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Abstract.  

Microalgae are prokaryotic or eukaryotic organisms that have photosynthetic anabolic activity. This anabolic photosynthesis 
is related to the abiotic factor of light. Therefore, this study aimed to identify the morphological diversity level of microalgae 
based on their environment, especially light intensity. We collected samples based on two types of environment, namely 
high light community (HL-1D and HL-2D) and low light community (LL-1D and LL-2D). The Data were analyzed using 
Species Richness Indices (Menhinick and Margalef indices), Species Diversity (Shannon-Wiener and Simpson Indices), and 
Eveness Index. Based on the results of morphological identification, we found the presence of algae from the divisions 
Cyanophyta, Chlorophyta, and Euglenophyta in both communities. The most dominant species found in the HL environment 
were Cyanophyta (Chroococcus sp., Microcystis sp., Nostoc sp., Oscilatoria sp.), Chlorophyta (Actinastrum sp., 
Ankistrodesmus sp., Centritractus belanophorus, Coelastrum sp., Closterium sp.,  Gleocapsa sp.,  Mougeutia sp., 
Pediastrum sp., Scenedesmus sp., Selenastrum sp., Sphaeroplea sp., Tetraspora cylindrica, Ulothrix sp., and Volvox sp.),  
Euglenophyta (Cryptoglena sp. and Lepocinclis sp.). Species found in the LL environment were Cyanophyta (Bulbochaeta 
sp.) and Chlorophyta (Pleurotaenium sp., Uronema elongasi, and Zygnema sp.). Microalgae communities in high light 
communities have higher diversity than low light communities. This study can be used as a reference for the diversity of 
microalgae in two different types of environments, especially in the tropics and in freshwater microalgae communities. This 
diversity data could be a reference for researchers and provide preliminary information of microalgae potency as alternative 
biofuels in the future.  
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1. Introduction  

Fossil fuels or mineral fuels are natural resources that 
contain hydrocarbons such as coal, oil, and natural gas. 
Along with the increase in the world's population, the 
availability of fossil-based fuels has been dwindling. This 
condition will have an impact on various sectors such as 
transportation, industry, agriculture, and others. With the 
limited amount of fossil fuels available, humans will 
switch to using petroleum. If used continuously, there will 
be an increase in CO2 emission levels in the atmosphere, 
which will affect global warming and climate change 
(Chisti, 2007; Handoko et al., 2008; Paynter and Frölicher, 
2015; Williams et al., 2017). To overcome this problem, 
we need a substitute fuel that is renewable and 
environmentally friendly such as biodiesel (Mahyudin and 
Kusnandar, 2006; Williams et al., 2017). Biodiesel is an 
alternative fuel derived from plants or animals through a 
transesterification process with alcohol (Chisti,  2007; 

Litinas et al., 2020). Indonesia is an archipelagic country 
with abundant aquatic biological resources, both in type 
and quantity. One aspect of the richness of biological 
resources is the abundance of plants that have the potential 
as a source of biodiesel, one of which is microalgae. 
Microalgae can produce 150-200 times more lipids than 
lipid-producing plants, i.e., Elaeis sp. and Jatropha 
sp.(Chisti, 2007). 

Microalgae are a group of microscopic low-level plants 
that live in both fresh and marine waters. Microalgae are 
unicellular organisms that live in colonies or live as 
solitary and are generally photosynthetic because they live 
by utilizing light energy. Microalgae are rich in nutrients 
that can be developed as a source of raw materials for the 
pharmaceutical, cosmetic, and biofuel industries (Ghufran 
and Kordi, 2010). In addition, the biomass of many 
microalgae has a high lipid content of approximately 60% 
of the dry weight. Such microalgae are also tolerant of 
changes in extreme environmental conditions such as soil, 
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lakes, wastewater, snow, high temperatures of as hot 
springs, and high salt content of the sea (Agustini, 2006). 

Several types of microalgae are being developed in 
several countries as producers of bio-oil which can be 
further utilized in biodiesel (Moshood et al., 2020). In 
addition, the potential of microalgae which is currently 
receiving special attention is as a producer of biohydrogen 
that can be used as renewable energy (Richmond and 
Emeritus, 2013; Moshood et al., 2020). The advantages of 
microalgae for biodiesel raw materials include not only 
requiring a large area of land, but also fast harvesting time; 
the biomass has a high lipid content and a fast cell growth 
rate with cell doubling occurring every 3.5 hours and not 
causing competition between energy and food needs 
(Chisti, 2007; Moshood et al., 2020). 

