphora obtusa 235 3913 8581
Cymbella cistula 24 1196 2942
Gyrosigma sp. 12 352 1136
Nitzschia sp. 326 5801 6178
Rhizosolenia castracanei 317 5784 8711
Rhizosolenia imbricata 642 9665 7020
Rhizosolenia pungens 509 3238 9766
Rhizosolenia shrubsolei 353 2136 5720
Surirella sp. 142 2691 9725
Corethron hystrix 0 162 597
Thalassionema nitzschioides 0 8031 11147
Thalassiothrix frauenfeldii 0 5895 14056
Trachyneis aspera 352 0 2243
Mediophyceae Biddulphia aurita 141 85 8989
Hemiaulus membranaceus 355 3845 11858
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West East

Class Species Transition
monsoon monsoon
Lauderia anulata 106 5468 5042
Bacteriastrum delicatulum 176 13456 36039
Bacteriastrum hyalinum 212 16575 42086
Chaetoceros affinis 1752 20846 53724
Chaetoceros brightwelli 690 12986 38940
Chaetoceros messanensis 0 6237 44783
Coscinodiscophyceae Coscinodiscus eccentricus 259 3904 4944
Coscinodiscus radiatus 74 1837 3906
Coscinodiscus sp. 86 940 2860
Division: Cyanophyta
Cyanophyceae Anabaena sp. 142 7577 61863
Oscillatoria limosa 153 66366 59902

2yITe 12YTR 2r4vE 2ITIE 12yyes el 12340%

£
2

TN

" Graphic bar

Species bar

# [ Class bar

S ©land
[JArea of interest

* Graphic bar

z Species bar z
L M Class bar g
" e -
O Area of Interest
— 562,337
333,168
73995

— 142273
- 8278.75 2
i -y 2
& R

=
=
-

WTIE 1ITE X

(a) West monsoon

£
8

" Graphic bar

Species bar
# W Ciass bar
S Land

[ Area of Interest

— 1024172
573.154
- B 0%

TWE e YINE 12Y4VE

(c) East monsoon

Figure 2. Tempo-spatial variations of phytoplankton distribution and species-class fluctuation
during different season: (a) west monsoon, (b) transition and (c) east monsoon. The interpolation
map was constructed by GIS software using the kriging method.
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Figure 3. Average of total abundance of phytoplankton species and classes and their
ration of comparison during three phase of season.

In general, the average of species and class occurrence was rise from time to time of
season (Figure 3). Further analysis to comparison in term of ratio between occurrence of
average amount of classes and their member of species has also a rising pattern. While
in east monsoon the higher ratio was significant, the lag distance (i.e. differences value
between ratios) from west monsoon to transition season was higher than transition to
east monsoon season.

Bacillariophyceae and Mediophyceae from Chrysophyta division have a high
species presence variety in Gorontalo Bay. Nybakken (1992) stated that phytoplankton
species dominated by Chrysophyta mainly from Bacillariophyceae. The marine
phytoplankton community is characterized by high density dominated by diatoms and
high species biodiversity (Nursuhayati et al 2013). Diatom dominance among
phytoplankton groups has been reported by Shah et al (2008), Ananthan et al (2008),
Muylaert et al (2009), Setyadji & Priatna (2011), and Nassar et al (2014).

Phytoplankton growth rate and distribution are tremendously influenced by
environmental factors. The affecting parameters differ for each species (Adenan et al
2013). The variety of planktonic diatom species existing in temperate waters is essential.
Horizontal distribution influence factors are temperature, salinity, and current.
Rhizosolenia as the great of number species found dispersed along tropical seawater
(circumtropical) and has being adapted with warm temperature (Morrisay & Sumich
2012; Cokrowati et al 2014). Water temperature is very vital for metabolic processes,
growth and reproductive ability among aquatic organisms. Power plants can affect
temperature fluctuations in the water and can influence the composition of phytoplankton
communities. The effect is primarily for phytoplankton existence such as declining of
community composition, abundance, and their productivity in water column (Chuang et al
2009; Choi et al 2012).

In addition, species from the Chlorophyta and Cyanophyta divisions in the waters
have relatively low species diversity, although Oscillatoria limosa exhibits a fairly high
abundance in the three distinct seasons. Oscillatoria dominance will be in line with the
high value of BOD. The dominance of the Oscillatoria can be an indication of the decline
of water quality or pollution by organic waste disposal (Kumari et al 2008; Rangpan
2008; Panich-pat et al 2009).

Phytoplankton abundance and phisyco-chemical parameters correlation. The
relationship between the abundance of phytoplankton and environmental parameters is
shown in Table 4. The parameters which have positive correlation with phytoplankton
abundance are pH (r = 0.15; p > 0.05), NOs3 (r = 0.06; p > 0.05), NHs (r = 0.04; p >
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0.05), PO4 (r = 0.65; p < 0.05), and chlorophyll-a (r = 0.83; p < 0.05), while it was
inversely correlated with temperature (r = 0.51; p > 0.05), salinity (r = 0.47; p > 0.05),
and dissolved oxygen (r = 0.83; p < 0.05).

