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Abstract. Parrotfish (Scarus sp.) is a coral reef fish which has high economic value. The increasing market 

demand for Scarus sp. has led to an increasing pressure on fishing. Scarus sp. fish are caught using 

spearfishing gear. Uncontrolled exploitation activities can disrupt fish resources. The purpose of this study 

was to determine the status of Scarus sp.’s management and resource utilization related to the given 

resource domain and fishing techniques, based on the Ecosystem Approach to Fisheries Management 

(EAFM) method. Data collection was carried out through field observations and interviews with 35 

spearfishing fishermen in Karimunjawa Island, between May-June 2024. The results of the study indicated 

that the status of Scarus sp. fisheries was in the good or moderate category, given the resource domain 

and fishing techniques, showing a composite value of 64.23 with an indicator score of 2.08. Although the 

assessment, based on the resource domain and fishing techniques, shows that the sustainability status of 

parrotfish fisheries management and resource utilization are close to optimal, these can be improved 

through regulating fishing seasons, conducting socialization of information on stock conditions and sizes of 

fish caught. These can be achieved by controlling parrotfish fishing activities and conducting collaborative 

supervision and community participation. 
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Introduction. Karimunjawa Islands has a land area of 111,625 ha, of which 104,592 ha 
being ocean (Ismanto et al 2019). The sea area that exceeds the land makes the potential 

of the fisheries and marine sector in Karimunjawa considerably large. As one of the 
archipelagos with 25 islands with 4 permanently inhabited islands (BPS-Statistics Jepara 

Regency 2024), most of the Karimunjawa Islands population works as fishermen. 
Karimunjawa fishermen have a main catch target in the form of coral reef fish (Ramadhan 

& Apriliani 2016; Yuliana et al 2019). 

Parrotfish (Scarus sp.) is one of the coral reef fish demanded by consumers, 
especially in the Karimunjawa Islands and can be found at collectors and Karimunjawa 

markets. Based on Lestari et al (2017), Scarus sp. is in great demand because of its 
delicious taste and affordable price, and can even be used as a diversification of processed 

salted fish and dried fish for souvenirs for tourists. Based on interviews with collectors, it 
is known that the parrotfish sold reaches an average of 220-300 kg per day. The demand 

for parrotfish during the holiday season is higher than outside the tourist season, putting 
pressure on fishing intensity. Scarus sp. fishing is conducted by spearfishing equipment 

operated at 5 m to 25 m depth. Fishing activities will certainly reduce the number of fish 

populations and will affect environmental conditions, especially coral reefs (Patanda et al 
2021). The reduction in the parrotfish population can cause uncontrolled algae growth, 

which will disrupt reef growth; coral reef ecosystems are also habitats for certain fish 
species. Based on research conducted by Perry et al (2015), it is known that parrotfish 

produce >85% of the 5.7 kg m-2 year-2 of sandy sediment located on coral reef flats. 
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Based on the results of study conducted in Karimunjawa, the stock status of 

herbivorous fish, especially parrotfish in the Scarus niger species, is in a fully exploited 
condition, Chlorurus sordidusis is in an under exploited condition, while the utilization 

status of parrotfish (Bolbometopon muricatumis) is in an over exploited condition 
(Pangestu 2021). If parrotfish fishing is carried out continuously, it is feared that it will 

affect the sustainability of the surrounding ecosystem habitat. 

Parrotfish fisheries management in the Karimunjawa Islands is an activity that must 
be carried out to achieve sustainable fisheries. Managing parrotfish fisheries in the 

Karimunjawa Islands is essential to achieving sustainable fisheries. Ecosystem Approach 
to Fisheries Management (EAFM) is an integrated fisheries management approach, which 

can be used as a monitoring and evaluation tool regarding the implementation of the 
ecosystem-based management principles (Hiew 2012). This study aimed to analyze the 

conditions of parrotfish (Scarus sp.) management and resources utilization in the 
Karimunjawa Waters, Jepara Regency, related to the resource domain and fishing 

techniques, and based on the EAFM indicators method. The results of this study are 

expected to provide information and considerations for managing parrotfish fisheries in the 
Karimunjawa Islands Waters. 

 
Material and Method 

 
Study location and time of research. This study was conducted in the period May - June 

2024, in the Karimunjawa Islands, Karimunjawa Subdistrict, Jepara Regency (Figure 1). 
 

