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ABSTRACT This research aimed to study the phytoplankton community in ships’ ballast water in
comparison with the natural assemblages in the waters of Tanjung Priok Harbour in Jakarta,
Indonesia. Phytoplankton samples were collected between November 2011 to October 2012 from
four ports of Tanjung Priok Harbour and from discharged ballast water of randomly selected ships in
the port. Skeletonema, Thalassiosira, and Chaetoceros were three predominant phytoplankton
genera in all samples. Ceratium and Protoperidinium were also commonly found in high densities in
most samples. An unusual phytoplankton bloom (> 109 cells m-3) was observed in the ballast water
sample taken in March 2012. It was unknown whether this bloom was formed inside the tank or was
already present at the source. Ballast water samples of BWD11, BWM12, and BWA12 had significantly
different phytoplankton community from the natural assemblages in the harbour, which increase
the risk of non-indigenous phytoplankton introduction to Tanjung Priok Harbour.
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1. INTRODUCTION

Ship’s ballast water has been suggested as the main cause
of jump dispersal event for many aquatic organisms.
Studies of ballast water in various countries have shown
that ships facilitate the transfer of many phytoplankton
species across natural barriers (Carlton 1985; Cohen 1998;
Gollasch et al. 2000; Couts et al. 2003; David et al. 2007).
In many cases, non-indigenous species has caused prob-
lematic phenomena, such as harmful algal blooms (HABs)
that has negative impacts for natural environments, hu-
man health, as well as economic loss (David et al. 2007;
Choi 2009). Although the environmental conditions in-
side ballast tanks may not be favourable for the growth of
many phytoplankton cells, many of them are capable on
forming a resting stage (cysts or spores) in extreme con-
ditions (Cohen 1998; Gollasch et al. 2000; Choi 2009).
Some phytoplankton species, especially the diatoms,
could even survive in planktonic form in the absence of
light, extreme temperature, and extreme salinity inside
ballast tanks (Gollasch et al. 2000).

Tanjung Priok Harbour in Jakarta Bay is one of the
busiest international ports in Indonesia and is part of a
eutrophic coastal ecosystem (Sidabutar 2010). Cases of
phytoplankton bloom, followed by mass fish mortality
have occurred several times in Jakarta Bay (Thoha et al.
2007; Sidabutar 2010). The most recent case of mass fish
mortality, due to mixed blooms involving two diatom
genera Skeletonema and Chaetoceros, occurred in May
and September 2007 (Thoha et al. 2007). More than
10,000 vessels from various countries and regions of In-
donesia utilise Tanjung Priok Harbour every year (An-
onymous, 2006). Due to lack of strict laws on ballast

water management, many vessels discharge ballast water
inside the port, thus increasing the risk of introducing
non-indigenous and harmful phytoplankton species to
the ecosystem of Jakarta Bay. The aim of this research is
to determine the community structure of phytoplankton
in the ships’ ballast water in comparison with naturally
occurring phytoplankton in Tanjung Priok Harbour.

2. MATERIALS AND METHODS

2.1 Location and time

This research was conducted from November 2011 to
October 2012 in Tanjung Priok Harbour, the largest na-
tional and international port in Jakarta. There were four
sampling stations in this research: Ports 1–3 and Docking
Port (Figure 1). Ballast water from the ships in the port
was also treated as a specific sampling station. Foreign
registered large tankers and cargo ships used Port 1 while
Ports 2 and 3 were used by ships originating from within
Indonesia (Figure 1). The Docking Port sampled in this
study was located next to the Port 3 (Figure 1) where
vessel maintenance works are carried out.

2.2 Phytoplankton sampling of port and ballast water

Phytoplankton samples were collected by vertical tow
from the depth of 10 m using a Kitahara plankton net
(mesh size 80 µm, ring 30 cm, length 1 m) in the port wa-
ters of Tanjung Priok Harbour. Sample collection for bal-
last water was conducted on one randomly selected
foreign registered ship in the international port (Port 1)
(Table 1). However, due to difficulties in obtaining per-
mission to get on board the vessels, phytoplankton
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sampling for ballast water was conducted by collecting
water discharged from the ballast tanks of the ship, using
a modified polycarbonate water sampler. The sample was
then concentrated using a hand plankton net (mesh size
20 µm, ring 15 cm, length 45 cm). Concentrated samples
from both vertical haul and ballast water samples were
preserved by adding 2 mL of 40% buffered formaldehyde
solution per 100 mL sample (Edler and Elbrachter 2010).

