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Abstract. Demersal fisheries in FMA 712 have been established since the early 1950’s, 
industrialization in demersal fisheries was started on 1970’s with the operation of trawl fleets in 
Java Sea. The exploitation continued until the 1980s when the Trawl Ban regulation was enacted. 
According to historical statical data from 1980 the number of demersal fishing fleets are still 
dominating and endangered the sustainability of demersal fish stock in FMA 712. This study 
presented alternatives approaches to determining demersal fisheries status in FMA 712 using the 
Bayesian surplus production model (cMSY) and Length-Based Spawning Potential Ratio 
(LBSPR). The cMSY analysis was conducted using time series production data and known 
CPUE represent the area in FMA 712 and the LBSPR model was conducted using the life-history 
parameters and the length frequency data. The results show that current demersal fisheries 
condition is overexploited, points of estimation of the Biomass condition based on 1980-2022 
data: B/BMSY 0,803, F/FMSY 1,75 and MSY 323.000 ton. Additionally, the spawning potential 
ratio (SPR) of the dominant demersal fish species (Lutjanus malabarius and Portunus pelagicus) 
was lower than the limit reference point (<0,20), indicating overexploited. This study 
demonstrates that alternatives approaches could be applied to limited data fisheries and provide 
useful and robust recommendations. 
Keywords: cMSY model; demersal fisheries; FMA 712; spawning potential ratio 

1. Introduction 
Fisheries Management Area 712 (FMA 712) is a vital fishing region in Indonesia, covering the Java Sea 
and eight provinces, where the monsoon wind's influence causes upwelling phenomena and impacts the 
sea's fertility [1];[2]. The Java Sea is a significant fishing zone, harbouring an estimated fishery resource 
of 1,034,485 tons per year. According to the statistical data from the Directorate General of Capture 
Fisheries (2016), the Java Sea contributes 22% of the total national capture fisheries production with 
demersal fisheries being the primary commodity contributing 20% to the national production [3]. 
However, increased fishing efforts driven by foreign demand pose a threat to the region's sustainability, 
necessitating the importance of conducting marine resource studies for effective management. 

https://creativecommons.org/licenses/by/4.0/
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In fisheries management, three essential concepts play a pivotal role: Maximum Sustainable Yield 
(MSY), the BSM Method, and Length Based Spawning Potential Ratio (LB-SPR). MSY provides a 
reference point for optimal catch levels to ensure long-term productivity [4]. The BSM Method assists 
in estimating MSY and resilience by analysing catch data and population dynamics [5]. Additionally, 
LB-SPR evaluates the reproductive potential of fish populations based on length-frequency data, aiding 
in setting appropriate harvest levels for spawning stock protection [6]. These methods are indispensable 
for effective fisheries management, safeguarding marine ecosystems and supporting fishing 
communities' socio-economic well-being. The objective of this study is to demonstrate that Bayesian 
surplus production model (cMSY) and Length-Based Spawning Potential Ratio (LBSPR) could be used 
as a tool to provide an overview of the demersal fisheries conditions and status in FMA 712, under the 
data limited situation. 

2. Methods 

2.1. Data sources 
Demersal fish catch data in FMA 712 and the number of fishing vessels were collected from the Center 
for Data and Information of the Indonesian Ministry of Marine Affairs and Fisheries in 2022. Catch-
per-unit-of-effort (CPUE) data were obtained from reference journals [7]. Furthermore, data sources for 
spawning potential ratio analysis for the representative demersal fish are length data of Lutjanus 
malabaricus which were landed in Rembang from June to September 2022. The SPR analysis for L 
malabaricus was conducted to reconfirm that the results of Length based analysis is support and in line 
with the results of the stock condition estimation using Bayesian surplus production model (cMSY). 

