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Abstract 

The quality of reservoir waters depends on changes in their physical, chemical, and biological 

components. Changes in these parameters lead to the emerging of many problems in the reservoir, such as 

eutrophication and changes in the composition of the phytoplankton community in the reservoir 

ecosystem. This eutrophication impact can trigger an explosion of dangerous phytoplankton population, 

such as blue-green algae (Cyanobacteria). Research on the relationship between water quality and the 

community structure of Cyanobacteria has been carried out. This study used secondary data from the 

water monitoring report of the Cirata Reservoir from 2013-2017. This study aimed to obtain information 

on the community structure of Cyanobacteria and environmental parameters that affected the abundance 

of Cyanobacteria in the reservoir. Species abundance, diversity index, and dominance index were 

analyzed to determine changes in the community structure of Cyanobacteria in each of the years. 

Cyanobacteria abundances were classified using cluster analysis. Water quality parameters such as 

temperature, transparency, pH, carbon dioxide, nitrate, nitrite, and zooplankton abundance as independent 

variables, and levels of Cyanobacteria abundances as the dependent variable was analyzed using 

discriminant analysis. This study showed that the abundance of Cyanobacteria in the Cirata Reservoir is 

dominated by the Stanieria (a genus of the Pleurocapsales order) every year and the parameter that 

significantly affects the level of Cyanobacteria abundance was nitrate (NO3-N). 
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INTRODUCTION 

Water is the unavoidable requirement for 

living things, and reservoirs are aquatic 

ecosystems that play important role in water 

provision (Kartini & Permana, 2016). To date, 

human activities and climate change have posed a 

severe threat to water quality. The quality of 

reservoir waters depends on changes in the 

physical, chemical, and biological parameters of 

the system. Increasing temperature, changes in 

rainfall, and high nutrient input from human 

activities can change the physical, chemical, and 

biological components of the reservoirs. Changes 

in these components lead to problems in the 

reservoirs, one of which is eutrophication and 

changes in the phytoplankton structure in the 

reservoirs. This eutrophication impact can further 

trigger a population explosion of harmful 

phytoplankton, such as green-blue algae 

(Cyanobacteria) (Satya et al., 2018; Sulastri et al., 

2019). 

The dominance and high abundance of 

Cyanobacteria can cause organoleptic changes 
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(color, taste, smell, and turbidity) of waters and 

corrosion of water storage facilities in reservoirs. 

Besides, waters can become toxic due to 

secondary metabolites produced by 

Cyanobacteria, eg. Microcystin, as a form of self-

defense (PT. LAPI ITB, 2017). The function of 

the reservoir to serve energy provision, fish 

cultivation for floating net cages (KJA), water 

supply, and tourism can be disrupted. 

Environmental parameters play an important 

role in supporting the reproduction of 

Cyanobacteria. In general, the existence of 

Cyanobacteria itself is influenced by physical 

parameters (temperature, light, brightness, and 

dissolved gases), chemical parameters (pH and 

nutrients), and zooplankton as predators (Wijaya, 

2009). Knowing the parameters that trigger the 

abundance of cyanobacteria in waters is very 

important. Controlling the parameters that trigger 

the growth of Cyanobacteria can be a 

precautionary measure for the occurrence of the 

population explosion of Cyanobacteria. 

Cirata Reservoir is categorized as eutrophic 

tropical water which was built in the Citarum 

Watershed (DAS). The water flow originating 

from the river inlets, and the increasing number 

of floating net cages will determine the water 

quality. As a result, Cirata Reservoir was 

contaminated with organic and inorganic 

materials (Novia, 2016). The water monitoring 

report from 1996-2013 showed that 

Cyanobacteria was a class of phytoplankton that 

dominated the Cirata Reservoir, with a 

percentage of 41.13% after Bacillariophyta 

(Sunardi et al., 2017). This phenomenon 

indicated that some environmental parameters 

had triggered the growth of Cyanobacteria in the 

reservoir. This study investigates the structure of 

the Cyanobacteria community, and determines 

which environmental parameters that affect the 

high or low abundance of the Cyanobacteria in 

such eutrophic waters. 

