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ABSTRAK

Penelitian ini bertujuan untuk mengetahui variabilitas parameter fisika, kimia, biologi perairan secara
spasial dan temporal di Teluk Jakarta. Metode penelitian experimental didukung dengan metode spasial
dan temporal dengan perhitungan parameter fisika berupa kecepatan arus, perhitungan parameter
kimia antara lain N, P, Silika, salinitas, Dissolved organic nitrogen, Ortofosfat dan jumlah kadar besi
di Teluk Jakarta. Adapun perhitungan parameter biologi berupa kelimpahan komunitas fitoplankton.
Hasil analisis variabilitas parameter fisika, kimia, biologi perairan secara spasial dan temporal di Teluk
Jakarta memberikan pengaruh terhadap perkembangan komunitas fitoplankton di perairan. Perubahan
konsentrasi dan rasio N : P menyebabkan terjadinya ledakan populasi fitoplankton jenis tertentu di
perairan Teluk Jakarta. Variabilitas biologi jenis fitoplankton yang ditemukan mendominasi komunitas
fitoplankton di Perairan Teluk Jakarta adalah genus Skeletonema, Chaetoceros, dan Rhizosolenia.

Kata kunci: Fitoplankton, Teluk Jakarta, Variabilitas, Nutrien, Posfor
ABSTRACT

This study aims to determine the spatial and temporal variability of physical, chemical, biological
aquatic parameters in Jakarta Bay. Experimental research methods are supported by spatial and
temporal methods with calculation of physical parameters such as flow velocity, calculation of
chemical parameters such as N, P, Silica, salinity, Dissolved organic nitrogen, Orthophosphate
and amount of iron content in Jakarta Bay. As for the calculation of biological parameters in the
form of abundance of phytoplankton communities. The results of the analysis of the spatial and
temporal variability of the physical, chemical and biological parameters of the waters in Jakarta Bay
have an influence on the development of phytoplankton communities in the waters. Changes in
concentration and N:P ratio led to an explosion of phytoplankton populations of certain types in the
waters of Jakarta Bay. Biological variability of phytoplankton types found to dominate phytoplankton
communities in Jakarta Bay Waters are the genera Skeletonema, Chaetoceros, and Rhizosolenia
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INTRODUCTION

Plankton are all collections of microscopic sized
organisms, both animals and plants, that live drifting
with the current (Manickam etal., 2019). Some types
of plankton can only swim passively, can not move
at all, and others swim quite actively (Wheeler et al.,
2019; Svetlichny and Obertegger, 2023). Plankton
consists of phytoplankton and zooplankton (Jakhar,
2013; Erondu and Solomon, 2017). Phytoplankton
are microscopic organisms that are autotrophs or
capable of producing organic matter from inorganic
matter through the process of photosynthesis with
the help of light, especially from the type of diatoms
that have a greater contribution (Mackey etal., 2002).
Therefore, phytoplankton has a role as a primary
producer in the waters. Phytoplankton can also be
an indicator biota in measuring the fertility level of a
body of water (Ali and ElI Shehawy, 2017). Waters
that have high primary productivity are generally
characterized by a high abundance of phytoplankton
(Talaber et al., 2018; Napoleon et al., 2014).

The presence of phytoplankton in a body of
water is influenced by physical, chemical factors
of waters. Phytoplankton has a certain tolerance
limit to chemical physical factors so that it will form
a different phytoplankton community structure
(Sharma et al., 2016; George et al., 2012). The
combination of the influence between physical
and chemical factors and the abundance of
phytoplankton makes the community and dominance
of phytoplankton in each water not the same so that
it can be used as a biological indicator of a body
of water (Wan et al., 2021; Dwirastina and Makri,
2015). Nutrient availability (Fathar et al., 2023;
Munawir et al., 2023), In waters will spur the growth
of phytoplankton, these organisms are the main
primary producers in aquatic ecosystems and can
be used as an indicator of aquatic fertility (Naselli-
Flores and Padisak, 2023; Rahmah et al., 2022).
The higher the fertility of waters (Munawir et al.,
2022a), the higher the abundance of phytoplankton
in a body of water (Anggraini et al., 2022).

In marine waters, the most important type
of nutrient and greatly affects the growth and
development of phytoplankton is the N type nutrient
(Meirinawati and Fitriya, 2018; Lin et al., 2016).
This type of nutrient is a limiting factor in the sea
and its existence is strongly influenced by input from
land. If the input of N in marine waters exceeds the
optimal limit of phytoplankton growth, the growth
of these organisms will be excessive at certain
times, and the most worrying thing is if the input
of type N nutrients actually triggers a population
explosion (blooming) of an unwanted type of
phytoplankton (Rhodes, 2013; Ni et al., 2015).

