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Introduction 
The Mesat River is located at Lubuk Linggau 
City in the South Sumatra Province of Indonesia 
has a length of approximately 10 kilometres with 
a width of between three and four metres and a 
depth of between one  and two metres, starting 
from the Mesat Jaya and Mesat Seni villages 
and ending at the Wirakarya Village. The flow 
of the Mesat River is influenced by the amount 
of household and industrial waste from the tofu 
and tempeh making process. The condition of 
the Mesat River will appear clear if the water 
flow is less, but if the water discharge is more, 
one will notice a lot of garbage in the river and 
the water is noticeably cloudy.

Lubuk Linggau City has several rivers, 
including the Kelingi River, Mesat River, 
Malus River, Kati River, and Kasie River. . 
Water pollution is the ingress and functioning 
of organisms, substances, energy, or other 
constituents of the air that degrades water 
quality and does not meet its designation 

(Government Regulation of the Republic of 
Indonesia Number 82 of 2001). Pollutants 
include pesticides, artificial fertilisers, garbage, 
oil spills and detergents (Thyagaraju, 2016; 
Bat et al., 2018). In addition to affecting water 
quality, it will also cause the ecosystem in these 
waters to be disturbed.

Microalgae can be found in fresh water 
and seawater, and are included in the types 
of photoautotroph living things (Mourelle 
et al., 2017; Coêlho et al., 2019). Algae acts 
as one of the ecological parameters that can 
provide an overview of water conditions and 
includes important biotic components in the 
metabolism of water bodies, because they 
are primary producers in the food chain of 
aquatic ecosystems (Prata et al., 2019;  Rasal 
et al., 2019). Chlorophyta has an important 
role in public waters as the main producers or 
phytoplankton. Chlorophyta converts inorganic 
compounds into organic compounds through 
photosynthesis thus becoming a food source for 
zooplankton and fish larvae (Kaparapu, 2018; 
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Lomartire et al., 2021). Some research has been 
done on Chlorophyta microalgae in the Kelingi 
River (Harmoko & Sepriyaningsih, 2018) and 
in the Kasie River (Harmoko & Sepriyaningsih, 
2020). A study on microalgae in the Mesat River 
was carried out by (Harmoko et al., 2018), 
but is only limited to Lubuk Linggau Timur II 
District which found 17 Chlorophyta species. 
The purpose of this study was to analyze the 
diversity of microalgae in the Mesat River in 
Lubuklinggau City.

Materials and Methods
Research Location and Time
The study was conducted on the Mesat River 
in Lubuk Linggau Timur I District during 
February–April 2020. Microalgae samples were 
taken at three different stations depending on 
the river flow. The sampling location is shown 
in Figure 1.

Determination of stations refers to the 
research results of (Goldyn & Kippen, 2017)
while various microhabitats offer different 
environmental conditions. Thus, we tested 
the effect of different habitat types typically 
found within small ponds on the microalgae 

and zooplankton communities. We found that 
submerged macrophytes have the strongest 
impact on microalgae and zooplankton 
communities out of all the analysed habitats. 
Some epontic diatoms (e.g. Fragilaria dilatata, 
Cymbella affinis, which was based on 
differences in the environment around the river, 
station 1 is near a bridge which has shallow water 
characteristics, station 2 is near houses that has 
characteristics of deep water with garbage along 
the water flow, and station 3 is near a rubber 
plantation. which has a tree-covered water flow. 
Sampling was carried out three times.

Sample collection
Sampling was carried out in the morning, one 
station consists of three points, namely the right 
bank, left bank, and the middle of the river. The 
water quality parameters measured consisted 
of temperature (stem thermometer, acidity (pH 
meter Risantec brand), dissolved oxygen (DO 
meter Lutron DO-5510), and water clarity 
(Secchi disk). Water samples were taken using 
a plankton net with a mesh size of 20, to filter 
5L of river water. 10ml of stored water was then 
transferred to a bottle and four drops of alcohol 
were added. 

