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ARTICLE INFO ABSTRACT

Article History: The current study objective was to determine the mud crabs' level of
Received: Dec. 31,2023  sustainability in the Sidangoli mangrove habitat in North Maluku's West
Accepted: Jan. 28,2025  Halmahera Regency. From March to June 2022, this study was carried out
Online: Feb. 22, 2025 in the Sidangoli seas of the North Maluku province of West Halmahera.
Survey and interview procedures were employed. Ecological dimensions,

biological dimensions, economic dimensions, social dimensions, and

,\Kﬂzmggg;m institutional dimensions were all me;asured. Dirgct samplin.g fr-om
Mud crab ' fl_sherm_en's and__c_ollect_ors' g:atc_hes yleld_s ecological and b!ologl_cal
Scylla ’ ghmensm_ns. Ut|I|Z|ng_|nteN|eW|qg techmqges_ and a questionnaire,
Sustaiﬁability information on the social, economic, and institutional elements was also
Utilization ' collected. The mangrove crabs were divided into groups according to

species, sex, and carapace measured width. Moreover, gonad development
was observed. Mud crab data analysis included sex ratio, size distribution
and gonad maturity stage. Mud crab sustainability management status was
evaluated using the Rapid Appraisal for Fisheries RAPFISH method. The
results of the analysis found that the size distribution of the carapace width
of the male mud crab was 4.38-9.12mm and that of the female was 3.39-
8.85mm. The percentage of mature mud crabs was 53%. The
multidimensional status of the sustainability of mud crab management in
Sidangoli is quite sustainable with an index value of 58.97%.

INTRODUCTION

One fishery resource that relies on mangrove forests for habitat is mud crab.
Mangrove forests serve a variety of complex purposes for people, aquatic life, and the
environment. As a habitat for a variety of aquatic and terrestrial creatures, mangrove
forests contribute to Indonesia's high biodiversity levels. According to Fawwaz et al.
(2019) and Jacobs et al. (2019), mangrove ecosystems serve as habitat for fish, crabs,
shrimp, and shellfish as well as locations for aquatic species to reproduce, care for young,
and forage (Hilmi et al., 2017; Redjeki et al., 2020; Ismail et al., 2021). Strong winds,
beach erosion, tsunamis, and pollutant filters are all prevented by mangrove trees, which
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act as coastal defenses (Garcia et al., 2014; Khakhim et al.,, 2021). Mangrove
ecosystems also protect coastal areas from climatic and coastal geological disasters
(Marois & Mitsch, 2015; Hilmi et al., 2017; Sanchez-Nufiez et al., 2019), and can
defend against saltwater intrusion and secure fresh water supplies for coastal
communities. In terms of climate change issues, mangroves are considered a blue carbon
ecosystem that has the ability to absorb greenhouse gases effectively, store carbon, and
control the effects of global warming (Murdiyarso et al., 2015; Barbier, 2016; Inoue,
2019; Alongi, 2020). The existence of mangrove forests must be preserved to counteract
carbon emissions and climate change (Hatta et al., 2022).

Mud crab Scylla serrata, Scylla paramamosain, Scylla olivacea and Scylla
tranquebarica are one of Indonesia's commercial fishery commodities (Yusuf et al.,
2016) and are well known in Southeast Asia (Petersen et al., 2013; Hungria et al., 2017;
Fawwaz et al., 2019) and throughout the tropical and subtropical zones of the Pacific and
Indian Oceans (Dan & Hamasaki, 2014; Mirera & Mos, 2014). This mangrove crab is
widely exploited by coastal communities because of its high price and delicious and tasty
meat (Islam et al., 2015). This mud crab type of Scylla is in great demand as a quality
food ingredient because of its size, nutritional content, and tenderness (Azra &
Ikhwanuddin, 2016).

The Sidangoli mangrove habitat contains a large number of small yet highly
productive mangrove islands. The people of Sidangoli employ mangrove crabs
extensively, and they sell their catch either directly to the market or to collectors. At
collectors, the cost per kilogram ranges from Rp 100,000 to Rp 150,000. Exploitation
keeps happening as a result of the high selling price.