2.2. cMSY model 
The cMSY method is used to estimate biomass, exploitation rate (F/FMSY), relative stock size 
(B/BMSY), and reference points for fisheries (MSY, r, k) from time series of catches, resilience, and 
qualitative stock status information at the beginning and end of the time series [7]. The results of the 
cMSY method can be reinforced with the BSM method when relative abundance, specifically CPUE 
data, is available in addition to catch data. The dynamics of biomass using the cMSY and BSM methods 
follow equation 1: 

Bt+1= Bt+r(1- Bt
k

)Bt-Ct     (1) 

Bt and Bt+1 are the biomass in year t and the following year, respectively; r is the intrinsic rate of 
population increase; k is the carrying capacity; and Ct is the catch in year t. A linear decline of surplus 
production is incorporated in Eq. 2 when stock size is strongly depleted, that is, its biomass falls less 
than 0.25 k. 

Bt+1=Bt+4 Bt
k

r(1- Bt
k

)Bt-Ct∨
Bt
k

<0.25                        (2) 

To establish the initial values of the resilience range (r-range) for demersal stock, the resilience 
estimates were obtained from FishBase. The value of r for demersal stock was determined based on the 
r-value of the main catch species for each commodity. The initial range for k was derived from three 
empirical rules in [7] using equation 3 for stocks with low initial biomass at the end of the available 
catch time series, and equation 4 for stocks with high initial biomass at the end of the time series: 

klow= max(C)
rhigh

,khigh= 4max(C)
rlow

      (3) 

klow= 2max(C)
rhigh

,khigh= 12max(C)
rlow

      (4) 

klow and khigh are the lower and upper bounds of the initial range k, max(C) is the maximum catch in 
the time series, and rlow and rhigh are the lower and upper bounds of the r range to be explored by the 
Monte-Carlo method of cMSY. The range of r values was previously obtained from the resilience 
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estimated by FishBase for each fish species with 4 types of resilience as follows: high r = 0,6–1,5; mid 
r = 0,2–0,8; low r = 0,05–0,5;  and very low r = 0,015–0,1 tahun1. 

2.3. Length-based spawning potential ratio 
Estimation of fish growth can be determined using the Von Bertalanffy formula [8] to determine the 
growth coefficient (K) and the asymptotic length of the fish (L∞). Both coefficient values are obtained 
using the following formulas: 

Lt =  L∞[1-e-K(t-t0)]     (5) 

log(-t0)=-0.3922–0.2752logL∞–1.038logK                           (6) 

Estimation of total mortality, mortality due to fishing activities, natural mortality, and exploitation 
rate can be determined using the [9]. 

log M (-0.0066)–0.279logL∞+0.6543logK+0.4634logT (7) 

F =    Z – M       (8) 

E = Z
M

(9) 

The estimation of L∞ and Lm calculations based on [10] are as follows: 

1. Calculation of the value of L∞ based on Lmax. 

log (L∞) = (-0.044)+0.9841*log(Lmax)                              (10) 

L∞ = 10[log(L∞)]      (11) 

2. Calculation of the estimated value of Lm using the value of L∞. 

log (Lm) = 0.8979*log(L∞)–0.0782    (12) 

Lm = 10[log(Lm)]       (13) 

The estimation of the spawning potential ratio is calculated with the Length-based Spawning 
Potential Ratio analysis referring to [11]. 

SSB= ∑ NtxWttλ
t=tm      (14) 

 SPR = SSBF
SSBF=0

                                                                   (15) 

3. Result and discussion 

3.1. Demersal fisheries production in FMA 712 
Demersal fish is a commodity with the highest potential fishery resources, amounting to 358,832 tons 
per year or about 35% of the total fishery resources potential in FMA 712. However, based on the data 
of demersal fish production in 2021, it was approximately 487,477 tons, which is about 35% more than 
its potential in 2022. The production trend of demersal fish from 2005 to 2021 can be seen in Figure 1. 
According to Figure 1, the production of demersal fish in FMA 712 tends to increase, ranging from 
259,808 to 487,446 tons per year, with an average of 314,973 tons per year. The dominant species in 
the demersal fish catch in FMA 712 are Trichyurus lepturus, Polydactylus microstoma, Lactarius 
lactarius, Sphyraena forsteri, Priacanthus macracanthus, Lutjanus malabaricus, and Scolopsis 
taeniopterus [12]. 
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Figure 1. The development of demersal fish production during the period from 2005 to 
2021 in FMA 712. 