Lately, the incidence of phytoplankton blooming
has been seen higher throughout the world,
especially in Indonesia (Husma, 2017). From
1983 to 2007 phytoplankton blooming events have
occurred in several locations in Indonesia such as in
the Lewotobi Strait, Kao Bay, Makassar, Nunukan,
Lampung Beach, Pari Island, Ambon Bay, East
Kalimantan Waters, Muara Memberamo, North
Sulawesi, and Jakarta Bay (Sidabutar, 2006b). In
Jakarta Bay phytoplankton blooming events have
occurred several times, namely in 1995, 2004,
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2005, and 2007 (Sidabutar, 2006b; P20, 2007).

Explosions in phytoplankton populations that
are excessive (blooming) often cause problems in
a body of water (Putri et al., 2017). This happens if
the population explosion of phytoplankton species
does not benefit organisms at higher trophic
levels. In addition, the occurrence of a population
explosion of these organisms can cause other
problems such as the process of phytoplankton
photosynthesis is disrupted, the death of fish,
and raises several species that contain toxins
(Lopes et al, 2019; Anderson et al., 2012)

A comprehensive assessment through a
study concerning the explosion of phytoplankton
populations of certain types in connection with
changes in the availability of nutrient inputs can
be carried out in waters that receive high and
continuous nutrient inputs. One of the waters that
experience such conditions is the waters of Jakarta
Bay. These waters receive a lot of nutrient inputs
from domestic waste, industrial and agricultural
activities carried through rivers, surface flows (run
off), and groundwater flows (ground water). Land
change (Munawir et al., 2022b), affects natural
change (Munawir 2017; Munawir et al., 2019)
mainly increased other chemicals, the impact of
nutrient input consists of nitrogen (N), phosphorus
(P), and silicate (Si). According to Damar (2003),
the total nutrient input to these waters is 101606
tons per year, consisting of 19379 t NH4-N per
year, 1810 t NO3-N per year, 6741 t PO4-P per
year, and 5241 t Si per year. The high input of
nutrients in the waters of Jakarta Bay is due to
the water directly adjacent to urban areas with
dense populations. About 38.5% of Jakarta's
population disposes of organic waste through
rivers (Rochyatun and Rozak, 2007; Damar, 2003).

Information resulting from changes in nutrient
availability to excessive development or explosion
of phytoplankton community structure becomes
interesting and up-to-date information, especially in
the waters of Jakarta Bay. This research is very
important because it determines the concentration
and ratio of nutrients in marine waters and their
relationship to the development of phytoplankton
communities. The purposes research to determine
the variability of physical, chemical, biological
parameters of waters spatially and temporally in
Jakarta Bay. The results of this study can be used
as information for current and future management of
Jakarta Bay waters. In addition, it can also provide
information aboutwhether or not community activities
on the mainland need to be controlled or reduced.

METHODOLOGY
Location and time of research

The study was conducted in Jakarta Bay
(Figure 1) from August 2009 to May 2010 (four
different observation periods), equipped with 9
observation stations (Table 1). Sampling will
be carried out 6 (six) times, in the east and west
seasons sampling will be carried out 1 (one)
time each, while in the transition season Il and
transition season | (unstable water conditions)
sampling will be carried out 2 (two) times each.
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Table 1. Data Sampling Observation Station.

.............................. Teluk Jakarta (Anwar K, dan Munawir)

Stasiun Lintang Selatan (LS) Bujur Timur (BT)
1 06005’53,6” 106046°56,4”
2 06005'30” 106054°22”
3 06004’33,1” 106058°10,4”
4 06005’'34,3” 106046°38,2”
5 06004'26,5” 106053°27,5”
6 06003’33” 106058°08,7”
7 06005'15” 106046°20”
8 06004'23” 106052°33”
9 06005’53,6” 106046°56,4”
~ e N = vVt Asre 1
_HXVS'rcx Aa xﬁ
S
. @ R Where :
va e, I N = Abundance of phytoplankton (cells/m3)
g o ) (? "o n = Observed Organisms (cells)Vd =
& ¥ 5 volume of filtered water (M2 x Depth) (m3)
T S L Vt = Volume of filtered water (mL)
{ ROy Vd = Volume in one SRC (1 mL)
Kecat o — pran—— Asrc = SRC cross-sectional area (1000 mmz2)
Gy T cilincing Aa = Subdistrict area (mm2)
2 0 2 4 Kibmeters Z_} -G)J -’
RESULTS AND DISCUSSION

Figure 1. Map of the research location of Jakarta
Bay waters

Data analysis

Water samples for analysis of various
parameters were taken using Van Dorn volume of 2
liters, sampling was carried out on the surface part
(depth 0.5 m). At each station, 2 liters of water were
taken for analysis purposes such as: measurement
of Fe nutrients, and DON (250 ml), phytoplankton
(250 ml), chlorophyll-a (1000 ml), and turbidity (100
ml), the water sample was stored in a sample bottle.
Then the samples are temporarily stored in an ice-
treated cool box until analyzed in the laboratory.
As for the equipment, parameters, units and
methods used, the details are presented in Table 2.

