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Abstract. Pratiwi NTM, Imran Z, Ayu IP, Iswantari A, Wulandari DY. 2020. The phosphorus load and the variation of the trophic states 
of Cirata Reservoir (West Java, Indonesia) from 1988 to 2017. Biodiversitas 21: 4176-4183. Cirata Reservoir was constructed in 1987 
between Saguling and Jatiluhur Reservoirs; these are the three man-made cascading lakes in West Java, Indonesia. Cirata Reservoir has 

been used for floating cage aquaculture activities. The high organic content from the remains of the fish pellets raised the phosphorus 
(P) load, resulting in the eutrophication of the reservoirs. This research was aimed to assess the P load and the variation of the trophic 
states of the reservoir from year 1988 to 2017. The trophic states and the nutrients’ conditions of the water were determined using 
Myxophycean Index. Four groups of phytoplankton were found in the reservoir during observation: Cyanophyceae, Chlorophyceae, 
Bacillariophyceae, and Dinophyceae. In addition, one group was found in a smaller number of observations: Eugolenophyceae. 
Although the community structure of the phytoplankton has changed, the Cyanophyceae was always dominant in response against the 
condition of nutrients, especially P. The P load is closely related to the number of floating cages in the reservoir. This evidence showed 
that Cirata Reservoir tended to be relatively eutrophic. In general, despite that the P load tended to fluctuate, the trophic states of Cirata 
Reservoir remained dynamic in relatively high conditions; showed by the oligo-mesotrophic state during its first year of operation, then 

increased to eutrophic and hypertrophic by the next decade. Although the P load tended to decrease, it remains in the eutrophic condition 
in the recent time. 
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INTRODUCTION 

Changes in water quality are influenced by various 

factors such as water use, onshore activities, design, and 

operation of water infrastructure (Choquette et al. 2019). 

Cirata Reservoir is one of cascading man-made lakes that 
was constructed in 1987 and located between Saguling and 

Jatiluhur Reservoirs, West Java, Indonesia. The reservoir 

has been used for numerous purposes, i.e. to operate 

hydropower plants, agricultural irrigations, and fisheries 

activities, both natural (catching), and culture (floating 

cage) fisheries that began in 1988.  

There is a strong connection between anthropogenic 

activities and water quality. High anthropogenic activities 

such as floating cage culture activity, runoff, and sediment 

erosion could result in excessive material input into the 

waters that could potentially lead to the eutrophication and 
the decrease of quality of the waters (McDowell and 

Hamilton 2013). The remains of the fish pellets in the 

operation of the floating cage will accumulate as organic 

matters that eventually will increase the nutrients in the 

reservoir waters. Excessive phosphorus (P) concentration, 

as one of the elements for fish feed, is a major cause of 

eutrophication in freshwater lakes, reservoirs, and rivers 

(Maniagasi et al. 2013).  

The dynamic of water quality serves as the main 

indicator of changes in trophic conditions. The second 

indicator is the change in the phytoplankton composition, 

as various phytoplankton in different compositions 

indicates respective trophic states of the associated waters. 

The presence of plankton may provide information about 

the conditions of the waters (Saragih and Erizka 2018). 
Waters dominated by Chlorophyceae and 

Bacillariophyceae belonged to mesotrophic level (Nedovic 

and Hollert 2005), while dominant Cyanophyceae with 

high density of green algae indicated eutrophic level 

(Ayoade et al. 2019).  

The anthropogenic eutrophication also deteriorated the 

waters’ functions. Abundant material input potentially 

resulted in exceedingly abundant nutrients. This would 

trigger phytoplankton bloom. As mentioned by Oliveira 

and Machado (2013), rich nitrogen or phosphorus content 

would blow the population of microalgae or phytoplankton 
out of proportion, especially those related to the increase in 

the phosphorus concentration. In general, naturally the 

nutrient would increase and the eutrophication eventually 

happened rather slowly in all water typologies. Further, 

however, the anthropogenic activities could accelerate the 

process. If material input could be suppressed, changes in 

water quality would not reach a level that interfere with the 

ecological processes in the aquatic ecosystem.
 