2.3 Phytoplankton identification and enumeration

Identification and enumeration of phytoplankton cells in
the samples were conducted by the fractionation
method. This was conducted by removing 0.1 mL of
sample using a stamp pipette and placing the sample into
a Sedgwick Rafter Counting Chamber (SRCC). In the case

of very dense phytoplankton samples, serial dilution up
to 10-3 was conducted. The sample in SRCC was then ob-
served under 100-200x magnification with a Nikon Pho-
tophot-2 microscope. Phytoplankton were identified to
genus using morphological characters with reference to
Davis (1955), Yamaji (1966), Shirota (1966), Nontji (2008),
Praseno and Sugestiningsih (2000), and Tomas (1997).

2.4 Data analysis

The number of phytoplankton cells in the samples was
then converted into cells m-3, using a modified formula of
Arinardi (1997), and Semina (1978). The data on phyto-
plankton community structure was analysed by calculat-
ing its relative density according to Cox (1976). A
non-metric multidimensional scaling analysis (n-MDS)
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Figure 1. Location of sampling stations (as indicated by red stars) in Tanjung Priok Harbour, Jakarta, Indonesia.

Table 1. Details on the ships sampled in this study. Due to permit issues, the ships’ log containing details on any ballasting activities could not be obtained.



using Euclidean distance (Bakus 2007) was conducted us-
ing SPSS ver. 17 to measure the similarities between
phytoplankton community in Tanjung Priok Harbour and
ballast water.

3. RESULTS AND DISCUSSION

3.1 Phytoplankton dynamics in port and ballast water at
Tanjung Priok Harbour

Results showed different dynamic patterns in the
phytoplankton community of Tanjung Priok Harbour
(Figure 2). In general, a cyclic population growth pattern
was observed in all Ports, with high and low density of
cells observed almost at regular intervals (Figure 2).
Similar to the general trend found in Jakarta Bay (Thoha,
2010), diatom cell density was much higher than
dinoflagellates in this study (Figure 2). The density of
diatoms in Tanjung Priok Harbour varied between
1,161,017 to 56,531,073 cells m-3, whilst the density of
dinoflagellates was observed to be from 0 to 848,656 cells
m-3. In most sampling sites (ports) in the Tanjung Priok
Harbour, the population dynamics of dinoflagellates were
also different from diatoms (Figure 2A–D).

The highest diatom densities in Ports 1 to 3 occurred
in January 2012 (Figure 2A–C) and were observed to be
176,690,240 cells m-3, 132,050,919 cells m-3, and 209,306,931

cells m-3 at Ports 1, 2 and 3 respectively. In contrast, the
highest diatom density was observed twice, in December
2011 and July 2012 at the docking port (Figure 2D). The
density of diatoms at the Docking Port in December 2011
was 257,750,000 cells m-3, while in July 2012 the diatom cell
density was 252,700,565 cells m-3. Dinoflagellates also
seemed to display cyclic population dynamics, with short-
er density peak intervals compared to the diatoms (Figure
2). In general, the highest density of dinoflagellates was
observed in April 2012, with the exception of Docking port
where the highest density of dinoflagellates occurred in
December 2011 (Figure 2). The density of dinoflagellates
during April 2012 in Ports 1, 2 and 3 were 848,656 cells m-3,
884,017 cells m-3, and 80,808 cells m-3, respectively. On the
other hand, the density of dinoflagellates during December
2011 in Docking Port was 35,250,000 cells m-3.