Table 4
Correlation matrix between the physico-chemical parameters and the total counts of
phytoplankton in the Gorontalo Bay

Phyto. Temp. pH Salinity DO NO3 NH:s PO4 Chl-a

Phyto. 1.00
Temp. -0.78 1.00

pH 0.54 -0.95 1.00
Salinity -0.77 1.00 -0.96 1.00

DO -0.98 0.64 -0.37 0.63 1.00

NOs 0.50 -0.93 1.00 -0.94 -0.33 1.00

NH3 0.96 -0.56 0.28 -0.55 -0.99 0.23 1.00

PO4 0.74 -0.15 -0.17 -0.13 -0.85 -0.21 0.90 1.00

Chl-a 0.96 -0.57 0.28 -0.55 -1.00 0.24 1.00 0.90 1.00

Conclusions. The most productive season in Gorontalo Bay, Indonesia was shown in
east monsoon season with the abundance of phytoplankton in average of 673026 cell L!,
followed by the transition and west monsoon season with the mean counts of
phytoplankton of 352704 cell L'* and 3839 cell L' consecutively. The highest variety of
phytoplankton species found in waters is from the Chrysophyta group. Spatially, the
highest abundance of phytoplankton founded in the Station 3 with an average of 9891
cell L'* followed by Station 4 with an average of 8770 cell L', Station 1 with an average
of 7493 cell L1, Station 2 with an average of 6343 cell L'!, and Station 5 with the average
of 2651 cell L.
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Spatial and temporal distribution of

phytoplankton in the Gorontalo Bay, Indonesia
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Abstract. Phytoplankton has an important role in coastal ecosystems due to its ability to process
photosynthesis as the base of producer for the aquatic food chain. The purpose of this study is to
determine the spatial and seasonal distribution pattern of phytoplankton in Gorontalo Bay, Indonesia.
The samples were taken from 5 sampling sites in the Gorontalo Bay, Indonesia in three different
seasons: west monsoon season (in May), transition season (in June) and east monsoon season (in July).
The results showed that ecological dynamics in the Gorontalo Bay was indicated by the various physics
and chemical characteristics of waters spatially and seasonally. Based on the abundance of
phytoplankton in the waters during the study, the east monsoon season was the most productive time in
the Gorontalo Bay with an average of number of phytoplankton of 673026 cells L™ followed by transition
and west monsoon season with the average counts of phytoplankton of 352704 and 3839 cells L*
respectively. Spatially, the highest abundance of phytoplankton was found in the station 3 with an
average of 9891 cell L™, followed by station 4 with an average of 8770 cell L™, station 1 with an average
of 7493 cell L™, station 2 with an average of 6343 cell L™, and, finally, station 5 with the average of 2651
cell L™,

Key Words: monsoon season, phytoplankton distribution, Gorontalo Bay.

Introduction. Tomini Bay is relatively fertile and rich in natural marine potential (Yusron
& Edward 2000). It is also known as a marine tourism region and has a variety of
potential pelagic fish resources (Wiadnyana 1998). The Bay of Gorontalo is part of Tomini
Bay area which goes into the administrative area of Gorontalo City, Indonesia. The
geographic conditions of the bay give consequences for the mass circulation of water
between the waters within the bay and the surrounding as it is directly related to the
Maluku Sea, Tolo Bay and the Celebes Sea (Setyadji & Priatna 2011). The existence of
phytoplankton in the Gorontalo Bay is one of the ecological studies that need to be
conducted regularly to monitor and ensure aquatic ecosystem balance.

Phytoplankton has an important role in coastal ecosystems due to its ability to
process photosynthesis. Most of marine organisms depend on phytoplankton as a base
producer for the aquatic food chain (Townsend et al 2000). Phytoplankton forms the
essential base of the aquatic food web and plays a major role in aquatic productivity and
ecosystem health (Nursuhayati et al 2013). The abundance and composition of
phytoplankton in waters can be used as an indication of the fertility rate and water
conditions changes (Karydis & Tsirtsis 1996; Thoha & Amri 2011; Radiarta 2013).
Phytoplankton availability influences the distribution of consumer organisms especially
the herbivore zooplankton. The high nutritional contents make phytoplankton become the
valuable feed items in the aquatic food chain (Natrah et al 2007; Khatoon et al 2009;
Banerjee et al 2010).

The phytoplankton distribution in the Gorontalo Bay is influenced by the dynamics
occurring within and outside the water. Internal factors such as ecological interactions
that take place in the bay waters and external factors such as seasons and human
activities around the bay have the potential to affect the stability of the aquatic
ecosystem. The purpose of this study is to determine the spatial and seasonal distribution
pattern of phytoplankton in the Gorontalo Bay, Indonesia.
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Material and Method

Description of the study sites. The study area was localized throughout the Gorontalo
City coastal region called as Gorontalo Bay. This research was carried out in west
monsoon (in May), transition (in June) and east monsoon season (in July) in the year
2017. Samplings were performed in 5 stations, all displaying diverse types of land use. In
the main land near from site 1 there are rare resident settlements and a steep cliff close
to site 2 with no human activities. Moreover, land use near from the site 3 is Bone River
estuary. In the site 4 there is an oil port and in the site 5 there are densely populated
settlements. Sampling in each station was performed out in 3 sub-stations by dragging
the line-transect toward the offshore as presented on the map on the Figurel.
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Figure 1. Map of the study area showing the locations of stations.

Physical and chemical parameters establishment. Physical parameters such as
temperature, salinity, pH, and dissolved oxygen were conducted in situ in each station,
while chemical parameters performed ex situ and determined using spectrophotometry
according to the APHA (APHA 2012) methods consist of chlorophyll-a, nitrate, ammonium
and orthophosphate.
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The water sample for phytoplankton analysis purpose was collected using
plankton-net (25 pm in mesh size) by horizontally towing at 15 points then compiled into
5 sample bottles preserved with a 10% lugol solution. In the meantime, water samples
for chemical parameters measuring purpose were taken in depth ranging from O to 2 m
from the surface in every site.

Phytoplankton performace. Phytoplankton was identified taxonomically using light
microscope referred to Davis (1955) taxonomical guide. Phytoplankton abundances were
measured using Lackey drop-transect method. Biological diversity index (H’) and
dominance index (D) were calculated according to the following equation (Shannon &
Wiener and Sampson index 1949 in Odum 1998).