Combination of information about phytoplankton and 

water quality could substantiate the assessment of the 

trophic states of waters, especially those intervened by 

anthropogenic activities, such as Cirata Reservoir. 
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Assessment of aquatic trophic status based on the presence 

of phytoplankton became more comprehensive if supported 

by information about nutrients in the waters (Krzebietke et 

al. 2013; Nayek et al. 2018).  

Exploring aquatic biodiversity was also important to 

assess the bio-indicators of the waters’ condition, 

particularly the trophic states of a lake, as reported by 

Rahman et al. (2016). Understanding the biotic key 

parameter would simplify the decision making on the 

aquatic ecosystem management, both control the 
eutrophication and restore the condition. Though many 

approaches can be used to assess the possibility of the 

increasing trophic level due to various input into the 

waters, starting from the low (Allinger and Reavie 2013; 

Shekha et al. 2017) and high (Qin et al. 2012; Opiyo at al. 

2019), that would change the waters from oligotrophic to 

mesotrophic, eutrophic, or even hypertrophic; hence the 

biological approach such as Nygaard Index (Myxophycean 

Index in this term) was possible to be applied. This 

research aimed to assess the phosphorus (P) load and the 

variation of the trophic states of Cirata Reservoir from the 
first year of its operations (in 1988) until 2017. 

MATERIALS AND METHODS 

Area of study 

This research was carried out in Cirata Reservoir 

waters, West Java, Indonesia which is geographically located 

at 6°44’14”S and 107°17’56”E (Figure 1). The reservoir is 

located between Saguling and Jatiluhur Reservoirs; these  

waters form cascading man-made lakes in the Citarum 

River system. Cirata Reservoir has been used for floating 

cage aquaculture activities that firstly began in 1988, i.e. 

when the reservoir had finished its final inundation. 

Procedures 

There were two data categories used in this study: 

primary and secondary. The primary data for 

phytoplankton and phosphorus (P) were drawn from direct 

sampling in 1999, 2004, 2012, 2013, and 2017. The 

secondary data were obtained from various sources, both 
from published and unpublished sources such as a report, 

dissertation, thesis, and honorary thesis. The data of 

phytoplankton in 2012 and 2015 were obtained from 

nationally published article (Nurcahya and Nugraha 2013; 

Nurruhwati et al. 2017); while the data from 2005, 2006, 

and 2009 were obtained from Nuraini (2005), Zahidah 

(2006), Sudrajat et al. (2010). Not all of the secondary data 

provided complete information about the species names, 

rather they only mentioned the number of species in each 

class group of phytoplankton. Furthermore, for the 

phosphorus’ secondary data from 2004 were obtained from 
Komarawidjaja et al. (2005), and the rest of the data were 

taken from 1988, 2002, 2005, 2006, 2009, 2014, 2015, 

2016 from Sukimin (1995, 2003), Nuraini (2005), 

Mardiana (2007), Sudrajat et al. (2010), and BPWC/Cirata 

Reservoir Management Agency (2017), respectively. 

Therefore, data analysis was adjusted to the availability of 

data for providing a comprehensive representation of the 

studies that have been carried out over a relatively long 

period of time.  

 

 

 
Figure 1. Cirata Reservoir, West Java, Indonesia 
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Direct sampling was conducted twice per day, during 

daytime in the dry season. Generally, water samples were 

acquired from the five zones at the reservoir: the northern 

(Zone 1), eastern (Zone 2), southern (Zone 3), western 

(Zone 4), and center (Zone 5) of the reservoir, horizontally 

(Figure 1), in two layers, vertically (the surface and Secchi 

depth), and the samples were analyzed in the laboratory for 

phytoplankton species, phytoplankton abundance, and 

phosphorus. There are several guidelines available for 

phytoplankton identification and classification, such as 
Prescott (1970) and Mizuno (1979) in Pratiwi et al. (2019). 

