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Abstract. As the target species of fishermen in Lake Batur, tilapia (Oreochromis niloticus) population has 
declined, threatening the economic loss of the fisheries community. Furthermore, Midas cichlid 
(Amphilophus citrinellus), which has low economic value, has also dominated the fisher's catch in Lake 
Batur, reducing the catch of the target species. Stock assessment for both species is needed to develop 
proper management. This study aimed to assess the stock status of tilapia and Midas cichlid for fisheries 
management recommendations. Some population characteristics were obtained based on monthly data 
in 2023, and the stock status was determined by the yield per recruit and spawning potential ratio 
analysis. This study revealed that A. citrinellus in Lake Batur is more resistant than O. niloticus, indicated 
by the faster growth, better fatness and larger spawning stock biomass of A. citrinellus than O. niloticus. 
The current stock status of O. niloticus is in a recruitment overfishing condition, while the status of A. 
citrinellus is underfished. Several management measures are needed to increase tilapia’s spawning stock 
biomass, improve the ecosystem's quality, limit the population of A. citrinellus and raise the economic 
value of A. citrinellus through processing and market development. 
Key Words: market development, recruitment overfishing, spawning potential ratio, stock assessment. 

 

 

Introduction. As a caldera lake with an area of 16.05 km2, Lake Batur contributes to the 

local community's economy in the Bangli district primarily through capture fisheries, 

aquaculture, and tourism. Capture fisheries sustain the livelihoods of several local 

communities in Lake Batur, particularly for fishers who do not own agricultural land. 

Tilapia (Oreochromis niloticus) is a target species of fishers in Lake Batur, and a decline 

in the tilapia population will lead to the economic loss of fisheries communities. It 

resulted from various factors, including overfishing, heavy pollution, habitat degradation, 

and invasive species blooming. 

Studies related to tilapia (Oreochromis niloticus) fisheries have been reported in 

Lake Batur, where the stock status was overfished in 2011 (Suryati & Samuel 2018). 

Moreover, increased pollution can degrade habitat and hasten ecosystem degradation, 

resulting in poor habitat quality and disruptive fish populations. Budiasa et al (2018) 

further noted that net floating cage aquaculture is a major cause of heavy pollution in 

Batur Lake, indicated by the higher biochemical oxygen demand (BOD), total phosphorus 

(total P), and total Ammonia (NH3). Degradation of habitat and overfishing will lead to 

the decline of the fish population, threatening the fisheries' sustainability in Lake Batur. 
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Therefore, studies related to population characteristics in Lake Batur are also crucial to 

indicate habitat suitability for the fish stock. 

Tilapia and Midas cichlid are introduced fish species in Batur Lake, and have 

negatively impacted the ecosystem, particularly in competition with native species for 

food (Syah et al 2023). Nevertheless, tilapia fisheries have significantly contributed to 

the main livelihoods of some local communities, raw materials for food industries, and 

essential protein sources. Meanwhile, Midas cichlid tends to be detrimental due to its 

dominating characteristics, which reduces the main catch and also has low economic 

value. Several studies have reported that Amphilophus spp. is one of the biggest threats 

to native fish populations in several lake waters in Indonesia, such as Lake Sentani and 

Sermo Reservoir (Ohee et al 2018; Hedianto et al 2022). Tilapia and Midas cichlid are the 

most dominant catch from gillnet fishers in Lake Batur, and stock assessment of both 

species is necessary for developing proper management of sustainable fisheries. 

 The research on the Lake Batur ecosystem has been reported from previous 

studies, including the overfishing of tilapia in 2011, as well as the study on water quality 

and potential fish production estimates of about 250 kg/ha/year (Wijaya et al 2012; 

Budiasa et al 2018; Suryati & Samuel 2018). This study used updated data to assess the 

stock status for tilapia (O. niloticus) as a target species and Midas cichlid (A. citrinellus) 

as a non-target species. Moreover, this study investigated biological reference points in 

Lake Batur that will provide information on optimal effort and selectivity through the 

analysis of yield per recruit and spawning stock biomass per recruit, which have never 

been reported in previous studies. This research aimed to assess the stock status of 

tilapia (O. niloticus) and Midas cichlid (A. citrinellus) as a basis for sustainable fisheries 

management in Lake Batur. 

 

Material and Method 

 

Description of the study sites. Samples of tilapia (Oreochromis niloticus) and Midas 

cichlid (Amphilophus citrinellus) were collected from the catch of gillnet fishers in Batur 

Lake, Bangli Regency, Bali Province, Indonesia, from March to June 2023 (Figure 1). The 

traditional fishers conducted the gillnet fishing using a mesh size of 2.8 inches. There 

were 1027 samples of tilapia and 1089 samples of Midas cichlid. Biological characteristics 

have been measured, including total length (cm), weight (kg) and gonad maturity stage.     