The community makes significant efforts to employ mangrove crabs because of the
high value of their advantages. In order to assess the state of the mud crab population in
its natural environment, management activity is required. Evaluating the sustainability of
the mangrove crab resource is one of the first management steps. There hasn't been any
prior study that revealed the sustainability status of this in Sidangoli and its surroundings,
hence this research is very important to reveal the existing condition of mud crabs in the
mangrove forest ecosystem as initial data for determining mangrove crab resource
management policies. The sustainability of mangrove crab resources in their natural
habitat needs to be maintained by knowing their status in the mangrove forest ecosystem
based on various aspects such as ecology, biology, economy, social and institutions. The
aim of this research was to reveal the status of mud crabs in the Sidangoli mangrove
ecosystem, West Halmahera Regency, North Maluku.

MATERIALS AND METHODS

The research was conducted on Sidangoli waters, North Maluku Province (Fig. 1),
from March to September 2022.
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Fig. 1. Map of the study area

Samples of mud crab were gathered from gatherers. On the islands of Gumele,
Mardula, Tudoku, Dowongirotu, and Balao, fishing was practiced. By looking at five
factors, including the ecological, biological, economic, social, and institutional
components, it was possible to assess the sustainability status of mud crabs. Every
dimension under analysis had seven attributes.

Data on ecological dimensions, including mangrove density, water quality, area of
mangroves, area increase, type of land use, species of mangroves, and mangrove
thickness, were collected through direct surveys at research sites. Information about the
rise in the area of mangroves and types of land use were also obtained by interview
techniques using a questionnaire. Data on the biological dimension were obtained from
the catches of fishermen who were sold to collectors. Collected mangrove crabs were
separated by sex, counted, identified, measured carapace width, observed gonad
development and determined the proportion of crabs that had not spawned.

Data on the social, economic and institutional dimensions were obtained through
structured interviews with each of the ten respondents who are competent in their fields.
The target respondents for the economic and social dimensions were mangrove crab
fishermen, while the institutional dimension was the village government and related
agencies (Marine and Fisheries Service and fisheries extension officers). The fishermen
who were the respondents had ages that varied from 18-60 years.

The modified Rapid Appraisal for Fisheries (RAPFISH) program was used in this
study's multi-dimensional scaling (MDS) methodology to manage and assess the



2466

Serosero et al., 2025

sustainability of the mangrove crab fisheries. According to Pitcher et al. (2013),

RAPFISH is a quick assessment method created to facilitate multidisciplinary, objective

parameter analysis and evaluation. On the basis of Schaduw (2015)'s recommendations,

improvements were made to the stages of the sustainable mangrove crab analysis

utilizing the RAPFISH approach.

(1) Identifying and determining the system attributes under consideration each of the
seven attributes in this study was combined with one of five dimensions, including
ecological, biological, social, economic, and institutional (Table 1).

Table 1. Dimensions and attributes of mud crab management

Dimension

Attribute

Ecology

(1) mangrove density (2) water quality (3) mangrove area (4)
mangrove area increase (5) land use type (6) mangrove type (7)
mangrove thickness

Biology

(1) reproductive development of mud crabs (2) recruitment (3)
types of mud crabs (4) size of mud crabs caught (5) number of
catches each month (6) sex (7) proportion of crabs that have not
spawned

Economy

(1) community income from mud crab fishing, (2) income other
than mud crab fishing, (3) government budget for mangrove crab
management, (4) mud crab cultivation business opportunities, (5)
family profits from mud crab utilization, (6 ) fishing costs, (7)
selling price of mangrove crabs

Social

(1) conflicts over the use of mud crabs, (2) the social impact of
mud crabs on the community, (3) level of education, (4)
community participation in mangrove crab management, (5)
community participation in mangrove forest management, (6)
community understanding about the benefits of mangrove crabs,
(7) public understanding of the benefits of mangrove forests

Institutional

(1) law enforcement on the use of mud crabs, (2) local government
commitment in mangrove crab management, (3) management
program integration, (4) existence of marine fisheries extension
officers, (5) involvement of community institutions, (6) availability
of formal regulations for crab management mangroves, (7)
availability of formal regulations for mangrove forest management

(2) Evaluation and grading: Each attribute's scoring was examined from multiple angles.
Each dimension was scored using a Likert scale (0, 1, 2) based on the indicator
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(3)

value, with a maximum score of 2 for favorable conditions, a minimum score of O for
unfavorable situations, and a maximum score of 1 for moderate conditions.
Determining the sustainability status based on categories and index values in
accordance with Kavanagh and Pitcher (2004) guidelines. A poor scale of 0 to
100% was used to indicate the predicted score for each dimension (Table 2).