-

-3 ()
i=1

Where N; symbol is individual amount of the phytoplankton species, and N is total
individual amount, then s is a total phytoplankton species.

Data analysis. The variety of water parameters and counts of phytoplankton species in
every sampling site and different season were performed descriptively. Furthermore, the
correlation between physico-chemical water parameters and the abundance of
phytoplankton in the Gorontalo Bay were analyzed using Microsoft Excel.

Results

Physico-chemical characteristics. Physico-chemical characteristics and chlorophyll-a
in the Gorontalo Bay were studied parallel to the phytoplankton performance at the same
time in the sampled stations. The results are showed in Table 1.

Tomini Bay water surface temperature varied with a minimum of 26.5°C at station
3 in the east monsoon season and a maximum of 29.8°C at station 1 in the west
monsoon season. Although water temperature effect on communities and ecosystem
processes is debated, it affects phytoplankton growth rates strongly (Edwards et al
2016). Renaud et al (2002) mentioned that phytoplankton tolerate a range of
temperature 20-30°C and optimum temperature to phytoplankton development is 27-
30°C.

The pH value showed maximum of 6.67 during transition season and a minimum
of 5.67 at stations 2, 4 and 5 in in the west monsoon season. Marine phytoplankton in
general is resistant to climate change in terms of ocean acidification and does not
increase or decrease in its growth rate according to ecological relevant ranges of pH and
CO, (Berge et al 2010).

The salinity is the main physical parameter that can be attributed to the plankton
diversity and acting as a limiting factor, which influences the distribution of plankton
communities (Sridhar et al 2006). The salinity ranged between 30.93 and 34.80 ppt. The
minimum salinity was observed at station 5 in transition monsoon, while the maximum
level was detected at station 1 in west monsoon period.

The dissolved oxygen (DO) concentration in water depends on its temperature and
salinity. The quantity of organic matter presenting in the aquatic environment also
depends on DO in water. If the decomposition of organic matter is in great proportion
then it will absorb of DO in water too much (Shakweer 2003). The DO varied between a
maximum of 6.15 mg L™ in west monsoon period at station 4 and a minimum of 3.59 mg
L? in east monsoon season at station 3. Phytoplankton are responsible for dissolved
oxygen level in surface water, which upturns due to photosynthesis (Ramaraj et al 2010).
Concentration of DO naturally associates with microalgae densities in waters (Kunlasak et
al 2013).
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Waters characteristics of Gorontalo Bay in three different seasons in year 2017

Table 1

West monsoon season

Transition season

East monsoon season

Parameters
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Temperature 29.80 29.70 28.43 29.07 29.50 29.40 28.17 26.73 28.27 26.83 29.60 28.40 26.50 27.27 28.40
pH 6.00 5.67 6.00 5.67 5.67 6.00 6.00 6.00 6.00 6.67 6.00 6.00 6.00 6.00 6.00
Salinity 34.8 34.13 34.63 35.03 34.03 32.73 32.37 3153 31.9 30.93 32.10 32.9 33.27 30.87 31.8
DO 6.00 5.40 5.36 6.15 6.14 5.32 4.85 5.38 5.63 5.76 4.45 4.35 3.59 4.41 4.46
NO3 0.058 0.060 0.146 0.042 0.084 0.089 0.132 0.079 0.098 0.126 0.061 0.051 0.084 0.117 0.144
NH; 0.057 0.069 0.142 0.117 0.122 0.130 0.063 0.206 0.035 0.105 0.051 0.073 0.193 0.054 0.336
PO, 0.026 0.057 0.038 0.024 0.044 0.003 0.046 0.013 0.024 0.006 0.059 0.052 0.094 0.137 0.088
Chlorophyll-a 1.789 1.536 1.175 0.651 0.821 1.806 1.610 1.377 1.182 0.984 1.806 1.969 2.332 3.744 1.775
1-5: stations.
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The maximum concentration of phosphate (0.137 mg L™) was shown at station 4
east monsoon season, while the minimum value (0.003 mg L™) was recorded at station 1
transition period. The role of dissolved inorganic phosphorus could be considered as an
important nutrient for marine phytoplankton in the oligotrophic settings and the need for
evaluating nutrient limitation at the taxa and/or single cell level, rather than inferring it
with nutrient concentrations and ratios or bulk enzyme activities (Mackey et al 2007).

Nitrate is the most stable form of inorganic nitrogen in the oxygenated waters
(Nassar et al 2014). Dissolved nitrate attained a maximum of 0.146 in west monsoon
season at station 3 and a minimum of 0.042 at station 4. Nitrate and phosphate are
primary nutrients for algae growth (Haag 2007). Reduction of nitrogen and phosphorus
concentrations also can be a limiting factor to phytoplankton growth (Freeman 2002).

Ammonium is the nitrogenous end product of the bacterial decomposition of
natural organic matter containing nitrogen. In the presence of high ammonium
concentrations, the phytoplankton productivity could be high or even higher if the cells
are using NH,* rather than NO3; (Dugdale et al 2007). The maximum concentration of
ammonium (0.336 mg L™) occurred in east monsoon season at station 5 while the
minimum (0.035 mg L) was found in transition monsoon season at station 4.
Hutchinson (1967) stated that Chlorophyta and diatom preferred nitrogen form of nitrate
and ammonia.