The growth and production of microalgae are strongly 
influenced by environmental conditions. The 
environmental factors that affect the growth and 
productivity of microalgae lipids include light intensity, 
temperature, osmotic pressure, pH, and nutrient 
concentration in the media (Becker, 1994). Nybakken 
(1982) suggested that the main inorganic nutrients needed 
by phytoplankton to grow and reproduce are N in the form 
of NO3- and P in the form of PO4

3-. One of the known cell 
disruption methods is the osmotic shock method. It 
performs a sudden decrease in osmotic pressure on a 
microorganism so that it will cause cell damage. This 
method can be used to remove cellular components such as 
oil. 

According to Teresa et al., (2010), Botryococcus 
braunii can contain quite a lot of lipids up to 20-75% dry 
weight of biomass. Long-chain hydrocarbons in the form 
of oil or unbranched triterpenes of this species are known 
as botryococcene is very potential as an energy source or 
biodiesel (Metzger and Largeau, 2005; Rao et al., 2007). 

Several groups of microalgae can be used as biodiesel 
raw materials, namely diatoms (Bacillariophyceae), green 
microalgae (Chlorophyta), and blue-green microalgae 
(Cyanophyta) (Griffiths and Harrison, 2009). Microalgae 
contain several important components including 
carbohydrates, fatty acids, and proteins so that microalgae 
can be used as raw materials to produce their derivative 
products. The content and productivity of microalgae 
lipids are influenced by nitrogen concentration and light 
intensity (Gunawan, 2010). Microalgae have been 
investigated as an alternative as substitute for land plant 
commodities as a source of oil production because of their 
ability to grow in a short time with abundant biomass 
(Prartono et al., 2013). To utilize microalgae as raw 
material for biodiesel, it is necessary to characterize and 
identify species first (Moshood et al., 2020). Species 
identification is a step that can be taken to determine the 
types and relationships of a group at the taxonomic level 
and is important to be the basis for applied research from 
Microalgae (Prartono et al., 2013). Therefore, the purpose 
of this study is to identify morphologically the diversity 
level of microalgae based on their environment, especially 
light intensity to provide  a primary data to get a species 
which used a fossil fuels as renewable energy sources for 
the next research. 

2. Materials And Methods   

2.1. Sample collection 

Freshwater samples were collected from two sites in 
Dramaga, Bogor Regency based on high (open, 6.500-
10.000 lux) and low light intensity (shaded, 1.000-2.000 
lux) environments. We used four sites with 20 replicates, 
so in total we evaluated 80 samples.. The sites in this study 
included high light community 1 (HL-1D), high light 
community 2 (HL-2D), low light community 1 (LL-1D), 
and low light community 2 (LL-2D). We collected fresh 
water at these four locations particularly 5 plots with 5 m 
in distance, respectively and then observed it directly using 
a compound microscope (Olympus, Japan). Sampling was 
carried out by filtering 5-10 liters of water with a vacuum 
pump in which a 0.45-micrometer millipore was installed. 
Water was taken at a depth of 50 cm to 1 m depending on 
the intensity of sunlight in the research location so that the 
filtered microalgae were microalgae that live above the 
water surface and float in the water. Then, the millipore 
was taken and put into a falcon bottle that had been filled 
with Industry Daigo Microalgae (IMK) media (Gunawan, 
2010). For the microalgae samples to be identified, 4% 
formalin was added to keep the chlorophyll from being 
damaged (Gunawan, 2010). 

2.2. Morphological identification  

Microalgae from freshwater collections were identified 
based on cell surface structure, cell shape (globose, 
filamentous), living type (solitary or colony), species or 
genus characteristics, and cell motility. These three algae 
are very abundant in freshwater, according to a report by 
Gunawan (2010). Identification of microalgae morphology 
was carried out by observing using a light microscope 
(Olympus CX41, Japan), and identification was carried out 
by referring to the identification book entitled "The 
Freshwater Algae" (Prescot, 1978) and the book “Key to 
Freshwater Algae: A Web-Based Tool to Enhance 
Understanding of Microscopic Biodiversity” (Shayler and 
Siver, 2006). 