The abundance of phytoplankton was obtained
using a binocular microscope model Olympus
CH-2 with a magnification of 10x10. The method
used is the strip method. Documentation and
visualization of the morphology of each type of
phytoplankton was carried out using the Zeniss
Primo Star trinocular microscope equipped with
AxioVision Rel 4.8 software. Phytoplankton
identification refers to the identification books
Davis (1955), Yamaji (1979), and Tomas (1997).
The abundance of phytoplankton was calculated
using the Sedgewick Rafter Counting cell (SRC)
tool at a magnification of 10x10. The abundance of
phytoplankton is expressed in cells/m3 (Rice et al.,
2012; Dayala et al., 2014; Sidabutar et al., 2016)

Spatially and Temporally of Physical Chemical
Parameters of Waters
Current Speed

The speed of currents in the waters of Jakarta
Bay spatially and temporally during the full study
is presented in Figure 2. The current speed has
a value that varies relatively between each station
and observation time, with values ranging from
2.03 - 30.51 cm/second. Spatially obtained current
velocities (stations) show that locations closer to the
coast have lower values compared to locations far
from the coast. The highest average score is found
at station 7 and the lowest at station 1. Meanwhile,
temporally the current speed differs between the
dry season and the rainy season, in these waters it
was found that the highest current speed occurred
in January 2010 observations and the lowest in
May 2010 observations. The difference in current
speed at the study site is more influenced by wind
speed which periodically changes according to the
season, in accordance with Nontji (1987) statement
that in the western season the wind speed is very
strong and rainfall is very high. At the study site,
the speed of currents, especially surface currents,
is strongly influenced by the wind blowing in
these waters. However, the current distribution
pattern formed as shown in Figure 3 tends to
show a uniform pattern between observations
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Table 2.Physico-chemical, biological parameters, methods and measuring instruments used

Parameters Unit Method Analytical Tools Place Of Analysis

Fisika

1. Current speed m/det Euler Current Meter In situ

Kimia

2. Nitrat-Nitrogen mg/L Brucine Spektrofotometer Laboratory

3. Salinitas - - Refractometer In situ

4. Besi (Fe) mg/L Phenanthroline Spektrofotometer Laboratory

5. Silikat mg/L Molybdosilicate Spektrofotometer Laboratory

6. DON mg/L Kjeldahl Spektrofotometer Laboratory

7. Ortofosfat mg/L Ascorbic acid Spektrofotometer Laboratory

Biologi

Abundance of sel/L Sensus Mikroskop Laboratory
Phytoplankton
Salinity was found at station 7 with an average value of

Salinity variations in the waters of Jakarta Bay
during the study did not differ too much between
each station and the time of observation. The
salinity obtained ranged from 28.00 - 33.00 (Figure
4). The salinity value obtained at the research
location is not too much different from the research
of Marasabessy and Edward (2001) in the waters of
Raha, Southeast Sulawesi which obtained a salinity
range between 30.8 - 32.9, and the research of
Poppo et al. (2009) which obtained a salinity range
between 29.0 - 32.0 in the coastal waters of the
fishery industrial area of Jembrana Regency Bali.

The distribution of salinity in the sea is influenced
by various factors including rainfall and river flow.
Waters with high rainfall levels and influenced by
river flow have low salinity, while waters that have a
high evaporation rate and are not affected by river
flow have high salinity. Circulation patterns play a
role in supplying water masses with salinity levels
that are different from the water masses from the
source will affect the distribution of salinity in a body
of water (Sverdrup et al. 1961; Wyrtki 1961; Tchernia
1980). Spatially it was found that the highest salinity

3500
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Figure 2. Current speed at each station and ob-
servation time
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31.50 and the lowest at station 1 with an average
value of 29.13. Based on the results of the anova
test, it was found that the distribution of salinity
both spatially and temporally was very different (p <
0.05). From Tukey's further tests, it was found that
station 7 has different salinity values from stations
3, 2, and 1, station 8 is different from stations 2 and
1, stations 9, 5, and 4 are different from station 1.
Meanwhile, between the time of observation, it was
found that the November 2009 observations had a
different salinity from the observations of May 2010
and January 2010. The January 2010 observation
period (rainy season) had the lowest salinity value,
while the November observation showed the highest
value. The difference in salinity values obtained is
in accordance with that stated by (Sverdrup et al.
1961; Wyrtki 1961; Tchernia 1980) that patterns of
water circulation, evaporation, precipitation, and
river flow affect the distribution of salinity on the
coast. The low salinity value in January 2010 was
caused by the influence of the rainy season with
fairly high rainfall. However, based on the pattern
formed in Figure 5 it can be seen that the distribution
of salinity in the waters of Jakarta Bay tends to have

Figure 3. Distribution of current velocity at each
observation time (dry season: August,
September, and November 2009;
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Identifikasi Variabilitas Parameter Fisika ............................

