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Abstract
Phytoplankton blooms are a problem that often occurs in estuarine and coastal ecosystems. The changes in phytoplankton community species composition, diversity, biomass, and distribution were caused by the conditions
of seasonal and temporal variation. The immediate location of the estuary ecosystem is near cities, where rapid
economic growth and human activity tends to increase the pressure on the environment. The purposes of this research were to evaluate the seasonal and temporal variation and to determine the key species of phytoplankton in
the eastern part of Segara Anakan which can cause a bloom based on season. The samples of phytoplankton were
taken from 6 sites during April – September 2019 when the highest tide occurred during the dry and rainy seasons.
The community structure were performed using primer software Ver 5 to find the similarity and / or differences
of the phytoplankton community structure based on season. Simper analysis was used to determine key species
(phytoplankton species) based on season and location. The community structure of phytoplankton in Segara chicks
were composed by 5 divisions. During the dry season, Bacillariophyta was dominant (82%), whereas during the
rainy season, Bacillariophyta (43%) and Chlorophyta (31%) and Cyanophyta (25%) were the dominant species.
This study shows that the phytoplankton community structure in this estuary presents the environment conditions
during the rainy season that increase the abundance of phytoplankton, especially of the species which may thrive
into blooms. The most important species was Oscillatoria limosa that had the highest percentage of contribution.
Keywords: phytoplankton, Segara Anakan, spatial and temporal variation.

INTRODUCTION
An estuary is a part of the coastal ecosystem
which is directly connected to the sea. In an estuary, there is a mixture of marine and freshwater
that enters the area through drainage either from
the land or usually the river. Amri et al. (2019)
stated that the estuary area contains fertile waters,
because it is rich in nutrients which causes an
abundance of phytoplankton as primary producers to provide food for a higher tropical level. On
the basis of this ecological function, the condition
of the phytoplankton community is often used as
a measure of water fertility.
The eastern part of Segara Anakan estuarine
waters is located near the city area with rapid

economic growth, so that the Segara Anakan
waters received the organic and inorganic waste
from the domestic activities, factory, and other industries such as cement factory (Holcim) and oil
industry (Pertamina) which may cause environmental disturbance and low quality in the aquatic
area (Sulistiono, 2017). These human activities
also cause increasing nutrients which trigger eutrophication marked by phytoplankton bloom.
Phytoplankton blooms are a problem that often
occurs in estuarine and coastal ecosystems. The
changes in nutrient concentrations promoted the
population growth of phytoplankton species at
different time points during the year (Rojas-Herrera, 2012). The changes in composition, diversity, biomass, and distribution of phytoplankton
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community species were also influenced by the
conditions of seasonal and temporal variation
(Devlin et al., 2019). The temporal variation is a
condition which is affected by time, like between
the dry season and the rainy season where both of
them may affect the physical and chemical condition in the water, such as the fluctuation depth
and exposure which are influence by the rainfall
intensity (Zulmi, 2018).
The dynamic variation and biogeochemical
processes of nutrients in the estuary have a very
complex influence by season (Egerton, 2013).
The distribution and abundance of plankton in the
estuary is influenced by tides, salinity, temperature, chemical content, hydrostatic pressure and
season (Amri et al., 2019).
Season will affect the nutrient concentration,
light penetration, salinity, low temperature, and
turbidity (Rojas-Herrera, 2012). Changes in the
nutrient concentration will change the structure of
phytoplankton in the ecosystem and promote population growth at different points in time throughout the year (Menezes et al., 2013). Therefore,
in order to find the ways to solve environmental
problems of nutrient enrichment and eutrophication, as well as to develop new tools for devising
the restoration strategies to address eutrophication, it is necessary to understand the eutrophication process, plankton production, and biological
resources at the observation site (Egerton, 2013).
The purposes of this research were to evaluate
the temporal variation of phytoplankton diversity
and to determine the key species of phytoplankton

in eastern part of Segara Anakan based on season.
The results of this study can be used to estimate
water fertility and monitor environmental changes. Key species can be used as indicators of environmental quality. The presence or absence of
these key species can indicate that there has been
a change in the environment.

