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Abstract. Fisheries management is conducted to attain sustainable productivity of aquatic resources,
with a focus on enhancing the welfare of fishermen. The welfare of fishermen is influenced by a multitude
of variables and indicators, constituting a complex interplay. Therefore, this study is significant in
formulating a model for mud crab fisheries management, particularly in augmenting the welfare of
fishermen residing in remote island regions. This model integrated variables, incorporating both ordinal
and interval data, to include factors with direct and indirect impacts on welfare dynamics. Enggano Island
is situated in Bengkulu Province, Indonesia, and classified as one of the outlying small islands. A sample
of 42 respondents, constituting 84% of the total population, was used in this study. The analytical
framework employed for data interpretation was structural equation modeling - partial least squares
(SEM-PLS), including 21 latent and 70 observable variables. The welfare of mud crab fishermen was
enhanced by improving food security and reducing poverty. Therefore, a comprehensive mud crab
fisheries management model was implemented to improve the welfare of fishermen on the small
outermost island, consisting of 14 latent variables and 21 indicators with a coefficient of 86.6%.
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Introduction. Fisheries management is conducted to attain the sustainable productivity
of the resources. An important facet pertains to the regulation of diminutive-scale
fisheries, where fishing activities are shaped by social and institutional determinants
(Apine et al 2019). Furthermore, the subsistence and food security of households
engaged in fishing are intricately interwoven with the prosperity of diminutive-scale
fisheries (Hanich et al 2018; Halim et al 2019; Dahlia et al 2022). The augmentation of
diminutive-scale fishing operations stands as a central tenet within the ambit of
management strategies aimed at enhancing operational efficiency (Sanon et al 2021).

Fisheries management can be conducted by building public awareness. Increasing
this awareness can minimize the negative impacts of the resources exploitation (Hartono
et al 2019). In addition, the awareness increases economic and social benefits (Marshall
et al 2018) and also opens opportunities for adaptive capacity, institutional, knowledge,
and technology (Jara et al 2020).

Fisheries management is related to the perception and participation of fishermen.
Good perception positively impacts the environment (Henriquez-Antipa & Carcamo 2019)
and becomes a reference for stakeholders to make fisheries management policies more
appropriate (De Keyzer et al 2020). Perception is influenced by participation
(Cahyadinata et al 2019b), which is a manifestation of community involvement in
maintaining their livelihoods (Kaewploy et al 2018).

Social and economic characteristics, education, and multidimensional poverty
determine the participation of fishermen in fisheries management. Furthermore, the main
characteristics of coastal communities are determined by the social and economic
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conditions of the household (Lloret et al 2018). Multidimensional education and poverty
further elaborate social and economic characteristics, including household expenditure
(Masthalina et al 2021).

Sustainable fisheries management aims to improve the welfare of fishermen.
Welfare is influenced by the efficiency of the business described by income level (Sukono
et al 2021). The involvement in managing resources can be hindered by poverty (Miller
et al 2020). Alternative livelihoods for fishermen can reduce dependence on fisheries
resources and improve food security and welfare (Stacey et al 2019).

Many variables and indicators influence the welfare of fishermen and the study of
welfare has been limited to the use of variables, constituting interval (Botha 2020) or
ordinal data (Cahyadinata et al 2019a; Budiarti et al 2021). There have been no studies
examining factors affecting welfare by using ordinal and interval data. Existing studies
also discussed factors that directly affect the welfare of fishermen (Nguyen 2022).
However, no studies examined the influence of variables directly and indirectly. Fisheries
management models to improve welfare using complex variables and indicators are also
minimal.

Studies using complex indicators and variables can be carried out through the
structural equation model-partial least square (SEM-PLS) model. The current SEM-PLS
model is widely used for non-fisheries analyses, including non-mud crab fisheries. Studies
using SEM have been conducted for agriculture (Adiprasetyo et al 2019; Raza et al 2019;
Yang et al 2019), health (Duff 2019), banking (George 2018), biology (Hassheen et al
2019), public transport policy (Ingvardson & Nielsen 2019), mining (Kursunoglu & Onder
2019), waters (Sun et al 2020), communication (Makiabadi et al 2019), gender (Seddig &
Lomazzi 2019), forestry (Setiawan et al 2018) and education (Yi & Kim 2019).