 
Figure 1. Karimunjawa Island map. 

 
Data collection. Primary data were obtained directly from measuring the length of 

parrotfish and spearfishing fishermen in Karimunjawa Waters as respondents through 
interviews using structured questionnaires. The number of respondents in this study was 

35 spearfishing fishermen in Karimunjawa Waters. The method used in collecting samples 
in this study was the snowball sampling, by determining one spearfishing fisherman to be 

the first respondent. Then, the first respondent will indicate which spear fisherman who 
can be the next respondent. The data collection methods used in the study were 

observation, interview, literature study and documentation methods. The data analysis 

method used in this study used the EAFM assessment in the resource domain and the 
fishing technique domain. 
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Resource domain analysis 

Exploitation rate indicator. The total mortality value (Z) was estimated using the length-
converted catch curve method in FiSAT II, accessed through the Mortality Estimation 

module, with the steady-state sample option by entering the growth parameter values. 
The growth parameters (L∞ and K) obtained from the ELEFAN I method were input into 

the FiSAT II program. The annual natural mortality coefficient (M) is calculated using the 

empirical formula (Pauly 1980): 
 

Log (M) = -0.0066 – 0.279 Log(L) + 0.6543 Log(K) + 0.4634 Log(T) 

 
Where:  
L - the asymptotic length;  

K - the growth coefficient;  

T - the average water temperature (°C) at research location. 
 

In this study, the estimation of fishing mortality (F) is formulated as follows (Gulland 
1987):  

 
F = Z – M 

Where:  

F - the capture mortality;  
Z - the total mortality;  

M - the natural mortality. 
 

In accordance with Sparre & Venema (1999), the exploitation rate is determined by 
comparing fishing mortality (F) to total mortality (Z) using the following formula: 

 
E = F/Z 

 

Where:  
E - the exploitation rate;  

F - the capture mortality;  
Z - the total mortality. 

 
An exploitation rate value E>0.5 indicates overfishing; an exploitation rate E<0.5 indicates 

underfishing, while an exploitation rate value E=0.5 indicates optimal utilization (Sparre & 
Venema 1999). 

 

Fish size trend indicator. Based on Permathasari et al (2021) and Oktary et al (2024), 
for measuring the frequency trend of fish size the following formula can be used: 

 
K = 1+3.3 log N 

 
C = W/K 

 
Where:  

K - the number of class (to calculate interval class value);  

N - the number of samples;  
C - the class hose;  

W - the hose length (maximum length-minimum length). 
 

Indicator of the proportion of young fish (juvenile) caught. The proportion of 
parrotfish in the juvenile category is sought by calculating the number of juvenile fish 

caught divided by the total number of fish caught from spearfishing gear. The formula for 
calculating the proportion of juvenile parrotfish is as follows (Froese et al 2018): 

 

Pcy (%) = (Cyi/Ctot) x 100 
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Where:  

Pcy - the proportion of juvenile parrotfish caught (%);  
Cyi - the young parrotfish (juvenile) caught (kg);  

Ctot - the total overall catch (kg). 
 

Species composition indicators. Species composition is the ratio between the number 

of parrotfish species and the number of individuals of all species caught. The volume of 
catch by species was calculated based on the formula proposed by Krebs (1989) as follows: 

 
Ks (%) = (ni/N) x 100 

 
Where:  

Ks - the species composition (%);  
ni - the number of parrotfish caught;  

N - the number of individuals of all fish species caught. 

 
Range collapse indicator of fish resources. Range collapse is a reduction in the area 

or spatial space of a marine ecosystem which is usually inhabited by a particular fish stock 
(National Working Group EAFM 2014; Bergstrom et al 2021). Knowing the occurrence of 

range collapse is done by interviewing fishermen about the condition of fishing grounds in 
the last 5 years. The most available indicator in determining range collapse is the difficulty 

in finding fishing locations (Hapsari et al 2021). 
 

Indicators of ETP (Endangered, Threatened, and Protected) species caught. In 

order to identify the ETP species caught, direct observation of the fishermen’s catches was 
carried out and data was collected from the fishermen interviewed as respondents. 

 
Fishing technique analysis 

Indicators of illegal and destructive fishing. In determining illegal and destructive 
fishing, interviews were conducted with spearfishing respondents about fishing activities, 

the location of fishing areas, fishing gear operation, and observing fishing techniques 
carried out, in order to determine whether there are stages that conflict with applicable 

provisions, such as fishing gear operating methods that can damage the ecosystem. 

