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Abstract. The frequency of algal bloom’s event has been increased
in Jakarta Bay, recently. Most of the bloom events were tend to be
reoccurred after the rainy season. The research was conducted from
2008 until 2015 to study the linkage of nutrients and the ratios on the
growth of the phytoplankton population. Collecting samples were
conducted using a canonical plankton net of 20 um mesh size, 125
cm length and 30 cm diameter of the opening mouth. The results of
the study showed that the concentration of phosphate in the waters
ranged from 0.01-12.5 pg/l (average 4.58 ug/l) and nitrate ranged
from 0.01-15.89 pg/l (average 0.72 pug/l). The N/P ratio during the
study ranging from 0.2 up to 45.4. High ratios of nutrients were
mostly recorded in 2010 where the overall abundance of
phytoplankton is very high. There is a strong correlation of N/P ratio
with the community structure or composition of the phytoplankton
population. The variability of phytoplankton abundance appears to
be related to nutrient ratios of nitrate and phosphate.

1 Introduction

Nutrient enrichment, mainly nitrogen and phosphor, was considered to be the stimulating
factor of phytoplankton growth in the coastal waters such as in Jakarta Bay. Generally,
nutrient enrichment as a result of anthropogenic activity occurs in estuaries and coastal
waters, such as Jakarta bay, and blooms of phytoplankton are one of the effects of such an
accelerated process of nutrient enrichment. Jakarta bay receives a lot of nutrients input from
various sources such as agriculture, industries, domestic waste, urban waste, and
consequently, resulted in eutrophication. The continuous input of nitrate and phosphate may
cause the waters to became too nutrient-rich, which is known as eutrophication [1, 2, 3].
Jakarta Bay has been classified as a body of water with very high fertility or hyper
eutrophication [4, 5]. The eutrophication and algal blooms have been identified as a major
environmental problem in Jakarta bay in the last decades. Increased nitrogen (N) and
phosphorus (P) inputs are often considered as the main causes of coastal eutrophication.
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Coastal eutrophication is not a new phenomenon in Jakarta Bay and it is often associated
with the occurrence of algal bloom or red tide [6, 7].

The growth of the phytoplankton population is highly dependent on the availability of
nutrients in the waters, especially phosphates and nitrates. The nitrogen-to-phosphorus ratio
(N:P) has been frequently used as a key indicator in predicting algal biomass and
compositions, and its seasonal succession [8, 9]. It can also serve as an index that represents
the nutrient limitation for algal growth. The atomic ratio, 16N:1P, which is known as the
Redfield ratio, has been used for generally describing the average elemental composition of
phytoplankton. Many investigations; however, have shown this ratio to vary considerably,
depending on the algal species and surrounding environmental conditions [10], and that
optimum nutrient ratios vary interspecifically within the diatoms due to growth competitions.
Usually in freshwater phosphorus (P) acts as a limiting factor and nitrogen (N) limiting
factors in marine ecosystems [11]. The role of nutrients especially nitrogen and phosphorus
as limiting factors for phytoplankton is an important aspect to reduce and regulate
eutrophication.

Nutrients enrichment can lead to community changes or succession between populations
or species. The availability of nutrients sufficiently will result in total biomass to increase,
on the contrary, changes in the nutrient composition may result in changes in species
composition. Phosphate and nitrate are nutritional components that play an important role in
supporting phytoplankton growth, but excessive nutrients concentration can cause an
abnormal explosion of the phytoplankton population. Aquatic disasters such as mass
mortality of fish and other living organisms also often occur during the events of algal bloom
in these waters.

The relationship between eutrophication and expansion of algal bloom is still relatively
unknown, even though in general the eutrophication can affect the explosion of microalgae
populations. In some places, the frequency of algal bloom increases due to the increase in
nutrient levels, especially phosphate and nitrate [12, 13]. How the eutrophication may
stimulate the occurrence of toxic phytoplankton species is still widely unknown and is still
under debate until now [14].

