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ABSTRACT 

This research aims to determine the carrying capacity of Darma Reservoir waters for the utilization of the 
floating net cages aquaculture. The research was conducted on December 16, 2019 to January 6, 2020. Method 
used in this research was survey with comparative descriptive data analysis. Water samples were taken as many 
as four times at four research sites in the waters. Water quality parameters measured were temperature, light 
transparency, pH, CO2, BOD5, DO, NH3 and total phosphorus. Analysis of the carrying capacity of waters is 
determined through the total phosphorus approach. Based on the results of this research it can be concluded that 
the number of floating net cages aquaculture system in the Darma Reservoir has exceeded the reservoir's 
carrying capacity. Feed waste from fish farming contributes to 234,507.2 kg / year (17.6 µg/l/day) of pollution 
load waste. The decrease of water quality is caused by an abundance of feed waste (155,459.8 kg P / year) and 
metabolic or faecal residues (79,047.4 kg P / year). The number of floating net cages in the Darma Reservoir 
has exceeded the reservoir capacity by 10,456 bags which should only be allowed as many as 3,068 bags 
floating net cages. 
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1. INTRODUCTION 

Darma Reservoir is an irrigation reservoir located in Kuningan District, West Java. Most of the people 
living around the Darma Reservoir do aquaculture in the floating net cages system. Aquaculture in floating net 
cages provide economic benefits because it provide regular income to the community. The presence of floating 
net cages in the Darma Reservoir is currently 2,614 units or 10,456 bags with 211 people ownership [1]. 

Utilization of reservoirs and lakes for floating net cages aquaculture system activities, every year is al-
ways faced with a number of problems including the occurrence of mass death of fish as occured in the Darma 
Reservoir. The mass deaths of tens of tons of fish in floating net cages in the Darma Reservoir occurred in a row 
starting Saturday night, November 10, 2018 until Sunday morning, November 11, 2018. This time the mass 
death of fish occurred to all floating net cages blocks scattered in the Darma Reservoir, spesifically in the float-
ing net cages blocks around Jagara, Darma, Cipasung, and Paninggaran Villages [2] 

One of the main components of fish culture management is identification and calculation of  carrying 
capacity water resources [3]. Carrying capacity is a population of aquatic organisms that will be supported by an 
area or volume of water that is determined without decreasing quality [4]. Determination of carrying capacity 
must be considered so that the utilization and management of fisheries resources in the waters can be sustaina-
ble. The purpose of this study was to determine the carrying capacity of Darma Reservoir waters for the utiliza-
tion of the floating net cages aquaculture activities. 

 
 

2. METHODOLOGY 
 

2.1 Study Area 
 
The research was conducted on December 16, 2019 to January 6, 2020. Observation  and sampling 

stations (Figure 1) were carried out using the  purposive  sampling  method  which was divided into four 
stations. The observation station for  sampling  is  chosen  based  on organic material input, including 
Station 1 : Located  at  the  reservoir  inlet 
Station 2 : Located in the middle of the body of the Darma  Reservoir with the highest  

number of floating net cages 
Station 3 : Located in the middle of the body of the Darma  Reservoir with the lowest   
 number of floating net cages 
Station 4 : Located  at  the  reservoir  outlet 
 

 
Figure 1. Map of Darma Reservoir and study area 
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2.2 Sampling and Measurement 

Water sampling were carried out  with  a  seven-day  period  of  four  times samplings. Water quality pa-
rameters measured were temperature, light transparency, pH, CO2, BOD5, DO, NH3 and total phosphorus. Mea-
surements of temperature, light transparency, pH, CO2 and DO are done in situ (directly in study area), while 
measurements of BOD5, NH3 and total phosphorus are carried out ex situ in the laboratory. Carrying capacity is 
determined through an organic load approach such as total phosphorus in waters. 
 
2.3 Data Analysis  

Method used in this research was survey with comparative descriptive data analysis that compares the 
values of water quality parameters with water quality standards class II in Government Regulation No. 82, 2001 
[5]. Analysis of carrying capacity is calculated based on the Minister of Environment Regulation No. 28/2009.  