 

Modification indicators for fishing gear and fishing aids. In spearfishing activities, 

fishers use a fishing aid in the form of a compressor. According to the Regulation No. 18 

Year 2021 (Ministry of Marine Affairs and Fisheries 2021) regarding Placement of Fishing 

Gears and Fishing Supporting Gears in Fishery Management Areas of the Republic of 

Indonesia and High Seas as well as Fishing Andon Management, the use of compressors in 

fishing activities involving diving is generally prohibited due to the risks it poses to diver 

safety and its potential to harm fishery resources (overfishing and habitat destruction). In 

order to find out the modification of fishing gear and fishing aids, direct observation was 

conducted on the results of parrotfish catches. The data taken consisted of primary data in 

the form of fish length measurement results.  

 

Indicators of fishing selectivity. In determining the level of fishing selectivity, direct 
observation is carried out on the composition and results of parrotfish catches. The high or 

low selectivity of fishing is analyzed by looking at the type of fishing gear used according 
to the existing list of fishing gear selectivity classifications and calculating the number of 

main catches compared to bycatch. The more selective the fishing gear, the smaller the 
threat of ecosystem damages (He et al 2021). 

 
EAFM assessment analysis. The assessment of each indicator refers to the NWG EAFM 

Module (2014), the assessment of the status of each indicator uses an ordinal Likert score 

of 1, 2, 3 which is in accordance with the assessment criteria for each indicator and is 
described in Table 1. 
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Table 1 

Criteria and weighting of resource domain and fishing technique indicators in EAFM 
 

Source: NWG-EAFM 2014 (modified). 

 

Indicator Criteria Data source Weight 

A. Fish resources domain 

Exploitation rate  

1=E 5, the exploitation rate 

exceeds the limit (over 
fishing) 

Observation of parrotfish size, 
comparison of secondary data from 

Pangestu’s study (2021) and 

primary data on the level of 
parrotfish exploitation). 

40 

2=0.5=E, optimal condition 

3=E<0.5, under fishing  

Parrotfish size 
trends 

1=trend of the average size 
of fish caught getting 

smaller 

Observations (sampling) of 

parrotfish and secondary data are a 
comparison of the results of 

primary data with the results of 
Pangestu’s (2021) study on the 

length interval of fish sizes. 

20 
2=relative size trend 

remains constant 

3=trend of increasing size 

Juvenile 

parrotfish caught 

1=abundant (>60%) 
Sampling to see the proportion of 

parrotfish based on size. 
15 2=many (30-60%) 

3=little (<30%) 

Species 

composition of 
the catch 

1=target proportion is 
greater (>31% of total 

volume) 
Direct observation and interviews 

for see the comparison between 
target and non-target fish catches. 

10 
2=proportion of targets is 
the same as non-targets 
(16-30% of total volume) 
3=target proportion is less 

(<15% of total volume) 

"Range Collapse" 

resource 

1=increasingly difficult, 

depending on target 
species 

Interviews with fishermen to see if 
there have been any changes in the 
location of fishing grounds, changes 

in the size and quantity of 
parrotfish catches or diversity of 

catch. 

10 
2=relatively constant, 

depending on target 
species 

3=easier, depending on 
target species 

ETP species 

1=there are ETP individuals 
caught but not released 

Directly observing the fishermen’s 
catch in the field and collecting 

data from fishermen who were 
interviewed as respondents. 

5 2=there are ETP individuals 

caught but released 
 3=no ETP individuals 

B. Fishing technique domain 

Illegal and 
destructive 
fishing of 
parrotfish 

1=intentional violation 
2=unintentional violation 

3=no rule violations 
occurred 

Interviews with respondents who 

have information about parrotfish 
fishing activities that are not in 

accordance with regulations; reports 
from spearfishing fishermen or the 

community during interviews. 

40 

Modification of 

fishing gear 

1=>50% of target species 

size <Lm 
Observation and interview of 
spearfishing respondents to 

determine whether the use of 

fishing gear is appropriate or not 
with its selectivity. 