 

 
Figure 1. Lake Batur’s study area (yellow) as a habitat for Oreochromis niloticus and Amphilophus 

citrinellus (map generated using Surfer software). 
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Data analysis. The data were analyzed to study the population ecological characteristics 

and stock status of O. niloticus and A. citrinellus. The population's ecological 

characteristics include the following: the length distribution, growth, length-weight 

relationship, mortality parameters, length at first capture (Lc) and length at first maturity 

(Lm). 

Histograms with a class interval of 1 cm were employed. The growth of fish 

followed the von Bertalanffy equation (Sparre & Venema 1992): 

 
 

 

Where Lt is the total length at age t, L∞ is the asymptotic length, K is the annual growth 

rate, and t0 is the point in time when the fish has zero length. Electronic length frequency 

analysis (ELEFAN) from TropFishR software package was used to estimate the asymptotic 

size (L∞) and growth rate (K) using the R program with a Simulated Annealing package 

(Mildenberger et al 2017; Xiang et al 2013). The point in time when the fish has zero 

length (t0) was estimated based on the following equation (Pauly 1983): 

 

Log(-t0) = (-0.3922) – 0.2752logL∞ - 1.038logK 

 

The empirical natural mortality (M) was performed by using Then et al (2015) 

equation: 

 

 
 

Total mortality (Z) was estimated from the linearized length-converted catch 

curve equation (Sparre & Venema 1992): 

 

 

 

Where Z represents total mortality, C represents the frequency of length class, ∆t 

represents the time it takes an average fish to grow from L1 to L2, L1 represents the 

length at age t, and L2 represents the length at age t+∆t. The following equation was 

used to calculate fishing mortality (F) and exploitation rate (E): 

 

 

 

The logistic equation was performed to estimate the length at first capture (Lc) 

and the length at first maturity (Lm) by using the following equations (Sparre & Venema 

1992; Schnute & Richards 1990): 

 

 

 

 
 

Where T1 and T2 are the intercept and slope of the linear regression between the 

observed selection ogive and age (t), respectively. P is the proportion of mature fish at 

length or age Xi, and G is the maximum attainable mature fish proportion. A and B are 

the constants in the logistic curve. 

Stock status was determined by employing yield per recruit and spawning 

potential ratio analysis. The yield per recruit used the following equation (Beverton & Holt 

1957): 
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Where Y/R is yield per recruit (g recruit-1), a and b are the constants from the length 

weight relationship, F is the fishing mortality (year-1), L∞ is the asymptotic length (cm), 

Lc is the length at first capture (cm), M is natural mortality (year-1) and K is growth rate 

(year-1). Un includes U0=1, U1=-3 and U3=-1.  

 Input factors such as asymptotic length, M/K, length at 50% and 95% selectivity, 

and length at 50% and 95% maturity were used to perform the length-based spawning 

potential ratio (Hordyk et al 2015). The spawning potential ratio (SPR) was defined as 

the ratio of spawning stock biomass per recruit in the exploited stock (SSBRexploited) to 

spawning stock biomass per recruit in the absence of fishing (SSBRF=0) (Goodyear 1993): 

 

 
 

Results and Discussion 

 

Population ecological characteristics. Tilapia (Oreochromis niloticus) had a length 

57.82% larger than Midas Cichlid (Amphilophus citrinellus). The length of O. niloticus 

ranged from 13 to 36.3 cm with an average size of 19.71 ± 3.4 (mean ± stdev). The 

length of A. citrinellus ranged from 9.2 to 23 cm with a mean size of 15.15 ± 2.25 (mean 

± stdev). Several other waters have also reported similar sizes where A. citrinellus in 

Jatiluhur reservoir ranged from 12-22 cm and in Ir. Haji Juanda waters of 7-21 cm 

(Tampubolon et al 2012; Purnamaningtyas et al 2010). O. niloticus and A. citrinellus 

were most commonly caught at 18 cm (14.4%) and 15 cm (15.4%), respectively (Figure 

2). 

O. niloticus in Lake Batur has an asymptotic length of 37.59 cm and a growth rate 

of 0.58 year-1. The von Bertalanffy growth curve of O. niloticus in Lake Batur followed the 

equation  (Figure 3). Based on the finding, the current 

asymptotic length of O. niloticus in 2023 (37.59 cm) is smaller than the asymptotic 

length in 2011 (41.45), indicating a decline in Tilapia size (Suryati & Samuel 2018). 

Overfishing and habitat degradation can influence the declining size of O. niloticus in 

Batur Lake. Net floating cage aquaculture and tourism were some commercial activities 

that influenced Lake Batur's rising pollution (Budiasa et al 2018; Agustina & Aprinica 

2022). Habitat protection based on local wisdom can be crucial to maintaining Lake 

Batur's ecosystem's sustainability. 