Table 2. Sustainability index categories for each dimension studied

Number Index value Category
1 0.00 - 25.00 Not sustainable
2 25.01-50.00 Less sustainable
3 50.01- 75.00 Sufficiently sustainable
4 75.01-100.00 Sustainable

(4)
(5)

(6)

1.

The stage of ordination: To locate the good and bad spots, the ordinate stages were
subjected to an MDS analysis.

Make use of analyses: Utilizing leverage analysis, it is possible to identify the mud
crab resource management factor that is most susceptible to change. Changes in Root
Mean Square indicate how each attribute has an impact (RMS).

The Monte Carlo method is a technique for statistical simulation that assesses how
errors affect statistical processes. The ordinate point is the point that this study
evaluates.

RESULTS AND DISCUSSION

Ecological dimension sustainability status
The ecological dimension's analysis of the sustainability index was 49.56%, placing

it in the less sustainable category. Fig. (2) shows the ordinate graph of the ecological
dimension’s sustainability.
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Fig. 2. Sustainability of mangrove crabs as measured by ecological dimensions
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The sustainability value indicates that the mangrove crab resources will be less
sustainable if the management of mud crabs in Sidangoli seas was continued under the
same patterns and circumstances as they are now. Three attributes become leverage
factors based on the leverage analysis, which is expressed as the root mean square (RMS)
value of the seven attributes evaluated in this study. This is because their changes are
sensitive to the ecological context dimension of the sustainability index value. The three
attributes were mangrove area (5.25%), land use type (4.96%) and mangrove type
(6.63%) (Fig. 3).

Leverage of Attributes

Mangrove density
Water quality

Mangrove area

1]
,é' Mangrove area increase
< Land use type
Mangrove type 6,63
Mangrove thickness
0 1 2 3 4 5 6 7

Root Mean Square Change in Ordination when Selected Attribute
Removed (on Sustainability scale 0 to 100

Fig. 2. The results of the analysis of the ecological dimensions of leverage

According to observations made in the field, the mangrove area in Sidangoli
Village serves as a habitat for mud crabs and is home to a variety of animals, including
fish (Caranx melampygus, Lutjanus variegatus), crustaceans from the shrimp (Penaeus
monodon), crabs (Scylla serrata and Scylla paramamosain), and molluscs from the
gastropod class (Littorina scabra, Telescopium telescopium, Tectus fenestratus,
Terebralia sulcata). According to Garcia et al. (2014), mangroves serve as a habitat for a
variety of animals, including fish, crabs, primates, reptiles, and birds. Asri et al. (2020)
stated that mangrove habitats have a mix of aquatic, terrestrial, and transitional species.
Mangrove trees are home to the majority of land animals, while aquatic and transitional
species are found in stems, roots, and the water column. Sari et al. (2022) found six
species of birds, namely sea eagles (Sula lencogastes), little egrets (Egretta garzetta),
striated storks (Butorides striata), white-winged pigeons (Chlidonias leucopterus), terns
(Sterna hirundo) and Gigis alba) in Youtefa Bay, Papua. Azlad et al. (2015) found
insects, birds, bats, monkeys, langurs, mangrove cats, snakes and at low tide occupying
the top of mangrove trees.

The composition of the mangrove species in the fishing location consisted of 3
families (Rhizophoraceae, avicenniaceae, sonneratiaceae) with 5 mangrove species
(Rhizophora apiculata, Rhizophora stilosa, Bruguera gymnorhiza, Sonneratia alba,
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Avecennia alba). The diversity of mangrove species can be a natural habitat for mangrove
crabs. Malik et al. (2019) found seven types of mangroves namely Avicennia marina,
Bruguiera gymnorrhiza, Rhizophora mucronata, Rhizophora stylosa, Sonneratia alba,
Sonneratia caseolaris, and Xylocarpus granatum in West Sulawesi.