35 
2=25-50% of target 

species size <Lm 

3=<25% target species 

size <Lm 

Capture 
selectivity 

1=high (<50%) use of 
non-selective fishing gear 

2=moderate (50-75%) use 
of non-selective fishing gear 
3=low (>75%) use of non-

selective fishing gear 

Fishermen interviews and 

observations to determine the 
composition and size of the catch 

from each type of parrotfish fishing 

gear. 
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The assessment of the indicator domain was analyzed using the multi criteria analysis 

(MCA) approach. The MCA approach is a series of criteria built as a basis for performance 
analysis through the development of a composite index for each indicator in each domain 

(Budiarto et al 2015; Türegün 2022; Dean 2022). The stages of developing a composite 
index are determining indicators in each domain, adjusting indicator criteria, determining 

indicator weights, and summing up indicator index values. Determination of the criteria 

value of each indicator is obtained through Likert-scale scoring based on ordinals 1, 2, 3 
(NWG EAFM 2014). The limits of the score values in this study can be seen in Table 2. 

 
Table 2 

EAFM indicator score value limits 
 

Value limit 
Description Color 

Lower limit Upper limit 

1 1.5 Low/Poor  

1.51 2.5 Moderate  

2.51 3 High/Good  

Source: NWG-EAFM 2014. 

 
The weight value is determined based on the amount of contribution or level of importance. 

The score value and weight value of each indicator will be calculated to obtain the index 
value. The equation for calculating the index value of the indicator is as follows (NWG EAFM 

2014): 
Ii = Si x 100 x Wi 

 

Where:  
Ii - the index value of the ith indicator;  

Si - the score value of i-th indicator;  
Wi - the weight of the ith indicator.  

 
The next step is to determine the composite score value for each EAFM domain using the 

following equation, according to NWG-EAFM (2014): 
 

NKi (%) =
𝐶𝑎𝑡−𝑖

𝐶𝑎𝑡−𝑚𝑎𝑥
 x 100 

 
Where:  

NKi - the composite value in the i-th domain;  
Cati - the total index value of all indicators in the ith domain;  

Catmax - the maximum value in the i-th domain. 
 

The composite values obtained will be visualized using the flag model as illustrated in Table 

3. 
 

Table 3 
EAFM domain composite value limits 

 

Value limit 
Description Color 

Lower limit Upper limit 

1.00 20.00 Bad  

20.01 40.00 Inadequate  

40.01 60.00 Medium  

60.01 80.00 Good  
80.01 100.00 Very well  

Source: NWG EAFM 2014. 
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The success of parrotfish fisheries management is largely determined by management 

actions. The management actions recommended in this study are based on the results of 
the evaluation of the status of fisheries management using EAFM indicators. The decisional 

approach can be described as follows: 
1. Determining the objectives of parrotfish fisheries management based on EAFM 

indicators; 

2. Determining the reference point for each EAFM indicator; 
3. Determining tactical steps to achieve a sustainable parrotfish management strategy 

based on indicators that may suggest the necessary improvement programs in 
accordance with the EAFM-based fisheries management module. 

 
Results 

  
Evaluation of the status of EAFM management and utilization in each domain 

Fish resource domain. Based on NWG EAFM (2014), the status of fish resource 

management can be measured by EAFM indicators, i.e.: (1) exploitation rate; (2) fish size 
trends; (3) proportion of juveniles caught; (4) catch composition; (5) range collapse and 

(6) ETP species. The results of the EAFM assessment in the fish resource domain can be 
seen in Table 4. 

 
Table 4 

Results of the assessment of fish resources domain in Karimunjawa waters 
 

No Indicator Score Weight (%) Density* Index value 

1 Exploitation rate 1 40 10 400 
2 Fish size trends 2 20 8 320 

3 
Proportion (juvenile) 

captured 
2 15 8 240 

4 Composition of the catch 1 10 4 80 

5 
“Range collapse” of fish 

resources 
2 10 7 140 

6 ETP species 3 5 8 15 

 Total 1.83 100  1,155 

 Maximum domain value 2,490 

 Domain composite value 46.39 
*Density represents the number of possible connections among indicators in the EAFM framework. With all 

indicators, each indicator can be connected to a maximum of eight others (n–1 rule), resulting in a maximum of 

36 undirected connections in total. In this assessment, density is used to describe the degree of connectivity 

among indicators, where a higher density indicates stronger interdependence and greater influence of the 

indicators on ecosystem or management dynamics. 