2.3. Diversity parameter analysis 

We tested the species richness (SR) parameter using the 
R program with the syntax “apply(data[,-1]>0,1, sum)” 
(Lander, 2014). Species richness was measured based on 
the number of species at each site specifically in the four 
communities HL-1D, HL-2D, LL-1D, and LL-2D. In 
addition to species richness, we also measure richness 
based on two kinds of indices, namely Menhinick's index 
(May) and Margalef's index (Mai) with the following 
formula (Peng et al., 2018)  where n was the number of 
species and N was the total number of individuals. 

 

 
For species abundance, we used the syntax 

"apply(data[,-1],1,sum)" in the R program. We also tested 
Rarefaction (Ra) with the formula below, where n was the 
sub-sample, N was the total number of individuals in the 
new rarefied taxa, and Ni was the total number of 
individuals in each of the original taxa (Peng et al., 2018).  
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For species diversity, we used the Shannon-Wiener 
Index (H') and Simpson's Index (λ) formulas (Peng et al., 
2018)  with the syntax “diversity(data[-1], 
index="Shannon")” and “diversity(data[-1], index= 
"Simpson")” in the vegan package in the R program where 
ni is the number of individuals of the amount of each of 
the i species and N is the total number of individuals for 
the site. The criteria of species diversity was H’ < 1 
considered low;  1< H’ < 3 is in the middle, and H’ > 3 is 
high. 
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For the evenness parameter, we used Pilou evenness (J) 
and Hill's ratios (Ea:b) as below (Peng et al., 2018), where 
H' is the actual diversity value (the Shannon-Wiener 
Index) and Hmax is the maximum possible diversity value. 
In addition, Na is the diversity numbers of order a 
(community 1) and Nb is the diversity numbers of order b 
(community 2). 

max
'

H
HJ =  

Nb
NabEa =:  

2.4. Statistical test and data analysis 

Morphological characteristic data were analyzed 
descriptively to obtain a complete description of each 
species. For data analysis, we tested the data statistically 
(descriptive statistics, analysis of variance, and T-test)  by 
using the program R version 3.5.1 (Lander, 2014). 

3. Results and Discussion 

3.1. Biodiversity of freshwater microalgae in Dramaga, 
Bogor in four sites community 

Freshwater microalgae in Dramaga showed a relatively 
abundant level of diversity, especially in high light 
communities (HL-1D and HL-2D) compared to low light 
communities (LL-1D and LL-2D). In the high light 
community (HL), we found many species, i.e. Actinastrum 
sp., Ankistrodesmus sp., Chroococcus sp., Coelastrum sp., 
Gleocapsa sp., Microcystis sp., Oscilatoria sp., 
Pediastrum sp., Scenedesmus sp., Selenastrum sp., 
Ulothrix sp., and Volvox sp. (Figure 1). In the low light 
community (LL), we found species Bulbochaeta sp., 
Closterium sp., Closterium sp2, Pleurotaenium sp., 
Uronema sp., and Zygnema sp. (Figure 1). 

Chroococcus sp. has general characteristics, namely 
prokaryotic organisms, coccus cell shape, is unicellular, 
has chlorophyll pigment, and forms a mucous membrane. 
We found the species Chroococcus sp. in abundance in the 
HL community. Chroococcus sp. is classified as division 
Cyanophyta, Class Cyanophyceae, Order Chroococcales, 

and Genus Chroococcus. In the new classification system, 
Chroococcus sp. is classified closer to bacteria than other 
eukaryotic algae organisms based on microalgae 
phylogeny studies (Shayler and Siver, 2006). 

Volvox sp. tends to form colonies where it is divided 
into two types, i.e. main colonies and auto-colonies. 
Another characteristic that we found in the species Volvox 
sp. In this study, the colonies were spherical, the cells were 
round in shape, and each cell was covered with mucilage 
(Figure 1). Volvox sp. has a classification system, namely 
Kingdom Protista, Division Chlorophyta, Class 
Chlorophyceae, Order Volvocales, Family Volvocaceae, 
Genus Volvox. Different from Chroococcus sp., Volvox sp. 
tend to be advanced because they have a nuclear 
membrane and are classified as eukaryotic organisms. 
Different from Volvox sp., Coelastrum sp. 
Morphologically, no mucilage was found even though they 
were both Division Chlorophyta. 