Figure 1: Sampling Locations on the Mesat River Mesat River Lubuklinggau City, South Sumatera 
Province, Indonesia
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Data collection
The observation of river water samples using an 
Olympus CX 22 binocular microscope with 400× 
magnification was done at the University PGRI 
Silampari Biology Laboratory. Observations 
were made by taking water samples with a 
dropper pipette (one drop of about 0.05ml) and 
made up to five observations. The Chlorophyta 
samples obtained were then photographed for 
further identification and analysis. Identification 
of Chlorophyta microalgae species was done 
with reference to a book by (Bellinger & Sigee, 
2010; Wehr & Sheath, 2003).

Data analysis
The diversity index was calculated using the 
Shannon-Wiener formula (Odum, 1971), 
namely:

information:
H’ = diversity index
pi= ni/N
ni = number of species i
N = total number of species
S = number of species in the sample

The criteria for diversity are as follows: 
H’≤ 2: “Small diversity”, 2 < H’≤ 3: “Medium 
diversity”, and H’ > 3: “High diversity”.

The dominance index is calculated 
according to (Odum, 1971), as follows:

information:
C = dominance index
pi = proportion of the ith species
S = number of species found

The dominance index values   were 
grouped into 3 criteria, namely: 0 < C 0.5 : 
“Low dominance”, 0.5 < C 0.75 : “Medium 
dominance”, and 0.75 < C 1: “High dominance”.

The evenness index was calculated 
according to (Odum, 1971), as follows:

information:
E = evenness index
H’= species diversity index
S = number of species found

Evenness index values   were categorised  as 
follows: 0 < E 0.5 : “Community is depressed”, 
0.5 < E 0.75 : “Community is unstable”, and 
0.75 < E 1 : “Community is stable”.

Results and Discussion
Chlorophyta microalgae found in the Mesat 
River consisted of three classes, six orders, 11 
families, 15 genera, and 19 species, Table 1.

The species of microalgae Chlorophyta 
are Draparnaldia sp., Stigeoclonium lubricum, 
Chlamydomonas sp., Chlorococcum sp., 
Eudorina sp., Volvox sp., Pediastrum duplex, 
Pediastrum simplex, Tetraedron sp., Coelastrum 
sp., Scenedesmus armatus, Scenedesmus 
dimorphus, Scenedesmus quadricauda, 
Ankistrodesmus sp., Chlorella pyrenoidosa, 
Chlorella vulgaris, Oocystis sp., Rhizoclonium 
sp., and Ulothrix sp. 

Chlorophyceae has the highest number 
of species, namely 14 species (74%), then 
Trebouxiophyceae class 3 (16%) and 
Ulvophyceae class 2 species (10%). The 
percentage composition of microalgae species 
can be seen in Figure 2.

The composition of microalgae species 
based on the sampling location, namely station 
1 has the highest composition with 45%, then 
station 2 with a value of 33% and finally station 
3 with a value of 22%. The composition of 
microalgae by station can be seen in Figure 3.

The results of the analysis of the diversity, 
dominance, and evenness of Chlorophyta 
microalgae in the Mesat River are shown in 
Table 2.

Chlorophyta diversity in all stations was 
in the low category with the highest diversity 
index found at Station 1 of 1.27, while at Station 
2 of 0.98, it was the lowest. The dominance 



CHLOROPHYTA IN MESAT RIVER LUBUK LINGGAU CITY   53

Journal of Sustainability Science and Management Volume 18 Number 3, March 2023: 50-58

index value at all stations was also in the low 
category which indicates that if the dominance 
index value (C) is close to zero, then there is 
no dominant biota in the water. The highest 
evenness index value at Station 1 was 0.42 and 
the lowest at Station 2 of 0.32 was included 
in the “depressed community” category. The 
smaller the uniformity index, the smaller the 
uniformity of the population, which proves that 
the distribution of the number of individuals 

of each species is not the same, so there is a 
tendency for one type of population to dominate. 
The higher the homogeneity value, the more 
descriptive the number of populations of the 
organisms in each species is either the same or 
not significantly different. 

Measurements of temperature, dissolved 
oxygen, acidity, and clarity in the Mesat River 
are shown in Table 3.

Table 1: Recapitulation of Microalgae Types in Mesat River Lubuklinggau City, 
South Sumatera Province, Indonesia

No. Class Order Family Genera Species

1

Chlorophyceae
 
 
 
 
 
 
 
 
 
 
 
 
 

Chaetophorales
 

Chaetophoraceae
 

Draparnaldia Draparnaldia 
sp.