 
The results of the fishing technique domain assessment obtained a composite value of 

46.39 and an average indicator score of 1.83 in the moderate category (yellow). The 
exploitation rate indicator has a score of 1 (red). The exploitation rate value gets a value 

of 0.66 indicating that the exploitation level has experienced overfishing. According to 
Rithauddin et al (2023), the assumptions on the assessment criteria in determining the 

exploitation rate value are: E>0.5 means overfishing, E<0.5 means underfishing and 
E=0.5 is optimal. The exploitation rate value must be optimal with an exploitation value 

(E) of 0.5 year-1. The exploitation rate value that gets a low score is due to the fishing 

mortality value being greater than the natural mortality value and causing a decline in 
parrotfish stocks and can trigger overfishing (Ben-Hasan et al 2021; Maunder et al 2023). 

As stated by to Clovis & Simon (2024), overfishing can occur if the decrease in fish biomass 
due to fishing activities is greater than the increase in biomass resulting from the growth 

process. 
The fish size trend indicator has a score of 2 (yellow); the fish size trend is measured 

to see whether the size of the parrotfish caught is suitable for catching with the size of the 
parrotfish entering adult size or not yet adult. The size of juvenile parrotfish ranges 5-15 

cm (Sievers et al 2020; Eggertsen et al 2020). Based on the results of the study, the 
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smallest size of parrotfish caught by fishermen was 18 cm and the largest size was 59.9 

cm with the size of parrotfish most often caught in the interval of 26.4-30.5 cm. 
The Lm (length at first maturity) value of parrotfish ranges from 17 cm to 27.9 cm 

(Taylor & Choat 2014; Roos et al 2016; Mansyur et al 2021; Pangestu 2021). The size of 
parrotfish when the sex change occurs “female to male” is in the range of 17.6-24.1 cm 

(Yanti et al 2023). This shows that the parrotfish that are most often caught have passed 

the gonad maturity phase and have experienced a sex change from female to male (when 
the fish have experienced the spawning phase). Parrotfish that have reached their Lm value 

are more dominant at 82% with a length interval of 26.4-30.5 cm. The size of the parrotfish 
in this study was smaller than the size of the fish in a study by Pangestu (2021), which 

observed that the size of the parrotfish caught by fishermen was in the range of 27-32 cm, 
where 98% of the parrotfish were said to be suitable for catching with an Lm value of 27.9 

cm. Based on the results of the interview, it was found that 51% of fishermen stated that 
the size of the parrotfish obtained was relatively constant. The majority of fishermen who 

catch parrotfish that have entered the adult phase can maintain the sustainability of the 

parrotfish ecosystem and coral ecosystem (Roos et al 2020). According to Patanda et al 
(2021), in maintaining the sustainability of parrotfish resources, fishermen’s awareness 

and knowledge are needed to catch fish that have passed the spawning phase or those 
caught have laid eggs at least once so that they can maintain the sustainability of fish 

resources and their habitat (Bezerra et al 2021; Rasekhi et al 2023). 
The indicator of juvenile fish proportion has a score of 2 (yellow). This is based on 

direct measurements of 404 parrotfish samples, which indicate that the average parrotfish 
caught by fishermen with spearfishing are suitable for catching. Parrotfish’s (Scarus 

rivulatus), larval phase has a length of 1-2 cm, their juvenile phase has a length of 5-15 

cm and their adult phase has a length of 18.5-24.7 cm (Froese & Pauly 2022; Aswady et 
al 2019). The first mature gonad size (Lm) of parrotfish is in the range of 17-27.9 cm. The 

size of parrotfish that is included in the category of being suitable for catching is known by 
comparing the Lm value of parrotfish with the size of the fish when undergoing sex change 

with a size range of 18.5-24.7 cm. The size of parrotfish ranging 18.0 - 22.1 cm 
corresponds to fish not yet suitable for catching, with a percentage of 17.8%, while 

parrotfish caught with a size ranging 22.2-59.9 cm belong to a category suitable for 
catching and has passed the juvenile period, with a percentage of 82%. The parrotfish 

studied were mostly caught at adult size and had passed the gonad maturity phase. Good 

fishing practice is respected when 90% of the catch has reproduced. 
The catch composition indicator is at a score of 3 (green), based on observations of 

spearfishing fishermen. The catch is composed by: 17% parrotfish (catch target), 55% 
yellowtail and 28% other bycatch (Epinephelus sp., Siganus sp., Caranx sp., Lutjanus sp.). 