Dissolved organic nitrogen (DON)

Dissolved organic nitrogen (DON) is one of
the elements needed by phytoplankton in its
growth and development. DON (dissolved organic
nitrogen) in the waters of Jakarta Bay during the
study ranged from 0.0224 - 1.3824 mg/L (Figure
6). The results of the variance analysis found
that there was no difference in DON concentration
either spatially or temporally. This means that
DON concentrations are the same between each
station and observation time, although descriptively
different. Spatially, the highest value was obtained
at station 1 with an average of 0.9201 mg /L and
the lowest at station 7 with a value of 0.1648 mg
/L. Meanwhile, temporally it was found that the
highest value was found in the rainy season
(observation in January 2010) and the lowest in
the dry season (observation in August 2009). The
distribution pattern shown in Figure 7 tends to have
the same pattern between each observation time
Silicate

The silicate concentration in the waters of Jakarta
Bay spatially and temporally during the study ranged
from 0.2787 - 5.9946 mg/L (Figure 10). Spatially,
the highest silicate concentration was obtained at
station 1 with an annual mean value of 3.1365 mg/L
and the lowest at station 8 with an annual mean of
1.2206 mg/L. The high concentration of silicates in
locations near the coast can be caused by currents
and stirring of water masses resulting in the lifting of
high silicate content from the bottom to the surface
layer and the entry of various wastes from the City
of Jakarta and its surroundings into these waters.
The results of the analysis of variance found that
the silicate concentration did not differ (p > 0.05)
between each station. When compared temporarily,
silicate concentrations in the dry season are lower
than in the rainy season. The highest values were
found in the January 2010 observations and the
lowest in the August 2009 observations. However,
the silicate distribution pattern formed tends to
have a uniform pattern (Figure 11). Based on the

100
3300
3200
31.00
5000 OAgustus 2009
200
2800

Salinitas

@September 2009
H overber 2009
1w @Januari 2010
@Maret 2010

i aMei 2010

26.00

2500

Figure 4. Distribution of salinity at each station and
observation time.

.............................. Teluk Jakarta (Anwar K, dan Munawir)

analysis of variance, it was found that there was a
very noticeable difference in silicate concentration
between the observation times (p < 0.05), from
Tukey's further test it was found that the silicate
concentration in August 2009 observations was
different from observations in January 2010,
March 2010, May 2010, and November 2009

Figure 5. Salinity distribution at each observation
time (dry season: August, September,
and November 2009; rainy season: Jan-
uary, March, and May 2010).

25000
20000

1.5000

DON (mgi)

Movember 2009

—

1.0000
w Januari 2010
Marel 2010

05000 I | y § )
o J i l.; I u.l ..L ik lli B “vemne
6

1 2 3 4 5 7 8 8

wAgustus 2009
‘ u Seplember 2009

Stasiun

Figure 6. Salinity distribution at each observation
time (dry season: August, September,
and November 2009; rainy season: Jan-
uary, March, and May 2010).

4 %
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Figure 7. DON distribution at each observation time
(dry season: August, September, and
November 2009; rainy season: January,
March, and May 2010).
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Silicate

The silicate concentration in the waters of Jakarta
Bay spatially and temporally during the study ranged
from 0.2787 - 5.9946 mg/L (Figure 10). Spatially,
the highest silicate concentration was obtained at
station 1 with an annual mean value of 3.1365 mg/L
and the lowest at station 8 with an annual mean of
1.2206 mg/L. The high concentration of silicates in
locations near the coast can be caused by currents
and stirring of water masses resulting in the lifting of
high silicate content from the bottom to the surface
layer and the entry of various wastes from the City
of Jakarta and its surroundings into these waters.
The results of the analysis of variance found that
the silicate concentration did not differ (p > 0.05)
between each station. When compared temporarily,
silicate concentrations in the dry season are lower
than in the rainy season. The highest values were
found in the January 2010 observations and the
lowest in the August 2009 observations. However,
the silicate distribution pattern formed tends to
have a uniform pattern (Figure 11). Based on the
analysis of variance, it was found that there was a
very noticeable difference in silicate concentration
between the observation times (p < 0.05), from
Tukey's further test it was found that the silicate
concentration in August 2009 observations was
different from observations in January 2010,
March 2010, May 2010, and November 2009
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Figure 8. Fe concentration at each station and ob-
servation time.

Nitrat

Nitrate is a chemical compound that has an
important role in the growth and development
of marine life and plays an important role in the
formation of living body tissue cells of organisms.
The results of previous studies have shown that
nitrate is an element needed in the growth of
phytoplankton in the sea (Makarewicz et al. 1998;
Turner et al. 1998; Flynn 2001; Gardner et al. 2004).
Nitrates in some waters, described as micronutrient
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compounds controlling primary productivity in
the layers of the eutrophic region (Grasshoff et
al. 1983). Nitrate concentrations exceeding 5.0
mg/l describe anthropogenic pollution originating
from human activities and animal feces. Nitrate
concentrations exceeding 0.2 mg/L can cause
eutrophication of waters which further stimulates the
rapid growth of algae and aquatic plants (blooming).