2 Stigeoclonium Stigeoclonium 
lubricum

3 Chlamydomonadales
 
 
 

Chlamydomonadaceae Chlamydomonas Chlamydomonas 
sp.

4 Chlorococcaceae Chlorococcum Chlorococum sp.
5 Volvocaceae Eudorina Eudorina sp.
6  Volvox Volvox sp.

7

Sphaeropleales
 
 
 
 
 
 
 

Selenastraceae Ankistrodesmus Ankistrodesmus 
sp.

8
Hydrodictyaceae
 
 

Pediastrum
 

Pediastrum 
duplex

9 Pediastrum 
Simplex

10 Tetraedron Tetraedron sp.
11

Scenedesmaceae
 
 
 

Coelastrum Coelastrum sp.

12
Scenedesmus
 
 

Scenedesmus 
armatus

13 Scenedesmus 
dimorphus

14 Scenedesmus 
quadricauda

15
Trebouxiophyceae
 
 

Chlorellales
 
 

Chlorellaceae
 

Chlorella
 

Chlorella 
pyrenoidosa

16 Chlorella 
vulgaris

17 Oocystaceae Oocyst Oocystis sp.

18 Ulvophyceae
 

Cladophorales Cladophoraceae Rhizoclonium Rhizoclonium 
sp.

19 Ulotrichales Ulotrichaceae Ulothrix Ulothrix sp.
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Dissolved oxygen levels and pH still 
meet water quality standards in accordance 
with Government Regulation No. 82 of 2001. 
Dissolved oxygen belongs to class II, namely 

with a value of 4 mg/L, acidity or pH is included 
in all classes, both classes I–IV with values 
between  6 and 9. The clarity as measured by 
the Secchi disk and the water temperature as 

Figure 2: Percentage Composition of Microalgae Species in Mesat River Lubuklinggau City, South Sumatera 
Province, Indonesia

Figure 3: Percentage of Microalgae Composition By Station in Mesat River Lubuklinggau City, South 
Sumatera Province, Indonesia

Table 2: Diversity, Dominance and Eveness Of Microalgae Species in Mesat River Lubuklinggau City, South 
Sumatera Province, Indonesia

No. Component Station 1 Station 2 Station 3 Mean Std. deviation

1 Diversity 1.27 0.98 1.04 2.35 0.22

2 Dominance 0.01 0.008 0.006 0.11 0.01

3 Eveness 0.42 0.32 0.34 0.79 0.07

Table 3: Abiotic Factors in Mesat River Lubuklinggau City, South Sumatera Province, Indonesia

No. Component Station 1 Station 2 Station 3 Mean Std. 
deviation

1 Temperature (°C) 27.2 26.5 26.8 26.83 0.35

2 Dissolved Oxygen (mg/L) 4.6 4.2 4.5 4.43 0.20

3 Acidity 6.7 6.6 6.6 6.63 0.05

4 Clarity (cm) 16.3 22 17.5 18.60 3.00
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measured by the thermometer in the regulations 
are not clearly written as to what the standard 
numbers should be.

The number of species of Chlorophyta 
microalgae found in the Mesat River was 19 
species. Based on Table 1, the highest diversity 
index is at Station 1 with a value of 1.27 and the 
lowest is at Station 2 with a value of 0.98. The 
diversity index, which ranged from 0.98–1.27 is 
considered low, because according to (Odum, 
1971) the criteria for diversity is as follows: 
H’≤ 2: “Small diversity”, 2 < H’≤ 3: “Medium 
diversity”, and H’ > 3: “High diversity”.

Species diversity in a waters can provide 
information about the level of pollution of the 
water (Chen et al., 2019; Nabi et al., 2019). The 
diversity index value (H’) ranged from 0–3. 
The level of diversity will be high if the value 
of H’ is close to 3, which indicates good water 
conditions. Conversely, if the value of H’ is 
close to 0 then the diversity is low and the water 
conditions are not good (Odum, 1971).