3.2. cMSY (catch maximum sustainable yield) method 
Demersal fish is the dominant fisheries commodity in FMA 712 (Java Sea). This is because the Java 
Sea is a shallow water area with a muddy bottom, which serves as the primary habitat for demersal fish. 
Small-scale fishermen mostly engage in demersal fishing activities in the Java Sea, using gear such as 
trammel net, gill net, mini trawl, trap, and mini purse seine. Over the years, there has been a continuous 
increase in fishing efforts for demersal fish, including an increase in the number of fishing vessels and 
trips. This has led to increased fishing pressure and exploitation of demersal fish in the Java Sea, which 
may result in overfishing conditions. 

The analysis of the utilization level in this report was conducted using the Monte Carlo method 
(cMSY). This method is used to estimate the conditions of the capture fishery based on production 
(catch) data and resilience. Additionally, the Bayesian state space implementation of the Schaefer Model 
is used to predict the values of r, k, and MSY using catch data and biomass or CPUE. The result of 
cMSY and BSM analysis are show in Table 1 and Figure 2. 

Table 1. The utilization levels, MSY (Maximum Sustainable Yield), F/FMSY (Fishing Mortality Rate 
relative to FMSY), B/BMSY (Biomass relative to BMSY), and the status of demersal fisheries in FMA 
712 based on the BSM/CMSY method and Ministerial Decree No. 19 of 2022. 

Stock Potency 
(ton/year) MSY F/FMSY B/BMSY Status Status* 

(Kepmen) 
Demersal 358.832 323.000 1,75 0,803 Overexploited, 

overfishing (red) 
Overexploited 

*Source: Minister of Marine Affairs and Fisheries Decree No. 19 of 2022 concerning the Estimation of Fishery 
Resource Potential, Allowed Fish Catch, and Utilization Rate of Fishery Resources in the Fisheries Management 
Area of the Republic of Indonesia.  
 

The analysis results of the demersal fish stock using the BSM method show a B/BMSY value of 
0.803 and an F/FMSY value of 1.75, with an MSY (Maximum Sustainable Yield) of 323,000 tons. These 
results indicate that the demersal fisheries in FMA 712 is still experiencing overfishing, with high fishing 
pressure and a biomass condition that is considered overfished. According to Palomare et al. [13], a fish 
stock with B/BMSY values between 0.8 and 1.0 indicates a slightly overfished biomass condition. On 
the other hand, an F/FMSY value greater than or equal to 1 indicates overfishing in the fishing activities 
for that particular fish commodity (Costello et al. 2016). Additionally, according to Costello et al. [14] 
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a stock condition with B/BMSY less than 1 and/or F/FMSY greater than 1 indicates that the stock is 
either fully exploited or overexploited. 

Based on Figure 2 it can be observed that the trajectory of the demersal fish stock condition based 
on biomass and fishing mortality in FMA 712 has been in an overfished and overfishing state since 
2005. This is evident from the trajectory line (2005-2021) being in the red area. According to Froese et 
al. (2017), the red area indicates that the fish commodity has experienced overfishing, with the biomass 
being too low to achieve the maximum sustainable yield. This condition is likely caused by a decrease 
in fish biomass due to increased fishing activities by fishermen. 

Meanwhile, according to the Minister of Maritime Affairs and Fisheries Decree No. 19 of 2022 
concerning the Estimation of Fishery Resource Potential, Allowable Fish Catch, and Utilization Rate of 
Fishery Resources in the Indonesian State Fishery Management Area [15], the utilization rate of 
demersal fish in FMA 712 is 1.1. According to [12], a utilization rate with a value ≥1 indicates that the 
status of the commodity is overexploited. This necessitates reducing fishing efforts to allow the 
commodity to recover. 

 
 

 
Figure 2. Estimation of fish biomass trajectory and demersal fish catch 
mortality (Kobe Plot) (2005 - 2021). 