The growth rate of A. citrinellus is faster (K=1.18 year-1) than that of O. niloticus 

(K=0.58 year-1). The asymptotic length of A. citrinellus is 24.87 cm, and the Von 

Bertalanffy growth curve of A. citrinellus in Batur Lake follows the equation 

 With its higher growth rate than O. niloticus and colonial 

population characteristics, A. citrinellus has the potential to dominate the ecosystem as 

an invasive species. Moreover, Umar et al (2015) noted that the impact of A. citrinellus 

invasion includes a decrease in biodiversity and a decline in commercially important fish. 

A. citrinellus has also reduced the catch of O. niloticus in Batur Lake, so limiting the 

population of A. citrinellus is important in maintaining the sustainability of Tilapia 

fisheries. 
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Figure 2. Length frequency data of Oreochromis niloticus and Amphilophus citrinellus in Batur Lake, 

2023. 
 

 

O. niloticus A. citrinellus 

 
Figure 3. Von Bertalanffy growth curve of Oreochromis niloticus and Amphilophus citrinellus in 

Batur Lake, 2023. 

 

The weight of O. niloticus ranged from 41 to 850 g, while A. citrinellus ranged from 12 to 

236 g. The average weight was 156.42 ± 96.88 (mean ± stdev) for O. niloticus and 

53.55 ± 23.05 for A. citrinellus. O. niloticus was 3.6 times heavier than A. citrinellus. As 

a target species with high economic value, the rise in the tilapia population will 

significantly contribute to the biomass and economy of local communities in Lake Batur. 

O. niloticus in Lake Batur has a negative allometric growth pattern with a growth 

coefficient (b) of 2.9387 ± 0.04 (± SE) (Figure 4). In contrast, A. citrinellus has a 

positive allometric growth pattern with a growth coefficient (b) of 3.12 ± 0.05. These 

conditions mean that A. citrinellus in Lake Batur has better fatness than O. niloticus, 

indicating the better resistance and adaptation of A. citrinellus than O. niloticus. A 
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positive allometric growth pattern was found in A. citrinellus in Ir. H. Juanda reservoir 

(Tampubolon et al 2012). Ohee et al (2018) also stated that Amphilophus spp. is 

adaptable and has a colonizing pattern, making it invasive and endangering the survival 

of endemic and economically important species. 

 
 

 

 

 

O. niloticus A. citrinellus 

 
Figure 4. Length-weight relationship of Oreochromis niloticus and Amphilophus citrinellus in Batur 

Lake, 2023. 

 

The length at first maturity of O. niloticus and A. citrinellus in Lake Batur waters was 16 

cm and 13 cm, respectively (Figure 5). Several studies have reported the length at first 

maturity of tilapia, including in Coatetelco Lake, Mexico, at 14 cm and in a tropical 

reservoir in Ethiopia at 18.9 cm (Gómez-Marquez et al 2023; Hailu 2014). The selectivity 

of gill net gear on both fish species is lower than their length at first maturity, indicating 

that the immature fish dominate the catch. Low selectivity in tilapia can reduce spawning 

biomass and disrupt the fish reproduction cycle. Fishing control for small tilapia is 

necessary to maintain the recruitment and sustainability of the tilapia fishery in Batur 

Lake.  
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Figure 5. Logistic curve for length at first maturity and length at first capture for Oreochromis 

niloticus and Amphilophus citrinellus in Batur Lake, 2023. 
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Total mortality (Z), natural mortality (M) and fishing mortality (F) of O. niloticus were 

2.78 year-1, 0.85 year-1 and 1.93 year-1, respectively (Figure 6). Total mortality (Z), 

natural mortality (M) and fishing mortality (F) of A. citrinellus were 3.57 year-1, 1.64 

year-1 and 1.93 year-1, respectively. The current exploitation rate of O. niloticus 

(E2023=0.68) has exceeded its optimum point suggested by Gulland (1983) of 0.5, while 

the exploitation rate of A. citrinellus (E=0.54) is still under optimum conditions. To 

ensure the sustainability of tilapia stock, the target species of fishers in Batur Lake, some 

management actions related to increasing biomass are required. On the other hand, A. 

citrinellus requires a limitation on its population. Hedianto et al (2022) proposed a high 

catch rate for Amphilophus spp. to limit its population in inland waters. 
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Figure 6. Length-converted catch curve to estimate the total mortality of Oreochromis niloticus and 

Amphilophus citrinellus in Batur Lake, 2023. 

