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A study on phytoplankton community in a tropical man-made lake, Putrajaya Lake was
carried out from October 2009 to September 2010. The study was conducted to
examine the phytoplankton composition, distribution and diversity in different zones of
the lake, and in different seasons. Monthly phytoplankton samples were collected at
three selected stations representing three different lake zones, namely Station 1 (littoral
zone), Station 2 (sub-littoral zone) and Station 3 (limnetic zone). Phytoplankton
samples from each station were preserved, identified and enumerated. Physico-
chemical parameters such as water temperature, pH, conductivity and dissolved oxygen
were measured in situ. Meteorological data were obtained from the Putrajaya
Corporation Database Centre.

Differences in the composition and diversity of the community across zones spatially
and vertically were analysed by using multivariate test procedures. A total of 148
species from 77 genera were recorded for the Putrajaya Lake during the study period.
The seven identified groups were Chlorophyta (59% of the total abundance),
Pyrrhophyta (15%), Cyanobacteria (11%), Bacillariophyceae (9%), Chrysophyceae
(3%), Cryptophyta (2%) and Euglenophyta (1%). The highest total mean density of
phytoplankton was recorded in the limnetic zone (433.94 + 18.29 cells ml™), followed
by sub-littoral (292.94 + 18.61 cells mI™) and littoral zone (199.58 + 13.56 cells ml™).
Average similarity within zones in descending order was limnetic zone (58.5%), sub-
littoral zone (53.7%) and littoral zone (52.1%). According to zones, Peridinium had the
highest density in littoral and sub-littoral zones although the dinoflagellates were not
the dominant phytoplankton group, whereas Staurastrum dominated the limnetic zone.
There was a significant difference in the Shannon-Wiener diversity index for
phytoplankton diversity and abundance in all three zones (p < 0.05). Limnetic zone
demonstrated the highest species diversity (H’=3.48 + 0.021) compared to other zones.

In terms of depth distribution, the highest phytoplankton density was found at 1.5 m
depth (366.03 + 33.37 cells mI™) combining all stations. However, the highest species



diversity was observed at 2.0 m depth (3.54 + 0.04). Nonetheless, densities and species
diversity values at different depths were not significantly different (p > 0.5).

Two distinct groups consisted of limnetic and littoral-sub-littoral zones at 83% were
obtained from the dendrogram. SIMPER average dissimilarity was highest between
littoral and limnetic zone (50.8%) with Staurastrum as the most discriminating genus
(6.7%). Sub-littoral species dominated both littoral and limnetic phytoplankton
communities suggesting that sub-littoral zone acts as an interphase for phytoplankton
adaptation and migration between the two different zones.

Phytoplankton community in Putrajaya Lake did not show distinct seasonal pattern.
Rainfall had low influence on the phytoplankton community structure (r = 0.168) and
the ANOSIM R value (R = 0.21) indicated strong overlapping of phytoplankton
communities found during the wet and dry seasons. Average dissimilarity between the
two seasons was 49.8% whilst average similarity within each wet and dry seasons were
55.0% and 58.5%, respectively. Shannon-Wiener diversity index during the wet season
was higher than the dry season, but not significantly different (p > 0.05).