The phosphorus analysis was carried out based on APHA 

(2012). 

Data analysis 

The trophic states of the waters were determined using 

Myxophycean Index, based on the presence of 

Cyanophyceae and Desmids species (Bellinger and Sigee 

2010), and the nutrients’ conditions (EPA 2000 in Tas 

2012). The ratio of the numbers of eutrophication indicator 

phytoplankton species results in a value that indicates the 

trophic states; i.e. lower than 1 for oligotrophic and higher 
than 1 for eutrophic (Bellinger and Sigee 2010). 

Calculation of phosphorus load was conducted based on  

PerMenLH (Decree of The Minister of Environment) No 

28 Year 2009 about Total Maximum Load of the Lake or 

Reservoir. In addition, a regression analysis was also 

carried out (Mattjik and Sumertajaya 2002 in Pratiwi et al. 

2019) to assess the relationship between the increasing 

number of floating cages and the phosphorus load. 

RESULTS AND DISCUSSION 

The overall result suggested a series of the trophic 

states of Cirata Reservoir based on the phytoplankton 

community structure and the phosphorus load. The 
common phytoplankton in the reservoir was 

Cyanophyceae, Chlorophyceae, Bacillariophyceae, 

Dinophyceae, and Euglenophyceae, and are shown in Table 

1. Some species of intolerant indicators, such as 

Cosmarium, Euastrum, Micrasterias, and Staurastrum that 

indicate good water conditions (oligotrophic) were 

recorded. In contrast, the species of Cyanophyceae—as the 

tolerant indicators that usually dominate eutrophic or 

hypertrophic waters— were also found. The presence of 

those two groups will indicate the dynamic of trophic states 

of the waters of Cirata Reservoir.
 
 

 
 

Table 1. The phytoplankton in Cirata Reservoir, West Java, Indonesia from 1999 to 2017. 
 

Class Year Species 

Cyanophyceae 
  

 
1999 Anabaena sp., Oscillatoria sp. 

 

2004 Microcystis sp., Oscillatoria sp., Merismopedia sp., Aphanothece sp., Chroococcus sp., Phormidium sp., 
Oscillatoria sp., Anabaena sp. 

 
2012 Microcystis sp., Oscillatoria sp., Merismopedia sp., Aphanothece sp., Chroococcus sp., Phormidium sp. 

 

2013 Microcystis sp., Oscillatoria sp., Merismopedia sp., Aphanothece sp., Chroococcus sp., Phormidium sp., 
Anabaena sp. 

 
2017 Merismopedia sp., Oscillatoria sp., Microcystis sp., Phormidium sp., Anabaena sp. 

Chlorophyceae 
 

 

 
1999 Chlorogonium sp., Cosmarium sp., Pediastrum sp., Staurastrum sp. 

 

2004 Micractinium sp., Micrasterias sp., Euastrum sp., Volvox sp., Ulothrix sp., Tetraspora sp., Tetraedron sp., 
Staurastrum sp., Selenastrum sp., Scenedesmus sp., Pediastrum sp., Gleociystis sp., Chlorogonium sp., 

Asterococcus sp., Actinastrum sp., Euastrum sp., Dictyosphaerium sp., Arthrodesmus sp. 

 

2012 Micractinium sp., Micrasterias sp., Euastrum sp., Volvox sp., Tetraspora sp., Tetraedron sp., Staurastrum 
sp., Selenastrum sp., Scenedesmus sp., Pediastrum sp., Gloeocystis sp., Asterococcus sp., Actinastrum sp. 

 

2013 Micractinium sp., Micrasterias sp., Euastrum sp., Volvox sp., Tetraspora sp., Tetraedron sp., Staurastrum 
sp., Selenastrum sp., Scenedesmus sp., Pediastrum sp., Botryococcus sp., Mougeotia sp., Dictyosphaerium 
sp., Gleociystis sp., Asterococcus sp., Actinastrum sp. 