Our results showed that the highest density of diat-
oms in ballast water occurred in March 2012 (Figure 2),
with values exceeding 109 cells m-3. Meanwhile, the
highest density of dinoflagellates in ballast water was ob-
served in April 2012 (Figure 2), with a density of 16,500
cells m-3. It was important to note that the highest density
of dinoflagellates in ballast water during April 2012, was
coincided with its highest density in port 1, 2, and 3 (Fig-
ure 2). It was unknown whether the peak in dinoflagellates
density in port 1, 2, and 3 during April 2012 was related to
ballast water discharge into the water. However, it is also
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Figure 2. Phytoplankton population dynamics at Tanjung Priok Harbour, Jakarta Bay, Indonesia (see Figure 1 for locations). Cyclic population growth
and decline of diatoms and dinoflagellates were observed in (A) Port 1; (B) Port 2; (C) Port 3; (D) Docking Port; (E) Ballast water samples from ships (see
Table 1) (nd = no data).
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Figure 3. Phytoplankton community structure observed at four locations and in ballast water from ships in Tanjung Priok Harbour, Jakarta Bay,
Indonesia. Skeletonema, Thalassiosira, and Chaetoceros comprised the three predominant phytoplankton genera seen in this study. (A) Port 1; (B) Port
2; (C) Port 3; (D) Docking Port; (E) Ballast water, taken from different ships each month (Table 1). nd = no data.

(B)

(C) (D)

(E)

Figure 4. Result of an n-MDS analysis for phytoplankton communities examined from Ports 1–3, Docking Port and ship ballast water in Tanjung Priok
Harbour, Jakarta Bay, Indonesia. The community structure of three ballast water samples (BWA12, BWM12, and BWD11) were different from all other
samples examined.



possible that the peak density of dinoflagellates in the
ballast water was caused by ships taking ballast water
from the port’s water. Unfortunately, it was not possible to
clearly determine whether the ballast water sample col-
lected during April 2012 was from the tanks filled with
Tanjung Priok waters. The density of dinoflagellates found
in ship’s ballast water, which come to the Tanjung Priok
Harbour, was increasing steadily since January 2012 to
March 2012 (Figure 2).

In this study, it was not surprising to note that the
densities of diatoms and dinoflagellates in the ship’s bal-
last water were very high (Figure 2), and these figures
were clearly way beyond the accepted levels stipulated
by IMO G8 (D-2) regulations (IMO, 2008). This condition
was caused by the lack of regulation on ballast water
management in Indonesian ports, including Tanjung Pri-
ok Harbour in this study. This has caused the ships that
came into the port to be able to discharge the ballast in-
side the port area, thus increasing the risk of introducing
non-indigenous species into the ecosystem.

3.2 Phytoplankton community structure in port and
ballast water at Tanjung Priok Harbour

The results showed that phytoplankton community
structure differed across all sampling sites (Figure 3). In
general, Skeletonema, Chaetoceros, and Thalassiosira pre-
dominated the phytoplankton community in Tanjung Pri-
ok Harbour (Figure 3A-C). Thalassiosira was found in high
densities in all ports in Tanjung Priok Harbour during
November to December 2011 (Figure 3). After that, the
dominance of Thalassiosira was replaced by Skeletonema
from January to April 2012 (Figure 3). Another bout of
high Thalassiosira dominance was observed in May 2012,
but only at Port 2 and 3, and Docking Port (Figure 3B–D).
During the adjacent month, the phytoplankton com-
munity in Port 1 was pre-dominated by Chaetoceros, Ske-
letonema, and Coscinodiscus (Figure 3A). Chaetoceros
started to pre-dominate the community in June 2012 but
its domination was gradually decreased in the following
month until September 2012 (Figure 3). Bacteriastrum, a
common and abundant phytoplankton genus in Jakarta
Bay (Thoha 2010), was only able to pre-dominate the
community in October 2012 (Figure 3). The changes in
phytoplankton community structure in Tanjung Priok
Harbour waters might be related to the change of season.
Chaetoceros seemed to be more abundant in the port wa-
ters during the dry season in June to August 2012 (Figure
3), when higher salinity and temperature conditions oc-
cur. In contrast, high dominance of Skeletonema might be
related to increasing freshwater input and lower salinity
during the wet season (December to February) and inter-
mediate season I (March to May) (Figure 3). However, it
was unclear why the density of Thalassiosira relative
suddenly increased in May 2012 (Figure 3).