This study is important to create a comprehensive model for the management of
mud crab fisheries with complex variables. The resulting model uses the SEM-PLS approach
with ordinal and interval data for variables that directly or indirectly affect welfare.

Material and Method

Study site. This study was conducted on Enggano Island, Bengkulu Province, one of the
outermost small islands in May-September 2022. It is located between 102.05° to
102.25° (E) and 5.17° to 5.31° (S) (Statistics of North Bengkulu Regency 2022).

Data collection. The data in this study consisted of primary and secondary data.
Secondary data were obtained from the available literature (from sources/agencies/
related institutions), while primary data were obtained directly in the field through
interviews with questionnaires.

Sampling. The study method was descriptive with case studies and it examined the
status of a group of human beings or objects to make a systematic, factual and accurate
description of a specific or distinctive phase (Nazir 2014). The population of mud crab
fishermen on Enggano Island was 50 respondents and a sample of 42 fishermen,
constituting 84% of the total population, was used. The sampling method used was the
census, in which eight fishermen were not selected as samples.

Data analysis. Data processing used SEM-PLS (Abdillah & Jogiyanto 2015) and the
model used 21 latent and 70 measurable variables (Table 1).

Determination of the best model was conducted using validity and reliability tests.
Convergent validity consists of 3 parameters, namely the loading factor, average
variance extracted (AVE), and communality, with values > 0.5. The validity of the
discriminant is indicated by the root value AVE > variable correlation. The reliability of
the model is indicated by the value of composite reliability > 0.7.

Test significance between variables used a t-test (comparison value of t-count and
t-table) at the level of trust 95%. A variable significantly affects others when t-count > t-
table. For example, the model is evaluated using Q square predictive relevance (Q?), with
equation (Abdillah & Jogiyanto 2015):
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Q% = 1 = (1 = Ri2) (1= Rp2) e (L = R2) oo eeeeeeeeeeeeeeeeseeeee e s eeesseesee e esesseeseeesene (1)

where: R;?, R,%...... R is the R square variable, Q2 is interpreted as the value of the
coefficient of total determination (R? total). R? total 0.19, R? total 0.33, R? total 0.67, R?
total > 0.7 are categorized as weak, moderate, substantial, and strong, respectively.

Table 1
Study variables
Latent variables Measured variables
Constructs Dimension Indicators Code
Perception - Perception of mud crabs I
Perceptions of the mangrove ecosystem F
Participation - Participation in mud crab management D
Participation in the management of the mangrove G
ecosystem
Characteristics of - Number of dependents R
fishermen Age E
Fisherman's experience K
Formal education H
Length of domicile in Enggano 0
Enggano exit frequency ]
Poverty - Status of household poverty Y
Status of EAFM Fisheries CPUE (catch per unit effort) Vi
resources Fish size trend V2
Proportion of yuwana (juvenile) fish caught V3
Species composition of the catch V4
Range collapse of fisheries resource V5
ETP species (endangered threatened protected) V6
Habitat and Water quality Q1
ecosystem Mangrove ecosystem status Q2
Unique/special habitat Q3
Climate change to water and habitat conditions Q4
Fishing Destructive fishing T1
model Modifications of fishing gear T2
Fisheries capacity and fishing efforts T3
Selectivity of fishing gear T4
The legality of suitability of the function and size T5
of fishing gear
Economics Asset ownership P1
Household income P2
Savings ratio P3
Social Stakeholder participation Ul
Fisheries conflicts u2
Use of local knowledge u3
Institutional Compliance with fisheries principles Z1
Completeness of the rules of the game in fisheries Z2
management
Decision-making mechanism Z3
Fisheries management plan Z4
Level of policy and institutional synergy Z5
Stakeholder capacity Z6
Business - Income as a fisherman S1
efficiency Capital S2
Frequency of going to sea S3
Distance of the house to the scene of an arrest S4
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Multidimensional Education
poverty

Health

Standard of
living

Food security -
Food
availability

Food access

Food use

Welfare -

Family members have completed junior high
school
At least one child dropped out of school before
grade 9
At least one family member is malnourished