Other microalgae belonging to the Division 
Chlorophyta include Gleocapsa sp., Sphaeroplea sp., 
Scenedesmus sp., and Actinastrum sp. Gleocapsa sp. is a 
eukaryotic organism belonging to the division Chlorophyta 
and Class Chlorophyceae. We identified this species based 
on the presence of a gelatinous cell envelope. Sphaerolea 
sp. has a characteristic where cells tend to be filamentous 
and chloroplasts are spiral. Scenedesmus sp. in this study 
has a morphological structure where the spine is relatively 
long, cells are oval, chloroplasts are found in almost all 
parts of the cell, and visually it is found the presence of 
pyrenoid as a place to store food reserves. In this study, 
Scenedesmus sp. also has the number of cells in the colony 
as many as four, the form of chloroplast laminate, and the 
colony is coenobitic. Actinastrum sp. Morphologically has 
a cell shape that resembles a star. 

Oscilatoria sp. belongs to the Kingdom Monera group, 
especially the Cyanophyta Division where the cell 
structure is in the form of filaments. 

Based on the identification results, we found that 
Pediastrum sp., has a polygonal cell shape where the 
colonies are without a conspicuous gelatin sheath, and the 
cells tend to be green indicated by the presence of high 
chlorophyll (Figure 1). Pediastrum sp. is classified into 
Kingdom Protista, Division Chlorophyta, Class 
Chlorophyceae, Order Chlorooccales, Family 
Hydrodictyaceae, and Genus Pediastrum. 

Ulothrix sp. has a characteristic filamentous (thread) 
and cylindrical cell shape (Figure 1). In this study, we 
found the presence of chlorophyll in the filaments of 
Ulothrix sp. Ulothrix sp. classified into Kingdom Protista, 
Division Chlorophyta, Class Chlorophyceae, Order 
Ulotrichales, Family Ulotrichaceae, and Genus Ulothrix. 

Microcystis sp. has a characteristic that is unicellular 
and round cells (Figure 1). Based on the results of our 
identification, the chlorophyll in Microcystis sp. is located 
in almost all parts of the cell. Microcystis sp. has a 
classification system, namely Kingdom Monera, Division 
Cyanophyta, Class Cyanophyceae, Order Nostocales, 
Family Nostocaceae, and Genus Microcystis. 

Uronema sp. In this study, it can be categorized as an 
elongated Uronema where the cells are filamentous and 
there is a partition between the filaments in the microalgae. 
The elongated Uronema in this study is classified as 
Division Chlorophyta with the cell nucleus surrounded by 
a nuclear membrane or eukaryotic. Zygnema sp. relatively 
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have the same cell shape as Uronema sp. mainly in the 
form of filaments, but both are distinguished by the 
location of the bulkhead, and morphologically in the 
structure of the ends of the filaments. 

Based on the identification results, we found the 
presence of Bulbochaeta sp. on the LL site. Bulbochaeta 
sp. grouped into Kingdom Monera, Division Cyanophyta, 
Class Cyanophyceae, Order Oedogenales, Family 
Oedogoniaceae, and Genus Bulbochaeta. We identified the 
species Bulbochaeta sp. based on the characteristics in the 

form of branched filaments and chloroplasts are 
morphologically shaped like a net. 

Pleurotaenium sp. and Closterium sp. both have cell 
forms in the form of filaments and belong to the Division 
Chlorophyta, Kingdom Protista, including eukaryotic 
organisms. Both differ in cell shape and chloroplasts, 
where Pleurotaenium sp. is wider in shape with 
rectangular chloroplasts while the cell and chloroplast 
forms of Closterium sp. are slender in shape with relatively 
tapered ends. 