 

METHODS 

Water Quality and Cyanobacteria Abundance 

Cirata Reservoir water quality monitoring for 

the period 2013-2017 has been carried out by the 

Badan Pengelolaan Waduk Cirata – 

Pembangkitan Jawa Bali, BPWC-PJB. The water 

quality of the Cirata Reservoir is reported 

quarterly consisting of physical, chemical, and 

biological parameter data. The data were selected 

and verified according to research needs. This 

study used water quality parameter data (physical, 

chemical, and biological) covering from the 

depth of 0.2 m at 9 stations in the Cirata 

Reservoir (Figure 1). The physical, chemical and 

biological parameters used were water 

temperature, water transparency, carbon dioxide 

(CO2) levels, pH, nitrate (NO3-N), phosphate 

(PO4-P) , and zooplankton abundance. These 

parameters   affect the growth of Cyanobacteria. 

Data on the type and abundance of Cyanobacteria 

were taken from the tabulation data from the 

monitoring report. 

 

Figure 1. The Cirata Reservoir and Sampling 

Stations selected in the study 

Cyanobacteria Community Structure 

The community structure of the 

Cyanobacteria can be viewed from the three 

calculated parameters, namely species abundance, 

diversity index, and dominance index. 

Abundance was directly adopted from the 

monitoring report. Meanwhile, the diversity 

index was calculated using the Shannon-Wiener 
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diversity formula (1) (Wilhm & Dorris, 1968). 

While the dominance index was calculated using 

the Simpson dominance formula (2) (Odum, 

1996). 

𝐻′ = −∑ 𝑝𝑖𝑙𝑛𝑝𝑖𝑛
𝑖=1    (1) 

Where H 'is the Shannon-Wiener diversity 

index, pi is ni/N (ni is number of individuals of 

the family, N is the total number of individuals). 

The diversity index is categorized as 'low' if H'≤ 

1, 'medium' if 1 <H'≤3, and 'high' if H'≥3. 

D =∑ (𝑛𝑖 𝑁)⁄ 2
𝑛

𝑖=1
   (2) 

Where D is Simpson's dominance index, ni is 

the number of the individuals, N is the total 

number of individuals. If the D value approaches 

0 then there were no species dominated, and if 

the D value approaches 1 then there were species 

that dominated the community. 

Data Analysis 

This research employed two statistical 

analyzes, namely cluster analysis, and 

discriminant analysis. Cluster analysis was meant 

to group the members of Cyanobacteria in such a 

way that members in the same group (called a 

cluster) are more similar (in some sense) to each 

other than to those in other groups (clusters). 

While discriminant analysis was used to classify 

observations into non-overlapping groups, based 

on scores on one or more quantitative predictor 

variables. Data of abundance at each station in 

each period were analyzed using cluster analysis 

to group their abundance level/category, i.e., low, 

medium, high to find the factors determining the 

dynamics of the abundance levels before the 

discriminant analysis was performed. 

 

RESULTS AND DISCUSSION 

Results 

Water Quality Parameters 

The results indicated that the water quality 

parameters of Cirata Reservoir during the period 

2013-2017 were dynamic. No specific pattern 

was found regarding the temporal or seasonal 

dynamics of the water quality. The highest 

average temperature was occurred at 4th quarter 

of 2014 with a temperature of 30.83oC, while the 

lowest was in 2017 in the 3rd quarter with a 

temperature of 28.29oC. The highest average 

transparency was in the 4th quarter of 2017 with a 

depth of 120 cm, and the lowest was in the 4th 

quarter of 2013 with a depth of 66.33 cm. The 

highest average pH value was found in the 2nd 

quarter of 2016 with a value of 6.51, and the 

lowest was in 2015, the 3rd quarter with a value 

of 8.35. The highest average nitrate (NO3-N) 

levels were found in the 3rd quarter of 2014 with 

levels of 0.89 mg/L, and the lowest was in 2016, 

the 4th quarter with a level of 0.01 mg/L. 

Meanwhile, the highest average phosphate level 

(PO4-P) was found in the 4th quarter of 2014 with 

a level of 0.32 mg/L, and the lowest was in 2015, 

the 4th quarter with a level of 0.02 mg/L. For 

zooplankton, the highest average was in the 2nd 

quarter of 2013 with a total of 37,581 ind/L, 

while the lowest was in 2017 in the 4th quarter 

with a total of 495 ind/L. 