The highest dominance index is Station 
1 with a value of 0.019 and the lowest was at 
Station 3 with a value of 0.006. The dominance 
index is used to see the most common species 
found in a habitat and describes the presence 
of the dominant species (Li et al., 2021; Lin 
et al., 2021). The dominance of Chlorophyta 
microalgae is included in the criteria for low 
dominance 0 < C 0.5 (Krebs, 2001). Based on 
this, in general in the Mesat River during the 
study there was no dominant species in the 
Chlorophyta microalgae community. However, 
there are species that are often found, namely 
from the Genera Chlorella.

The highest evenness index value (0.42) 
is at Station 1 which is included in the medium 
criteria and the lowest (0.32) is at Station 2 
is included in the low criteria. The level of 
evenness of species is a description of the 
distribution of individuals in the community 
(Engel et al., 2020). Most Chlorophyta are 
autotrophs meaning they can synthesize food 
directly from inorganic compounds (Calbet et 
al., 2014; Khalili et al., 2020). If environmental 
conditions are favourable, Chlorophyta will 

grow rapidly which can fill water bodies and 
cause an algae population explosion (Odufuwa 
& Ajaba, 2019; Chaffai et al., 2022).

The average temperature in the Mesat River 
is 26.9°C, dissolved oxygen content is 4 mg/L, 
water pH is 6.7 and clarity is 18.63 cm (Table 3). 
The presence of Chlorophyta in waters will vary 
depending on water quality conditions which 
are grouped into physical and chemical factors 
(Gil-Guarín et al., 2020; Pala et al., 2021). 
Temperature is one of the environmental factors 
that greatly affects the life of aquatic organisms, 
including microalgae (Harmoko & Krisnawati, 
2018). The Mesat River temperature range 
is ideal for microalgae growth, the optimum 
temperature limit for microalgae growth as 
found in several previous studies, is around 
20–30°C (Singh & Singh, 2015; Corredor et al., 
2021; Soriano et al., 2021).

The highest dissolved oxygen level in the 
Mesat River is at Station 1 was 4.59 mg/L and 
the lowest is at Station 2 with a value of 4 mg/L. 
The average dissolved oxygen level in the Mesat 
River was 4.46 mg/L, when adjusted for the 
dissolved oxygen criteria by (Young et al., 2014), 
indicating the criteria for not being considered 
polluted. This can be seen from the condition of 
the Mesat River which is still clean, but during 
the rainy season there is a lot of garbage and it 
gets cloudy. Based on PP No. 82 of 2001 for the 
DO and pH parameters of water in the Mesat 
River it is classified as class II. Water in class 
II criteria is water that can be used for water 
recreation facilities/infrastructure, freshwater 
fish farming, agriculture, animal husbandry, and 
other uses requiring water quality equivalent to 
those specified. 

The pH value in the Mesat River ranged 
from 6.6 to 6.7. Organisms have different 
tolerance limits to acidity, most natural waters 
have acidity ranging from 6-9 (Ying et al., 2014; 
Furuhashi et al., 2019). Based on this, the Mesat 
River has a pH that is within the normal range, 
so that microalgae can grow well.

Clarity with a value of 18.63 cm is included 
in the cloudy category. This is in accordance 
with (Arthington et al., 2006), namely cloudy 
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waters if the clarity value is between 0.25 and 
1 m. If the water clarity is less than 25 cm, it 
can endanger the life of plankton because 
photosynthesis is inhibited (Buchanan, 2020)
taxonomic composition, biomass. High turbidity 
inhibits the penetration of sunlight in the 
photosynthesis process of phytoplankton and 
can cause siltation. Penetration of light into the 
water is influenced by the intensity and angle of 
incidence of light, water surface conditions, and 
dissolved and suspended materials in the water 
(Atta et al., 2013). 

Chlorophyta microalgae found in the Mesat 
River in Lubuklinggau City found 19 species 
and included many categories when compared 
to previous studies. In the Kelingi River, 
Lubuklinggau City, 15 species of chlorophytic 
microalgae were found (Harmoko & 
Sepriyaningsih, 2018) while in the Kasie River, 
9 types of chlorophyta were found (Harmoko & 
Sepriyaningsih, 2020). This difference is caused 
by different river conditions, the Mesat River is a 
river that is polluted with organic waste, causing 
the presence of quite a lot of chlorophyta.