Spatially and temporally. The nitrate
concentration obtained during the study had values
ranging from 0.0072 - 0.0982 mg/L (Figure 12). The
highest concentration was found at station 1, with
an annual mean of 0.0575 mg/L and the lowest at
station 7 with an annual mean value of 0.0319 mg/L.
The highest concentration at station 1 is caused
by the many community activities on land such as
settlement and industrial activities whose waste is
discharged into the river and eventually accumulates
in these waters. In addition, naturally, nitrates come
from the waters themselves through the processes
of decomposition, weathering or decomposition of
plants, and the remains of dead organisms. The
high nitrate content at this station can also be caused
by currents and stirring of water masses resulting in
the lifting of high nitrate content from the base to the
surface layer. The lowest nitrate concentration at
station 7 is thought to be caused by nitrogen in the
nitrate form having undergone a reduction process
to nitrite and ammonia forms (denitrification) and
is thought to have been utilized by organisms. In
addition, the nutrient input is lower at this station
due to the station's position farther from the coast.

Based on the results of variance analysis, it
was found that nitrate content was not significantly
different (p > 0.05) spatially. This means that the
nitrate content between each station is the same,
although descriptively different. Temporally shows
that in general nitrate concentrations have a higher
value in the rainy season compared to the dry
season. This is because the input load from land
entering through rivers into these waters is higher
in the rainy season compared to the dry season.
The highest nitrate concentration was found in the
January 2010 observation with an average value
of 0.0537 mg/L and the lowest was found in the
November 2009 observation with an average value
0of0.0171 mg/L. The highest nitrate content obtained
in January 2010 (rainy season) was caused by the
burden of input from land through river flows entering
the study site increasing nitrate concentrations.
While the lowest value in November 2009 was
related to lighting, the availability of sufficient light
caused phytoplankton photosynthetic activity to
increase. This is in accordance with what was
stated by Cohlan et al (1991) that the rate of nitrogen
absorption by phytoplankton is influenced by light.
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Nitrogen uptake increases with increasing lighting
intensity related to phytoplankton photosynthetic
activity. The nitrate distribution pattern formed
tends to show a similar pattern between the dry
and rainy seasons as shown in Figure 13. The
results of the variance analysis found that the
nitrate concentration was significantly different (p
< 0.05). This means that nitrates have different
content between each time of observation. From
Tukey's further tests, it was found that there was a
difference in nitrate concentration in the May 2010
observation with the November 2009 observation.

BN R MRED NEM NN EE KD ME WM WER

TEN WED R M UEE UMD 0D MM NN

Figure 9. Distribution of Iron (Fe) at each observa-
tion time (dry season: August, Septem-
ber, and November 2009; rainy season:
January, March, and May 2010).
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Figure 10. The concentration of silicates at each
station and the time of observation.

Ortofosfat

Phosphate is one of the nutrient compounds that
play an important role in the formation of living body
tissue cells of organisms. Phosphate compounds
in waters can come from natural sources such as
soil erosion, waste from animals, and weathered
plants (Moriber 1974; Rusdiyanto and Munawir,
2023). The concentration of phosphate in waters

Figure 11. Silicate distribution at each observation
time (dry season: August, September,
and November 2009; rainy season: Jan-
uary, March, and May 2010).

is increasing with the entry of domestic waste
(detergents and others), industrial waste, and
agricultural / plantation waste (fertilizer) which
contains a lot of phosphate. The results of the
analysis of phosphate concentrations in the waters of
Jakarta Bay both spatially and temporally during the
study ranged from 0.0114 - 0.4076 mg/L (Figure 14).
Spatially it appears that phosphate concentrations
in these waters have higher values at stations
closer to shore, then decrease at locations farther
from shore. Higher orthophosphate levels near the
coast are caused by several factors, including the
stirring of water masses which results in the lifting of
high orthophosphate content from the bottom of the
waters to the surface layer and the entry of various
wastes from the City of Jakarta and its surroundings
into these waters. The highest orthophosphate
content was found at station 1 with an annual mean
value of 0.2296 mg/L and the lowest at station 9
with an average value of 0.0430 mg/L. The high
concentration of phosphate at station 1 is caused by
the position of the station in front of the mouth of the
Angke River. Thus, at this station there are many
detergent discharges originating from residential
areas around the Angke River, considering that this
station is an area with relatively dense residential
areas. In addition, it can also come from industrial
discharges that contain a lot of phosphates, which
discharge their waste into these waters. This is
in line with what was stated by Saeni (1989) that
sources of phosphorus in waters also come from
industrial waste, drift from fertilizers, domestic
waste, destruction of organic matter, and phosphate
minerals. The low phosphate concentration at station
9 is caused by the low phosphate concentration that
reaches this station due to the position of the station
far from the coast, as well as the adsorption process
of phosphate compounds by phytoplankton, Given
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that phosphate is one of the nutrient compounds
that is very important for phytoplankton and other
aquatic creatures. In addition, it can also be caused
by the presence of dilution factors (dillution) along
with the increase in the volume of sea water.
The results of variance analysis showed that the
orthophosphate content was spatially significantly
different (p < 0.05). Meanwhile, it is temporally
shown that orthophosphate concentrations in
the rainy season have a higher value than the
dry season. High phosphate levels in the rainy
season are caused by the high discharge of river
water entering these waters which contain high
phosphate levels compared to other observation
times. The pattern formed shows almost the
same pattern between the dry season and the
rainy season (Figure 15). The results of the
variance analysis showed that orthophosphate
concentrations did not differ markedly (p > 0.05)
between the observation times. This means that the
orthophosphate content is the same between each
time of observation, although descriptively different.
Spatially and Temporally Variability of Biologi-
cal Parameters
Abundance of Phytoplankton Communities