One or more children died
Electricity
Access to clean drinking water
Access to sanitation
Cooking fuel from charcoal, coal, firewood fuel
House with a dirt floor
Motor vehicle
Food security status
Food supply
Food shortages
Fear of food shortages
Food production
Location difficulties
Purchase price
Low weight
Toddler dies of illness
Sources of drinking water
Sources of the cooking water
Education of the head of the family
The proportion of working household members
Walls of the house
Floor area
Access to sanitation
Main lighting
Ownership of goods

W1
W2

o1
02
C1
C2
C3
C4
C5
Cé
N
L1
L2
L3
M1
M2
M3
Bl
B2
B3
B4
Al
A2
A3
A4
A5
A6
A7

Results. The variability consisting of 21 latent and 70 measurable variables produced a
mud crab fisheries management model of 14 latent and 21 measurable variables stated
to have convergent validity and reliability (Table 2). Based on the t-test, nine relationships
between latent variables had a significant effect unlike the other five (Table 3).

Table 2
Convergent validity test and reliability test

No Latent variables Indicators Fact.or AVE Communality Con7p qs_/te

loading reliability
1 Welfare Al 0.628 0.555 0.555 0.709
A2 0.845 0.555 0.555 0.709

2 Food security N 1.000 - 1.000 -
3 Food availability L2 0.946 0.917 0.917 0.957
L3 0.969 0.917 0.917 0.957
4 Food access M2 0.737 0.694 0.694 0.818
M3 0.920 0.694 0.694 0.818
5 Education W1 1.000 1.000 1.000 1.000
6 Status of EAFM - - 0.502 0.502 0.795
7 Fishing model T1 0.666 0.576 0.576 0.728
T3 0.842 0.576 0.576 0.728
8 Institutional Z2 0.890 0.819 0.819 0.901
Z3 0.921 0.819 0.819 0.901
9 Efficiency S1 1.000 1.000 1.000 1.000
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10 Poverty Y 1.000 - 1.000 -

11 Perception F 0.911 0.808 0.808 0.894
I 0.887 0.808 0.808 0.894

12 Participation D 0.907 0.730 0.730 0.843
G 0.798 0.730 0.730 0.843

13 Characteristics K 0.662 0.575 0.575 0.801
of fishermen 0 0.791 0.575 0.575 0.801

R 0.813 0.575 0.575 0.801

14 Multidimensional poverty - 1.000 - 1.000 -
Table 3
t-test between latent variables

No Influence between variables t-test
1 Characteristics of fishermen = Perception 4.343%*

2 Perception = Participation 5.150%*

3 Participation = Poverty 1.799

4 Participation 2 Status_EAFM 2.546%
5 Status_EAFM = Fishing model 25.911%*
6 Status_EAFM -> Institutional 83.716%*

7 Status_EAFM > Efficiency 0.697

8 Efficiency = Food security 0.654

9 Food access = Food security 3.155%*
10 Food availability = Food security 14.807*
11 Poverty = Multidimensional Poverty 1.134
12 Multidimensional poverty = Education 1.000
13 Food security 2 Welfare 2.625%
14 Multidimensional poverty > Welfare 3.751*

*: significant at the level of trust 95% (a = 5% and t table = 2.020).
The model coefficient of determination (R? total) was 86.6% and variables with direct
effect on welfare were poverty and food security. The variables with indirect influences

were fishermen characteristics, perceptions, ecological approach for fisheries
management (EAFM) status, multidimensional poverty, education, participation, and

efficiency (Figure 1).
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Figure 1. Model of mud crab fisheries management on the outermost small island.
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Discussion. The influence of food access, food availability, and the attribute of
fishermen exhibited a favorable correlation with security. The persuit of augmenting the
accessibility and availability of sustenance is consistent with the objectives of the
sustainable development goals (SDGs) program (FAO 2017). Enhanced accessibility and
greater availability of food constituents, coupled with favorable attributes characterizing
fishermen, collectively contribute to an amplified level of household food security. The
constructive attributes of fishermen also have a positive impact on perceptual acuity.
Consequently, an enhancement in attributes can potentially elevate their perceptions of
mud crabs and mangrove ecosystems. This elevated perception holds the potential to
increase the efficacy of fisheries management to be relatively good (Ditya et al 2022).