Conclusion
Microalgae Chlorophyta found in the Mesat 
River includes 3 classes, 6 orders, 11 families, 
15 genera and 19 species. The Mesat River has 
a diversity of Cholophyta microalgae in a small 
category with a low level of dominance and the 
Genera that is often found in the Mesat River is 
Chlorella. This research can be used as data for 
related services, management and protecting the 
environment in the Mesat river in Lubuklinggau 
city, considering that Chlorophyta is one the 
reasons that algae blooms in the water.

Acknowledgements
The author would like to thank the of the 
Republic of Indonesia, Research and Technology 
Ministry, Research and Community Service 
Directorate that funded this research paper 
through a Beginner Lecturer Research scheme 
in 2020 under Contract Number: 815/SP2H/LT/
MONO/LL2/2020.

References 
Arthington, A. H., Bunn, S. E., Poff, N. L. R., 

& Naiman, R. J. (2006). The challenge 
of providing environmental flow rules 
to sustain river ecosystems. Ecological 
Applications, 16(4), 1311-1318. https://doi.
org/10.1890/1051-0761

Atta, M., Idris, A., Bukhari, A., & Wahidin, 
S. (2013). Intensity of blue LED light: A 
potential stimulus for biomass and lipid 
content in fresh water microalgae Chlorella 
vulgaris. Bioresource Technology, 148(3), 
373-378. https://doi.org/10.1016/j.biortech. 
2013.08.162

Bat, L., Öztekin, A., Şahin, F., Arıcı, E., & 
Özsandıkçı, U. (2018). An overview 
of the Black Sea pollution in Turkey. 
Mediterranean Fisheries and Aquaculture 
Research, 1(2), 67-86. https://doi.org/med 
far.v1i37150.397536

Bellinger, E. G., & Sigee, D. C. (2010). 
Freshwater algae identification and use as 
bioindicators. Wiley-Blackwell.

Buchanan, C. (2020). A water quality binning 
method to infer Phytoplankton community 
structure and function. Estuaries and 
Coasts, 43(4), 661-679. https://doi.org/ 
10.1007/s12237-020-00714-3

Calbet, A., Sazhin, A. F., Nejstgaard, J. 
C., Berger, S. A., Tait, Z. S., Olmos, 
L., Sousoni, D., Isari, S., Martínez, R. 
A., Bouquet, J. M., Thompson, E. M., 
Båmstedt, U., & Jakobsen, H. H. (2014). 
Future climate scenarios for a coastal 
productive planktonic food web resulting 
in microplankton phenology changes and 
decreased trophic transfer efficiency. PLoS 
ONE, 9(4), 1-16. https://doi.org/10.1371/
journal.pone.0094388

Celewicz-Goldyn, S., & Kuczynska-Kippen, 
N. (2017). Ecological value of macrophyte 
cover in creating habitat for microalgae 
(diatoms) and zooplankton (rotifers and 
crustaceans) in small field and forest water 
bodies. PLoS ONE, 12(5), 1-14. https://doi.
org/10.1371/journal.pone.0177317



CHLOROPHYTA IN MESAT RIVER LUBUK LINGGAU CITY   57

Journal of Sustainability Science and Management Volume 18 Number 3, March 2023: 50-58

Chen, J., McIlroy, S. E., Archana, A., Baker, D. 
M., & Panagiotou, G. (2019). A pollution 
gradient contributes to the taxonomic, 
functional, and resistome diversity 
of microbial communities in marine 
sediments. Microbiome, 7(1), 1-12. https://
doi.org/10.1186/s40168-019-0714-6

Corredor, L., Barnhart, E. P., Parker, A. E., 
Gerlach, R., & Fields, M. W. (2021). Effect 
of temperature, nitrate concentration, pH 
and bicarbonate addition on biomass and 
lipid accumulation in the sporulating green 
alga PW95. Algal Research, 53, 102148. 
https://doi.org/10.1016/j.algal.2020.102148

de Freitas Coêlho, D., Tundisi, L. L., Cerqueira, 
K. S., da Silva Rodrigues, J. R., Mazzola, 
P. G., Tambourgi, E. B., & de Souza, R. R. 
(2019). Microalgae: Cultivation aspects and 
bioactive compounds. Brazilian Archives 
of Biology and Technology, 62(2), 1-13. 
https://doi.org/10.1590/1678-4324-20 
19180343

Engel, F. G., Dini-Andreote, F., Eriksson, B. 
K., Salles, J. F., de Lima Brossi, M. J., & 
Matthiessen, B. (2020). Dispersal mitigates 
bacterial dominance over microalgal 
competitor in metacommunities. Oecologia, 
193(3), 677-687. https://doi.org/10.1007/
s00442-020-04707-8

Odum, P. E. (1971). Fundamentals of Ecology. 
W.B. Sounders Company.