2.3.1 Carrying Capacity of Darma Reservoir  

Carrying capacity for floating net cages calculation steps are as follows: 
1. Morphology and Hydrology of Reservoir  

 
Z= V / A     (1) 
ρ = Q / V     (2) 

 
Explanation:  
Z  : Average depth of reservoir (m)  
V : Volume of reservoir (million m3)  
A  : Area of reservoir (Ha)  
ρ  : Rate of water change of reservoir (per year)  
Q  : Number of discharge water reservoirs out (million m3 /year)  
 
2. Phosphorus Pollution Load Allocation (P)  

 
Δ[P] = [P]f – [P]i    (3) 

 
Explanation:  
Δ [P]  : Total phosphorus allocation of fish farming (mg/m3)  
[P]f  : The maximum P concentration that can be accepted by water bodies (mg/m3), For    

 common carp and tilapia 250 mg/m3 
[P]i  : Total phosphorus parameters of monitoring results of reservoirs (mg/m3)  
 
3. Total Phosphorus Pollution Load   

 
Lfish = Δ[P] Z ρ / (1 – Rfish)    (4) 
Rfish = (1 - x)*R + x     (5) 
R = 1÷ 1 + 0,515 ρ0,551    (6) 
Lafish = Lfish * A     (7) 

 
Explanation:  
Lfish  : Total phosphorus fish waste capacity per unit of reservoir area (g P/m3)  
La  : Total capacity of Total phosphorus fish waste in lake waters (g P/year)  
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R  : Total phosphorus left with sediment (mg P/m3) 
Rfish  : The proportion of total phosphorus that dissolves into the sediment after the cage is  

present (mg P) 
X  : Proportion of Total phosphorus that is permanently entered into the base, 45 - 50%  
 
4. Feed and Waste Phosphorus Aquaculture Net Cage  

 
PLP = FCR x Pfeed – Pfish    (8) 

 
 
Explanation:  
PLP  : Total phosphorus entering the reservoir from the fish waste (kg P/ton of fish)  
FCR  : Feed Convertion Ratio (ton/ton feed fish)  
Pfeed  : Total phosphorus Levels in the feed (kg/ton feed)  
Pfish  : Total–P Levels in fish (kg/ton of fish)  
 
5. Number of Aquaculture  

 
LI = La / PLP      (9) 
LP = LI x FCR     (10) 

 
Explanation:  
LI : Total production of net cage culture (tons of fish/year)  
LP : Total feed of net cage culture (ton of feed/year)  
  
6. Determination of Net Cage  

 
The Ideal number of cages = LI / Total fish production per year on net cages (11) 

Number of cages to be reduced = Total number of existing net cages – The ideal number of cages (12) 
 

3. RESULT AND DISCUSSION 
 

3.1 Temperatur 

Based on the measurement results of water quality parameters, the average temperature of the Darma 
Reservoir waters ranges from 25.0 ± 0.62-25.7 ± 0.76 oC (Figure 2). This value is still in the range of tempera-
ture are appropriate for fish life. The temperature are appropriate for fish life in the tropics ranges between 25-
320C [6]. The difference in average temperature at each research station, it is caused by temperature measure-
ment, the longer temperature measurement then the temperature will increase.  Relatively low temperatures 
were obtained from sample measurements in the morning. While high temperatures are obtained in the mea-
surement of water samples in the afternoon until late afternoon [7] 
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Figure 2. The temperature graphs in waters during research 

 
3.2 Light Transparency 

Based on research data, it can be seen that the average of light transparency 0.51 ± 0.04-0.59 ± 0.06 m, 
the value is still in a good range for fish farming (Figure 3). The light transparency of fish culture waters is less 
than optimum ranging from 30-40 cm [8]. Station 1 has the highest average of light transparency, it is the loca-
tion of the entry of water (inlet). While station 2 has the lowest average of light transparency, it is the location 
with the highest number of floating net cages, so that sedimentation is high due to deposition of wasted feed and 
fish faeces. The value of light transparency in waters is strongly influenced by the presence of weather, turbidity 
of suspended and dissolved solids (mud and fine sand) [9]. 

 

 
Figure 3. The light transparency graphs in waters during research 

 
3.3 pH 

The average pH of the waters of the Darma Reservoir is around 7.2 ± 0.13-7.4 ± 0.11  (Figure 4). The 
pH is still within the quality standard limits for fish farming according to Government Regulation No. 82, 2001, 
that is 6-9 [5]. High  or  low  pH  values  of  water depend on several factors, namely, the condition of gases in 
water such as CO2, concentrations of  carbonate  and bicarbonate  salts,  and  the process  of  decomposition  of  
organic  matter  at the bottom of the waters [9].  
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Figure 4. The pH graphs in waters during research 

 
3.4 Carbon dioxide 

The average concentration of carbon dioxide in the waters of the Darma Reservoir is around 10.56-15.84 
mg/l (Figure 5). The carbon dioxide concentration has passed the threshold intended for the interests of fishe-
ries, but can still be tolerated by aquatic organisms if accompanied by an adequate concentration of dissolved 
oxygen. Free carbon dioxide concentrations of 10 mg/l can still be tolerated by aquatic organisms, provided 
they are accompanied by sufficient oxygen concentration [9]. 