Similar to the phytoplankton community in the port
waters, the community in ballast water was also domin-
ated by diatoms (Figure 3E). Skeletonema, Chaetoceros,
and Thalassiosira were the three dominant phytoplank-
ton genera in the ballast water of ships (Figure 3E). Dino-
flagellates were also present in ballast water samples, but
only Ceratium and Protoperidinium were common.
However, the number of genera present in ballast water
was lower than in port waters. The number of genera
present in all ports of Tanjung Priok in all months was
varied between 9 to 19 genera, while in ballast water the
highest number of genera present was only 12. This

showed that only few phytoplankton genera are capable
of surviving the unfavourable water conditions inside
ballast tanks. However, a study on ballast water in Ger-
many suggested that phytoplankton not only capable to
survive in the ballast, some species might even can re-
produce inside the ballast tanks (Gollasch 1996; Cohen
1998; Gollasch et al. 2000; David et al. 2007). Some diat-
oms such as Pseudo-nitzschia, Hemiaulus, Rhizosolenia,
and Thalassiosira are known to survive in the ballast wa-
ter tanks for over 100 days (Gollasch et al. 2000). In this
study, potentially harmful genera, such as Dinophysis and
Prorocentrum were present in the sample, but their ab-
solute and relative densities were very low compared to
diatoms (Figure 3E). Unfortunately, due to legal issues,
the sediment from the bottom of the ballast tank could
not be sampled to observe the cyst bank that might
formed inside the tanks. Thus the number of genera that
were observed might not be representative of the true
phytoplankton community structure in the ballast tank.

Based on the result of the n-MDS analysis, it was
found that most of the ships’ ballast water sampled in
this study has similar phytoplankton community struc-
ture with Tanjung Priok Harbour waters (Figure 4). That
trend confirmed our earlier assumption that some of the
ships that were sampled in this study did take some bal-
last water from the port. However, ballast water sampled
in December 2011 (BWD11), March 2012 (BWM12), and
April 2012 (BWA12) possessed significantly different
phytoplankton community structures compared to the
other sampling sites (Figure 4). This suggests that the
phytoplankton community inside the ballast water of
ships sampled during that time did not come from the
water inside the Tanjung Priok ports or Jakarta Bay.

According to ship data shown in Table 1, BWD11,
BWM12, and BWA12 samples were taken from ships with
the national flag of South Korea, Panama, and Indonesia.
Unfortunately, due to legal issues, details on the ballast-
ing activities and last port of those ships were not avail-
able for this study. Therefore, it was hard to determine
whether the unique phytoplankton communities in the
samples (Figure 4) were originated from those countries.
Even so, the result of the n-MDS analysis did strongly
suggest that the phytoplankton communities found in
BWD11, BWM12, and BWA12 were different from those
found in Tanjung Priok Harbour.

In this study, ballast water samples in December 2011
(BWD11) had one of the highest densities of both dinofla-
gellates and diatoms (Figure 2E) compared to other
samples (Figure 2A–D). The density of diatoms in the
sample was over 6×108 cells m-3, while the dinoflagellate
cell density was over 8×106 cells m-3 (Figure 2E). In BWD11,
the most abundant diatom genus was Thalassiosira, with a
density of 621,900,000 cells m-3 (Figure 3E). Meanwhile,
dinoflagellate community in BWD11 sample consisted of
only two genera, Ceratium, with a density of 8,400,000
cells m-3, and Protoperidinium, with a density of 300,000
cells m-3. The phytoplankton community in BWD11 was
significantly different from the natural assemblages in the
ports due to high density (>105 cells m-3) of Guinardia,
Lauderia, and Navicula in the sample. Those three diatoms
were not present in the ports water in December 2011.

Ballast water samples in March 2012 (BWM 12) had the
highest density of diatom cells (Figure 2). This sample was
also characterized by having a high dominance of
Skeletonema (Figure 3E). With a density over 109 cells m-3

(Figure 2E), a Skeletonema-dominated phytoplankton
bloom event seemed to have occurred inside the ballast
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tank, which is quite unusual. It was unknown whether this
bloom developed inside the tank or there was a bloom
event in the source water. Skeletonema is generally known
as a cosmopolitan diatom that are frequently found in bal-
last water tanks of some trans-Pacific ships. It has been
suggested that they have specific metabolic strategies to
deal with absence of sunlight and nutrient deficiency in-
side the ballast tanks (Klein et al. 2010). Thus, it is possible
that extreme conditions in the ballast tanks reduced the
predation rate by zooplankton and competition rate, al-
lowing Skeletonema to form blooms inside the tanks.