Ocean phytoplankton production plays a considerable role in the ecosystem.
Primary production can be indexed by chlorophyll concentration (Gui & Subrahmanyam
2018). Chlorophyll-a is the most commonly used indicator of phytoplankton biomass in
the marine environment. It is relatively simple and cost effective to measure when
compared to phytoplankton abundance and is thus routinely included in many surveys
(Davies et al 2018). The highest chlorophyll-a occurred in east monsoon season with the
number of average 3.744 mg L. Season is one of some factors that can affect the
variability of Chlorophyll-a concentration in the water. The upwelling in Gorontalo Bay
generally occurs in the east season. The mass of water in the upper layers of the waters
is driven by the eastern winds then the vacuum of this coated water is filled by the water
mass from the nutrient-rich bottom. In addition, Al-Azri et al (2010) stated that the
highest concentrations of chlolophyll-a (3 mg m™) were recorded during the southwest
monsoon when upwelling is active along the coast of Oman.

Spatial distribution and composition of phytoplankton. The phytoplankton of
Gorontalo Bay was represented by 39 taxa from 7 classes and 3 divisions: Chrysophyta
(30 taxa), Chlorophyta (7 taxa) and Cyanophyta (2 taxa). Chrysophyta was the most
dominant group, since it constitutes about 63.3% of the total average phytoplankton
abundance of 182.326 cell L™, mainly due to the flourishing of Chaetoceros affinis
(average of 25.441 cell L™), Bacteriastrum hyalinum (average of 19.624 cell L™),
Chaetoceros brightwelli (average of 17.539 cell L"), Chaetoceros messanensis (average
of 17.007 cell L') and Bacteriastrum delicatulum (average of 15.660 cell L™).
Cyanophyta was the second dominant group forming about 22.7% of the total average
phytoplankton with 65.334 cell L™ and a relative high occurrence of Oscillatoria limosa
(average of 42.140 cell L") and Anabaena sp. (average of 23.194 cell L™). Whereas, the
other algae division, Chlorophyta as the least dominant group forming collectivity about
14.1% (total average 40.558 cell L™") with relative high occurrence of Pediastrum simplex
(average of 17.381 cell L") and Pediastrum duplex (average of 11.708 cell L™).

Recording of 39 phytoplankton species in this study is considered to be high since
compared to the previous study that was reported by Kadim & Arsad (2016) that in the
west of Tomini Bay founded 29 species of phytoplankton which dominated by
Chrysophyta. In addition, Setyadji & Priatna (2011) stated that in the eastern part of
Tomini Bay there were 33 species phytoplankton was recorded and dominated by
Bacillariophyceae.

This research shows that the highest abundance of phytoplankton found in the
station 3 with an average of 9891 cell L™ followed by station 4 with an average of 8770
cell L™, station 1 with an average of 7493 cell L™ and station 2 with an average of 6343
cell L™*. Furthermore, the lowest population density of phytoplankton was recorded at

AACL Bioflux, 2018, Volume 11, Issue 3. 837
http://www.bioflux.com.ro/aacl



station 5 with the average of 2651 cell L. This may be due to rising up of organic
materials which entered the river. The sewage discharge can cause phytoplankton
productivity growth where sewage was the main source of nitrogen and phosporus
(Burford et al 2012). The distribution and abundance of phytoplankton in tropical waters
varied substantially because of the environmental flunctuations during the seasons
(Rajkumar et al 2009).

Species diversity index (H’) of phytoplankton population during this research
varied from 0.433 to 2.712 and the dominance index (D) ranged between 0.071 and
0.302 (Table 2). In the west monsoon period, H' values with an average of 1.287-2.262
were recorded. Meanwhile, in the transition period, H’ increased with the average from
2.268 to 2.712. In general, based on Shannon-Wiener diversity index, these two seasons
performed an average diversity condition. On the other hand, the lower diversity value
recorded during the east monsoon season with an average of 0.433 to 0.904. Diversity
depends on key ecological processes such as competition, predation, succession and
therefore changes in these processes can alter the species diversity index trough changes
in evenness (Stirling & Wilsey 2001). The species diversity index of plankton communities
can serve as an indicator that the ecosystem is under the influence of pollution or
eutrophication (Telesh 2004 in Nassar & Gharib 2014). An increasing in diversity values
means the water quality is recovered. Lower species diversity indicated influence of
pollution (Nassar & Gharib 2014). According to the dominance index value (D) in the
west monsoon to east monsoon seasons, there is no species domination in Gorontalo
Bay.

Table 2
Diversity index (H) and dominance index (D) of phytoplankton in the Gorontalo Bay

Stations

Seasons Index 1 > 3 2 5
West monsoon H' 1.890 2.034 1.287 2.262 1.813
D 0.177 0.171 0.302* 0.121 0.180
Transition H' 2.304 2.469 2.268 2.712* 2.284
D 0.190 0.131 0.129 0.078 0.142
East monsoon H' 0.723 0.904 0.433 0.874 0.760
D 0.103 0.071 0.096 0.110 0.118

Note: * maximum values.

Seasonal fluctuation of phytoplankton. Result of phytoplankton analysis according to
their abundance, spatial-seasonal fluctuation is successively presented on Table 3 and
Figures 2 and 3.

The total phytoplankton in the whole investigated areas showed the highest
counts during east monsoon season with an average of 673026 cell L™ followed by
transition season with an average of 352704 cell L™ and west monsoon season with an
average of 3839 cell L™". It can be seen from Table 3 that in the Gorontalo Bay the east
monsoon season was the most productive season. Awwaludin et al (2005) stated that in
the east monsoon season, phytoplankton distribution was concentrated in the north part
of Tomini Bay with the abundance ranged between 80010 and 1082520 cell m™ which
consisted of 45 species and dominated by Bacillariophyceae. In the transitional season,
the number of phytoplankton cell tends to be homogeny recorded as 26 taxa with the
abundance ranged from 25000 to 1500000 cell m™ dominated by Chaetoceros and
Rhizosolenia (Wiadnyana 1998).