RESEARCH METHOD
The research was conducted by using a survey method with purposive sampling technique in
6 locations during the dry and rainy seasons. The
location of sampling are presented as in Figure 1.
The sampling was conducted once a month in
April, May, August, and September 2018.
The main parameters were the number of
individuals and species of phytoplankton. The
samples of phytoplankton were collected with
a 2-L Van Dorn bottle monthly during the rainy
(April, May 2019) and dry (August, September
2019) seasons in the euphotic zone (approximately 0.3–0.5 m below the surface) at each sites.
The phytoplankton sampling was performed during the day at 10.00 AM, until approximately
3.00 PM. Up to 100 L of water were poured into
a phytoplankton net for filtration, transferred to
sample vials with 2–3 drops each of 4% formalin
and Lugol’s solution, and then sealed tightly to
prevent spilling.
The results of phytoplankton identification in
the laboratory were used to determine the species

Figure 1. Research location of eastern Segara Anakan
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richness and relative abundance and also the level
of dominance for each species. The similarity/
dissimilarity percentage were performed using
primer software Ver 5 to find the similarity and/
or differences of community structure of phytoplankton based on season. Furthermore, to determine the key species of phytoplankton, they were
analyzed based on the percentage of contribution
(%) in compiling the community based on season.
Simper analysis was used to determine the key
species (phytoplankton species) by season and
location. The key species were determined based
on the total accumulated abundance of 50% of the
total abundance of the phytoplankton community
at a predetermined time or location.

RESULTS AND DISCUSSIONS
Diversity and Abundance of Phytoplankton
The result of phytoplankton identification
found that during the rainy season there were
58 species and the dry season 50 species with total abundance of 1695 ind.L-1 and 1133 ind.L-1,
respectively. It showed that in the rainy season,
both the abundance and number of species were
higher than in the dry season. In the rainy season,
there were 5 divisions of phytoplankton, namely
Bacillariphyta, Chlorophyta, Cyanophyta, Euglenophyta and Dinophyta. The dry season only consists of 3 divisions, namely Bacillariphyta, Chlorophyta, and Cyanophyta. Baccilariophyta is the
most abundant division followed by Chlorophyta
and Cyanophyta in both the rainy and dry seasons
(Table 1 and Figure 2).
On the basis of the result of phytoplankton
identification temporally between the dry and
rainy season, found that during the dry season
there were 33 species, composed by 6 Divisions:

Bacillariophyceae, Chlorophyceae, Cyanophyceae, Euglenophyceae, and Dinophyceae. During the dry season, the segara anakan water were
dominated by phytoplankton of Bacillariophyceae
up to 82% and 17.4% of chlorophyta (Figure 2).
The presence of cyanophyta shows that in the
rainy season waters tend to be polluted, because
the presence of cyanophyta indicates eutrophication. Cyanobacteria were only common in low salinity waters and occurred mostly at higher temperatures. Yan et al., (2017) stated that climate
warming and eutrophication are regarded as two
important contributors to the occurrence of cyanobacteria blooms in aquatic ecosystems. The dry
season was more dominated by Bacillariophyta.
Their abundance showed increasing up to 82%.
In that period, Chlorophyta also recorded an increase in percentage amounting to 17.4%. In the
case of Cyanophyta, it was only 0.4%, whereas
Euglenophyta and Dinophyta were not found during dry season (Figure 2).
During the rainy season, it was found that
there were 5 divisions composed by Bacillariophyceae, Chlorophyceae, Cyanophyceae, Euglenophyta and Dinophyceae. The 3 divisions of
Bacillariophyta, Chlorophyta and Cyanophyta
dominated the rainy season (Figure 3).
On the basis of its relative abundance, it can
be seen that 3 genera make up the community of
more than 10% during the rainy and dry season,
namely Oscillatoria, Asterionella, Chaetoceros,
and Eudorina (Table 2). The Asterionella, and
Eudorina generea, are only abundant during the
dry season, making up 21.18 % and 10.94% of
the communities, respectively, while Chaetoceros and Oscillatoria are abundant during the rainy
season in as much as 29.17% and 32.05%.
The phytoplankton species with the highest composition in the community in the rainy
season were Oscillatoria limosa, Chaetoceros

Table 1. Diversity and Abundance of Phytoplankton based on season
Number of species
Division