Furuhashi, Y., Hond, R., Noguchi, M., Hara-
Yamamura, H., Kobayashi, S., Higashimine, 
K., & Hasegawa, H. (2019). Optimum 
conditions of pH, temperature and preculture 
for biosorption of europium by microalgae 
Acutodesmus acuminatus. Biochemical 
Engineering Journal, 143(3), 58-64. https://
doi.org/10.1016/j.bej.2018.12.007

Geraldine Soriano, H. A., Baldia B, B., & 
Fernando, S. (2021). Preliminary culture 
studies of microalgae isolated from the 
freshwater tributaries of Carigara bay, 
Leyte, Philippines. Asian Journal of 
Biological and Life Sciences, 9(3), 408-415. 
https://doi.org/10.5530/ajbls.2020.9.62

Gil-Guarín, I. C., Villabona-González, S. L., 
Parra-García, E., & Echenique, R. O. 
(2020). Environmental factors driving 
phytoplankton biomass and diversity in a 
tropical reservoir. Revista de La Academia 
Colombiana de Ciencias Exactas, Fisicas 
y Naturales, 44(171), 423-436. https://doi.
org/10.18257/raccefyn.1052

Harmoko, H., & Sepriyaningsih, S. (2018). 
Keanekaragaman mikroalga chlorophyta 
di Sungai Kelingi Kota Lubuklinggau 
Sumatrera Selatan. Jurnal Pro Life, 
5(3), 666-676. https://doi.org/10.33541/
jpvol6Iss2pp102

Harmoko, H., & Sepriyaningsih, S. (2020). 
Keanekaragaman mikroalga chlorophyta 
di Sungai Kasie Kota Lubuklinggau 
Provinsi Sumatera Selatan. Quagga: Jurnal 
Pendidikan Dan Biologi, 12(1), 52. https://
doi.org/10.25134/quagga.v12i1.2142 

Harmoko, H., Triyanti, M., & Aziz, L. (2018). 
Eksplorasi mikroalga di Sungai Mesat 
Kota Lubuklinggau. Biodidaktika, Jurnal 
Biologi Dan Pembelajarannya, 13(2), 19-
23. https://doi.org/10.30870/biodidaktika.v 
13i2.3366 [in Indonesia]

Harmoko, & Krisnawati, Y. (2018). 
Keanekaragaman mikroalga divisi 
cyanobacteria di danau aur kabupaten musi 
rawas. Jurnal Biodjati, 3(1), 8-14. https://
doi.org/10.15575/biodjati.v3i1.1638 [in 
Indonesia]

Kaparapu, J. (2018). Application of microalgae 
in aquaculture. Phykos, 48(1), 21-26. 

Khalili, Z., Jalili, H., Noroozi, M., Amrane, A., 
& Ashtiani, F. R. (2020). Linoleic-acid-
enhanced astaxanthin content of Chlorella 
sorokiniana (Chlorophyta) under normal 
and light shock conditions. Phycologia, 
59(1), 54-62. https://doi.org/10.1080/0031
8884.2019.1670012

Krebs, C. J. (2001). Ecology: The experimental 
analysis of distribution and abundance (5th 
Edition), Benyamin Cuminings.