In this study, the high abundance of phytoplankton during east monsoon season
was associated with high flourishing of Anabaena sp. (61863 cell L™ in average),
Oscillatoria limosa (59902 cell L™ in average), Chaetoceros affinis (53724 cell L™ in
average), Chaetoceros messanensis (44783 cell L™ in average) and Bacteriastrum
hyalinum (42086 cell L' in average). On the other hand, some phytoplankton species
showed their maximum abundance during transition season. These taxa are namely
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Oscillatoria limosa (average of 66366 cell L™), Chlorella sp. (average of 7817 cell L'™") and
Rhizosolenia imbricata (average of 7732 cell L™).

Table 3
Seasonal fluctuation of phytoplankton abundance (cell L™) in the Gorontalo Bay

Class Species West Transition East
monsoon monsoon
Division: Chlorophyta
Trebouxiophyceae Chlorella sp. 141 7817 5761
Zygnematophyceae Cosmarium sp. 118 2042 2533
Hyalotheca mucosa 76 1880 5533
Spirogyra sp. 223 1196 4258
Chlorophyceae Pediastrum duplex 282 8202 26641
Pediastrum simplex 0 12858 39283
Golenkinia sp. 94 2734 0
Division: Chrysophyta
Bacillariophyceae Achnanthes brevipes 94 4955 3146
Dyitylum criophilum 203 1126 4331
Synedra gailonii 218 4836 11956
Synedra montana 249 6519 6832
Synedra ulna 102 6092 7257
Pleurosigma formosum 24 0 5598
Amphora obtusa 235 3913 8581
Cymbella cistula 24 1196 2942
Gyrosigma sp. 12 352 1136
Nitzschia sp. 326 5801 6178
Rhizosolenia castracanei 317 5784 8711
Rhizosolenia imbricata 642 9665 7020
Rhizosolenia pungens 509 3238 9766
Rhizosolenia shrubsolei 353 2136 5720
Surirella sp. 142 2691 9725
Corethron hystrix 0 162 597
Thalassionema nitzschioides 0 8031 11147
Thalassiothrix frauenfeldii (0] 5895 14056
Trachyneis aspera 352 0 2243
Mediophyceae Biddulphia aurita 141 85 8989
Hemiaulus membranaceus 355 3845 11858
Lauderia anulata 106 5468 5042
Bacteriastrum delicatulum 176 13456 36039
Bacteriastrum hyalinum 212 16575 42086
Chaetoceros affinis 1752 20846 53724
Chaetoceros brightwelli 690 12986 38940
Chaetoceros messanensis (0] 6237 44783
Coscinodiscophyceae Coscinodiscus eccentricus 259 3904 4944
Coscinodiscus radiatus 74 1837 3906
Coscinodiscus sp. 86 940 2860
Division: Cyanophyta
Cyanophyceae Anabaena sp. 142 7577 61863
Oscillatoria limosa 153 66366 59902
AACL Bioflux, 2018, Volume 11, Issue 3. 839
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Chaetoceros as a group from Bacillariophyceae appeared frequently in the waters.
It has high tolerance in waters salinity fluctuation (Kennish 1990), has segmented cell
form where each segment is self-contained, and more adaptable to its environment and
is a phytoplankton group favored by fish and shrimp larvae. In addition, Anabaena and
Oscillatoria from Cyanophyceae class also appeared in the waters with a high frequency.
They can survive in unfavorable environmental conditions since they have ability to fixing
nitrogen in the air directly (Meeks & Elhai 2002; Conradie et al 2008).

The spatial distribution of abundance of phytoplankton species varied substantially
among all seasons (Figure 2). The fluctuation of total phytoplankton abundance among
sub stations located in front of estuary has alteration with a cyclic-like pattern. In west
monsoon season, the higher abundance of total phytoplankton species was separate
between in front of estuary and western waters. It was move and being fully
concentrated at western waters during transition season. The fully concentrated in front
of estuary is back later in east monsoon. The continually lower abundances were located
in eastern waters of Gulf Gorontalo (predominantly at sub stations XIII, X1V, and XV).

e

5 P

" e

‘l Graphic bar

Species bar
B Class bar

I Avea of Interest

m— 142273

Spacies bar

£ I Class bar
LD Land

[ Area of interest

— 592,337
333,166
. 730

Ty

WrTIT

mmmmmmm

S & tand
[DArea of interest
— 1034172

573154
- B 3

&

Figure 2. Tempo-spatial variations of phytoplankton distribution and species-class fluctuation
during different season: (a) west monsoon, (b) transition and (c) east monsoon. The interpolation
map was constructed by GIS software using the kriging method.

In general, the average of species and class occurrence was rise from time to time of
season (Figure 3). Further analysis to comparison in term of ratio between occurrence of
average amount of classes and their member of species has also a rising pattern. While
in east monsoon the higher ratio was significant, the lag distance (i.e. differences value
between ratios) from west monsoon to transition season was higher than transition to
east monsoon season.
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Figure 3. Average of total abundance of phytoplankton species and classes and their
ration of comparison during three phase of season.

Bacillariophyceae and Mediophyceae from Chrysophyta division have a high species
presence variety in Gorontalo Bay. Nybakken (1993) stated that phytoplankton species
dominated by Chrysophyta mainly from Bacillariophyceae. The marine phytoplankton
community is characterized by high density dominated by diatoms and high species
biodiversity (Nursuhayati et al 2013). Diatom dominance among phytoplankton groups
has been reported by Shah et al (2008), Ananthan et al (2008), Muylaert et al (2009),
Setyadji & Priatna (2011), and Nassar et al (2014).