 
2017 Pediastrum sp., Arthrodesmus sp., Botryococcus sp., Mougeotia sp., Dictyosphaerium sp., Actinastrum sp. 

Bacillariophyceae  

 

1999 Nitzschia sp., Synedra sp. 

 
2004 Bacillaria sp., Cyclotella sp., Fragilaria sp., Melosira sp., Navicula sp., Nitzschia sp. 

 

2012 Bacillaria sp., Biddulphia sp., Coscinodiscus sp., Cyclotella sp., Cymbella sp., Fragilaria sp., Frustulia 
sp., Melosira sp., Navicula sp., Nitzschia sp., Synedra sp. 

 

2013 Bacillaria sp., Biddulphia sp., Coscinodiscus sp., Cyclotella sp., Cymbella sp., Fragilaria sp., Frustulia 
sp., Melosira sp., Navicula sp., Nitzschia sp., Synedra sp. 

 
2017 Navicula sp., Nitzschia sp., Coscinodiscus sp., Melosira sp., Synedra sp.  

Dinophyceae 
 

 

 

1999 Peridinium sp., Ceratium sp. 

 
2012 Peridinium sp., Ceratium sp. 

 
2017 Peridinium sp., Ceratium sp. 

Euglenophyceae  

 
2004 Euglena sp. 

  2009 Phacus sp. 
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The composition, the total density of phytoplankton, 

and the most abundant group in Cirata Reservoir from 1999 

to 2017 are presented in Figure 2. The number of species of 

the phytoplankton tended to vary temporarily. In total, the 

number of species varied from seven to 37 species, with the 

highest composition belonged to Chlorophyceae. On the 

other hand, although found in small number of species, the 
Cyanophyceae was found in a fairly high density from 

1999 to 2017. The Cyanophyceae should have been taken 

into serious consideration as it indicated eutrophication, 

such as Oscillatoria sp. and Microcystis sp. that live in 

eutrophic waters as well as in the waters with high organic 

content (Robarts and Tamar 2010; Allinger and Reavie 

2013; Ganai and Saltanat 2014; Kamilah et al. 2014). 

The assessments based on the presence of the 

phytoplankton often needed to be supported by other bases, 

such as the presence of P (Paztaleniec and Poniewozik 

2010; Nayek et al. 2018). The phosphorus total contains 
orthophosphate, which is the only form of phosphorus that 

can be assimilated by autotrophs (Nomosatyo and Lukman 

2011; Novita MZ et al. 2015). The eutrophication is an 

increase in excess nutrients, leading to excessive 

production of autotrophs (Shekha et al. 2017), especially 

microalgae, including those from the class Cyanophyceae 

(Offem et al. 2011). As explained by Baho et al. (2017), 

high nutrients input would lead to a species’ dominance. 

Naturally, nutrients input into the aquatic system through 

run-off, groundwater flow, atmospheric deposition (rain), 

and direct input from the terrestrial system (leaf litter) 

could affect the physical chemistry parameters of water 
(Hoverman and Johnson 2012). As found in Lake Lido, 

Bogor, West Java, Indonesia, as a response of high 

nutrients, the most abundant phytoplankton was Melosira 

sp., centric type of the Bacillariophyceae (Pratiwi et al. 

2013). Phosphorus concentration could affect the growth of 

the freshwater diatoms (Bacillariophyceae class) whereas 

the decrease could lead to suboptimal growth (Katiyar et al. 

2010). 

The bloom of the emerging species indicated that the 

reservoir waters have been eutrophized (Molisani et al. 

2010; Sayekti et al. 2015). The eutrophic state of reservoir 

water was also indicated by the community structure of the 
phytoplankton contained, such as the Cyanophyceae. The 

dominance of Cyanophyceae in Cirata Reservoir showed 

that the reservoir was in eutrophic conditions with high 

organic matter content. The abundance or the increase in 

Cyanophyceae indicated eutrophic water (Mu et al. 2014); 

and the biomass was greatly influenced by the changes of 

the excessive P concentration in the waters (Couture et al. 