Phytoplankton are tiny plants that hover in the
water column and are unable to move actively
against the current. Ecologically, phytoplankton
is the basis of the food chain so that it determines
the existence of all aquatic biota. Its presence in
waters can provide information about the size of
the ability of waters to support the life of organisms.

In general, it is found that the number of genera
obtained is more in the dry season than in the rainy
season. Spatially and temporally obtained as many
as 47 genera from 4 (four) phytoplankton classes
consisting of 26 genera from the Bacillariophyceae
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Figure 12. Nitrate concentration at each station and
observation time.
locations closer to the coast. This can also be seen
in the total annual abundance of phytoplankton.
However, from the results of variance analysis
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class, 8 genera from the Chlorophyceae class, 7
genera from the Cyanophyceae class, and 6 genera
from the Dinophyceae class. In the dry season,
47 genera were obtained from 4 (four) classes of
phytoplankton consisting of 4 classes, namely 26
genera of class Bacillariophyceae, 8 genera of class
Chlorophyceae, 7 genera of class Cyanophyceae,
and 6 genera of class Dinophyceae. Meanwhile, in
the rainy season, 26 genera from 4 (four) classes
of phytoplankton were obtained consisting of 16
genera of class Bacillariophyceae, 3 genera of class
Chlorophyceae, 3 genera of class Cyanophyceae,
and 4 genera of class Dinophyceae. The
dominant phytoplankton genera at most stations
and observation periods were Skeletonema,
Chaetoceros, and Rhizosolenia. Of all genera
and classes, Skeletonema and Chaetoceros
and Bacillariophyceae are abundant genera
and classes throughout the site and observation
period. These genera and classes are often found
with high densities in Indonesian marine waters.

Several studies that support the above results
and prove that these genera and classes are indeed
abundant in Indonesian marine waters. This can be
analyzed from various sources, including research
conducted by Awwaluddin et al. (2005) in the waters
of Tomini Bay, Yuliana (2006) in the waters of Kao
Bay, Yuliana (2008) in the waters of Maitara, Andriani
(2009) in the waters of Bojo, and Yuliana (2009) in
the Guraici Islands. All of the research was located
in the waters of Central Sulawesi, North Maluku, and
South Sulawesi. Research close to the research
location is Arinardi et al. (1994) in the waters
around Java and Bali, Sunarto (2001) in Hurun Bay
Lampung,Adnan (2003)in the Sunda Strait, Tambaru
et al. (2004) in the waters of Hurun Bay Lampung.

The abundance of Skeletonema species (from
the class Bacillariophyceae) caused by this type of
phytoplankton can utilize nutrients faster than other
types of Diatoms. This is reinforced by the statement
of Arinardi et al. (1997) that the type of phytoplankton
Skeletonema sp. can utilize nutrient levels faster
than other diatoms. Meanwhile, Chaetoceros is
abundant because type N nutrients are a growth-
limiting factor during the study. This is in line with
what was stated by Lagus et al. (2004) that at low
concentrations of N-type nutrients, the diatomgenera
Chaetoceros provides a faster growth response.

Spatially and temporally the abundance of
phytoplankton communities in the waters of Jakarta
Bayis showninFigures 16 and 17. Based onlocation
(station) it is seen that station 6 has the highest
average abundance (8064048 cell/l) while the
lowest is station 2 (988048 cell/l). In general, it can
be seen that phytoplankton abundance in locations
farther from the coast has lower values compared to
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Figure 13. Nitrate distribution at each observation
time (dry season: August, September,
and November 2009; rainy season: Jan-
uary, March, and May 2010).

based on the location of the study, it was found that
there was a very real difference (p < 0.05). The
results of the analysis showed that the abundance of
phytoplankton communities was different between
each station. From Tukey's further tests, it was
found that there was a difference in phytoplankton
abundance between station 6 with stations 8,
9, 2, 5, 4, and station 7. It is not easy to explain
the generally accepted conditions of horizontal
distribution of phytoplankton in the ocean (Parsons
et al. 1984). This is due to differences in ecological
conditions in different parts of the sea, such as in
coastal and estuarial areas, coastlines and the
high seas. There is a tendency for phytoplankton
distribution to be more clustered in neritic areas than
in oceanics (offshore). The tendency to horizontally
group phytoplankton is likely related to variations
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Figure 14. Orthophosphate concentration at each
station and observation time.

in physical, chemical, and biological parameters
(salinity, turbulence, and predation). This diversity of
horozontal distribution is more pronounced in areas
near coasts, estuaries, and bays than in the open
ocean. Generally, phytoplankton in the open ocean
are less abundant and more evenly distributed
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Figure 15. Orthophosphate distribution at each
observation time (dry season: August,
September, and November 2009; rainy
season: January, March, and May 2010).

compared to phytoplankton near the coast (Lorenzen
1971; Venrick 1972, diacu dalam Levinton 1982).