At the fishing area, the mangrove environment spans 2 to 7 acres. It goes without
saying that this size cannot be extended further, but it can be preserved so that it does not
contract as a result of the conversion of mangrove forests into firewood, residential land,
house support poles, and bridge piers. There hasn't been any agriculture activity on the
mangrove land at any of the fishing spots or the nearby waters. In the Sidangoli
mangrove area, the lever factor of different land use types needs to be preserved.
Currently, only fishing, harvesting of crabs, shrimp, and shellfish are done on the
mangrove land. Mud crabs will continue to exist if this situation is maintained because
their natural habitat supports reproduction. Settlements around mangrove forests tend to
increase in line with the increase in population in that location. This will certainly have
an impact on increasing ecological pressure in the mangrove area because it is located
close to residential areas and various other economic activities. This will certainly have
an impact on increasing ecological pressure in the mangrove area because it is located
close to residential areas and various other economic activities.

Even though land use in the area tends to be low, if it is not controlled through the
implementation of appropriate policies by the relevant agencies, it will have an impact on
excessive pressure on the existence of the mangrove forest. Ngongolo et al. (2015) stated
that mangrove restoration through protection is an effort to maintain the condition of the
existing ecosystem so that more is not lost. Transfer of functions of mangrove forests for
various purposes (cultivation, timber harvesting, agriculture, settlement) is an activity that
causes damage to mangrove forests (Giri et al., 2015; Richards & Friess, 2016;
Thomas et al., 2017; Romanach et al., 2018; Bryan-Brown, 2020). Decreasing the
quality of mangrove areas has an impact on reducing ecological capabilities and affecting
changes in socio-economic behavior (Malik et al., 2017).

2.  Status of biological dimension sustainability
The biological dimension's sustainability index analysis score is 48.78%. This

index falls under the less sustainable group according to the sustainability standards. Mud
crab management that follows the same procedures and guidelines as it does currently
will make Sidangoli's mud crab resources less viable to preserve.
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Fig. 4. The sustainability ordination chart for the biological dimension

Three variables mud crab size (4.20%), mangrove crab reproductive development
(4.90%), and sex (4.90%) are a lever factor in this biological dimension based on the root
mean square value of the seven attributes evaluated in this study (Fig. 5)

Leverage of Attributes

Proportion of crabs that have not spawned
Sex 4,90
- Number of catches each month
:l:‘ Size of mud crabs caught
< Types of mud crabs
Recruitment
Reproductive development of mud crabs 4,90

I T T T T
0,00 1,00 200 300 400 500 600

Root Mean Square Change in Ordination when Selected Attribute Removed
(on Sustainability scale 0 to 100

Fig. 5. The outcomes of the biological dimension's leverage analysis

The amount of the crabs caught were on average categorized as crabs that were
worth catching although some crabs were still small, namely 3.39-8.85mm (females) and
4.38-9.12mm (males). Tetelepta et al. (2018) found mangrove crabs with larger sizes,
namely males with a carapace width of 8.8-17.8cm and 9.8-17.2cm in female crabs in
Katonia Bay, West Seram. Mud crabs caught at the study site were dominated by male
mud crabs with a ratio of 1 : 0.52. Some research results also found this unbalanced ratio
and was dominated by male crabs, such as Viswanathan et al. (2019) found a ratio of 1 :
0.87 and Paul et al. (2021) with a ratio of 1 : 0.96. Male mangrove crabs were more
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dominantly caught because they have more active movement activity than female crabs.
Sunarti et al. (2016) found that the activity of male crabs and the physiological
mechanisms of organ performance are more active than that of the females. Although in
management it is recommended not to catch female crabs that are mature or have
spawned at least once in their life cycle, balance in catch also needs to be a concern.
Catching a large number of male crabs in a fishing period can also affect the balance of
the population. There will be a shortage of adult male crabs to fertilize female mangrove
crabs.

Mud crabs from the surveyed catches were in various reproductive developments.
The average catch of female crabs is at gonad maturity stage | (12%), gonad maturity
stage Il (35%), gonad maturity stage Il (30%), gonad maturity stage 1V (23%). The
proportion of gonadal immature crabs was 47% and gonadal mature (53%). Mud crabs
obtained from collectors on average have a large size (male and female) because they
have a high selling price. Thus, to maintain the sustainability of mangrove crab resources,
it is necessary to monitor the size, sex of the crabs caught and the development of their
sex ratio. Thus, comprehensive management of the biological aspects is needed so that
the availability of resources is maintained.