The research had been conducted to study the relationship of phytoplankton abundance
with the nutrients ratio of nitrogen and phosphate in Jakarta bay. There could be a strong
connection of nutrient enrichment due to anthropogenic activities, mainly nitrogen and
phosphorus and their ratios with the emergence of harmful algal bloom in this bay.

2 Materials and methods

2.1 Description of location

The research location is in the waters of Jakarta Bay which is located at coordinates 5°
53'23.3"- 6° 07'46.9" South Latitude and coordinates 106° 37'10.9"- 107° 01'40.8" East
Longitude. Map of Jakarta bay and sampling station as shown in Figure 1. Aquatic
ecosystems experience problems due to increasing input load of organic material through
some rivers which flowing to this bay, urban drainage and also run-off from land during
rainfall. Likewise, it is noted that there are frequent aquatic disasters such as mass fish kills
and other marine organisms due to the occurrence of bloom events [6, 15].
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Fig. 1. Map of Indonesia (upper) and the location of Jakarta Bay with 10 sampling stations

2.2 Study Periode

This research was carried out and focused in east-monsoon season or dry seasons from 2008
until 2015. The study was conducted in dry season by considering the algal bloom events in
the waters usually appeared in the east-monsoon season [6, 16]. Generally, the season in this
region is classified into west-monsoon or rainy season. Between the two seasons, there are
transitional seasons | and Il. The rainy season occurs from October to March and dry season
from April to September. In the rainy season, a lot of organic material enters the waters
through sewage discharge, freshwater run-off, rivers flowing into the bay. Therefore, in the
rainy season, the nutrients level generally was increased in the waters, mainly phosphate and
nitrate and it will fertilize the waters to a certain concentration.

2.3 Phytoplankton Sampling

Phytoplankton sampling was carried out using a cone-shaped phytoplankton net which at the
end was installed with a pinch to collect concentrates of phytoplankton samples. The pore
size or mesh size was 20 um, and the net length was around 125 cm with the opening diameter
of the net mouth was 25 cm. At the end of the net, a ballast was installed so that it can be
lowered vertically. The sampling was carried out by lowering the phytoplankton net
vertically up to a depth of 7-10 m and then being drawn slowly with a constant from a certain
depth to the surface. Phytoplankton samples collected in the bucket were then put into a
sample bottle and given preservative. Samples were preserved immediately using acidic
Lugol’s solution [17]. The preserved phytoplankton samples brought to the laboratory for
further quantitative and qualitative analysis under an Olympus inverted microscope (Model
IX50-S8F2). Phytoplankton removal was done by Sedgwick-Rafter Counting Cell [14, 18].
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Quantitatively, the abundance of phytoplankton cells from each phytoplankton genus was
calculated. Phytoplankton identification was done based on several taxonomic references
[19, 20, 21]. The abundance of phytoplankton cells was calculated according to the procedure
described in [17]. The total number of cells of individual species collected at each depth of
each station was quantified and the phytoplankton abundance was expressed as the number
of cells per cubic volume.

2.4 Nutrient analysis and oceanographic parameters

The nutrients in this study were mainly dissolved inorganic nitrogen (DIN), including
ammonium nitrogen (NH.-N), nitrate-nitrogen (NO-N) and nitrite-nitrogen (NO-N), and
dissolved inorganic phosphorus (DIP), including phosphate-phosphorus (POs-P). The
method for analysis of nutrients used in this study was based on the transformation, through
a chemical reaction of the substance to be analyzed, to another compound that can be
measured colorimetrically within the wavelength range of the visible spectrum. The water
sample was filtered with Millipore filter paper pore size 0.45 um. The steps followed [22].
The spectrophotometer employed in this study was a Philips PYE Unicam (Model PU8600).
As a general rule, all samples were analyzed as soon as possible after collection and
especially when the concentration was expected to be low.