 

 
Figure 1. Freshwater-Microalgae Diversity in Dramaga, Bogor particularly in each site. HL-1D: high light community 1: A-H (A: 
Chroococcus, B: Volvox sp., C: Coelastrum, D: Gleocapsa, E: Actinastrum, F: Pediastrum, G: Oscilatoria, H: Scenedesmus),  HL-2D: high 
light community 2: I-R (I: Pediastrum,  J: Ulothrix sp1, K: Microcystis, L: Actinastrum, M: Pediastrum, N: Ulothrix sp2, O: Scenedesmus, 
P: Mycrocystis, Q: Selenastrum, R: Ankistrodesmus)  LL-1D: low light community 1: S-T (S:Uronema, T: Closterium),  LL-2D: low light 
community 2: U-Y (U: Bulbochaeta, V: Pleurotaenium, W: Closterium sp1., X: Zygnema, Y: Closterium sp2.). Bar = 10 μm.
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Table 1. Species diversity of microalgae in four sites community 
in Dramaga, Bogor 

No. Sites  Species Division 

1 HL-1D Volvox sp. Chlorophyta 

2   Chroococcus sp. Cyanophyta 

3   Coelastrum sp. Chlorophyta 

4   Tetraspora cylindrica Chlorophyta 

5   Mougeutia sp. Chlorophyta 

6   Lepocinclis sp. Euglenophyta 

7   Gleocapsa sp. Chlorophyta 

8   Sphaeroplea sp. Chlorophyta 

9   Scenedesmus sp. Chlorophyta 

10   Cryptoglena sp. Euglenophyta 

11   Actinastrum sp. Chlorophyta 

12   Pediastrum sp. Chlorophyta 

13   Oscilatoria sp. Cyanophyta 

14   Nostoc sp. Cyanophyta 

15 HL-2D Volvox sp. Chlorophyta 

16   Ulothrix sp. Chlorophyta 

17   Pediastrum sp. Chlorophyta 

18   Microcystis sp. Cyanophyta 

19   Actinastrum sp. Chlorophyta 

20   Closterium sp. Chlorophyta 

21   Scenedesmus sp. Chlorophyta 

22   Gleocapsa sp. Chlorophyta 

23   Selenastrum sp. Chlorophyta 

24   
Centritractus 
belanophorus  Chlorophyta 

25   Coelastrum sp. Chlorophyta 

26   Ankistrodesmus sp. Chlorophyta 

27 LL-1D Closterium sp. Chlorophyta 

28   Uronema elongasi Chlorophyta 

29 LL-2D Bulbochaeta sp.  Cyanophyta 

30   Zygnema sp. Chlorophyta 

31   Closterium sp. Chlorophyta 

32   Pleurotaenium sp. Chlorophyta 

Note: HL-1D: high light community 1,  HL-2D: high light 
community 2,  LL-1D: low light community 1,  LL-2D: low light 
community 2 

In general, we found differences in species composition 
or division among the two sites in this research. 
Specifically, to site HL, we can find all Division 
Chlorophyta, Cyanophyta, and Euglenophyta. In low light 
community (LL), we did not find Euglenophyta in our 
freshwater sample. This is probably related to the behavior 
of the motile and the presence of eye-spot in 
Euglenophyta, which tends to like high light intensity. At 
the species level, we found few species of microalgae at 

the LL sites but the species at these sites tended to be 
unique and were not found at the HL sites, i.e., Uronema 
elongation, Bulbochaeta sp., Pleurotaenium sp., and 
Zygnema sp. Interestingly, at the HL sites, we found 
Lepocinclis sp. and Cryptoglena sp. where both are 
classified as Division Euglenophyta and are motile and 
have chloroplasts. Species that can be found at both HL 
and LL sites are Closterium sp. Meanwhile, species that 
could only be found at HL sites were Volvox sp., 
Chroococcus sp., Coelastrum sp., Tetraspora cylindrica, 
Mougeutia sp., Lepocinclis sp., Gleocapsa sp., 
Sphaeroplea sp., Scenedesmus sp., Cryptoglena sp., 
Actinastrum sp., Pediastrum sp., Oscilatoria sp., Nostoc 
sp., Ulothrix sp., Pediastrum sp., Microcystis sp., 
Closterium sp., Selenastrum sp., Centritractus 
belanophorus, and Ankistrodesmus sp. 