Food security has a real positive and direct effect on welfare. Sustainable and
diverse food security contributes to minimizing the impact of activities on the
environment (Stevens et al 2018). The perception and the participation of fishermen in
managing mud crabs and mangrove ecosystems are directly related. A good mangrove
ecosystem is also an excellent place to live for mud crabs (Putri et al 2022). Participation
is indirectly influenced by the characteristics of fishermen, such as age, education, and
household wealth (Rahman et al 2020).

Institutional fishing model of fisheries management is directly proportional to the
status or application of EAFM. The EAFM model raises awareness of the importance of
maintaining the biodiversity of ecosystems (Kenny et al 2018; Escalle et al 2019).
Furthermore, multidimensional poverty has a significant positive effect on perception; the
lower the multidimensional poverty, the better the perception of mud crabs and
mangrove ecosystems.

Business efficiency has a negative impact on poverty and efficiency can be
improved by optimizing the use of fishery resources (Sujan et al 2021). An inverse
relationship exists between the efficiency of mud crab fishing enterprises and the
incidence of household poverty. The reduction on poverty leads to a subsequent elevation
in the welfare of households engaged in mud crab fishing.

The characteristics of fishermen consist of the number of household dependents
(R), length of domicile in Enggano (O), and experience working as a fisherman (K). The
dependents of fishermen in a family are between 0 to 6 people, with an average of 3. The
length of fishermen domicile in Enggano ranges from 2 to 50 years, with an average of
20 years. The range of experience is 1 to 25 years with an average of 11 years.

Perception of fishermen entails mud crabs (I) and mangrove ecosystems (F) in the
good category. Furthermore, the perception of excellent, good, enough and bad is 2%,
60%, 31%, and 7% respectively. The mangrove ecosystem shows a level of quality,
including an outstanding component comprising 50% and a favorable component
constituting an additional 50%. Good perception increases participation in maintaining
mangrove ecosystems (Febrianessa et al 2020).

The educational dimension reflects multidimensional poverty by the number of
family members who have completed junior high school. For every family, 64.28% of
fishing household members still have a primary school education. A total of 35.72% (15
of 42 respondents) graduate from junior high school or above.

Fisheries management status (EAFM) consists of two latent variables, namely the
fishing engineering and the institutional domain. Fishing model is reflected by destructive
fishing (T1), fisheries capacity and fishing efforts (T3). Destructive fishing is seen by
using tools or methods that are toxic or not consistent with applicable regulations. For
example, bubu fishing gear used by fishermen produces mud crabs of various sizes,
including those with a carapace width of less than 15 cm or weighing less than 200
grams. A total of 4.76%, 2.38% and 92.86% of respondents committed violations in
more than 10 cases, 5-10 cases and less than 5 cases, respectively. Every bubu, catch
per unit effort (CPUE) is about 12.5 kg per year and the maximum capture capacity is 15
kg per year. The ratio of catch and capacity was 83.33% and a total of 71.4% had a ratio
smaller than one, where 23.8% was equal to one, and 4.8% with a ratio of more than
one.
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The institutional domain consists of two indicators, namely the completeness of
the rules of the game in fisheries management (Z2) and the decision-making mechanism
(Z3). There are no rules of the game in the management of mud crab fisheries, except
for the ministerial regulation on banning the capture of mud crabs, which has not been
implemented. According to 95.2% of respondents, there were no complete rules of the
game, and 4.8% stated that the current ministerial regulations were quite adequate as
the completeness of the game rules. There was no regulation regarding the mechanisms
for deciding fisheries management, such as standard operating procedures (SOP), no
recording and sanctions for violations. According to 73.8% of respondents, there was no
decision-making mechanism, and 26.2% stated that there was a mechanism for
collecting traders to provide low prices for crabs with small sizes.

Fishermen participation is reflected in mud crab (D) and mangrove ecosystem
management (G). The variables are classified as a high category (where very high, high,
and enough is 17%, 74% and 9% respectively). Similarly, the engagement of fishermen
is categorized as extensive, with 67% falling within the classification of very high, and
the remaining 33% categorized as high.