Other Oceanographic parameters such as water depth, water temperature, dissolved
oxygen, and salinity were measured in situ. The readings of water temperature and dissolved
oxygen were taken directly from a YSI Dissolved Oxygen Meter (Model 59) and salinity (in
parts per thousand) was measured using an ATAGO Hand Refractometer. The degree of
acidity (pH) of seawater is measured by the pH meter of the TOA model of HM-IK model
by dipping the electrode into it.

Climatological data were obtained from a meteorological institution (BMKG) and tidal
predictions were obtained from Hydrography and Oceanography Center (Navy Pushidrosal).
Climatological data needed include such as (1) rainfall (millimeters), (2) rainy days, (3) air
humidity (%), (4) air temperature (°C), (5) solar irradiation (%), (6) monthly data on wind
speed (Km/hour), and wind direction (degree).

Data analysis was done with the 2010 version of Excel program which was equipped with
XL Statistical analysis. The main component analysis (PCA) was used to simplify data,
transform data linearly to form a new coordinate system with maximum variance. PCA
analysis can associate descriptive roles in quantitative and qualitative constraints.
Correspondence analysis (CA) is used to transform data into two dimensions.

3 Results

3.1 Oceanographic characteristics

Table 1. The averages of oceanographic parameters during the study

Oceanographic Parameters Range Average
Temperature (°C) 29.72-30.48 29.97
Salinity (psu) 27.72-30.88 28.98
pH 7.68-8.30 8.03
Dissolved Oxygen (ppm) 2.96-5.17 4.12
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The annual average water temperature during the study period was 29.97 °C with its range
from 29.72 — 30.48 °C. The lowest monthly water temperatures during the study period were
29.37 °C, recorded in May 2008 and the highest was 30.48 °C recorded in March 2013. The
annual average salinity was 28.98 PSU with its range from 27.72 — 30.88 PSU. The lowest
monthly salinity during the study was 26.41 PSU, occurred in March 2009 and the highest
salinity was 30.88 occurred in May 2010. The salinity range was relatively stable with the
exception in May 2008 and March 2009 and June 2009 The average dissolved oxygen (DO)
ranged from 2.96 — 4.12 ppm. The lowest oxygen was 2.96 ppm recorded in March 2009. It
seemed to be unusual during the study. There was no speculation idea regarding to this value.
The annual average of pH was 8.03 ppm, ranging from 7.68-8.30. The lowest monthly pH
was 7.68 occur in July 2015 and the highest monthly pH was 8.19 in May 2015. The averages
of oceanographic parameters in Jakarta Bay during the study were summarized as seen in
Table 1.

There were no extreme values of the oceanographic parameters during the study periods,
except the lowest oxygen value recorded in March 2009. Because of the relatively shallow
water depth (6—15 meters), as well as flushing by tides and currents, no distinct stratification
occurred in Jakarta Bay.

3.2 Phosphate and nitrate concentration and the ratio
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Fig. 2. The fluctuation of phosphate and nitrate concentration during the study 2008-2015.

Figure 2 showed the graph of concentration of phosphate and nitrate during the study periods.
The graph showed that phosphate concentration ranging from 0.01-12.5 pg/L (mean: 4.58
ug/L) and nitrate ranging from 0.01-15.89 pg/L (mean: 0.72 ug/L). The lowest concentration
of phosphate was recorded in March 2009 and the highest was in June 2009. The lowest
concentration of nitrate was recorded in March 2009 and the highest recorded in May 2013.
Both phosphate and nitrate concentration during the study periods significantly fluctuated.
The average nitrate concentration fluctuated normally from 2008 until 2009, and after that,
the concentration increased from 2010 until 2013. The highest peak of nitrate recorded in
2013. The average concentration of nitrate decreasing since 2015, while phosphate, high
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concentration noted from 2008 until 2009, and then increased after 2010 until 2015. The
highest peak of phosphate concentration along the study was recorded in 2009.
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Fig 3. The fluctuation of N/P ratios and its trendline in Jakarta Bay from 2008-2015.