Phytoplankton growth rate and distribution are tremendously influenced by
environmental factors. The affecting parameters differ for each species (Adenan et al
2013). The variety of planktonic diatom species existing in temperate waters is essential.
Horizontal distribution influence factors are temperature, salinity, and current.
Rhizosolenia as the great of number species found dispersed along tropical seawater
(circumtropical) and has being adapted with warm temperature (Morrisey & Sumich
2012; Cokrowati et al 2014). Water temperature is very vital for metabolic processes,
growth and reproductive ability among aquatic organisms. Power plants can affect
temperature fluctuations in the water and can influence the composition of phytoplankton
communities. The effect is primarily for phytoplankton existence such as declining of
community composition, abundance, and their productivity in water column (Chuang et al
2009; Choi et al 2012).

In addition, species from the Chlorophyta and Cyanophyta divisions in the waters
have relatively low species diversity, although Oscillatoria limosa exhibits a fairly high
abundance in the three distinct seasons. Oscillatoria dominance will be in line with the
high value of BOD. The dominance of the Oscillatoria can be an indication of the decline
of water quality or pollution by organic waste disposal (Kumari et al 2008; Rangpan
2008; Panich-pat et al 2009).

Phytoplankton abundance and phisyco-chemical parameters correlation. The
relationship between the abundance of phytoplankton and environmental parameters is
shown in Table 4. The parameters which have positive correlation with phytoplankton
abundance are pH (r = 0.15; p > 0.05), NOs (r = 0.06; p > 0.05), NHs (r = 0.04; p >
0.05), PO, (r = 0.65; p < 0.05), and chlorophyll-a (r = 0.83; p < 0.05), while it was
inversely correlated with temperature (r = 0.51; p > 0.05), salinity (r = 0.47; p > 0.05),
and dissolved oxygen (r = 0.83; p < 0.05).
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Table 4
Correlation matrix between the physico-chemical parameters and the total counts of
phytoplankton in the Gorontalo Bay

Phyto. Temp. pH Salinity DO NO3 NH3 PO, Chl-a

Phyto. 1.00
Temp. -0.78 1.00

pH 0.54 -0.95 1.00
Salinity -0.77 1.00 -0.96 1.00

DO -0.98 0.64 -0.37 0.63 1.00

NO3 0.50 -0.93 1.00 -0.94 -0.33 1.00

NH3 0.96 -0.56 0.28 -0.55 -0.99 0.23 1.00

PO, 0.74 -0.15 -0.17 -0.13 -0.85 -0.21 0.90 1.00

Chl-a 0.96 -0.57 0.28 -0.55 -1.00 0.24 1.00 0.90 1.00

Conclusions. The most productive season in Gorontalo Bay, Indonesia was shown in
east monsoon season with the abundance of phytoplankton in average of 673026 cell L™,
followed by the transition and west monsoon season with the mean counts of
phytoplankton of 352704 cell L™ and 3839 cell L™* consecutively. The highest variety of
phytoplankton species found in waters is from the Chrysophyta group. Spatially, the
highest abundance of phytoplankton founded in the Station 3 with an average of 9891
cell L followed by Station 4 with an average of 8770 cell L™, Station 1 with an average
of 7493 cell L™, Station 2 with an average of 6343 cell L', and Station 5 with the average
of 2651 cell L™.

Acknowledgements. We would like to thank Directorate of Research and Development,
Ministry of Research, Technology, and Higher Education of Republic Indonesia for funding
support of this research. We also thank the staff of Fisheries and Marine Science Faculty
Laboratory of Gorontalo State University for technical help.

References

Adenan N. S., Yusoff F. M., Shariff M., 2013 Effect of salinity and temperature on the
growth of diatoms and green algae. Journal of Fisheries and Aquatic Science 8(2):
397-404.

Al-Azri A. R., Piontkovski S. A., Al-Hashmi K. A., Goes J. I., do Gomes H. R., 2010
Chlorophyll a as a measure of seasonal coupling between phytoplankton and the
monsoon periods in the Gulf of Oman. Aquatic Ecology 44(2):449-461.

Ananthan G., Sampathkumar P., Soundarapandian P., Kannan L., 2008 Phytoplankton
composition and community structure of Ariyankuppam estuary and Verampattinam
coast of Pondicherry. Journal of Fisheries and Aquatic Science 3(1):12-21.

APHA, 2012 Standard methods for the examination of water and wastewater. 22nd
edition, Rice E. W., Baird R. B., Eaton A. D., Clesceri L. S. (eds), American Public
Health Association (APHA), American Water Works Association (AWWA) and Water
Environment Federation (WEF), Washington, D.C., USA, 277 pp.

Awwaludin A., Suwarso S., Setiawan R., 2005 [The distribution of abundance and
structure of plankton communities in the eastern seasons in the Tomini Bay]. Jurnal
Penelitian Perikanan Indonesia 11(6):33-56. [in Indonesian]

Banerjee S., Khatoon H., Shariff M., Yusoff F. M., 2010 Enhancement of Penaeus
monodon shrimp postlarvae growth and survival without water exchange using
marine Bacillus pumilus and periphytic microalgae. Fisheries Science 76(3):481-
487.

Berge T., Daugbjerg N., Andersen B. B., Hansen P. J., 2010 Effect of lowered pH on
marine phytoplankton growth rates. Marine Ecology Progress Series 416:79-91.
Burford M. A., Revill A. T., Smith J., Clementson L., 2012 Effect of sewage nutrients on
algal production, biomass and pigments in tropical tidal creeks. Marine Pollution

Bulletin 64(12):2671-2680.