3.2. Species richness, abundance, diversity, and 
evenness indices of freshwater microalgae among high 
and low light intensity environment 

The highest species richness of freshwater microalgae 
was obtained at the HL-1D site and the lowest was at the 
LL-1D site. In general, species richness in high light 
intensity communities (HL-1D and HL-2D) was higher 
than in low light intensity communities (LL-1D and LL-
2D). Richness can also be tested with Menhinick's index 
(MeI) and Margalef's index (MaI). The values of the MeI 
and MaI indices are relatively similar to the SR values 
where the order of communities that have the highest to 
lowest species richness are HL-1D, HL-2D, LL-2D, and 
LL-1D (Table 2). Species abundance in this study shows 
something different from species richness where the 
highest value is indicated by the HL-2D site, while the LL-
1D and LL-2D sites are relatively similar. 

On the other hand, the Rarefaction value also shows 
that the highest Ra value is in the LL-2D community. This 
means that the species at the site are unique, and the 
majority can only be found in that community. 

In addition to the value of species richness, abundance, 
and rarefaction, Diversity of Microalgae can also be tested 
with two types of indices, namely the Shannon-Wiener 
Index (H') and Simpson's Index (λ). Based on the test of 
the two types of indices, it shows that the microalgae 
community as a whole has relatively varied diversity, from 
low to relatively high. Based on the values of the Shannon-
Wiener Index and Simpson's Index, the HL-1D and HL-2D 
sites have relatively high biodiversity, the LL-2D sites are 
classified as having moderate biodiversity, and the LL-1D 
sites are grouped as communities with relatively low 
biodiversity. In general, the biodiversity of freshwater 
microalgae in a high light environment is higher than that 
in a low light environment (Table 2). 

Evenness values usually show the inverse value of the 
diversity index value (both in the Shannon-Wiener Index 
or Simpson's Index). In this study, we used two kinds of 
evenness index, namely Pilou evenness (J) and Hill's ratios 
(Ea:b). Although the two indices have different statistical 
calculations, they both show the same trend where the LL-
1D site has a high Pilou evenness and Hill's ratios value, 
while the HL-1D site shows a low value (Table 1). 
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Table 2. Species richness, abundance, diversity, and evenness indices of four community of microalgae 

Sites SR MeI MaI SA Ra H' λ J Ea:b 

HL-1D 13+0.03 3.15+0.01 4.24+0.02 17+0.21 3.79+0.01 2.48+0.01 0.91+0.01 0.35+0.00  0.19+0.01 

HL-2D 11+0.11 2.40+0.00 3.28+0.01 21+0.32 3.64+0.00 2.31+0.02 0.89+0.01 0.37+0.00 0.22+0.00 

LL-1D 2+0.02 1.15+0.01 0.91+0.00 3+0.52 2.00+0.00 0.64+0.01 0.44+0.00 0.64+0.01 0.78+0.02 

LL-2D 4+0.01 2.00+0.00 2.16+0.01 4+0.31 4.00+0.01 1.39+0.01 0.75+0.01 0.54+0.01 0.53+0.01 

Note: SR: Species richness; MeI: Menhinick's index; MaI: Margalef's index; SA Species abundance Ra Rarefaction; H': Shannon-Wiener 
Index; λ: Simpson's Index; J: Pilou evenness; Ea:b: Hill's ratios 

3.3. Shannon-Wiener index in each dominant species of 
microalgae 

The Shannon-Wiener Index is a biodiversity parameter 
that is commonly used in several communities of 
organisms, both organisms in the blood and in the waters. 
Specifically, on the calculation of the Shannon-Wiener 
Index in aquatic environments, we tested the level of H' 
value in several species of microalgae. Species that have a 
high level of diversity in freshwater microalgae in this 
study is Closterium sp., Gleocapsa sp., Actinastrum sp., 
Volvox sp., Coelastrum sp., Scenedesmus sp., and 
Pediastrum sp. (Table 3). 
Table 3. Top seven species diversity of microalgae 

Code Species H’ 