 

Stock status. Overfishing status has been found for O. niloticus based on the current 

fishing mortality (F2023=1.93 year-1), which is higher than the fishing mortality that 

produces maximum yield per recruit (Fmax=1.4 years-1) (Figure 7). The current length at 

first capture of O. niloticus by gillnet is 16 cm with a yield per recruit of 85.44 g recruit-1 

(Table 1). Yield per recruit would increase by 15.4% if the selectivity were increased to 

22 cm, meaning that increasing the selectivity of tilapia to 22 cm would be more 

beneficial for fishers in Lake Batur. Warsa et al (2019) suggested using a mesh size 

larger than 3 inches for Tilapia fisheries in the Jatilihur reservoir. Hailu (2014) found that 

using a mesh size of 3.1 inches produces a selectivity of 22 cm for tilapia. The current 

mesh size of gill nets used by fishers in Batur Lake is 2.8 inches, so adjusting the size to 

above 3 inches is expected to increase yield per recruit and fisher’s income.  

 In contrast to the status of O. niloticus, the current fishing mortality of A. 

citrinellus (F2023=1.93 year-1) is still less than the fishing mortality that produced 

maximum yield per recruit (Fmax=4.5 year-1). This condition indicates the status of the A. 

citrinellus fishery, which is underfished. Fishing efforts for A. citrinellus must be increased 

to limit its population in the ecosystem. An increase of up to 1.3 times from the current 

effort can still be done to reach the optimum fishing mortality point of A. citrinellus. 

Several studies noted that A. citrinellus can be processed as a source of plant nutrition 

and an alternative diet for tilapia aquaculture (Fatma 2017; Putra et al 2022). Studies 

related to fish processing need to be carried out to increase the economic value and 

market development of Midas cichlid. 
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O. niloticus A. citrinellus 

 
Figure 7. The isopleth of the yield per recruit as a function of length at first capture (Lc) and fishing 

mortality for Oreochromis niloticus and Amphilophus citrinellus in Batur Lake, 2023. The triangle 
symbols represent the reference point of Fmax and Lcmax. The round dot represents the current 

condition of fishing mortality and selectivity. 

 

The spawning potential ratio (SPR) of A. citrinellus in Batur Lake (SPR A. citrinellus = 

33%) is much higher than that of O. niloticus (SPR O. niloticus = 15%) (Figure 8). Some 

studies suggest an SPR of 30% as the optimal spawning potential ratio (Gabriel & Mace 

1999; Prince et al 2020). Thus, the current status of O. niloticus is already in recruitment 

overfishing condition, while A. citrinellus is still in underfishing conditions. These 

conditions indicate that A. citrinellus is more resistant than O. niloticus to fishing 

pressure and changes in the Lake Batur ecosystem.  

 Degradation of the aquatic environment in Batur Lake and continued fishing 

efforts can significantly reduce the population of O. niloticus, so that spawning stock 

biomass is incapable of replenishing its population. A management measure to increase 

the spawning stock biomass of O. niloticus needs to be carried out, including improving 

the habitat quality of the Batur Lake ecosystem and enlarging the selectivity of fishing 

gear to 22 cm for O. niloticus. Dewi et al (2019) suggested restocking tilapia in Batur 

Lake to increase its population. In addition, the capture of A. citrinellus in Batur Lake 

should be increased to limit its population. Hedianto et al (2022) also suggested a high 

fishing pressure on A. citrinellus to control its natural population. Studies related to A. 

citrinellus processing and market development are important to increase economic value. 

Habitat protection based on local wisdom is also needed to maintain the sustainability of 

the ecosystem in Batur Lake. 
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Figure 8. The spawning potential ratio as a function of fishing mortality for Oreochromis niloticus 

and Amphilophus citrinellus in Batur Lake, 2023. 
 

Table 1 

 

The current exploitation level, yield per recruit, spawning potential ratio and some 

optimal reference points for Oreochromis niloticus and Amphilophus citrinellus in Batur 

Lake, 2023 

 

Species 

Current condition Reference point 

F2023 

(year-1) 

Lc2023 

(cm) 
E2023 

YPR2023             

(g recruit-1) 
SPR2023 

Fmax 

(year-1) 

YPR at Fmax 

(g recruit-1) 
Lcmax (cm) 

YPR at Lcmax 

(g recruit-1) 

O. niloticus 1.93 16 0.69 85.44 0.15 1.4 86.34 22 98.49 

A. citrinellus 1.93 13 0.54 26.05 0.33 4.5 28.23 14 26.07 

 

Conclusions. Based on the findings, it can be concluded that Midas cichlid (Amphilophus  

citrinellus) in Batur Lake is more resistant than tilapia (Oreochromis niloticus). The higher 

spawning potential ratio of A. citrinellus indicates this condition, as well as better fatness 

and faster growth than O. niloticus. The stock status of O. niloticus has already been in a 

recruitment overfishing condition, while the stock of A. citrinellus is underfished. Several 

management actions need to be carried out, including applying management measures to 

increase the spawning stock biomass of tilapia, improve the quality of the ecosystem with 

a local wisdom approach, limit the population of A. citrinellus, and increase the economic 

value of A. citrinellus through fish processing and market development. 
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