Yellowtail fish dominates the catch the population of yellowtail fish is greater than parrotfish 
in the coral area habitats. Parrotfish’s transition from the larval to juvenile phase takes 2-

4 weeks, from juvenile to adult parrotfish phase it takes 3-5 years, then entering into the 
female to male sex change phase takes a matter of months to a year, depending on the 

age of the fish, population density and carrying capacity of the habitat environment (Moore 

2022). This phase makes parrotfish quite long in adult growth or the catchable size phase 
(Shantz & Burkepile 2020), therefore fishermen understand that, if they continue to 

capture the species, it will affect the coral community ecosystem. The existence of 
herbivorous fish in coral reef ecosystems plays an important role in maintaining coral 

communities (McClanahan & Muthiga 2020; Molina-Hernández & Álvarez-Filip 2024; Herbig 
et al 2024).  

Range collapse is a phenomenon that occurs when fish stocks experience 
overfishing due to continuous exploitation activities, becoming increasingly depleted, 

making it difficult for fishermen to determine fishing locations (Putra et al 2024,2025; 

Hapsari et al 2021; Gough et al 2020). The range collapse indicator has a score of 2 
(yellow), based on the results of interviews with spearfishing fishermen, showing that the 

fishing locations used by spearfishing fishermen are relatively fixed, depending on the 
target species to be caught. The distance to the catching zones ranges 1-2 km. 63% of 

spearfishing fishermen stated that the fishing area is relatively fixed and 37% of them 
stated that the fishing area is increasingly difficult to rapidly locate, since fishermen 
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compete in finding fishing locations and the population stock at the location has begun to 

decline. Range collapse of fish resources can occur if fish stocks experience overfishing due 
to continuous exploitation activities which result in fish stocks becoming depleted and it is 

difficult for fishermen to determine fishing locations (Britten & Worm 2021; Link 2021). 
The selection of fishing areas that are increasingly far away is carried out by fishermen 

because the presence of fish is very difficult to find in fishing areas that are often visited 

by fishermen. Sose et al (2022) in their research stated that the selection of fishing area 
locations is influenced by the availability of fish resources themselves. 

ETP species refer to species that are legally protected due to their vulnerable 
conservation status and high risk of extinction (Hapsari et al 2021; Aprilla et al 2024). The 

ETP species indicator scored 3 (green). The results of interviews with spearfishing 
fishermen showed that during their time at sea they had never caught any specimen 

classified as rare and protected species. Fishermen said that during the fishing process, 
sometimes several ETP species were accidentally caught, such as the napoleon species 

(Cheilinus undulatus). Fishermen also said that the average number of ETP species caught 

was no more than 2. However, in recent years, the spearfishing fishermen interviewed 
have never intentionally caught protected fish, because fishermen already have an 

understanding and awareness of the regulations regarding the prohibition on fishing these 
ETP species. 

 
Fishing technique domain. Based on the NWG EAFM (2014), the status of fishing 

technique management can be measured by EAFM indicators, i.e.: (1) illegal and 
destructive fishing; (2) fishing modification; (3) fishing selectivity. The result of the EAFM 

assessment in the fishing technique domain is elaborated in Table 5. 

 
Table 5 

Results of the assessment of fishing technique domains in Karimunjawa waters 
 

No Indicator Score Weight (%) Density Index value 

1 Illegal and destructive fishing 3 40 10 1,200 
2 Modification of fishing 2 35 9 630 

3 Capture selectivity 2 25 6 300 

 Total 2.33 100  2,130 

 Maximum domain value 2,595 

 Domain composite value 82.08 
*Density represents the number of possible connections among indicators in the EAFM framework. With all 

indicators, each indicator can be connected to a maximum of eight others (n–1 rule), resulting in a maximum of 

36 undirected connections in total. In this assessment, density is used to describe the degree of connectivity 

among indicators, where a higher density indicates stronger interdependence and greater influence of the 

indicators on ecosystem or management dynamics. 

 

The results of the fishing technique domain assessment obtained a composite value of 
82.08 and an average indicator score of 2.33 which is in the moderate category (yellow). 