Sepriyaningsih et al.   58

Journal of Sustainability Science and Management Volume 18 Number 3, March 2023: 50-58

Li, Y., Yu, Z., Ji, S., Meng, J., Kong, Q., Wang, 
R., & Liu, J. (2021). Diverse drivers of 
phytoplankton dynamics in different phyla 
across the annual cycle in a freshwater lake. 
Journal of Freshwater Ecology, 36(1), 13-
29. https://doi.org/10.1080/02705060.2020.
1868586

Lin, L., Wang, F., Chen, H., Fang, H., Zhang, 
T., & Cao, W. (2021). Ecological health 
assessments of rivers with multiple 
dams based on the biological integrity of 
phytoplankton: A case study of North Creek 
of Jiulong River. Ecological Indicators, 
121, 106998. https://doi.org/10.1016/j.eco 
lind.2020.106998

Lomartire, S., Marques, J. C., & Gonçalves, A. 
M. M. (2021). The key role of zooplankton 
in ecosystem services: A perspective of 
interaction between zooplankton and 
fish recruitment. Ecological Indicators, 
129(1), 147-152. https://doi.org/10.1016/j.
ecolind.2021.107867

M. Rasal, V., G. Yadre, S., Shukla, S. P., Ravi, 
P. M., Ravi, P. M., Kumar Mishra, M., 
Munilkumar, S., Kumar Pal, A., Lakra, 
W. S., & Dasgupta, S. (2019). Microalgae 
distribution and diversity in the Narmada 
River Basin around Chutka, Madhya 
Pradesh, India. International Journal 
of Current Microbiology and Applied 
Sciences, 8(09), 1488-1501. https://doi.
org/10.20546/ijcmas.2019.809.171

Mourelle, M. L., Gómez, C. P., & Legido, J. 
L. (2017). The potential use of marine 
microalgae and cyanobacteria in cosmetics 
and thalassotherapy. Cosmetics, 4(4). 
https://doi.org/10.3390/cosmetics4040046

Nabi, G., Ali, M., Khan, S., & Kumar, S. (2019). 
The crisis of water shortage and pollution in 
Pakistan: risk to public health, biodiversity, 
and ecosystem. Environmental Science 
and Pollution Research, 26(11), 10443-
10445. https://doi.org/10.1007/s11356-019-
04483-w

Pala, G., Caglar, M., FARUQ, R., & Selamoglu, 
Z. (2021). Research article: Chlorophyta 

algae of Keban Dam Lake Gülüşkür region 
with aquaculture criteria in Elazıg, Turkey. 
Iranian Journal of Aquatic Animal Health, 
7(1), 32-46. https://doi.org/10.52547/ijaah. 
7.1.32

Presiden Republik Indonesia. (n.d.). Peraturan 
pemerintah Republik Indonesia Nomor 
82 Tahun 2001, Peraturan pemerintah 
Republik Indonesia 1 (2001). Regulasip.

Prata, J. C., Costa, J. P. da, Lopes, I., Duarte, 
A. C., & Rocha-Santos, T. (2019). Effects 
of microplastics on microalgae populations: 
A critical review. Science of The Total 
Environment, 665(1), 400-405. https://doi.
org/10.1016/j.scitotenv.2019.02.132

Singh, S. P., & Singh, P. (2015). Effect of 
temperature and light on the growth of 
algae species: A review. Renewable and 
Sustainable Energy Reviews, 50, 431-444. 
https://doi.org/10.1016/j.rser.2015.05.024

Thyagaraju, N. (2016). Water pollution and 
its impact on environment of society. 
International Research Journal of 
Management, IT & Social Sciences, 3(5), 
1-7. https://doi.org/10.21744/irjmis.v3i5.10

Wehr, J. D., & Sheath, R. G. (2003). Freswater 
algae of north america ecology and 
classification. Academic Press.

Ying, K., Gilmour, D. J., & Zimmerman, W. 
B. (2014). Effects of CO2 and pH on 
growth of the microalga Dunaliella salina. 
Journal of Microbial and Biochemical 
Technology, 6(3), 167-173. https://doi.org/ 
10.4172/1948-5948.1000138

Young, S. Sen, Yang, H. N., Huang, D. J., 
Liu, S. M., Huang, Y. H., Chiang, C. 
T., & Liu, J. W. (2014). Using benthic 
macroinvertebrate and fish communities 
as bioindicators of the Tanshui river basin 
around the greater Taipei area - Multivariate 
analysis of spatial variation related to levels 
of water pollution. International Journal of 
Environmental Research and Public Health, 
11(7), 7116-7143. https://doi.org/10.3390/
ijerph110707116