Cyanobacteria Community Structure 

During 2013-2017, 7 orders and 23 genera of 

Cyanobacteria were found, the group consisted of 

Chroococcales (5 genera), Nostocales (5 genera), 

Oscillatoriales (4 genera), Pleurocapsales (1 

family), Spirulinales (1 genus), Stigonematales (3 

genera), and Synechococcales (4 genera). The 

Cyanobacteria community was dominated by the 

order Pleurocapsales followed by Oscillatoriales, 

then Chroococcales, and Synechococcales 

respectively. The abundance of Cyanobacteria 

ranged from 4,521 ind/L - 128,337 ind/L. While 

Stanieria was the genus with the highest 

abundance at any period. 

The diversity index value (H') of 

Cyanobacteria in Cirata Reservoir ranged from 

0.085-1.612. The water diversity index criteria of 

Cirata Reservoir in 2013 (quarter 2, 4), 2014 

(quarter 3, 4), 2015 (quarter 1, 2, 3, 4), and 2016 

(quarter 1, 2) were regarded as low with an index 

of ≤1, while in 2016 (quarter 4) and 2017 

(quarter 3, 4) with index >1 was regarded as 

moderate. 
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The dominance index value of Cirata 

Reservoir waters during 2013-2017 ranged from 

0.298 to 0.973. In a point with a diversity index 

of ≤1, the dominance index was close to 1. These 

happened in 2013, 2014, and 2016 in quarters 1 

and 2. This indicated that some species dominate 

the community, as it was obvious that Stanieria 

sp. dominated the Cyanobacteria community. At 

the end of the period, i.e., 2016 the 4th quarter, 

and 2017 the 3rd and 4th quarter, it showed the 

diversity index increased to >1, and the 

dominance index decreased. 

Water Quality – Cyanobacteria Abundance 

Relation 

The cluster analysis of the abundance of 

Cyanobacteria resulted in three groups of 

Cyanobacteria abundance, i.e., low, medium, and 

high (Table 1). 

 

Table 1. Cyanobacteria Abundance Groups 

based on Cluster Analysis in 

Individual/Liter 

 1 

(Low) 

2 

(Medium) 

3 

(High) 

Total 98 8 2 

Min 66 19.272 35.772 

Max 14.883 31.779 41.731 

Range <15.000 15.000-32.000 >32.000 
 

*in ind/L units 

  

The decision from the discriminant analysis 

concerning the abundance of Cyanobacteria and 

water quality can be taken in two ways; from the 

Wilks' Lambda number and the F test. In Table 2, 

it can be seen that the Wilks' Lambda number 

ranges from 0.903-1.000, with the nitrate 

parameter as the farthest variable from 1. While 

the results of the discriminant analysis of the 

abundance of Cyanobacteria with water quality 

through the F test can be seen by looking at the 

significance values on the table. The variable on 

the table that has a significant value <0.05 was 

nitrate. This shows that the environmental 

parameter that significantly affected the 

dynamics of Cyanobacteria abundance was the 

nitrate level. 

Table 2. Discriminant Analysis between 

Parameters and Cyanobacteria 

Abundance Group in Cirata 

Reservoir 

Parameter Low Medium High 
Wilks’ 

Lambda 
F Sig. 

Temperature 30,028 30,2 31 0,987 0,697 0,5 

Transparency 99,194 83,125 87,5 0,983 0,925 0,4 

pH 7,356 7,345 7,31 1,000 0,005 0,995 

CO2 (mg/L) 5,196 6,665 4,95 0,996 0,210 0,811 

Nitrate (mg/L) 0,388 0,726 0,562 0,903* 5,662 
0,005

* 

Phosphate 

(mg/L) 
0,160 0,185 0,246 0,989 0,592 0,555 

Zooplankton 

(Ind/L) 
15349 32265 8003 0,947 2,936 0,057 

 

*Parameters that have a significant effect 

 

Discussion 

In general, the water quality parameters of 

Cirata Reservoir such as temperature, 

transparency, pH, CO2, nitrate, phosphate levels, 

and the abundance of zooplankton were in the 

range to support the growth of Cyanobacteria, 

marked by the presence of Cyanobacteria in each 

period. Referring to the diversity index and 

dominance index, it can be regarded that the 

reservoir has low to moderate diversity with a 

dominance of the genus of Cyanobacteria. When 

viewed from the stability, based on the Shannon-

Wiener diversity index, Cirata Reservoir water is 

categorized as low community diversity and 

stability (Basmi, 1999). In such circumstances, 

this can easily affect the structure and 

composition of the genera, even by relatively 

small environmental changes (Tarunamulia et al., 

2016). 