The results obtained from the cMSY model reveal a concerning stock condition of demersal fisheries 
within FMA 712, as indicated by a B/BMSY ratio less than 1 and/or an F/FMSY ratio greater than 1. 
These metrics suggest that the fish stocks are either fully exploited or overexploited, signalling 
unsustainable fishing practices. In addition to the cMSY model, we conducted further analysis focusing 
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on red snapper (Lutjanus malabaricus) using a length-based stock assessment approach. This analysis 
incorporated the Spawning Potential Ratio (SPR) as an indicator of stock health, providing a more 
comprehensive understanding of the reproductive potential of red snapper populations.  

The frequency of the total length of Lutjanus malabaricus landed in Rembang from June to 
September 2022 is presented in Figure 3. The most abundant distribution of the fish is in the length 
range of 24 to 27 cm. The average length of the fish in this study is 28.3 cm. A total of 252 individual 
samples of Lutjanus malabaricus were caught in the waters of Rembang from June to September 2022. 
One method used to determine the level of utilization of fishery resources is through the estimation of 
parameters. The results of the estimation of the biological growth parameters of Lutjanus malabaricus 
show an asymptotic length (L∞) of 77.53 cm with a growth rate (k) of 0.175 per year. The expected 
lifespan or longevity is 17 years. 

 
(a)                                                                          (b) 

Figure 3. (a) The distribution of frequency of total length of Lutjanus malabaricus (b) the graph of 
selectivity of Lutjanus malabaricus. 

 The natural mortality rate (M) of Malabar Snapper (Lutjanus malabaricus) in Rembang is 0.2 per 
year. The fishing mortality rate (F) to natural mortality rate (F/M) ratio is 6 (F/M > 1), indicating that 
the fishing mortality (F = 1.2 per year) is higher than the natural death rate (M = 0.2 per year), which is 
typical for populations under high exploitation. These values are presented in Table 2. 

Tabel 2. Values of mortality, exploitation, and fishing pressure of Lutjanus malabaricus. 

Populasi M Z F F/M E 
Lutjanus malabaricus 0,2 1,4 1,2 6 0,86 

 
 The Spawning Potential Ratio (SPR) value of Lutjanus malabaricus at 6% indicates that the red 
snapper population is unhealthy and below the standard. The fishing of Lutjanus malabaricus in 
Rembang is currently at an unsustainable and overfishing level. The average length of the first captured 
fish (Lc) is 22.3 cm, and the length at first gonad maturity (Lm) is 41.5 cm. The percentage of fish 
captured below the length of gonad maturity is 91.67%, meaning almost all fish are caught before 
reaching gonad maturity (Lc < Lm). The value of Lc < Lm also indicates an indication of excessive 
fishing. Based on the SPR value categories according to Prince et al. [16], the SPR values indicate that 
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the stock status of Lutjanus malabaricus falls into the red zone, where biological sustainability should 
be the management target. 

Tabel 3. SPR of Lutjanus malabaricus. 

Years SPR SL50 SL95 F/M Linf L50 L95 Lm 

2022 0.06 
(0.04 - 0.08) 

18.56 
(16.86 - 20.26) 

26.84 
(23.79 - 29.89) 

3.21 
(2.49 - 3.93) 

77.52787 22.2758 29.7974 41.5 

 
4. Conclusion 
The condition of demersal fish stocks based on biomass and fishing mortality in FMA 712 since 2005 
is indicated to be overexploited and overfishing. This is indicated by the B/BMSY value of demersal 
fish less than 1 since 2005 and the F/FMSY value of more than 1. So, the condition of demersal fish 
stocks has been in the red zone since 2005. The average length of Lutjanus malabaricus when first 
caught (Lc) was 22.3 cm and the length at first maturity (Lm) was 41.5 cm. The percentage of fish 
caught below the length of at first maturity was 91.67%. The Spawning Potential Ratio (SPR) value of 
Lutjanus malabaricus is 6% indicating that the red snapper population in Rembang is unhealthy and 
below standard. Both approaches show that under the data limited situations we could use best available 
information to determine the stock conditions and status, with the compromised uncertainty. 
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