AACL Bioflux, 2018, Volume 11, Issue 3. 842
http://www.bioflux.com.ro/aacl



Choi K. H., Kim Y. O., Lee J. B., Wang S. Y., Lee M. W., Lee P. G., Ahn D. S., Hong J. S.,
Soh H. Y., 2012 Thermal impacts of a coal power plant on the plankton in open
coastal water environment. Journal of Marine Science and Technology 20(2):187-
194.

Chuang Y., Yang H., Lin H., 2009 Effects of a thermal discharge from a nuclear power
plant on phytoplankton and peryphyton in subtropical waters. Journal of Sea
Research 61:197-205.

Cokrowati N., Amir S., Abidin Z., Setyono B. D. H., Damayanti A. A., 2014 [Abundance
and composition of phytoplankton in Kodek Bay Pemenang Lombok Utara]. Depik
3(1): 21-26. [in Indonesian]

Conradie K. R., Du Plessis S., Venter A., 2008 Re-identification of “Oscillatoria
simplicissima” isolated from the Vaal River, South Africa, as Planktothrix
pseudagardhii. South African Journal of Botany 74:101-110.

Davies C. H., Ajani P., Armbrecht L., Atkins N., Baird M. E., et al., 2018 A database of
chlorophyll a in Australian waters. Scientific Data 5:180018. doi:
10.1038/sdata.2018.18.

Davis C. C., 1955 The marine and freshwater plankton. Michigan State University Press,
USA, 562 pp.

Dugdale R. C., Wilkerson F. P., Hogue V. E., Marchi A., 2007 The role of ammonium and
nitrate in spring bloom development in San Francisco Bay. Estuarine, Coastal and
Shelf Science 73:17-29.

Edwards K. F., Thomas M. K., Klausmeier C. A., Litchman E., 2016 Phytoplankton growth
and the interaction of light and temperature: a synthesis at the species and
community level. Limnology and Oceanography 6:1232-1244.

Freeman S., 2002 Biological science. Upper Saddle River, Prentice Hall, 1017 pp.

Gui F., Subrahmanyam M. V., 2018 Chlorophyll variations over coastal area of China due
to typhoon Rananim. Indian Journal of Geo-Marine Sciences 47:804-811.

Haag A. L., 2007 Algae bloom again. Nature 447:520-521.

Hutchinson G. E., 1967 A treatise on limnology. Volume Il. Introduction to lake biology
and the limnoplankton. John Wiley and Sons, New York, 1115 pp.

Kadim M. K., Arsad S., 2016 Distribution and abundance of microalgae based on coastal
characteristic and ecology in Bone Bolango coastal region, Indonesia. Asian Journal
of Microbiology, Biotechnology and Environmental Sciences 18(2):395-401.

Karydis M., Tsirtsis G., 1996 Ecological indices: a biometric approach for assessing
eutrophication levels in the marine environment. Science of the Total Environment
186(3):209-219.

Kennish M. J., 1990 Ecology of estuaries. Volume Il: biological aspects. CRC Press, Inc.,
Boca Raton, Florida, 391 pp.

Khatoon H., Banerjee S., Yusoff F. M., Shariff M., 2009 Evaluation of indigenous marine
periphytic Amphora, Navicula and Cymbella grown on substrate as feed supplement
in Penaeus monodon postlarval hatchery system. Aquaculture Nutrition 15(2):186-
193.

Kumari P., Dhadse S., Chaudhari P. R., Wate S. R., 2008 A biomonitoring of plankton to
assess quality of water in the lakes of Nagpur city. In: Proceedings of Taal: the 12th
World Lake Conference, pp. 160-164.

Kunlasak K., Chitmanat C., Whangchai N., Promya J., Lebel L., 2013 Relationship of
dissolved oxygen with chlorophyll-a and phytoplankton composition in tilapia ponds.
International Journal of Geosciences 4:46-53.

Mackey K. R. M., Labiosa R. G., Calhoun M., Street J. H., Post A. F., Paytan A., 2007
Phosphorus availability, phytoplankton community dynamics, and taxon-specific
phosphorus status in the Gulf of Agaba, Red Sea. Limnology and Oceanography
52(2):873-885.

Meeks J. C., Elhai J., 2002 Regulation of cellular differentiation in filamentous
cyanobacteria in free-living and plant-associated symbiotic growth states.
Microbiology and Molecular Biology Reviews 66(1):94-121.

Morrisey J. F., Sumich J. L., 2012 Introduction to the biology of marine life. 10th edition,
Courier Kendallville, USA, 463 pp.

AACL Bioflux, 2018, Volume 11, Issue 3. 843
http://www.bioflux.com.ro/aacl



Muylaert K., Sabbe K., Vyverman W., 2009 Changes in phytoplankton diversity and
community composition along the salinity gradient of the Schelde estuary
(Belgium/The Netherlands). Estuarine, Coastal and Shelf Science 82(2):335-340.

Nassar M. Z. A., Gharib S. M., 2014 Spatial and temporal patterns of phytoplankton
composition in Burullus Lagoon, Southern Mediterranean Coast, Egypt. The Egyptian
Journal of Aquatic Research 40(2):133-142.

Nassar M. Z., Mohamed H. R., Khiray H. M., Rashedy S. H., 2014 Seasonal fluctuations of
phytoplankton community and physico-chemical parameters of the north western
part of the Red Sea, Egypt. The Egyptian Journal of Aquatic Research 40(4):395-
403.

Natrah F. M. I., Yusoff F. M., Shariff M., Abas, F., Mariana N. S., 2007 Screening of
Malaysian indigenous microalgae for antioxidant properties and nutritional value.
Journal of Applied Phycology 19(6):711-718.