Abundance
rainy

dry

rainy

dry

Bacillariophyta

42

43

736

43,43

933

82,35

Chlorophyta

8

4

517

30,53

193

17,06

Ind.L-1

%

Ind.L-1

%

Cyanophyta

4

3

429

25,33

4

0,35

Euglenophyta

1

0

3

0,16

0

0

Dinophyta

3

0

9

0,55

3

0,24

Total

58

50

1695

100

1133

100

Source : Asiddiqi et al (2019)
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Figure 2. The abundance of phytoplankton
at Segara Anakan during dry season

Figure 3. The abundance of phytoplankton
at Segara Anakan rainy season

Table 2. The each percentage of plankton species in their communities
Species

Rainy

Dry

Relative Abundance %

Relative Abundance %

Genus : Asterionella
A. japonica

0,11

A. formosa

0,32

Asterionella sp.

0,21

A.lorenzianus

0,00

3,29
0,64

9,18
8,59

21,18

0,12

Genus : Coscinodiscus
C. marginatus

0,53

C. lineatus

8,44

E. elegans

0,00

C. affinis

13,14

1,29

C. siacense

2,24

2,82

C. senescense

0,00

0,71

C. compressue

0,64

0,12

C. dydymis

0,75

C. lauderii

6,94

C. weissflogii

0,00

0,94

C. paeudocurvi

0,00

0,59

C. diversus

0,53

0,00

C. curvisetus

0,75

0,00

C. brevis

4,17

9,97

5,41
0,00

5,41

Genus : Eudorina
0,00

10,94

10,94

Genus : Chaetoceros

1,76
29,17

2,47

10,71

0,00
Genus Oscillatoria

O. limosa

30,13

O. formosa

1,92

affinis, E. elegans with 30.13% and C. affinis
13.14%, and 10.94% (Table 3). Cyanophyceae
was commonly found in the lowest salinity,
whereas Ocsillatoria is a cosmopolitan genus
which can be found under almost every waters
138

32,05

0,12
0,00

0,12

condition such as freshwater, brackish and marine. Diatoms constitute one of the most abundant and diverse phytoplankton groups, with is
estimated to comprise 200,000 species. Chaetoceros is one of the largest genera of diatoms
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in the marine phytoplankton, and its many species are widely distributed, some even cosmopolitan (Li Y et al., 2017). Oscillatoria sp. is
a microalgae that is included in the group of
Cyanobacteria.
The phytoplankton from the Bacillariophyceae class, also known as Diatoms, were
the most abundant during the study. It is wellknown that diatoms are sensitive to a wide
range of technological and environmental variables, and that their community structure may
quickly respond to changing physical, chemical
and biological conditions in the environment
(Batsi et al., 2012). The dominance of phytoplankton from the Bacillariophyceae class is a
common occurrence at sea. This is attributed to
the fact that the phytoplankton from this class
are able to adapt to the environment in which
they live, compared to other types. The many
classes of Bacillariophyceae (Diatoms) in the
waters, apart from their ability to adapt, are also
cosmopolitan, resistant to extreme conditions
and have high reproductive power. Liu et al.,
(2014) stated that the phytoplankton commonly
found in the sea are usually dominated by large
ones, namely Diatoms and Dinoflagellates.
On the basis of a simper analysis using
primer software 5, the differences in phytoplankton abundance at the six observation
stations between the dry season and the rainy
season were compared. The cluster analyses
showed that there is a grouping of community
structures in each site during dry and rainy seasons (Figure 4).

This indicated that both seasons (dry &
rainy) had a significant influence towards the
average abundance of phytoplankton. In order to
further elaborate the comparison of differences
in phytoplankton abundance temporally in the
dry season at each sampling location, a simper
(similarity percetage) analysis was performed.
The results of the simper analysis of the season
obtained between the rainy and dry seasons obtained a disimilarity of 95.87%. This shows that
the seasons are composed by very different phytoplankton communities. There are 10 species of
phytoplankton that play a role in differentiating
these conditions (Table 3).
The results of enumeration based on the season showed that the dominant type of the phytoplankton community is Oscillatoria limosa
(8.75%), which was found to be very abundant
in the rainy season and less abundant in the dry
season, so that it is the key species that makes the
largest percentage contribution to support these
differences. Other key phytoplankton species are
the Chaetoceros affinis, Coscinodiscus lineatus
and C. marginatus, Eudorina elegans, Tabellaria
sp, and Asterionella sp, A. formosa and A. japonica geera (Table 3). The most common/dominant
species of the Oscillatoria limosa has the highest
percentage of contribution. This means that within one community of dry and rainy seasons, this
species filled the community as large as 8.75%,
among the dry and rainy seasons.
The results of phytoplankton enumeration between the sampling sites in each season showed
a significant difference (Table 4 and Table 5).