Overall, the destructive fishing indicator is at a score of 3 (green), most spearfishing 
fishermen stated that there was no illegal or destructive parrotfish fishing or the frequency 

of violations was <5 cases in the past year. Spearfishing gear is selective because the fish 
that are the target of the catch can be chosen (Hall et al 2022). Non-target catch occurs 

minimally. Although the spearfishing technique is selective, it still needs to be monitored. 
Surveillance activities are carried out to address the possibility of increasing violations that 

may occur related to fishing, such as careless fishing activities that disrupt coral reef 

habitats or enter core conservation zones where fishing activities are not permitted 
(Cremers et al 2020; Carneiro & Martins 2022). 

The fishing gear modification indicator is at a score of 2 (yellow). Based on 
interviews with respondents that have been carried out, spearfishing gear is a traditional 

fishing gear that has not been modified much; currently fishermen still catch manually by 
diving and looking for catch targets to be shot with arrows, but there are also some 

spearfishing fishermen who use compressor aids to be able to breathe longer while diving, 
which is highly discouraged because of the potential danger. Based on measurements of 



AACL Bioflux, 2025, Volume 18, Issue 5. 
http://www.bioflux.com.ro/aacl 2296 

parrotfish carried out on 404 samples, it can be seen that the range of length of S. rivulatus 

caught is predominantly 26.4-30.5 cm, in proportion of around 34%, with a Lm value of 
18 cm, therefore the spearfishing gear can be said to be selective. According to Rossi 

(2022), fishing efforts can cause degradation of coastal fishing areas due to the high catch 
of fish sizes that are not suitable for fishing, due to non-selective fishing techniques. 

Selectivity indicator of fishing with indicator 2 (yellow) or moderate, where the 

measurement of selectivity of fishing gear is divided into 2 types, i.e. selective to species 
diversity and selective to size (Barbosa et al 2021). Based on the diversity of catches 

caught by spearfishing, 17% are parrotfish, yellowtail fish catches are 55% and other by-
catch (Epinephelus sp., Siganus sp., Caranx sp., Lutjanus sp.) are 28%. Based on the size 

of the catch, parrotfish are dominated in the size range of 26-30 cm so that the majority 
of parrotfish catches are included in the category of fish that have entered the adult phase 

or have entered the Lm value phase of 18 cm for fish sizes that are suitable for catching. 
Based on Wang et al (2022) and Yulisti et al (2024) selectivity of fishing is related to the 

applicative nature of environmentally friendly fishing gear. It should be noted that 

modifications to fishing gear affect sustainable parrotfish management so that parrotfish 
stocks do not decline (Pereira et al 2021; Callwood 2021). Spearfishing fishermen in 

Karimunjawa pay close attention to the size of the parrotfish to be caught and pay attention 
to the catch quota that is caught each time they carry out fishing activities. Spearfishing 

fishermen are traditional fishermen who use simple fishing gear and the target catch is 
generally demersal fish living in coral reef and seagrass ecosystems. 

The calculation results of the average composite value of the EAFM domain for 
parrotfish fisheries in Karimunjawa Waters were 64.23 with an indicator score of 2.08. The 

results of the analysis of the aggregate composite value and the average indicator score 

for all EAFM domains showed that the management of parrotfish fisheries in Karimunjawa 
Waters was categorized as good (Table 6). The contribution of the fishing technique domain 

to the management of parrotfish fisheries in Karimunjawa Waters was categorized as very 
good. This was mainly because most of the indicators in the fishing technique domain met 

the reference point value. In addition, it shows that fisheries management, from the 
perspective of fishing techniques, is good and needs to be maintained. However, 

improvements in resource domain indicators are a priority. 
 

Table 6 

Overall assessment of EAFM domains in parrotfish fisheries in Karimunjawa waters 
 

Domain 
Calculation 

value 
Composite 

value 
Indicator 

score 
Description 

Fish resources 1,155 46.39 1.83 Moderate 

Fishing techniques 2,130 82.08 2.33 Very well 

Aggregate 1,643 64.23 2.08 Good 

 