3. Sustainability of economic dimension
It is under the less sustainable category because the analysis of the sustainability

index on the economic dimension is 41.85%. Fig. (6) shows the coordination chart for the
sustainability’'s economic component.
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Fig. 6. Ordination of the economic components of mud crab sustainability

According to the leverage analysis (Fig. 7), there are three attributes that are
unfavorable or in poor condition, making them leverage factors. These three attributes are
the budget for managing mangrove crabs (4.86%), the use of other resources in the
mangrove forest ecosystem (4.23%), and the benefits to families of using mangrove crabs
(3.08%). The three attributes with the highest RMS values suggest that improvement
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efforts should be focused on these three, as improving their circumstances will have an
impact on the sustainability index. The atributtes with the lowest RMS value show that
the conditions of attributes are good enough and do not need to be prioritized for
improvement. The results of the leverage analysis from the economic dimension are
presented in Fig. (7).

Leverage of Attributes

Selling price of mangrove crabs
Fishing costs
Family profits from mud crab utilization

Mud crab cultivation business opportunities

Atribute

Government budget for mangrove crab management 4,86
Income other than mud crab fishing

Community income from mud crab fishing

Root Mean Square Change in Ordination when Selected Attribute Removed
(on Sustainability scale 0 to 100)

Fig. 7. Economic dimension leverage analysis (Econometric dimension leverage analysis)

Efforts to manage mangrove crabs have not been optimal. The government budget
for mud crab management activities is not yet available; new management efforts are
limited to submitting verbal prohibitions in the form of a ban on catching mud crabs that
carry eggs and mature gonads. This prohibition is in line with Minister of Maritime
Affairs and Fisheries Regulations No.1 of 2015 namely catching crabs (Scylla spp.) can
be done with a carapace width of > 150mm and for females that have mature gonads or
mature eggs.

Efforts to maintain the sustainability of mud crab populations in their natural
habitat can be carried out by utilizing other resources available in mangrove forests such
as fish, shrimp and shellfish (Hilmi et al., 2017; Redjeki et al., 2020; Ismail et al.,
2021). By increasing other activities, it is hoped that there will be a balance in the pattern
of utilization of mangrove crab resources.

An economically significant species of crustacean for aquaculture and fisheries are
mud crabs (Shi et al., 2019). According to Bera and Maiti (2022), the mangrove
ecosystem is especially helpful for those living in rural areas since they may use fish,
crabs, shrimp, and mangroves as firewood. For nearby people, the economic resources
present in mangrove ecosystems provide a source of food, income, and wealth (Das et al.,
2022). Because the utilization of mangrove crabs provides the community with such
substantial advantages, integrated monitoring must be supported in order to ensure
sustainability. At the study site, mud crabs are sold between Rp. 100,000 and Rp. 150,000
per kg. Catching efforts are maintained as a result of this value. The cost to purchase mud
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crabs is furthermore high in several countries, including Malaysia, up to RM 68 per kg
(for one crab that reaches or exceeds 250g) (Shakawi et al., 2022). Catching mud crabs
naturally provides enormous economic benefits. The country of Bangladesh has utilized
the potential of mangrove crabs in their country and made them the third highest export
commodity (Islam, 2018).

The monitoring process is a necessary management action in the utilization of mud
crabs because of the large economic benefits received from this business. In addition,
direct community involvement in protecting mangrove crab resources and their habitat is
also important so that the resources can survive. Non-governmental organizations can
also be formed specifically to supervise mangrove crabs and their habitat. The success of
management activities requires the participation of various parties, especially the
participation of the community around the location to be managed.

4.  Status of social dimension in sustainability
The social dimension's analysis of the sustainability index was 65.97%, placing it in

the fairly sustainable category. Fig. (8) shows the graph for social dimension
sustainability coordination.
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Fig. 8. How social factors affect the sustainability of mangrove crabs

According to the leverage analysis, to attribute community understanding about the
benefits of mangrove crabs (4.17%) and public understanding of the benefits of mangrove
forests (3.47%) is a lever attribute. The results of the social dimension's leverage analysis
are shown in Fig. (8).
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Leverage of Attributes

Public understanding of the benefits of mangrove forests
Community understanding about the benefits of ...
Community participation in mangrove forest management

Community participation in mangrove crab management

Atribute

Level of education
The social impact of mud crabs on the community

Conflicts over the use of mud crabs

Root Mean Square Change in Ordination when Selected Attribute Removed
(on Sustainability scale 0 to 100)

Fig. 9. Social dimension leverage analysis

An important lever attribute that needs to be improved is community knowledge of
mangrove crabs and mangrove forests. In order to help, fisheries extension officers’
proactive engagement is crucial outreach and training to the community so that it can
increase community understanding and participation in the management of mangrove
crabs and mangrove forests. Community involvement in the monitoring process is the key
to the success of these management activities.