Nursuhayati A. S., Yusoff F. M., Shariff M., 2013 Spatial and temporal distribution of
phytoplankton in Perak estuary, Malaysia, during monsoon season. Journal of
Fisheries and Aquatic Science 8(4):480-493.

Nybakken J. W., 1993 Marine biology: an ecological approach. Harper Collins Publishers,
ISBN: 0065008227, 462 pp.

Odum E. P., 1998 [Fundamentals of ecology]. 3" edition, Samingan T. (ed), Universitas
Gadjah Mada Press, Yogyakarta, 697 pp. [in Indonesian]

Panich-pat T., Yenwaree W., Ongmali R., 2009 Monitoring of water quality using
phytoplankton, protozoa, and benthos as bioindicator in Chadeebucha Canal,
Nakhon Pathom Province. Applied Environmental Research 31(2):1-14.

Radiarta I. N., 2013 [The relationship between distribution of phytoplankton with water
quality in Alas Strait, Sumbawa Regency, West Nusa Tenggara]. Jurnal Bumi Lestari
13(2):234-243. [in Indonesian]

Rajkumar M., Perumal P., Prabu V. A., Perumal N. V., Rajasekar K. T., 2009
Phytoplankton diversity in Pichavaram mangrove waters from south-east coast of
India. Journal of Environmental Biology 30(4):489-498.

Ramaraj R., Tsai D. D. W., Chen P. H., 2010 Algae growth in natural resources. Journal of
Soil and Water Conservation 42(4):439-450.

Rangpan V., 2008 Effects of water quality on periphyton in the Pattani River, Yala
Municipality, Thailand. Doctoral dissertation, Universiti Sains Malaysia, 290 pp.
Renaud S. M., Thinh L. V., Lambrinidis G., Parry D., 2002 Effect of temperature on
growth, chemical composition and fatty acid composition of tropical Australian

microalgae grown in batch cultures. Aquaculture 211(1-4):195-214.

Setyadji B., Priatna A., 2011 [Spatial and temporal distribution of plankton in Tomini Bay,
Sulawesi]. BAWAL 3(6):387-395. [in Indonesian]

Shah M. M. R., Hossain M. Y., Begum M., Ahmed Z. F., Ohtomi J., Rahman M. M., Alam
M. J., Islam M. A., Fulanda B., 2008 Seasonal variations of phytoplanktonic
community structure and production in relation to environmental factors of the
southwest coastal waters of Bangladesh. Journal of Fisheries and Aquatic Science 3:
102-113.

Shakweer L., 2003 Ecological and fishery investigations of Nozha Hydrome near
Alexandria 2000-2001. 1. Chemistry of Nozha Hydrome water under the conditions
of fertilizers applications. Bull Natl Inst Oceanogr Fish 29:387-425.

Sridhar R., Thangaradjou T., Kumar S. S., Kannan L., 2006 Water quality and
phytoplankton characteristics in the Palk Bay, southeast coast of India. Journal of
Environmental Biology 27(3):561-566.

Stirling G., Wilsey B., 2001 Empirical relationships between species richness, evenness,
and proportional diversity. The American Naturalist 158(3):286-299.

Thoha H., Amri K., 2011 [Composition and abundance of phytoplankton in south
Kalimantan waters]. Oseanologi dan Limnologi di Indonesia 37(2):371-382. [in
Indonesian]

Townsend C. R., Harper J. L., Begon M., 2000 Essentials of ecology. Blackwell Science,
Oxford, UK, 553 pp.

AACL Bioflux, 2018, Volume 11, Issue 3. 844
http://www.bioflux.com.ro/aacl



Wiadnyana N. N., 1998 [Distribution and variation of phytoplankton pigments in Tomini
Bay, North Sulawesi]. Seminar Kelautan Ambon: LIPI-UNHAS, pp. 248-259. [in
Indonesian]

Yusron E., Edward., 2000 [Waters condition and biodiversity in the Tomini Bay waters,
North Sulawesi]. Seminar Nasional Pendayagunaan Sumberdaya Hayati Dalam
Pengelolaan Lingkungan, Fakultas Biologi, Universitas Kristen Satya Wacana,
Salatiga. [in Indonesian]

Received: 27 April 2018. Accepted: 31 May 2018. Published online: 21 June 2018.

Authors:

Miftahul K. Kadim, Department of Aquatic Resources Management, Faculty of Fisheris and Marine Science,
Gorontalo State University, JI. Jendral Sudirman. No. 6, Gorontalo City, Gorontalo Province, Indonesia, e-mail:
miftahulkhairkadim@ung.ac.id

Nuralim Pasisingi, Department of Aquatic Resources Management, Faculty of Fisheris and Marine Science,
Gorontalo State University, JI. Jendral Sudirman. No. 6, Gorontalo City, Gorontalo Province, Indonesia, e-mail:
pasisinginuralim@gmail.com

Faizal Kasim, Department of Aquatic Resources Management, Faculty of Fisheris and Marine Science, Gorontalo
State University, Jl. Jendral Sudirman. No. 6, Gorontalo City, Gorontalo Province, Indonesia, e-mail:
faizalkasim@ung.ac.id

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Kadim M. K., Pasisingi N., Kasim F., 2018 Spatial and temporal distribution of phytoplankton in the Gorontalo
Bay, Indonesia. AACL Bioflux 11(3):833-845.

AACL Bioflux, 2018, Volume 11, Issue 3. 845
http://www.bioflux.com.ro/aacl



	Blank Page
	Blank Page
	Blank Page
	Blank Page