The efficiency of crab fishing efforts carried out by fishermen is included in the
efficient category. The business efficiency of mud crab fishermen in Enggano Island
indicated by a revenue-cost ratio (RC ratio) is 3.08 (Cahyadinata et al 2020). A total of
88.1% of fishing businesses are in the efficient category, while 11.9% are inefficient,
with an R/C value of less than one. Business efficiency is influenced by income as a
fisherman (S1). The average income of respondents from catching mud crabs is Rp 1 380
952 per month. The categories of income are low (less than IDR 1 000 000 per month),
medium (IDR 1 000 000 to Rp 2 000 000 per month) and high (more than IDR 2 000 000
per month), which percentages are 30.95%, 57.14%, and is 11.9% respectively
(Cahyadinata et al 2020).

Fishermen poverty is calculated based on per capita income. The per capita
income of members of fishing households ranges from Rp 120 000 to Rp 2 166 667 with
an average of Rp 716 553 per month. Based on this value, the household poverty status
(Y) is classified as poor for 31% and not poor for 69%.

Food security of fishing households is classified as resistant at 19%, moderately
resistant at 74%, and less resistant at 7% (Cahyadinata et al 2019c). Food availability is
reflected by shortage (L2) indicators and fear of shortage (L3). Meanwhile, 73.8% of
fishermen experienced food shortages, unlike 26.2%. A total of 83.3% of fishermen feel
frightened or worried about food shortages, and only 16.7% do not worry about food
shortages. It means that 9.5% of fishermen have not experienced food shortages in the
past but have concerns about future food shortages.

Food access is reflected by indicators of difficulty reaching the location (M2) and
price of purchase (M3). The foodstuffs in Enggano are mostly produced or imported from
Bengkulu City and sold at many stalls. A total of 81.0% of respondents stated the
location to buy food was easy, while 19.0% reported the purchase location was difficult
to reach. Although the purchase location is accessible, 45.2% and 54.8% stated the price
is relatively expensive and quite affordable respectively.

The welfare of fishing households is classified as moderate welfare (where high,
moderate and low welfare is 36%, 62%, and 2% respectively). Indicators of welfare are
the level of education of the head of the household (A1) and the proportion of working
household members (A2). The average level of education for the head of the family is
grade 8 of the first level advanced school with the category of high, junior high, and
elementary school at 28.57%, 23.81% and 40.48% respectively as well as not finishing
elementary school 7.14%. The average number of working household members in a
family is 1 to 3, with an average of one person. The proportion is 2.38%, 0.5 to 0.99 is
21.43%, 0.25 to 0.49 is 66.67%, and less than 0.25 is 9.52%.

The efficiency of determination of 86.6% means that the indicator explains the
latent variable by the percentage. Therefore, only 13.4% were not included in the mud
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crab fisheries management model to improve the welfare of fishermen on the small
outermost island.

Conclusions. A comprehensive mud crab fisheries management model was implemented
to enhance the welfare of mud crab fishermen on Enggano Island, given its status as a
small outermost island. The resulting model using SEM-PLS, consisting of 14 latent
variables and 21 indicators, was a valid and reliable model with a coefficient of 86.6%.

Variables that directly affected welfare were poverty and food security. Indirect
influences were fishermen characteristics, perceptions, EAFM status, multidimensional
poverty, education, participation, and efficiency. Food security was enhanced by
improving food access, availability, and fishermen characteristics. The welfare of mud
crab fishermen on the small outermost island was also improved by increasing food
security and reducing poverty.

Acknowledgement. The authors are grateful to the SmartPLS Team for facilitating the
software used in this study and also to all respondents who have participated in the
study.

Conflict of interest. The authors declare that there is no conflict of interest.
References

Abdillah W., Jogiyanto, 2015 [Alternative structural equation modeling (SEM) in business
research]. Penerbit Andi, 272 pp. [in Indonesian]

Adiprasetyo T., Irnad, Nusril, 2019 Perceived environment-economic benefits and factors
influencing the adoption of Indonesian sustainable palm oil production system by
smallholder farmers. IOP Conference Series: Earth and Environmental Science
347(1):012098.

Apine E., Turner L. M., Rodwell L. D., Bhatta R., 2019 The application of the sustainable
livelihood approach to small scale-fisheries: the case of mud crab Scylla serrata in
south west India. Ocean and Coastal Management 170:17-28.

Botha M., 2020 Reorganising the lobster fishery value chain. Marine Policy 120:104149.

Budiarti L., Setyorini C. T., Susilowati D., Warsidi, Sukardi P., Jannah M., 2021 Triple
helix as an empowerment strategy for labor fishermen: a proposed model through
action research study. IOP Conference Series: Earth and Environmental Science
746(1):012011.