Table 2, explains that when the abundance of
phytoplankton communities is compared between
the dry season and the rainy season, it is found
that the abundance of phytoplankton is higher in the
dry season than in the rainy season. The highest
abundance was found in the November 2009
observations and the lowest in the September 2009
observations. The high abundance of phytoplankton
found in November 2009 is likely to occur because
in November it has begun to rain and heavy
enough rain is able to bring nutrients from land
in large quantities to the waters, thus triggering
phytoplankton to grow and develop abundantly.
Another possibility is because November is already
the transition season 2, namely the wind in this
month is large enough to cause the process of
stirring water masses and causing the rise of
nutrients to sea level, thereby stimulating the
abundant reproduction of phytoplankton. The
results of the analysis of variance found that there
was a noticeable difference (p < 0.05) between
each observation time. From Tukey's further tests,
it was produced that the observation time that
had different phytoplankton abundances was the
November 2009 observation with observations
in January 2010, May 2010, and August 2009.

There are several factors that cause fluctuations
in phytoplankton abundance in the waters of
Jakarta Bay. Nutrients and light are the main
factors that affect the growth and development of
phytoplankton, in conditions of sufficient nutrients
and light, phytoplankton will fluctuate towards
increasing the number of species. In this study, it
was seen that the highest phytoplankton abundance
was found in the dry season and the lowest in the
rainy season. The high abundance of phytoplankton
in the dry season is caused by sufficient and
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appropriate concentrations of nutrients and light to
support phytoplankton growth to the maximum. In
this study it was found that in the rainy season, the
abundance of phytoplankton communities is low,
despite the high nutrient content. This is related to
the intensity of light, in the rainy season the intensity
of light in these waters is relatively lower so that
phytoplankton cannot grow and develop optimally.

In awater, as explained earlier that phytoplankton
growth is strongly influenced by several physico-

chemical parameters of waters such as N, P,
Si, Fe, current speed, and salinity. Pearson's
correlation test is used to trace the correlation
between phytoplankton community abundance
and these physico-chemical parameters. From
Pearson's correlation produced a positive
correlation with a very strong close relationship
with silicates (Pearson's = 0.572) at a confidence
level p < 0.05, a positive correlation with a fairly
strong close relationship with nutrients (nitrates,

Table 2. The abundance of phytoplankton in the waters of Jakarta Bay during the study

Stasiun Agustus September November Januari Maret Mei
2009 2009 2009 2009 2010 2010
1 1111000 1559000 2132857 1297143 9016429 8270000
2 335000 194000 3066429 1840714 188571 303571
3 4222000 651000 13352857 1427143 2610000 1930000
4 1006000 229000 3879286 1455000 1559286 1608571
5 1589000 911000 5785714 1281429 192143 177143
6 2580000 680000 20132143 1180000 11600000 12212143
7 492000 262000 3737143 610000 1680000 1602143
8 770000 228000 6864286 1072143 4530000 3790714
9 1995000 976000 4290000 478571 3133571 3125714
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Figure 16. Average phytoplankton abundance at
each station and observation time.

and orthophosphates) at a confidence level p <
0.05 (Pearson's = 0.284; and 0.287). However, it
correlates negatively and very strongly with Fe at
p confidence levels < 0.05 (Pearson's = -0.432),
and negatively correlates with weak relationship
with p confidence levels < 0.05 with current velocity,
and salinity (Pearson's = -0.178, and -0.048).