Physical parameters such as water transparency, temperature, pH, dissolved oxygen,
and conductivity were found to be important factors characterizing each zone and
influencing the phytoplankton composition (p < 0.01). The genus Staurastrum and
Peridinium which were found dominant in the present study may indicate the water
trophic as oligotrophic. Nevertheless the rise and sink of chrysophytes at a certain
period of time may suggest the interchanging trophic water between oligotrophic to
mesotrophic. The findings suggest that spatial and temporal distribution and diversity
of the phytoplankton community can be affected significantly by local lake zonation
characterized by environmental variations.
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Satu kajian mengenai komuniti fitoplankton di sebuah tasik tropikal buatan manusia,
Tasik Putrajaya, Malaysia telah dijalankan sejak Oktober 2009 sehingga September
2010. Kajian tersebut dilaksanakan untuk mengkaji komposisi, distribusi dan variasi
fitoplankton mengikut faktor perbezaan zon tasik dan perbezaan musim. Sampel
bulanan fitoplankton telah diambil di tiga stesen terpilih yang mewakili tiga zon
berbeza sesebuah tasik, iaitu Stesen 1 (zon litoral), Stesen 2 (zon sub-litoral) dan Stesen
3 (zon limnetik). Sampel fitoplankton dari setiap stesen telah diawet, dikenalpasti dan
dikira. Parameter fisiko-kimia seperti suhu air, pH, konduktiviti dan oksigen terlarut
telah diukur secara in situ. Data meteorologi turut didapati dari pangkalan data
Perbadanan Putrajaya.

Perbezaan dari segi komposisi dan kepelbagaian komuniti fitoplankton merentas zon
mengikut ruang dan secara menegak telah dianalisa menggunakan prosedur ujian
multivariat. Sejumlah 148 spesies daripada 77 genera telah direkod. Tujuh kumpulan
yang telah dikenal pasti adalah Chlorophyta (59% daripada jumlah keseluruhan
fitoplankton), Pyrrhophyta (15%), Cyanobacteria (11%), Bacillariophyceae (9%),
Chrysophyceae (3%), Cryptophyta (2%) dan Euglenophyta (1%). Purata kepadatan
fitoplankton yang tertinggi telah direkod di zon limnetik (433.94 + 18.29 sel ml™),
diikuti oleh zon sublitoral (292.94 + 18.61 sel ml™) dan zon litoral (199.58 +13.56 sel
ml™). Purata persamaan dalam lingkungan zon secara menurun adalah zon limnetik
(58.5%), zon sublitoral (53.7%) dan zon litoral (52.1%). Mengikut zon, Peridinium
mencatat limpahan tertinggi di zon litoral dan zon sublitoral meskipun dinoflagella
bukan merupakan kumpulan dominan, sementara Staurastrum mendominasi zon
limnetik. Terdapat perbezaan signifikan pada indeks kepelbagaian Shannon-Wiener
untuk kepelbagaian dan limpahan fitoplankton di ketiga-tiga zon (p < 0.05). Zon
limnetik menunjukkan indeks kepelbagaian tertinggi (H’=3.48 = 0.021) berbanding zon
lain.

Dari aspek distribusi menegak, limpahan fitoplankton tertinggi merentas zon adalah di
kedalaman 1.5 meter (366.03 + 33.37 sel ml™). Walau bagaimanapun, kepelbagaian



indeks menegak yang tertinggi diperhatikan di kedalaman 2.0 m (3.54 = 0.04).
Sekalipun begitu, limpahan dan kepelbagaian indeks fitoplankton merentas faktor
kedalaman didapati tidak signifikan (p > 0.05).

Dua kumpulan yang terdiri daripada kumpulan zon limnetik dan zon litoral-sublitoral
di peratusan 83% telah diperolehi daripada dendrogram. Purata ketidaksamaan
SIMPER didapati tertinggi di antara zon litoral dengan zon limnetik (50.8) dengan
Staurastrum sebagai genus utama yang membezakan (6.7%). Spesies zon sublitoral
yang diperhatikan mendominasi kedua-dua zon litoral dan limnetik menggambarkan
zon sublitoral berperanan sebagai zon interfasa untuk fitoplankton mengadaptasi dan
bermigrasi antara dua zon yang berbeza.

Komuniti fitoplankton di Tasik Putrajaya tidak menunjukkan corak perbezaan ketara
antara dua musim. Air hujan memberikan pengaruh yang rendah keatas struktur
komuniti fitoplankton (r = 0.168) dan bacaan nilai R ANOSIM (R = 0.21)
mengindikasikan pertindihan yang ketara antara komuniti fitoplankton yang dijumpai
semasa musim hujan dan musim kering. Purata ketidaksamaan antara dua musim
adalah 49.8% sementara purata persamaan dalam lingkungan setiap musim adalah
masing-masing 55.0% dan 58.5% bagi musim hujan dan musim kering. Indeks
kepelbagaian Shannon-Wiener semasa musim hujan lebih tinggi dari indeks
kepelbagaian semasa musim kering tetapi tidak berbeza secara signifikan (p > 0.05).