 

 
Figure 5. The carbon dioxide graphs in waters during research 

3.5 Biochemical oxygen demand 

The average BOD5 concentration of Darma Reservoir waters is around 18 ± 0.82-18.75 ± 0.96 mg/l 
(Figure 6). The waters of the Darma Reservoir are classified as polluted by organic material because the BOD5 
concentration exceeds the quality standards specified by Government Regulation No. 82, 2001, that is 3-6 mg/l 
for fish farming [5]. BOD5 concentration in natural waters between 0.5-7.0 mg/l and waters that have a BOD5 
more than 10 mg/l are considered to have pollution [10]. Stations 2 and 4 have the same BOD5 concentration, 
that is 18.75 ± 0.96 mg/l and higher than station 1 and station 3, it happens because of waste that enters in con-
junction with the water flow, there are also intensive floating net cages aquaculture activities at station 2, while 
station 4 receives input from the surrounding agricultural activities so that the amount of oxygen needed by mi-
croorganismsto degrade organic waste is high. 

7.40 ± 0.11 7.35 ± 0.14

7.29 ± 0.13

7.37 ± 0.14

7.15
7.20
7.25
7.30
7.35
7.40
7.45
7.50
7.55

1 2 3 4

pH
 

Station

10.56 ± 0

15.84 ± 0
14.52 ± 2.64 13.2 ± 3.05

0
2
4
6
8

10
12
14
16
18
20

1 2 3 4

C
O

2
(m

g/
l)

Station

GSJ: Volume 8, Issue 7, July 2020 
ISSN 2320-9186 1353

GSJ© 2020 
www.globalscientificjournal.com



 

 
Figure 6. The biochemical oxygen demand graphs in waters during research 

3.6 Dissolved oxygen 

  The average dissolved oxygen concentration in the waters of the Darma Reservoir is around 5.18 ± 0.24-
6.05 ± 0.13 mg/l. The oxygen concentration is still within the limits of class II water quality standards in Gov-
ernment Regulation No. 82, 2001, that is 4 mg/l [5]. Waters designated for fishery purposes should have an 
oxygen concentration of not less than 5 mg / L [9]. The lowest average dissolved oxygen concentration at sta-
tion 2. It is due to the dense use of reservoir especially for floating net cages aquaculture activities so that the 
amount of organic waste (feed waste and metabolic waste) is produced. According to the rate of oxygen con-
sumption in floating net cages aquaculture is twice as high as the rate of oxygen consumption in waters where 
there is no floating net cages [11]. 

 
Figure 7. The dissolved oxygen graphs in waters during research 

 
3.7  Ammonia 

The average concentration of ammonia in the waters of the Darma Reservoir ranged from 0.663 ± 0.074-
0.87 ± 0.151 mg/l (Figure 8). Ammonia concentration has exceeded the class II water quality standard in Gov-
ernment Regulation No. 82, 2001, that is ≤0.02 mg/l for sensitive fish such as carp [5]. Free ammonia concen-
trations exceeding 0.2 mg/l are toxic to several fish species, in addition high ammonia concentrations can be 
used as an indication of organic pollution originating from domestic waste and fertilizer agriculture [12]. The 
highest average ammonia concentration is found in stations that have high floating net cages aquaculture com-
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pared to other stations, which is station 2. The high concentration of ammonia is thought to originate from the 
results of the removal of floating net cages aquaculture (feed waste and metabolic waste) found at the station. 
The concentration of ammonia in waters generally comes from decomposition organic material and fish meta-
bolic waste. The higher the organic matter in the waters, the higher the ammonia concentration [13]. 

3.8 Total phosphorus 

The average total phosphorus in Darma Reservoir waters ranged from 0.293 ± 0.087-0.393 ± 0.116 mg/l 
(Figure 9). The total phosphorus concentration has exceeded the Class II water quality standard for fish farming 
according to Government Regulation No. 82, 2001, that is 0.2 mg/l. The highest total phosphorus concentration 
was found in research sites with high floating net cages aquaculture (station 2) because it would contribute to 
the phosphorus derived from feed waste and fish metabolic waste. The concentration of P in the faeces was 20% 
-50% [14] and the concentration of P in the urine was 65% [15]. The waters of the Darma Reservoir can be clas-
sified into waters with high fertility rates. 

 

 
Figure 8. The ammonia graphs in waters during research 

 

 
Figure 9. The total phosphorus graphs in waters during research 

 
3.9 Carrying capacity of Darma Reservoir 

The existence of floating net cages in the Darma Reservoir currently amounts to 2,614 units or 10,456 
bags. In general, the size of each floating net cage unit is 7m x 7m x 6m (294 m3) and most of it is concentrated 
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net cages are carp (Cyprinus carpio) and tilapia (Oreochromis niloticus). Stocking density of seeds around ± 
400 kg/unit (± 8,000 fish) with a pisciculture period about 3 months, the use of feed as much as 3 tons/cycle to 
produce fish around 1.2 tons/cycle. 