Cahyadinata I., Fahrudin A., Sulistiono, Kurnia R., 2019a Household welfare of mud crab
fishermen in small outermost islands. Case study: Enggano Island, Bengkulu
Province, Indonesia. AACL Bioflux 12(2):564-574.

Cahyadinata I., Fahrudin A., Sulistiono, Kurnia R., 2019b Perception and participation of
fishermen in the sustainable management of mud crabs on the outermost small
island (case study: Enggano Island, Bengkulu Province, Indonesia). International
Journal on Advanced Science, Engineering and Information Technology 9(4):1330-
1336.

Cahyadinata 1., Fahrudin A., Sulistiono, Kurnia R., 2019c Food security and
multidimensional poverty of mud crab fishermen household in small and outer
islands of indonesia. Case study: Enggano island, Bengkulu Province. AACL Bioflux
12(4):1196-1207.

Cahyadinata 1., Fahrudin A., Sulistiono, Kurnia R., 2020 Evaluation of mud crab utilization
in the small outermost island: a case study of Enggano Island, Bengkulu Province,
Indonesia. IOP Conference Series: Earth and Environmental Science 420:012008.

Dahlia, Anggoro S., Gunawan B. 1., 2022 Factors affecting the small-scale fishermen
welfare in Bontang, Indonesia. AACL Bioflux 15(2):893-899.

De Keyzer E. L. R., Mulungula P. M., Lufungula G. A., Manala C. A., Muniali A. A,
Cibuhira P. B., Bishibibiri A. B., et al, 2020 Local perceptions on the state of the
pelagic fisheries and fisheries management in Uvira, Lake Tanganyika, DR Congo.
Journal of Great Lakes Research 46(6):1740-1753.

AACL Bioflux, 2023, Volume 16, Issue 6. 3 100
http://www.bioflux.com.ro/aacl



Ditya Y. C., Mutmainnah D., Wiadnyana N. N., Makmur S., Kaban S., Rais A. H., Hidayah
T., Anggraeni D. P., Antoni R., Dwirastina M., Koeshendrajana S., 2022 Assessing
the ecosystem approach to fisheries management in Indonesian inland fisheries.
Polish Journal of Environmental Studies 31(3):2579-2588.

Duff E., 2019 A structural equation model of empowerment factors affecting nurse
practitioners competence. Nurse Education in Practice 38:145-152.

Escalle L., Gaertner D., Chavance P., Murua H., Simier M., Pascual-Alayén P. J., Ménard
F., Ruiz J., Abascal F. J., Mérigot B., 2019 Catch and bycatch captured by tropical
tuna purse-seine fishery in whale and whale shark associated sets: comparison with
free school and FAD sets. Biodiversity and Conservation 28(2):467-499.

FAO, 2017 Sustainable development goals. FAO Regional Office for Asia and The Pacific,
70 pp.

Febrianessa N., Sulistiono, Samosir A. M., Yokota M., 2020 Heavy metal (Pb, Hg)
contained in blue swimming crab (Portunus pelagicus Linnaeus, 1758) in Cengkok
coastal waters, Banten Bay, Indonesia. Ilmu Kelautan: Indonesian Journal of Marine
Sciences 25(4):157-164.

George A., 2018 Perceptions of Internet banking users - a structural equation modelling
(SEM) approach. IIMB Management Review 30(4):357-368.

Halim A., Wiryawan B., Loneragan N. R., Hordyk A., Sondita M. F. A., White A. T,,
Koeshendrajana S., Ruchimat T., Pomeroy R. S., Yuni C., 2019 Developing a
functional definition of small-scale fisheries in support of marine capture fisheries
management in Indonesia. Marine Policy 100:238-248.

Hanich Q., Wabnitz C. C. C., Ota Y., Amos M., Donato-Hunt C., Hunt A., 2018 Small-scale
fisheries under climate change in the Pacific islands region. Marine Policy 88:279-
284,

Hartono D., Adiprasetyo T., Sumartono E., 2019 Sustainable development model of small
outermost islands in Indonesia: study case of Enggano Island, Bengkulu Province
development simulation model. AACL Bioflux 12(5):1789-1798.