Parameter fizikal seperti transpirasi air, suhu, pH, oksigen terlarut dan konduktiviti
didapati adalah faktor-faktor penting dalam mencirikan setiap zon dan mempengaruhi
komposisi fitoplankton (p < 0.01). Genus Staurastrum dan Peridinium yang didapati
dominan dalam kajian ini berkemungkinan mengindikasikan trofik air sebagai
oligotrofik, Walau bagaimanapun, peningkatan dan penurunan krisofita pada waktu
tertentu mencadangkan perubahan trofik antara oligotrofik kepada mesotrofik. Kajian
ini mencadangkan bahawa distribusi dan kepelbagaian komuniti fitoplankton merentas
ruang dan masa boleh dipengaruhi secara signifikan oleh penzonan sesebuah tasik yang
dicirikan oleh variasi persekitaran.
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CHAPTER 1

INTRODUCTION

Phytoplankton constitutes the basic component in the aquatic ecosystem (Ghosh et al.,
2012). They are photosynthetic free floating microorganisms that are mostly found in
various types of water bodies. The contribution of phytoplankton as a minute creature
to the humankind is undeniable. They stand in the baseline of the aquatic food chain as
the primary producer, thus offering significant information on the aquatic ecosystem
condition (McCormick and Cairns, 1994). Phytoplankton occupies the water which
covers 70% of the biosphere, thus it is also regarded as a significant contributor to
oxygen production, fixing 40% of earth’s carbon (Post et al., 1990). Recent technology
adopted the ecological benefit of phytoplankton by installing an algae farm on a
highway overpass to absorb car emissions while augmented by sunlight, a form of air
pollutant filter (Lexie, 2014).

The combinations of physical, chemical and biological factors largely influence the
distribution of phytoplankton community and its composition. Their variation and
distribution within the water column depends on the availability of nutrients,
temperature, light intensity, salinity, pH and other limnological attributes (George and
Heaney, 1978). Variance in these attributes along space and time results in
phytoplankton heterogeneity vertically and horizontally as well as established
periodicity (Klausmeier and Litchman, 2001). Lake hydrographic and its geographical
location also have an impact to the distribution of phytoplankton (Lewis, 1987; Shiel
and Williams, 1990; Vyverman, 1996). Previous studies which showed responsive
behaviour demonstrated by the phytoplankton community enable the phytoplankton to
be important biological tool in monitoring the ecological health of water bodies.

11 Background of the study

Lake represents a very small fraction (0.009%) of the total water content of the
biosphere compared to oceans (97%) (Béagacean and Viorel, 2014). Freshwater from
many aspects are of vital importance to human and their livelihood, a fact that had led
to surveying and monitoring programmes for environmental protection and
sustainability. In many cases, the analysis of phytoplankton community structure is
related to the practical problems of a lake and had been used as an indicator in water
quality analysis and eutrophic assessments. The adoption of phytoplankton as an
environmental indicator had started since the mid-19th century (Dokulil et al., 2003).
Phytoplankton respond rapidly and predictably to a wide range of pollutants, thus
providing potentially useful early warning signals of deteriorating conditions and the
possible causes (McCormick and Cairns, 1994; Stevenson et al., 2003).

Lakes which are categorized as tropical are far less numerous than temperate lakes,
which might cause the study of tropical inland waters being predominated and
influenced by the understanding of inland waters from higher latitude (Lewis, 1996).