Discussion 
 

Improvement plan in the resource domain. The improvement plan for the exploitation 
rate indicator gets a score of 1 with a red color or “less” level, at its actual value, where 

the E>0.5 (overfishing), while the E reference point reach the score level 2, (safe limit) is 
0.5. The parrotfish size trend indicator, that gets a score of 2 with a yellow color or medium 

level, at its actual value, is relatively constant; to increase to a score of 3, the length of 

fish caught should be subject to an increase trend. The proportion of juvenile parrotfish 
that gets a score of 2, with a yellow or medium color at its actual value, due to a proportion 

of juvenile parrotfish which is large (30-60%); the reference point to increase to indicator 
level 3 is a proportion of young and juvenile parrotfish caught <30%. Finally, there is the 

range collapse of resources that get a score of 2, with a yellow or medium color on its 
actual value, for relatively stable fishing locations and fish populations, depending on the 

species; the reference point for increasing to a score level of 3 is the easiness to detect 
fishing locations and fish populations, depending on the target species.  
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Management actions taken in the resource domain could increase the actual value 

to the reference point level by regulating and controlling parrotfish fishing efforts through 
licensing and data collection of parrotfish fisheries (fishermen, fishing gear, catches, 

traders, collectors) and periodically educating and raising awareness among fishermen and 
collectors regarding the minimum size of fish that may be caught and traded and the 

exploitation status of parrotfish stocks. The next management action or improvement plan 

that can be taken is to implement an open-close system for fishing areas with the aim of 
regulating fishing times so that they can provide opportunities for fish that are still juvenile 

or young parrotfish to grow up, which can also have an impact on the intensity of controlled 
fishing (Birkenbach et al 2020). In line with research conducted by Owusu & Andriesse 

(2020) and Cooke (2021), it is necessary to close fishing areas at certain times, then open 
them at other times for fishermen to catch, which is called the approach of closing the 

fishing season (close season) or control of the fishing season. 
 

Improvement plans in the fishing techniques domain. The improvement plan in the 

domain of fishing techniques addresses two main aspects: (i) modification of fishing gear, 
and (ii) fishing selectivity. Regarding fishing gear modification, the current performance 

corresponds to an indicator level 2, which is in the yellow (moderate) category. This 
evaluation arises because a relatively high proportion of the catch—between 25 and 50% 

of the individuals of the target species—are captured below the length at first maturity 
(Lm). Such a situation indicates that a substantial portion of the stock is being harvested 

before reaching reproductive capacity. The reference point for achieving a higher 
performance, namely indicator level 3, requires a significant reduction in the proportion of 

immature individuals caught. Specifically, the proportion of individuals smaller than Lm 

should be reduced to less than 25% of the total catch. 
With respect to fishing selectivity, the indicator value is also currently at level 2 

(yellow or moderate). This is explained by the fact that the selectivity of the fishing gears 
in use remains within a moderate range, estimated at 50–75%. This level of selectivity 

suggests that the fishing gears employed are not yet highly efficient in targeting only the 
mature segment of the population. To progress toward indicator level 3, an improvement 

in gear performance is required. In practical terms, this would involve increasing the 
selectivity of fishing gears so that more than 75% of the catch consists of individuals above 

Lm, thereby ensuring a greater contribution to the reproductive potential of the stock. 

  Management actions or improvement plans require increasing supervision. 
Supervision of non-selective parrotfish fishing methods is very important, so that violations 

do not occur. In line with research conducted by Glaviano et al (2022) monitoring activities 
are carried out to detect violations that may occur related to modifications to fishing gear 

and fishing aids as well as operating methods that may not meet environmental friendliness 
standards, in particular the capture of parrotfish that are not yet of a catchable size.  

 
Conclusions. The condition of management and resource utilization of parrotfish 

spearfishing fisheries in Karimunjawa Waters, was analyzed through EAFM and each 

domain was assessed. The fish resource domain obtained a composite value of 46.39 and 
an indicator score of 1.83, corresponding to a moderate status. The fishing technique 

domain obtained a composite value of 82.08 and an indicator score of 2.33, corresponding 
to a very good status. The assessment of the condition of each domain for parrotfish 

fisheries in Karimunjawa Waters obtained an average composite value of 64.23, with an 
indicator score of 2.08, indicating an aggregate value in the good or moderate category, 

which indicates that the management and resource utilization in parrotfish fisheries, given 
the resource and fishing technique domains, are in maximum condition. Improvement 

actions are needed on the fishing gear modification indicators and the fishing selectivity 

indicators. Efforts should be deployed to initiate parrotfish fisheries management planning 
by disseminating the results of parrotfish biota monitoring, regulating environmentally 

friendly parrotfish catches and providing regular awareness education for business actors 
in the parrotfish business network. 
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