Figure 4. Clustering of Community Structure of phytoplankton between season.
Note : k : dry season h : rainy season
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Table 3. Simper analysis of phytoplankton groups based on season
Spesies

Av.Abund

Av.Diss

Diss/SD

Contrib%

Cum.%

0,15

8,39

0,49

8,75

8,75

12,21

1,00

6,59

0,72

6,87

15,63

5,64

0,00

5,33

0,43

5,56

21,19

Eudorina elegans

0,00

7,31

5,07

0,59

5,29

26,48

Tabellaria sp

0,21

6,00

4,96

0,61

5,18

31,66

Asterionella formosa

0,21

6,46

4,47

0,65

4,66

36,32

Asterionella japonica

0,07

6,54

3,68

0,52

3,84

40,15

Asterionella sp

0,64

5,62

3,49

0,64

3,64

43,79

Coscinidiscus marginatus

0,36

3,77

3,44

0,63

3,58

47,38

Rainy

Dry

Oscillatoria limosa

20,14

Chaetoceros affinis
Coscinodiscus lineatus

Average dissimilarity

95,83 %

Table 4. Key species of phytoplankton during rainy season
Spesies

Av.Abund

Av.Sim

Sim/SD

Contrib%

Cum.%

Chaetoceros affinis

12,21

2,49

0,41

28,30

28,30

Synedra accus

2,57

1,62

0,84

18,44

46,74

Average similarity (between
locations)

8,78 %

Tabel 5. Key species of phytoplankton during dry season
Spesies

Av.Abund

Av.Sim

Sim/SD

Contrib%

Cum.%

Tabellaria sp

6,00

1,98

0,36

11,20

11,20

Asterionella formosa

6,46

1,81

0,55

10,23

21,43

Eudorina elegans

7,31

1,69

0,44

9,55

30,98

Nitzschia sigma

3,92

1,69

0,69

9,54

40,52

Coscinidiscus marginatus

3,77

1,41

0,48

7,96

48,48

Average similarity
(between locations)

During the rainy it was shown that the phytoplankton community among the sampling sites
exhibited a very significant difference of 91.22%
with average similarity of 8.78% (Table 4). The
key species of phytoplankton (species found in all
locations) were Chaetoceros affinis (28.30%) and
Synedra accus (18.44%).
The dissimilarity of phytoplankton structure among the sites during the dry season was
very significantly different (83.3%). The average similarity among sites was 17.70% (Table 5).
The key species were Tabellaria sp (11 %), Asterionella formosa (10.23%), Eudorina elegans,
Nitzchia sigma (9.54%) and Coscinodiscus
marginatus (7.96%).
The differences in phytoplankton communities between sites are caused by each location
being influenced by different human activities
around it.
140

17,70 %

CONCLUSIONS
The community structure of phytoplankton
in Segara anakan were composed by 5 divisions.
During the dry season, the dominant species was
Bacillariophyta (82%), whereas during the rainy
season, Bacillariophyta menurun (43%), Chlorophyta (31%), and Cyanophyta (25%) were the
most abudnant.
The phytoplankton diversity was different
both spatially and temporally. The areas that are
relatively far from human activities were more
diverse. Temporaly, the diversity during the dry
season was more diverse than during the rainy
season. The most common/dominant species was
Oscillatoria limosa that had the highest percentage of contribution. Overall, this study shows that
the phytoplankton community structure in this
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tropical stratified estuary presents the environment conditions during the rainy season that increase the abundance of phytoplankton that may
thrive into blooms.
Acknowledgement
Thanks to Dean of Biology Faculty of UNSOED (Dr.rer.nat. Imam Widhiono MZ, M.S) on behalf of the Directorate General of Higher Education
Research and Technology of Indonesia for funding
this project through the Institutional Reseach (RISIN) Scheme with contract Number of Kept.3715/
UN23.14/PN.01.00/2018 March 29, 2018.