Sp17 Closterium sp. 1.055+0.02 

Sp7 Gleocapsa sp. 0.693+0.01 

Sp11 Actinastrum sp. 0.693+0.01 

Sp1 Volvox sp. 0.637+0.01 

Sp3 Coelastrum sp. 0.562+0.01 

Sp9 Scenedesmus sp. 0.562+0.03 

Sp12 Pediastrum sp. 0.562+0.01 

4. Discussion 

Microalgae are microorganisms that have a relatively 
wide distribution in both freshwater and seawater. 
Microalgae are divided into two types based on the 
Whittaker classification system, especially from the 
presence or absence of a nuclear membrane. The two types 
are prokaryotic microalgae and eukaryotic microalgae 
(Branco-Vieira et al., 2020). Prokaryotic microalgae are 
classified into two divisions, i.e. Prochlorophyta and 
Cyanophyta. Eukaryotic microalgae are divided into nine 
divisions, i.e. Glaucophyte, Rhodophyta, heterokont, 
Haptophyta, Cryptophyta, Dinoflagellate, Euglenophyta, 
Chlorarachniophyta, and Chlorophyta (Barsanti and 
Gualtieri 2006). In this study, we found Division 
Cyanophyta, Chlorophyta, and Euglenophyta (Figure 1, 
Table 1). 

Microalgae have a lot of potential in their utilization 
such as biofuels, bioenergy, cosmetics, pharmaceuticals, 
and health (Ghufran and Kordi, 2010; Chia et al., 2018). 
Especially for the use of microalgae as biofuels and 
bioenergy, the important macromolecules produced in 
microalgae are lipids. High lipid content can determine a 
high level of biofuel potential in microalgae. The use of 
markers (morphological, anatomical, metabolite, and 
molecular markers) can be considered to exploit 

triacylglyceride-producing metabolic pathways in 
microalgae such as in higher plants.  

Microalgae are photosynthetic microorganisms that 
have the potential to be used for fine chemicals products 
(Ghufran and Kordi, 2010; Barbera et al., 2018), food 
additives for humans and animals, immobilization systems 
for the formation of extracellular compounds, heavy metal 
biosorption, and CO2 fixation. With an oil content of 77%, 
microalgae also have the potential to be used as biodiesel, 
which is an alternative energy source; and based on 
calculations, microalgae can produce 200 times more oil 
than other vegetable sources (Litinas et al., 2020). The 
advantage of microalgal biodiesel is that it is a renewable 
source (Moshood et al., 2020). In addition, with its 
location at the equator, Indonesia has a very sufficient 
source of sunlight as an energy source for photosynthetic 
microalgae (Gunawan, 2010). 

Microalgae are the only source of biodiesel that has the 
potential to completely replace fossil fuels (Brennan and 
Owende, 2010; Hajar et al., 2017; Pratami et al., 2022). 
Unlike other plants, microalgae grow very rapidly and 
contain lots of oil/lipids. Microalgae undergo exponential 
growth in about 3.5 hours. The lipid content of microalgae 
can exceed 80% of their dry weight. Each microalga has a 
different amount of lipid content (Gunawan, 2010; Pratami 
et al., 2022). In other organisms, for example in snake 
fruit, lipid metabolites are relatively diverse (Fendiyanto et 
al., 2020; Fendiyanto et al., 2021). 

Microalgae collection in the laboratory can use one or 
more types of microalgae which are given special nutrients 
into a culture such as NO3- or PO4

3- and carried out with 
lamp irradiation (Bold and Wynne, 1985; Moshood et al., 
2020). The microalgae growing media used must contain 
inorganic elements in the form of N, P, Fe, and Si (Chisti, 
2007). Microalgae culture requires inorganic nutrients in 
the form of macronutrients including C, H, O, N, P, K, S, 
Mg, Si, and Ca, while microelements include Fe, Zn, Cu, 
Na, Mo, Co, B, Mn, Cl and Ni (Agustini, 2006; Hamim, 
2007). The main macronutrients in the form of N in the 
form of NO3ˉ and P in the form of PO43- are needed for 
microalgae growth, so that these two elements are limiting 
factors in microalgae growth. Research conducted by 
Griffiths and Harrison, (2009) reported that the reduction 
of nitrogen concentration in microalgae media Greens can 
increase the lipid content from 41% to two times. 
Elemental P is needed by microalgae in regulating growth 
and metabolic processes, which is used to compose cell 
membranes (phospholipids), as a basic material for ATP 
and nucleic acid synthesis (Theodorou et al., 1991; 
Barbera et al. 2018). Elemental P in the nutrient solution is 
usually in the form of PO4

3- which will be absorbed by 
microalgae under conditions that receive a lot of light and 
in a pH between 6-7 (Lewin 1962). Macronutrients such as 
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P are important in the formation of proteins. Restriction of 
P in green microalgae Selenastrum minutum reduces its 
protein content (Theodorou et al., 1991). Gunawan (2010) 
also reported that microalgae produced high lipid content 
at 0.2 M concentration of N and 0.6 mM of P 
concentration in BG 11 medium. K element functions in 
carbohydrate metabolism, Fe and Na elements play a role 
in the formation of chlorophyll. The elements Si and Ca 
are materials in the formation of cell walls. 