The ratio of phosphate (P) and nitrate (N) during the study period from 2008-2015 as
shown in Figure 3. It is seen that the graph of N/P ratio along with the study ranging from
0.2 to 45.4, where the highest ratio was recorded in 2010. The graph of N/P ratio from 2008
until 2009 was decreased, while the graph of N/P ratio from 2010 until 2013 was increased.
The N/P ratio values in 2010 seemed higher compared to the others, where the highest value
was 45.40. It was shown that nitrate concentration higher than phosphate in the waters during
that time. It seemed that nutrient enrichment of N and P in this bay was occurring since 2010,
onwards.

3.3 Phytoplankton abundance
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Fig. 4. The abundance of phytoplankton in Jakarta Bay in the study period from 2008 -2015.

The graph of phytoplankton abundance is shown in Figure 4. The abundance of
phytoplankton during this study ranging from 21.71 x 10° cells .m up to 20.61 x 108 cells.m"
3, The highest abundance of phytoplankton population was mostly observed in the period of
2010, ranging from 46.6 x 107 cell.m up to 28.49 x 108 cell.m?3, It is interesting to note that
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phytoplankton abundance in 2010 was an unusual occurrence during this study. The number
of the population was very contrasted compared to those before and after 2010. It was
observed that the highest peaks of the population reached the number of cells of more than
106 cells.m3. When the number of phytoplankton population very dense or reach more than
106 cells.m, it may cause discoloration in the surface water, due to algal bloom [23, 24].
Usually, the discolorization of surface water in this bay will appear if the phytoplankton
abundance laid between 10°— 10° cells.m™ [6].

4 Discussion

4.1. Phytoplankton and nutrient

Factors that can affect the phytoplankton growth were mainly the availability of nutrients
such as phosphates and nitrates in the waters. There is a correlation between the increasing
amount of phytoplankton with nutrient availability in the waters [11, 25]. Phytoplankton
growth in the waters ecosystems basically controlled by three factors such as nutrient
availability, light availability, and the response of the algae to nutrients and light [26, 27].
Several hydrological parameters such as temperature, salinity, pH and dissolved oxygen also
play a role in phytoplankton growth. It is clearly seen in this study that the abundance of
phytoplankton in Jakarta Bay has a strong relationship with nutrients availability. It was
recorded that the abundance of phytoplankton increased very high in 2010, where the number
of nutrients, mainly nitrate concentration, increased very high from 2010 until 2013. The
high amount of phytoplankton population in 2010 may be indicated that the waters were
being eutrophicated or enriched by anthropogenic nutrients which discharged to the bay [28].
The increase of anthropogenic activities in the surrounding areas has consequently increased
the nutrients in the environment. The recent exponential growth of the city in terms of both
population and urban development may be a contributing factor in the increasing intensity of
algal blooms in Jakarta Bay. Similarly, there were reported evidence about the increasing
frequency and magnitude of algal bloom events world-wide, and they are linked to
eutrophication [24, 29].

4.2. N/P ratios

The response of the phytoplankton to nutrients is considerably influenced by its physiological
state when the nutrients are in short supply. Usually, algae increase their uptake rates for NH
when N starved and for PO,* when P starved. Redfield (1958) reported atomic ratios of
available nitrogen to phosphorus of 15:1 in seawater, depletion of nitrogen and phosphorus
in the ratio of 15:1 during phytoplankton growth, and ratios of 16:1 for laboratory analyses
of phytoplankton. This ratio was subsequently called the Redfield ratio. It is now agreed that
marine phytoplankton growth is limited primarily by nitrogen [4, 33, 34] indicated that
although there is no indication of any normal or optimal nitrogen to phosphorus ratio in algae,
values between 5:1 and 15:1 are most commonly encountered and an average ratio of 10:1
is, therefore, a reasonable working value. [8] experimentally determined the optimal N/P
ratio for various algal species. Most of the values on their list are within the range 5:1 to 15:1.