2018). Temporal variations, such as changes in the 

abundance and composition of phytoplankton, happened in 

response to the changes in the quality of the aquatic 

environment (Medupin 2011; Anggraini et al. 2016) and 
the trophic states (Ryan et al. 2006).  

Specifically, based on the presence of Cyanophyceae 

and Desmids, the value of the Myxophycean Index of the 

reservoir waters, even in 1999, were categorized as meso-

eutrophic level. It was increasingly eutrophic by the end of 

the observation period, with the highest level 

(hypertrophic) in 2015, and decreased during the last 

period of observation. Likewise, the concentration of total 

phosphorus was getting higher in 2002. The higher content 

of the total phosphorus also indicated a higher trophic state 

(Abell et al. 2010). The concentration of phosphorus began 

to exceed the threshold for eutrophic condition since 2002, 
reaching its highest value in 2004, and kept decreasing 

until the end of the observation period. Nevertheless, based 

on those two approaches, the decline still showed a high 

trophic status as eutrophic level, presented in Figure 3.

 
 
 

 
 
Figure 2. The temporal variation of the phytoplankton composition and density from 1999 to 2017 
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Figure 3. The trophic states of Cirata Reservoir, West Java, Indonesia based on Myxophycean Index and Total P (1988 to 2017) 
 

 
 

The total P load in the waters were fluctuating (Figure 

4). It increased sharply in the middle of the period, then 

decreased by the end of the observation period. These 
indicated that both the condition and the trophic states of 

the waters had changed. Cirata Reservoir had been in a 

relatively high eutrophic state since 2004 up to now. 

Cirata Reservoir was filled completely and began to 

operate the hydropower plant in 1988. The reservoir has 

also been used for floating cage aquaculture activities with 

increasing number of operations. The change in P loads of 

Cirata Reservoir was related to the input of phosphorus, 

presumably from the floating cage culture activity. Based 

on EPA (2000) in Tas (2012), the phosphorus content in 

Cirata Reservoir indicated eutrophic to hypertrophic states. 
The nutrient had longer retention time in a deeper, more 

stratified reservoir waters (Lima et al. 2015). Organic 

matters from the rest of the feed accumulated and settled at 

the bottom. Even though there was some flushing process, 

the remaining feed from the floating cage activity was not 

completely wasted. In addition, the phytoplankton biomass 

in a reservoir mostly followed the hydrological pattern as 

well, based on the operation of the reservoir (Rangel et al. 
2012). 

The excess of P, especially due to the operation of the 

floating cages, resulted in eutrophication. Specific 

description related to the relationship between the P load 

and the number of floating cages is illustrated in Figure 5. 

There appear two patterns of the relationship; the P load at 

low to moderate, and at moderate to high number of 

floating cages. The P load tended to increase when the 

number of floating cages were still relatively low. The 

opposite condition occurred in a high number of floating 

cages. This meant that at the beginning of the floating cage 
operating period (1988-2008), when water conditions were 

still relatively good and the oxygen was still high. In such 

conditions, dissolved P tended to precipitate. Therefore, the 

measured P in water had a pattern along with the increase 

of the floating cage operations. 

 
 

 
 
Figure 4. Loads of phosphorus in Cirata Reservoir, West Java, Indonesia from 1988 to 2017 
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Figure 5. The number of floating cages and loads of phosphorus in Cirata Reservoir, West Java, Indonesia from 1988 to 2017 
 
 

 

The result showed that the trophic states were different 

from the period when the floating cage operation had just 
begun, when the reservoir was still oligotrophic to 

mesotrophic. This indicated that, since the beginning of its 

operation in 1988, the reservoir waters has been receiving 

high material content. Currently, the nutrient concentration 

tended to decrease even number of activities and the 

production increases. However, the decrease in nutrients 

did not downgrade the trophic level of the waters; the water 

was still in eutrophic condition.  