If the floating net cages operates as many as 10,456 bags, the number of fish in the floating net cages is 
as much as 1,045.6 tons when the seeds are first stocked. Thus, the amount of feed given to 10,456 bags was 
31,368 tons/year. In intensive fish farming, the amount of feed given as much as 30-40% is wasted into the wa-
ters [16]. Based on these estimates, the amount of wasted feed is 9,410.4 tons/year or 25.78 tons/day.  

The results of observational data in the Darma Reservoir, the amount of feed used reached 85.94 
tons/day. Only 70% of the feed used is eaten by fish. The total phosphorus concentration in commercial feed is 
1.2% [17], so the feed in the Darma Reservoir has the potential to produce a total phosphorus in the waters of 
1,031.28 kg/day. Based on these calculations, reservoir waters receive organic waste discharges from floating 
net cages totaling 234,507.2 kg containing phosphorus, or in other words every liter of water in the reservoir is 
polluted with organic waste from floating net cages of 17.6 µg every day (Table 1). 

According to the calculation of the capacity in the Darma Reservoir, the maximum number of floating 
net cages that can operate is only 3.068 bags. It shows that there was an excess of 7.388 bags (Table 2). The 
amount of floating net cages that exceeds the Darma Reservoir capacity has resulted in decreased water quality. 
The decreased water quality is indicated by the concentration of ammonia (NH3) and total phosphorus that ex-
ceeds the water quality standard set for pisciculture. As a result of the decreased in water quality, the current 
yield of fish is less than the maximum due to the frequent occurrence of mass death of fish during the rainy sea-
son due to turn over, and in the end the fish will be sold at a low price on the market. Reducing the amount of 
floating net caged in accordance with the capacity of waters of the Darma Reservoir is one of the controls of 
water pollution so that the utilization and management of fish resources can be sustainable.  

Tabel 1. Prediction of total phosphorus supply from floating net cages aquaculture in Darma Reservoir   

No. Parameter Unit Reservoir Information 
 Feed Data    

1. FCR  1,8  
2. Total feed/year kg/year 31,368,000 70% consumed, 

30% wasted  Total feed wasted kg/year 9,410,400 

 Total P Data    
3. P in feed kg 376.416 1.2% of feed 

weight 
4. P in fish kg 141.908,8 37.7% of the 

concentration of P 
feed 

5. P discharged through 
faeces 

kg 79.047,4 21% of the 
concentration of P 

feed 
6. P wasted dissolved 

from metabolic 
residual 

kg 155.459,8 41,3% of the 
concentration of P 

feed 
7. Waste load P is 

discharged into the 
reservoir  
 

kg/year 234.507,2 Pfeed – Pfish 

  kg P/year 13,4568 Fish produced 
  µg/l/day 6.424,85 17,6 µg/l/day 
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Tabel 2. Calculation of Darma Reservoir capacity 
 

No. Parameter Unit Value 
1. The average depth of reservoirs (Z) M 14 

2. Volume of water reservoir (V) million m3 36,5 

3. Area of reservoir (A) Ha 425 

4. Number of discharge water reservoirs 
out (Q) 

million m3 /year 94,61 

5. Rate of water change of reservoir (ρ) per year 2,59 

6. The maximum P concentration that 
can be accepted by water bodies 
([P]f), for common carp and tilapia 
250 mg/m3 

mg/m3 250 

7. Total phosphorus parameters of 

monitoring results of reservoir ([P]i)   

mg/m3 337,5 

8. Total phosphorus allocation of fish 

farming Δ [P]   

mg/m3 87,5 

9. Total phosphorus left with sediment 
(R) 

mg P/m3 0,455 

10. The proportion of Total phosphorus 
that dissolves into the sediment after 
the cage is present (Rfish), x 
assumption: 45-55%. 

mg P 0,728 

11. Total phosphorus fish waste capacity 
per unit of reservoir area (Lfish) 

g P/m3 11,6645 

12. Total capacity of Total phosphorus 
fish waste in lake waters (Lafish) 

g P/year 4.957,4 x 106 

13. Total phosphorus entering the 
reservoir from the fish waste (PLP) 

kg P/ton of fish 13,4568 

14. Total production of net cage culture 
(LI) 

tons of fish/year 3.683,06 

15. Total feed of net cage culture (LP) ton of feed/year 6.629,50 

 
 
3 CONCLUSIONS 

The number of floating net cages aquaculture system in the Darma Reservoir has exceeded the reser-
voir's carrying capacity. Feed waste from fish farming contributes to 234.507.2 kg / year (17.6 µg/l/day) of the 
pollution load. The decrease in water quality is caused by an abundance of wasted food waste (155,459.8 kg 
P/year) and metabolic or faecal residues (79,047.4 kg P/year). The number of floating net cages in the Darma 
Reservoir has exceeded the reservoir capacity by 10,456 bags which should only be allowed as many as 3.068 
bags.  
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