REFERENCES
1. Amri, K.; Ma’mun, A.; Priatna, A.; Suman, A., &
Prianto, E. & Muchlizar. 2019. The Abundance and
The Spatio-Temporal Distribution of Phytoplankton
in Siak River Estuarine and Their Relationships with
Oceanographic Parameters. Majalah Ilmiah Globë,
1(2), 105-116
2. Badsi, H.; Ali, H.O.; Loudiki, M., and Aamiri, A.,
2012. Phytoplankton Diversity and Community
Composition along the Salinity Gradient of the
Massa Estuary. American Journal of Human Ecology, 1(2), 2012, 58–64.
3. Bellinger, E.G. and Sigee, D.C. 2010. Freshwater Algae. Identification and Use as Bioindicators. Frst edition. Wiley-Blackwell . John Wiley &amp; Sons, Ltd.
4. Choi J., Noh J., Orlova T., Park M., Lee S., Park Y.,
Son S., Stonik I. and Choi D. 2015. Phytoplankton
and primary production. Springer International Publishing, (2015), 217–245. https://dx.doi.org/10.100
7/978–3–319–22720–7_10
5. Clark, 1977. Coastal ecosystem management. A
technical manual forthe conservation of coastal zone
resource. New York: John Wiley and Sons.
6. Carstensen, J., Klais, R, and Cloern, J.E. 2015.
Phytoplankton blooms in estuarine and coastal
waters: Seasonal patterns and key species. Coastal
and Shelf Science on ScienceDirect” Estuarine,
Coastal and Shelf Science, 162, 98–109. https://
doi.org/10.1016/j.ecss.2015.05.0
7. Damayantia, N.M.D., Hendrawan, I.G. and Faiqah,
E., 2017. Distribusi Spasial dan Struktur Komunitas Plankton di Daerah Teluk Penerusan, Kabupaten
Buleleng. Journal of Marine and Aquatic Sciences, 3(2), 191–203.
8. Filippino K., Egerton T., Hunley W. and Mulholland
M. 2017. The influence of storms on water quality and phytoplankton dynamics in the Tidal James
River. Estuaries and Coasts, 40(1), 80–94. https://

dx.doi.org/10.1007/s12237–016–0145–6
9. Global change effects on plankton community
structure and trophic interactions in a Patagonian
freshwater eutrophic system Macarena S. Valin˜as.
Virginia E. Villafan˜e. Marco J. Cabrerizo . Cristina
Dura´n Romero. E. Walter Helbling. Hydrobiologia
DOI 10.1007/s10750–017–3272–6
10. Hatta, M., Kaswadji, R.F., Purba, M. & Monintja,
D.R. 2010. The Relationship of Phytoplankton
Abundance and Environment Parameters in Barru
Regency Coastal Water, Macassart Strait. Forum
Pascasarjana, 33(1), 1–11.
11. Hofmeister R., Flöser G. and Schartau M. 2017. Estuary-type circulation as a factor sustaining horizontal nutrient gradients in freshwater-influenced coastal systems. Geo-Marine Letters, 37(2) 179–192.
https://dx.doi.org/10.1007/s00367–016–0469-z
12. Jian, W.; Song X.; Huang, X. ; Liu, S. ; Qian,P. ;
Yin, K. ; & Wu, M. Huang L. 2004. Species diversity and distribution for phytoplankton of the Pearl
River estuary during rainy and dry seasons. Marine
Pollution Bulletin, 49, 588–596.
13. Lee, R.E. 2008. Phycology . Fourth edition. Cambridge University Press , New York.
14. Li Y, Boonprakob A, Gaonkar CC, Kooistra WHCF,
Lange CB, Herna´ndez-Becerril D, Zuoyi Chen,
Moestrup Ø. and Lundholml N. 2017. Diversity
in the globally distributed diatom genus Chaetoceros (Bacillariophyceae): Three New Species
from Warm-Temperate Waters. PLoS ONE, 12(1),
e0168887. doi:10.1371/journal. pone.0168887
15. Odum, E.P., 1993. Dasar-Dasar Ekologi (Principal
Ecology). Yogyakarta: Gadjah Mada University
Press.
16. Parmar T., Rawtani D. and Agrawal Y. 2016. Bioindicators: the natural indicator of environmental
pollution. Frontiers in Life Science, 9(2), 110–118.
https://dx.doi.org/10.1080/21553769.2016.1162753
17. Piranti, A.S., Setyaningrum, N., Retna, D. and Ardli, E.R. 2019. Fish conservation status in eastern
part of segara anakan Cilacap Indonesia. Published
under licence by IOP Publishing Ltd. IOP Conference Series: Earth and Environmental Science, 406,
2nd International Conference on Life and Applied
Sciences for Sustainable Rural Development 20–22
November 2019, Purwokerto, Indonesia.
18. Pooja, 2010. Textbook of Phycology. Springer. Amazon Asia-Pacific Holdings Private Limited.
19. Pratiwi, H.A.D. &. S., 2018. Phytoplankton community structure in the Estuary of Donan River,Cilacap,
Central Java, Indonesia. Biodiversity, 19(6),
2104–2110.
20. Rojas-Herrera, A.A.; Violante-González, J.; GarcíaIbáñez, S; Sevilla-Torres V.M. G.; Gil-Guerrero, J.S.
& Flores-Rodríguez , P. 2012. Temporal variation