Thus tropical limnology would not be of extraordinary importance if tropical aquatic
environments could be understood readily from the principles applied to temperate systems
(Lewis, 1987). Many assumptions, findings and conclusions had been made on tropical
system; some might contradict one another (Melack, 1979; Ashton, 1985; Lewis, 1987;
1996; Stomp et al., 2011). It can be said that the phytoplankton communities in the lower
latitude lakes are no more complex than the higher latitudes, in contrast with the terrestrial
communities which have established a good understanding of diversity pattern. The
corresponding fluctuations of phytoplankton in their abundance and dynamics are governed
by localized climatic events consisting of physical, chemical and biotic factors.

Putrajaya Lake is a tropical man-made lake created in the year 2007 located in the heart of
the Federal Government Administrative Centre of Malaysia. It covers a surface area of 7.5
km2 (NAHRIM, 2005) with a maximum depth of 14 m and an average annual rainfall of
2839 mm. The lake system was created from the flooding of Sungai Chuau and Sungai Bisa
valleys, integrated with yet the biggest constructed wetlands in the tropics, occupying more
than 600 ha of the landform in Putrajaya (Hijjas et al., 2001). It becomes the most significant
visual and landscape feature of the administrative city and supports many water activities.
Thus Putrajaya Lake is under constant monitoring by the Perbadanan of Putrajaya to
maintain the lake ecosystem and its water quality.

1.2 Problem statement

The ecology of tropical phytoplankton started to gain attention since 1928 (Thienemann,
1954) but published works and understandings in the principles are still scarce and
fragmented despite of the accumulating literatures (Lewis, 1987). Compared to the
comprehensively compiled works of the temperate and high latitudes such as The
Freshwater of Algal Flora of the British Isles (John et al., 2002), Freshwater Algae of North
America (Wehr, 2002), the PEG-model proposed by Sommer (1986) and the ongoing online
algaeBase web founded by Michael Guiry since year 1996, the knowledge on phytoplankton
in tropical waters is still diffuse and fragmentary. Despite the increasing literatures and good
documentation on tropical inland waters (Lewis, 1978a; 1978b; 1978c; Furtado and Mori,
1982; Kalff and Watson, 1986; Ndebele-Murisa et al., 2010), there is most likely that
understanding of the researchers on the water dynamics is more or less influenced by the
literatures of the higher latitudes (Lewis, 1987) although it is least likely evitable.

In addition, not many tropical freshwater studies were done solely to understand the tropical
ecology of phytoplankton especially in man-made lakes. Most studies that had been done on
the phytoplankton of Putrajaya Lake utilize the phytoplankton community in monitoring and
modelling programmes (Malek et al., 2009; Malek et al., 2012; Sorayya et al., 2012). By far
there is no published study in Putrajaya Lake that focuses on the biodiversity of the
phytoplankton community itself, which is very important for ecosystem studies.



The diversity of phytoplankton has never been an explicit discovery. A review on the
algal biodiversity by Norton et al. (1996) states that no one knows how many algae
actually are there. The community comprises a large number of species and displays
minimum characteristics to differentiate (Norton et al., 1996; Andersen, 1992; Uusitalo
et al.,, 2013). Even with the help of the light microscope and electron microscope,
expert help is still needed whilst molecular test is of expensive cost besides time
consuming (Andersen, 1992). Furthermore, being responsively sensitive to changing
environmental parameters makes the phytoplankton individuals spatial and temporally
available. Thus, having a list of species which is completely available in a certain water
body is hardly possible to be attained at a certain point of time. Nevertheless, to
document an inventory of algal flora such as the checklist of algae in Singapore (Pham
et al., 2011) in Putrajaya Lake would be a contribution to the algological study in
Malaysia.

1.3 Objectives of the study

This study was undertaken with the following objectives;

1. To determine the distribution and biodiversity of phytoplankton in different
zonations of Putrajaya Lake.

2. To evaluate the seasonal effects on phytoplankton abundance and biodiversity.

3. To determine the relationship between phytoplankton biodiversity and

physical factors.
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