The Cyanobacteria in Cirata Reservoir 

consisted of 7 orders and 23 genera of 

Cyanobacteria, several genera such as Stanieria, 

Oscillatoria, Phormidium, and Microcystis 

always present during years of 2013-2017. In this 

study, the highest cyanobacteria abundance 

occurred in the 4th quarter of 2014 during the dry 

season with a total of 128,337 ind/L. According 

to Mur et al. (1999), this can be influenced by 

genetic conditions, and the ability of 

Cyanobacteria to adapt to a wide range of 

environmental conditions as discussed below. 

The Cyanobacteria in the Cirata Reservoir also 

consisted of toxic-producing species, such as 
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Anabaena, Lyngbya, and including Oscillatoria, 

Phormidium, and Microcystis. 

Stanieria placed the highest abundance in this 

period, which also happened in 1995-2013 as 

indicated by Sunardi et al. (2017).  In that period, 

Stanieria showed its dominance in the mid to late 

period of the study when temperatures were 

slightly higher than average. The warmer 

environment might stimulate the faster 

regeneration. One thing that can affect the high 

abundance of Stanieria is the ability to reproduce 

faster than the other genera. According to Mur et 

al. (1999), in contrast to other orders of 

Cyanobacteria, Pleurocapsales can reproduce in 

two ways, namely binary fission and double 

fission so that their reproduction is more rapid 

than the other genera. 

Several genera such as Oscillatoria and 

Microcystis have capacity to deal with fluctuating 

environmental conditions. Microcystis is a 

cosmopolitan genus of Cyanobacteria and has a 

wide tolerance for environmental conditions 

(Masithah, 2011). Moreover, Microcystis can 

form a kind of gas bubble to float on the water 

surface to get an optimal location for its growth 

(Mur et al., 1999). This can be an advantage in 

competition with other species. Microcystis can 

also produce microcystin which supports the 

defense against the competition with other 

phytoplankton or predation by zooplankton and 

fish. It is confirmed by Hulot & Huisman (2004) 

that there are poisonous cyanobacteria that can 

paralyze the green algae Chlamydomonas, for 

example, Microcystis. Similarly, Oscillatoria can 

also adapt to any amount of pollution load in the 

water, while its filamentous structure, hard and 

toxic cell walls make it avoided by predation 

(Fahrur et al., 2012). Meanwhile, Phormidium 

can present at any conditions because it is 

cosmopolitan, and has the same structure as 

Oscillatoria. 

The discriminant analysis result showed that 

the difference in high and low abundance of 

Cyanobacteria in the Cirata Reservoir is 

determined by Nitrate (NO3-N) levels in the 

water. As indicated by Mur et al. (1999), for 

phytoplankton, the need for nitrate is greater than 

those for phosphate. The ratio of nitrate and 

phosphate levels required by Cyanobacteria is 

10-16:1. Nitrate level affects its growth rate; the 

higher the nitrate level, the more accelerated the 

growth of Cyanobacteria (Kim et al., 2017). 

Nitrate is the primary nutrient needed for the 

growth of phytoplankton including 

Cyanobacteria. Thus, the nitrate level is a 

significant factor affecting the growth rate of 

Cyanobacteria and plays as the most important 

controller for the abundance of Cyanobacteria in 

the eutrophic water. 

 

CONCLUSION 

Cyanobacteria community structure in Cirata 

Reservoir consists of 7 orders and 23 genera, the 

highest abundance is 128,337 ind/L in the 4th 

quarter of 2014. Based on the Shannon-Wiener 

diversity index and Simpson dominance index, it 

can be seen that the Cyanobacteria community 

structure in Cirata Reservoir has low to moderate 

diversity. It also found that the dominant (high 

dominance) genus was Cyanobacterium 

(Stanieria) from the order of Pleurocapsales. 

Several poisonous cyanobacteria such as 

Anabaena, Lyngbya, Oscillatoria, Phormidium, 

and Microcystis were also found in Cirata 

Reservoir. The environmental parameter that 

significantly affects the high and low abundance 

of Cyanobacteria based on the discriminant 

analysis that has been carried out was the nitrate 

(NO3-N) parameter. 
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