On the other hand, ballast water sample in April 2012
(BWA12) has the highest density of dinoflagellates (Figure
2E) than in the adjacent month (Figs. 2A-D). The density
of dinoflagellates in the April 2012 ballast water sample
was more than 16×106 cells m-3 (Figure 2E). Phytoplank-
ton community in the BWA12 sample was very different
from others due to the high abundance of Ceratium, Pro-
toperidinium, and Prorocentrum, which have densities of
9,900,000 cells m-3, 4,200,000 cells m-3, and 1,200,000
cells m-3, respectively. In this case, Protoperidinium was
one among few genera of dinoflagellates that tend to
survive a long voyage inside the ballast water tanks, most
likely due to its heterotrophic characteristics (Hallegraef
1998). On the other hand, Ceratium and Prorocentrum
were two harmful dinoflagellates that often remained in-
side the ballast water tanks of trans-Pacific ships, even
after the ship has undergone the open ocean ballast wa-
ter exchange (OOBW) process (Zhang and Dickman 1999).
By taking account of their survivability, the ballast tanks
would act as a jump dispersal medium for Ceratium, Pro-
rocentrum, and Protoperidinium, which later could easily
be introduced to Tanjung Priok waters.

3.3 Potential dangers of introduced phytoplankton from
ballast water

The result of this research suggested that the likelihood
of an exotic species bloom in the Tanjung Priok Harbour
seems likely. Furthermore, three ballast water samples
from different ships with different nationality, have
unique phytoplankton communities that are significantly
different from the those of Tanjung Priok Harbour. In this
case, exotic or non-indigenous species will enter the
ecosystem by ballast water discharge from the foreign
ships in the ports. Although the general survival rate for
phytoplankton in ballast water was only 0.2 % (Gollasch
et al. 2000), some dinoflagellates could survive in the
form of resting cysts in the deposited sediment at the
bottom of the ballast tank (Hallegraeff 1998; David et al.
2007). Many of those cysts are viable and can germinate
after discharge from the ballast tank to the port water
(Hallegraeff 1998). However, the bloom of dinoflagellates
that emerge from the cyst stored in ballast water might
not occur immediately in the new ecosystem. Research in
Tasmania showed that the introduction of Gymnodinium
catenatum in 1972 required eight years to cause the first
bloom event in 1980 (Hallegraeff et al. 1988; Hallegraeff
1998; McMinn et al. 1998).

Aside from dinoflagellates, some harmful diatoms,
such as Pseudo-nitzschia, are known to survive a long
journey inside the ballast water tanks (Hyun et al. 2016).
There was a case where Pseudo-nitzschia was exported
from Pasaia Harbour in Spain to St. Lawrence Seaway in
Canada (Butron et al. 2011). Thus, phytoplankton dis-
charged from ship’s ballast water in Tanjung Priok Har-
bour might not pose an immediate danger but has
chances to create ecological problems in the future.

Based on the study by Hallegraeff (1998), the introduced
phytoplankton species from the ballast water might take
10 to 20 years to form a successful germination in Tan-
jung Priok Harbour. When the adapted generation of
phytoplankton cells formed, the non-indigenous species
might begin to bloom in the environment and cause
severe economic damage.

4. CONCLUSIONS

The results of this study strongly suggest a possible intro-
duction of non-native phytoplankton communities into the
waters of Tanjung Priok Harbour. That was due to the
finding of unique phytoplankton community structure,
which was significantly different from the one found in the
waters of the harbour. Combined with the high density of
phytoplankton observed in ballast water samples, it was
suggested that the risk of invasion by exotic phytoplankton
species in Tanjung Priok Harbour water is high. Unfortu-
nately, it was not known whether the phytoplankton spe-
cies found both in ballast water or port’s waters were
native or introduced. Even so, it becomes very important
to rapidly establish a ballast water management system in
the port, in order to prevent or mitigate the negative im-
pact of invasive phytoplankton species from the ships’ bal-
last water.
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