141

Journal of Ecological Engineering 2021, 22(3), 135–142
in the phytoplankton community of Acapulco Bay,
Mexico. Microbiology Research 2012; 3:e4.
21. Sahoo , D. and Seckbach , J. 2015. The Algae World
(Cellular Origin, Life in Extreme Habitats and Astrobiology). 1st Edition. Springer. Amazon AsiaPacific Holdings. Private Limited.
22. Sze, P. 2009. A Biology of the Algae. WCB/McGraw-Hill, Oxford, England.
23. Sulistiono, S., 2017. Segara Anakan estuary waters
environment, Cilacap, Central Java as a basis for
fisheries development. Prosiding Seminar Nasional
Ikan ke-9, pp. 1–13.
24. Shamina, M. and Ram AT. 2014. Short communication occurrence of Oscillatoria perornata Skuja f. attenuata Skuja (Oscillatoriacae): New report to India
from marine habitat. Int.J.Curr.Microbiol.App. Sci,
3(7), 648–650. http://www.ijcmas.com
25. Thompson P. 2012. Plankton. A guide to
their ecology and monitoring for water quality. Austral ecology, 37(2), e7-e8. https://dx.doi.
org/10.1111/j.1442–9993.2012.02360.x
26. Trombetta T., Vidussi F., Mas S., Parin D., Simier
M. and Mostajir B. 2019. Water temperature drives
phytoplankton blooms in coastal waters. PLoS
ONE, 14(4). https://dx.doi.org/10.1371/journal.
pone.0214933

142

27. Utami, T.M., Lilik, M. & Muhammad, Y., 2016.
Distribution of Nitrate (NO3) and Phosphate (PO4)
in Karangsong Waters, Indramayu Regency. Jurnal
Oseanografi Marina, 5(1), 31–37.
28. Wiyarsih, B; Endrawati, H. and Sedjati, S. 2019.
Komposisi dan Kelimpahan Fitoplankton di Laguna
Segara Anakan, Cilacap (Phytoplankton abundance
and composition in Laguna Segara Anakan, Cilacap). Buletin Oseanografi Marina, 8(1), 1–8.
29. Wulandari, D.Y; Pratiwi, N.T.M.; Adiwilaga, E.M.
2014. Spatial Distribution of Phytoplankton in the
Coast of Tangerang. Jurnal Ilmu Pertanian Indonesia, 19(3), 156–162.
30. Yan X., Wang M., Wang G., Wu S., Li Z., Sun H.,
Shi A., Yang Y. 2017. Climate warming and cyanobacteria blooms: Looks at their relationships from
a new perspective. Water Research, 125, 449–457.
31. Yuliana, Adilaga, E.M., Haris, E., & Pratiwi, N. T.W.
2012. Relationship between Phytoplankton Abundance and Physical-Chemical Parameters of Water
in Jakarta Bay. Jurnal Akuatika, 3(2), 169–179.
32. Yulius, Aisyah, J.P. & Dino, G., 2018. Aquatic Quality Study for Grouper Marine Fish in Saleh Bay,
Dompu Regency. Jurnal Segara, 14(1), 57–68
33. Zulmi, R., 2018. Temporal Variations and Phytoplankton Sensitivity to Water Quality and Zooplankton in Lake Ebony, Jakarta. Skripsi. Bogor: IPB.