Micronutrients are given in small amounts and must 
remain with the function of a catalyst during the 
biosynthetic process to support the growth of organisms. 
In microalgae growing media, EDTA or citrate is usually 
added to stabilize the micronutrient function and also 
functions as a chelator (Widianingsih et al., 2008). In 
addition, the addition of phosphate salts as a buffer 
solution or buffer solution will cause the pH of the 
growing medium to become stable (Sidabutar, 1999). 
Microalgae culture is usually in the pH range between 7 to 
9 and the optimum pH is between 8.2-8.7 which will 
increase the growth rate of microalgae (Abdulazis, 2010). 
There are many variations of the growing media used on a 
laboratory scale or cultivation scale with different mineral 
compositions according to the needs and types of 
microalgae used. Microalgae culture under exponential 
phase conditions is usually carried out within 4 to 7 days 
of inoculation, during which time microalgae should be 
given medium conditions with optimal nutrient 
concentrations for microalgae growth (Sutomo et al., 
2007). Based on research conducted by Gunawan, (2010), 
it is known that BG 11 medium is the best culture medium 
for microalgae. According to Gunawan, (2010), BG 11 is 
usually used to isolate Cyanophyta and freshwater 
microalgae. BG 11 medium contains NO3ˉ as a source of 
N, while HPO4²ˉ and H2PO4ˉ as a source of P and as 
buffering agents (Reine and Trono, 2002). 

Molecular identification using DNA is not influenced 
by morphological characteristics, is easier, and accurate 
(Pandin, 2010; Fendiyanto et al., 2019a; Fendiyanto et al., 
2019b; Satrio et al., 2019; Miftahudin et al., 2021; Satrio 
et al., 2022; Pratami et al., 2022), i.e. gene expression 
analysis and metabolomic approaches are used in broad 
studies especially in many crops (Bendjedid et al., 2022; 
Deabes et al., 2022; Kamillah et al., 2022). One of the 
molecular markers that can be used in the identification 
process of microalgae is the 18S rRNA gene. Wang et al., 
(2014) in their study used the 18S rRNA marker which is a 
ribosomal recommendation genome used to detect 
eukaryotic microscopic organisms in ecosystems. In this 
study, we tried to find ecological markers (especially 
abiotic factors) to predict the level of microalgae diversity.  

5. Conclusion 

In general, we found differences in species composition 
or division among the two sites in this research. 
Specifically, to site HL, we can find all Division 
Chlorophyta, Cyanophyta, and Euglenophyta. In low light 
community (LL), we did not find Euglenophyta in our 
freshwater sample. The most dominant species found in 
the HL environment were Volvox sp., Chroococcus sp., 
Coelastrum sp., Tetraspora cylindrica, Mougeutia sp., 
Lepocinclis sp., Gleocapsa sp., Sphaeroplea sp., 
Scenedesmus sp., Cryptoglena sp., Actinastrum sp., 

Pediastrum sp., Oscilatoria sp., Nostoc sp., Ulothrix sp., 
Pediastrum sp., Microcystis sp., Closterium sp., 
Selenastrum sp., Centritractus belanophorus, and 
Ankistrodesmus sp. Species found in the LL environment 
were Uronema elongasi, Bulbochaeta sp., Pleurotaenium 
sp., and Zygnema sp. Microalgae communities in high 
light communities have higher diversity than low light 
communities. This study can be used as a reference for the 
diversity of microalgae in two different types of 
environments, especially in the tropics and in freshwater 
microalgae communities. This diversity data could be a 
reference for researchers and provide preliminary 
information of microalgae potency as alternative biofuels 
in the future. 
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