Therefore it was estimated that the N/P ratio is highly fluctuating in value and depends
on the season. The results showed that phytoplankton abundance increased in tune with an
increasing N/P ratio. The ratio of nitrate and phosphate during this study was high in 2010
and 2013, while in 2011 it was relatively low. If the N/P ratio is high, it indicates that Nitrate
is a trigger and phosphate is a limiting agent, whereas in 2011 the N/P ratio was relatively
low indicating phosphate as a trigger and nitrate as a limiting factor.
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4.3. Phytoplankton composition

The phytoplankton population in Jakarta bay during the study consisted of 27 genera of
diatoms and 13 genera of dinoflagellates. Entirely, there are 40 genera that make up the
phytoplankton population. The diatoms were the dominant group all over the year of the
study, but it seems that diatoms were more sensitive than dinoflagellates and other algal
groups to the increase in nutrients. Coastal marine waters, particularly embayments and
estuaries, are typically more fertile than the open ocean. The urbanization of coastal marine
and estuarine areas results in a dramatic increase in population, so that eutrophication by
anthropogenic activities such as urban waste and sewage discharge, increasing use of
agricultural fertilizers, freshwater run-off, riverine nutrient inputs, coastline construction,
tourism, mariculture, etc., are now the major causes in the marine environmental pollution.
Many estuaries and coastal waters are eutrophic because of the large amounts of inorganic
nutrients (primarily nitrogen and phosphorus) and organic matter they receive from
anthropogenic activities. It is a widespread phenomenon in coastal areas and estuaries all
around the world.

One explanation for higher diatom abundance and lower abundance of other algal groups
is that diatoms are more sensitive to nutrient enrichment than the others. Studies have shown
that diatoms have high growth rates under nutrient-rich conditions [12, 30], compared to the
generally lower growth rates of dinoflagellates. The higher concentrations of inorganic N and
P in Junk Bay may result in a higher abundance of diatoms [31]. Unfortunately, there is a
lack of long phytoplankton data from this bay and so algal population succession of all
species.

4.4. Nutrients enrichment and phytoplankton growth

It was recorded that the N/P ratio was higher than 16 in this bay. This indicating that the
availability of nitrogen was relatively high, which could trigger phytoplankton growth, while
the availability of phosphate was relatively lower (limiting growth). If the N/P ratio is greater
than 16, it indicates that there is enough nitrogen as a trigger for the growth of phytoplankton
(triggering factor) while phosphate is a limiting factor or P-limited.

The criteria set for the N/P ratio in estuarine or coastal waters are as follows: if the ratio
of N/P < 5 then N is a limiting factor or N-limiting, while if the ratio of N/P between 5-10 is
called intermediate. Furthermore, if the N/P ratio is > 10, the limiting factor for growth is
phosphate (P-limiting). It appears that there is a link between the N/P ratio and the abundance
of phytoplankton. When the N/P ratio is high (N/P > 10), the abundance of phytoplankton
tends to be high. On the contrary, if the N/P ratio is low (N/P < 5) then the abundance of
phytoplankton tends to be low [29, 32]

If the ratio of N and P is high or greater than 16, then the limitation of phytoplankton
growth is phosphate (P). Furthermore, if the N/P ratio is low or smaller than 16, then the
limiting phytoplankton growth is Nitrogen (N). Besides that, the Redfield ratio can also be
used as an indicator of the structure of the phytoplankton community composition [8, 10].

5. Conclusion

The variability of phytoplankton abundance in Jakarta Bay has a strong connection with
the ratio of nutrients, especially nitrates and phosphates. The N/P ratio in Jakarta Bay
especially in the east-monsoon season ranging from 0.2 up to 45.5. The abundance of
phytoplankton in Jakarta Bay is closely related to the state of eutrophication (mainly N and
P), where the bloom occurred when the N/P ratio increase, meaning that nitrate plays a role
as triggering factor and phosphate as a limiting factor for the growth of phytoplankton.
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