Hassneen E., El-Abbasi A. H., Khalifa M., Shoaeb F., 2019 Using a two-level structural
equation model to study the determinants of reproductive behaviour in Giza
Governorate. Egyptian Informatics Journal 20(2):143-150.

Henriquez-Antipa L. A., Carcamo F., 2019 Stakeholder’s multidimensional perceptions on
policy implementation gaps regarding the current status of Chilean small-scale
seaweed aquaculture. Marine Policy 103:138-147.

Ingvardson J. B., Nielsen O. A., 2019 The relationship between norms, satisfaction and
public transport use: a comparison across six European cities using structural
equation modelling. Transportation Research Part A: Policy and Practice 126:37-57.

Jara H. J., Tam J., Reguero B. G., Ganoza F., Castillo G., Romero C. Y., Gévaudan M.,
Sanchez A. A., 2020 Current and future socio-ecological vulnerability and
adaptation of artisanal fisheries communities in Peru, the case of the Huaura
province. Marine Policy 119:104003.

Kaewploy N., Aquino U. M., Phonpakdee R., 2018 The people’s participation on the
indigenous serrated mud crabfattening practices in La-ngu district, Satun province,
Thailand. International Journal of Agricultural Technology 14(7):1315-1326.

Kenny A. J., Campbell N., Koen-Alonso M., Pepin P., Diz D., 2018 Delivering sustainable
fisheries through adoption of a risk-based framework as part of an ecosystem
approach to fisheries management. Marine Policy 93:232-240.

Kursunoglu N., Onder M., 2019 Application of structural equation modeling to evaluate
coal and gas outbursts. Tunnelling and Underground Space Technology 88:63-72.

Lloret J., Cowx I. G., Cabral H., Castro M., Font T., et al, 2018 Small-scale coastal
fisheries in European Seas are not what they were: ecological, social and economic
changes. Marine Policy 98:176-186.

Makiabadi H., Pishghadam R., Meidani E. N., Khajavy G. H., 2019 Examining the role of
emotioncy in willingness to communicate: a structural equation modeling approach.
Revista de Psicodidactica 24(2):120-130.

AACL Bioflux, 2023, Volume 16, Issue 6. 3 101
http://www.bioflux.com.ro/aacl



Marshall K. N., Levin P. S., Essington T. E., Koehn L. E., Anderson L. G., Bundy A,
Carothers C., Coleman F., Gerber L. R., Grabowski J. H., Houde E., Jensen O. P.,
Méllmann C., Rose K., Sanchirico J. N., Smith A. D. M., 2018 Ecosystem-based
fisheries management for social-ecological systems: renewing the focus in the
United States with Next Generation fishery ecosystem plans. Conservation Letters
11(1):e12367.

Masthalina H., Santosa H., Sudaryati E., Zuska F., 2021 Household food insecurity, level
of nutritional adequacy, and nutritional status of toddlers in the coastal area of
Central Tapanuli Regency. Open Access Macedonian Journal of Medical Sciences 9:
1371-1375.

Miller A. E., Davenport A., Chen S., Hart C., Gary D., Fitzpatrick B., Muflihati,
Kartikawati, Sudaryanti, Sagita N., 2020 Using a participatory impact assessment
framework to evaluate a community-led mangrove and fisheries conservation
approach in West Kalimantan, Indonesia. People and Nature 2(4):1061-1074.

Nazir M., 2014 [Research methods]. Penerbit Ghalia Indonesia, 486 pp. [in Indonesian]

Nguyen T. V. H., 2022 Welfare impact of climate change on capture fisheries in Vietnam.
PLoS ONE 17(4):e0264997.

Putri A., Bengen D. G., Zamani N. P., Salma U., Kusuma N. P., Diningsih N. T., Kleinertz
S., 2022 Mangrove habitat structure of mud crabs (Scylla serrata and S. olivacea)
in the Bee Jay Bakau Resort Probolinggo, Indonesia. Ilmu Kelautan: Indonesian
Journal of Marine Sciences 27(2):124-132.

Rahman M. S., Kazal M. M. H., Rayhan S. J., 2020 Impacts of the training of mud crab
farmers: an adaptation strategy to cope with salinity intrusion in Bangladesh.
Marine Policy 120:104159.