Changes in the relative abundance of
phytoplankton according to size and species
composition are more influenced by environmental
factors especially silicates, total phosphates, and
N:P ratios (Makarewics et al. 1998). High turbidity
leads to decreased phytoplankton abundance
(Karjalainen et al. 1999). The seasonal growth
of diatoms shows a very strong relationship with
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temperature and silicate concentration in the
Keban and Icme regions of Turkey (Cetin and Sen
1998). Sea diatoms require dissolved silicates
in the formation of the outer shell and its growth.
Silicates become limiting factors when the ratio of
dissolved silicates:inorganic nitrogen approaches
1:1 (Turner et al. 1998). Flynn (2001) modeled
and simulated phytoplankton growth as a function
of ammonia, nitrate, light, iron, silicate, phosphate,
and temperature. The results of Gharib and Abdel-
Halim's (2006) research in waters that get a lot of
freshwater input during the flood season in Egypt
show that pH, dissolved phosphates, and silicates
are the factors that most affect phytoplankton
abundance. In the dry season observation period,
phytoplankton abundance reached high values,
with a range between 194000 - 20132143 cells
/ 1. The abundance obtained in the waters of
Jakarta Bay is included in the high category when
compared to Tambaru's (2008) research in Maros
waters. According to Sidabutar (2006b), if the
phytoplankton community reaches an abundance of
106 cells /| then blooming events occur in the waters
concerned. Further explained by Andersen (1996)
that blooming or population explosion is defined as
an eventwhere one or several phytoplankton species
reach a certain density that can harm organisms in
the sea or result in the accumulation of toxins in
the organism's body, which at any time can harm
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organisms in higher trophic levels, and can further
poison humans as consumers. While Mulyasari
et al. (2003) explained that blooming occurs if the
amount of phytoplankton abundance at that time
exceeds the average amount of phytoplankton per
month. Referring to the statements of Sidabutar
(2006), Mulyasari et al. (2003), and Andersen
(1996), during research in the waters of Jakarta
Bay there have been several phytoplankton blooms
at different locations (stations) and observation
times, species that have experienced rapid growth
(blooming) at several different locations and
observation times are the genera Chaetoceros,
Skeletonema, and Rhizosolenia, these genera are
the class Bacillariophyceae. While the dangerous
species of the class Dinophyceae only the genus
Noctiluca has experienced higher average growth
than previous and subsequent observations.
Rapid growth of the genus Noctiluca has occurred
at station 5 observations of September 2009.

Cases of phytoplankton  blooming in
these waters have occurred at stations and
observation times, namely station 3 (blooming
Chaetoceros and Rhizosolenia), station 5
(Chaetoceros and Skeletonema), station 6
(Chaetoceros and Rhizosolenia), and station
9 (Chaetoceros and Rhizosolenia) in the
observation period in August 2009, station 1
(Skeletonema), station 2 (Skeletonema), station 3
(Chaetoceros), station 5 (Noctiluca), and station 6
(Chaetoceros) in September 2009 observations.

Station 2 (Skeletonema), station 3 (Chaetoceros
and Skeletonema), station 4 (Chaetoceros and
Skeletonema), station 5 (Chaetoceros, Rhizosolenia
and Skeletonema), station 6 (Chaetoceros and
Skeletonema), station 7 (Chaetoceros), station 8
(Chaetoceros, Rhizosolenia and Skeletonema),
and station 9 (Chaetoceros and Skeletonema)
on observation in November 2009. Station 1
(Skeletonema), station 3 (Skeletonema), station 4
(Skeletonema), station 6 (Skeletonema), station 7
(Skeletonema), station 8 (Skeletonema), and station
9 (Skeletonema) at observationin March 2010. Then
station 1 (Skeletonema), station 3 (Skeletonema),
station 4 (Skeletonema), station 6 (Skeletonema),
station 7 (Skeletonema), station 8 (Skeletonema),
and station 9 (Skeletonema) on observation in
May 2010. The genus Chaetoceros is often found
abundant (experiencing very rapid growth) at the
study site. This is in line with what Mulyasari et al.
(2003)stated thatthe generaNitzschia, Chaetoceros,
and Thalassiosira (class Bacillariophyceae),
as well as the genus Trichodesmium (class
Cyanophyceae) often cause red tide.

Although Chaetoceros is found to experience
very rapid growth several times, but this genus

.............................. Teluk Jakarta (Anwar K, dan Munawir)

does not emit toxins, but it is still dangerous
and can cause death in fish and other biota
because it causes reduced oxygen. Thus, the
effect of enrichment or increase in nutrients in
the waters of Jakarta Bay as a result of supply
from rivers and from other parts of the waters has
exerted an excessive influence on phytoplankton
in the process of growth and development.

The dominance of certain types of phytoplankton
can take place due to changes in nutrient
concentrations in marine waters. According to
Livingston (2001), phytoplankton species belonging
to the class Dinophyceae become dominant
when the concentration of nutrient types is in
very high conditions. When nutrients are in high
concentrations, these types of phytoplankton are
encouraged to release certain toxic substances
from the body into the waters. With these toxins
actually inhibit the development of phytoplankton
types that were previously dominant in waters
as examples of Diatom types. Conditions like
this have occurred in the waters of Jakarta Bay.

It is rare for several species to have exactly
the same living needs as their environmental
conditions; for example, if Dinoflagellates are
solid, then there are very few diatomae, and
vice versa if Diatomae are abundant, then
Dinoflagellates will be rare, because it is suspected
that Diatomae emit a type of toxin that can inhibit
the growth of Dinoflagellates (Basmi 1994).

CONCLUSION

The variability of physical, chemical, biological
parameters of waters spatially and temporally in
Jakarta Bay has an influence on the development
of phytoplankton communities in the waters.
Changes in the concentration and ratio of N : P
caused an explosion in the population of certain
types of phytoplankton in the waters of Jakarta
Bay. The biological variability of phytoplankton
types found to dominate phytoplankton
communities in Jakarta Bay waters is the genera
Skeletonema, Chaetoceros, and Rhizosolenia.
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