Different from non-point sources input that gave more 

dissolved-reactive phosphorus materials than the point 

sources (Baker et al. 2019), aquaculture activities as the 
point source input contributed to abundant organic matters 

from the remains of the feeds, thus potentially increased the 

nutrients. As shown in Figure 5, the high number of 

floating cages at the beginning of the observation resulted 

in a high P load. However, in the following years, the P 

load in the water column decreased as the P was already 

precipitated and deposited at the bottom of the waters. The 

results also showed the level of water saturation in 

accommodating the P load, as shown by the state of the 

water which was always in eutrophic conditions. 

In normal conditions, the N/P ratio was set as a 

reference for the changes in the composition of 
phytoplankton types. However, if the P content has 

exceeded the minimum requirement, the change in the ratio 

did not affect the overall species compositions, but instead, 

it was limited to the species composition of the 

Cyanophyceae group. In the waters with excessive P 

content, there would always be a Cyanophyceae 

dominance, as shown in Lake Toba (Rahman et al. 2016). 

In general, eutrophic waters have moderate to very poor 

ecological condition (Paztaleniec and Poniewozik 2010). 

This means that Cirata Reservoir waters had an imbalance 

in the ecological process which resulted in the disruption of 
aquatic productivity, which was indicated by the 

emergence of Cyanophyceae group dominance, instead of 

high species diversity. This was evident in the research 

results by Downing et al. (2001), de Hoyos et al. (2004), 
Molot et al. (2014), and Cottingham et al. (2015), in waters 

with high P content, Cyanophyceae dominance increased as 

P content rose. 

When an ecosystem receives a relatively high 

concentration of nutrients input over a long period of time, 

the balance of the plankton community will be affected and 

the overall ecological process in the aquatic ecosystem will 

be disturbed (Melo et al. 2018). Reservoir with such 

changing conditions triggered a decrease in water quality, 

which then followed up by a reduction in the potential use 

of the aquatic ecosystems. Furthermore, the blooms of the 
eutrophication indicator species and the operation of 

reservoir must be managed properly (Molisani et al. 2010; 

Sayekti et al. 2015).  

The high concentration of the nutrient in the reservoir 

was caused by the feeding activities from the floating cage 

aquaculture. The floating cage activities contributed to 

nutrient loads in higher concentrations than the agriculture 

and domestic activities (Purnamaningtyas and Tjahjo 

2008). The high loads of nutrients affected the water 

quality of Cirata Reservoir. The same conditions were also 

found in other waters with floating cage activities, such as 

Jatiluhur Reservoir (Putri and Purnamaningtyas 2013), 
Lake Lido (Pratiwi et al. 2013), and Lake Toba (Rahman et 

al. 2016; Pratiwi et al. 2017). The material inputs in those 

lakes generally came from floating cage activities. These 

high nutrient load increases, due to uncontrolled floating 

cage activities, disrupted the reservoir functions. As a 

result, the sustainability level of the reservoir function 

became relatively low (Qin et al. 2012; Kholil et al. 2015). 

It was highly recommended to measure and manage 

total P input in all aquatic ecosystems (Lihawa and 

Mahmud 2017); the manager of the reservoir was 

recommended to pay attention to the potential input of 
phosphorus loads from the materials input. By limiting the 

P load below the permitted threshold, the potential 
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eutrophication could be mitigated (Jimenez-Martinez 

2020). One of the recommendations was to decrease loads 

of P in Cirata Reservoir, and introduced milkfish to eat 

phosphorus-assimilating phytoplankton (Warsa et al. 

2018). This recommendation was based on the successful 

achievement in Jatiluhur Reservoir that managed to 

improve the water quality by introducing milkfish (Tjahjo 

et al. 2011). 

In conclusion, both of the P load and the trophic states 

of Cirata Reservoir were deemed to be dynamic. Although 
the P load showed gradual decrease, the trophic states of 

the reservoir remained dynamic in relatively high 

conditions; an oligo-mesotrophic state during the first year 

of its operation, increased to eutrophic and hypertrophic 

within the next decade, and then declined to eutrophic. In 

general, this research suggested that serious attention must 

be paid to maintain the function of the aquatic ecosystem of 

Cirata Reservoir. 
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