Raza M. H., Abid M., Yan T., Ali-Naqvi S. A., Akhtar S., Faisal M., 2019 Understanding
farmers’ intentions to adopt sustainable crop residue management practices: a
structural equation modeling approach. Journal of Cleaner Production 227:613-633.

Sanon V. P., Ouedraogo R., Toé P., El Bilali H., Lautsch E., Vogel S., Melcher A. H., 2021
Socio-economic perspectives of transition in inland fisheries and fish farming in a
least developed country. Sustainability 13(5):29-85.

Seddig D., Lomazzi V., 2019 Using cultural and structural indicators to explain
measurement noninvariance in gender role attitudes with multilevel structural
equation modeling. Social Science Research 84:102328.

Setiawan D., Nurrochmat D. R., Kuncahyo B., 2018 [Acceptability model of the use of forest
area policy in Bangka Belitung]. Media Konservasi 23(1):65-76. [in Indonesian]

Stacey N., Gibson E., Loneragan N. R., Warren C., Wiryawan B., Adhuri D., Fitriana R.,
2019 Enhancing coastal livelihoods in Indonesia: an evaluation of recent initiatives
on gender, women and sustainable livelihoods in small-scale fisheries. Maritime
Studies 18(3):359-371.

Statistics of North Bengkulu Regency, 2022 [Enggano Subdistrict in figures]. BPS
Bengkulu Utara, 398 pp. [in Indonesian]

Stevens J. R., Newton R. W., Tlusty M., Little D. C., 2018 The rise of aquaculture by-
products: increasing food production, value, and sustainability through strategic
utilisation. Marine Policy 90:115-124.

Sujan M. H. K., Kazal M. M. H., Ali M. S., Rahman M. S., 2021 Cost-benefit analysis of
mud crab fattening in coastal areas of Bangladesh. Aquaculture Reports 19:100612.

Sukono, Riaman, Herawati T., Saputra J., Hasbullah E. S., 2021 Determinant factors of
fishermen income and decision-making for providing welfare insurance: an application of
multinomial logistic regression. Decision Science Letters 10(2):175-184.

Sun S., Yu K., Xie Z., Pan X., 2020 China empowers Internet hospital to fight against
COVID-19. Journal of Infection 81(1):67-68.

Yang R. M., Guo W. W., Zheng J. B., 2019 Soil prediction for coastal wetlands following
Spartina alterniflora invasion using Sentinel-1 imagery and structural equation
modeling. Catena 173:465-470.

Yi P., Kim H. J.,, 2019 Exploring the relationship between external and internal
accountability in education: a cross-country analysis with multi-level structural
equation modeling. International Journal of Educational Development 65:1-9.

AACL Bioflux, 2023, Volume 16, Issue 6. 3 102
http://www.bioflux.com.ro/aacl



Received: 08 August 2023. Accepted: 23 October 2023. Published online: 08 December 2023.

Authors:

Indra Cahyadinata, Department of Agribusiness, University of Bengkulu, Bengkulu, 38122, Indonesia, e-mail:
cahyadinata@unib.ac.id

Achmad Fahrudin, Department of Aquatic Resources Management, Faculty of Fisheries and Marine Sciences, IPB
University, Darmaga Bogor, West Java, 16680, Indonesia, e-mail: fahrudina@yahoo.com

Sulistiono, Department of Aquatic Resources Management, Faculty of Fisheries and Marine Sciences, IPB
University, Darmaga Bogor, West Java, 16680, Indonesia, e-mail: onosulistiono@gmail.com

Rahmat Kurnia, Department of Aquatic Resources Management, Faculty of Fisheries and Marine Sciences, IPB
University, Darmaga Bogor, West Java, 16680, Indonesia, e-mail: kurniarahmat2024@gmail.com

Irnad, Department of Agribusiness, University of Bengkulu, Bengkulu, 38122, Indonesia, e-mail:
irnadardenis@yahoo.co.id

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Cahyadinata I., Fahrudin A., Sulistiono, Kurnia R., Irnad 2023 Mud crab fisheries management model to
improve welfare of fishers: a study on outermost small island, Enggano. AACL Bioflux 16(6):3093-3103.

AACL Bioflux, 2023, Volume 16, Issue 6. 3 103
http://www.bioflux.com.ro/aacl