The presence of mangrove crabs gives an important meaning for the fishing
community of mangrove crab catchers. Mud crabs are often also a by-catch from fishing
efforts using gill nets at sea. Based on the interview results that there was no conflict in
utilizing mud crabs. The mangrove crabs produced are very useful in improving the
welfare of fishermen because of their high selling value. Not all communities have
expertise in catching mud crabs, but they do participate in maintaining the sustainability
of mud crabs.

5.  Sustainability status of institutional dimension
It is classified as quite sustainable because the institutional dimension's analysis of

the sustainability index is 58.69%. Fig. (10) shows the organizational dimension
sustainability ordination chart.
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Fig. 10. Mangrove crab sustainability ordinance organizational dimensions

Two leveraging variables were identified in the institutional dimension (Fig. 11):
involvement of community institutions (3.33%) and availability of formal regulations for
crab management mangroves (3.05%). Increasing the performance of the extension
personnel to make them more active is the approach that may be built from this
dimension. Dissemination of regulations and help from connected entities and non-
governmental organizations entrusted with managing these resources are necessary for
law enforcement for the use of mud crabs. This has to do with the penalties that those
who break these guidelines will face. This rule-making policy must be scrutinized,
regulated and agreed upon by all parties, so that it does not become a conflict between
communities or with law enforcement agencies or agencies. The non-governmental
organization for management has not yet been formed, so it is necessary to form such an
institution to oversee the management process. To be able to carry out supervision
properly, formal regulations are needed that are prepared by the local government based
on the law above.

Leverage of Attributes

Availability of formal regulations for mangrove
forest management

Availability of formal regulations for crab
management mangroves

Involve ment of community institutions

Existence of marine fisheries extension officers

Atribute

Management program integration

Local government commitment in mangrove
crab management

Law enforcement on the use of mud crabs

(o] 0,5 1 1.5 2 2,5 3 3,5

Root Mean Square Change in Ordination when Selected Attribute Removed
{on Sustainability scale O to 100)

Fig. 11. Analysis of institutional dimension leverage
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Law enforcement on the use of mangrove crabs has not been carried out optimally.
This condition is related to the unavailability of formal regulations in the study location
related to the management of mangrove crabs and their habitat (mangrove forest). Even
so, the rules for catching gonad crabs have been understood by some fishermen. The
presence of fishery extension workers and other social organizations that function as
surveillance is urgently needed. Therefore, it is necessary to have an integrated water
resources management program. The government's commitment to managing mangrove
crab resources is very much needed both in preparing regulations, monitoring and
evaluating the sustainability of these fishery resources.

6.  Status of multidimensional sustainability
The sustainability of a region's resources needs thorough integration of all auxiliary

factors, such as ecological, biological, economic, social, and institutional factors. Three
categories of mud crab sustainability status were identified in the Sidangoli mangrove
waters, namely less sustainable (ecological, economic, and biological dimensions) and
quite sustainable (social and institutional dimensions), based on the findings of the
sustainability analysis of the five dimensions (Fig. 12).

Institutional <58,69 7

I
Social Economy

Fig. 12. Mangrove crab management dimensions kite diagram

A multifaceted investigation of the Sidangoli mud crab fishery's sustainability
produced a combined value of 58.97%, which is reasonably sustainable. In order to raise
the sustainability index values on the dimensions (ecological, economic, and social
dimensions), efforts must be made to improve sensitive traits on those dimensions these
dimensions. Policies on improvement should not override other aspects/dimensions, so
that these conditions are maintained.

The coefficient of determination for the five dimensions shows that the accuracy of
the results of the sustainability index values can be scientifically accounted for with an R?
value ranging from 0.93 to 0.95. This value indicates that the attributes used in the
studied system are good enough to explain each dimension of sustainability analyzed, and
shows that the relationship between the independent variables and the dependent variable
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is strong. The stress value obtained ranges from 0.15 - 0.19 and is included in the very
good category because the value is close to zero. The stress value is a measure to see the
accuracy of the results obtained whether they are close to the original data (goodness of
fit), if the stress value is closer to zero it indicates that the resulting data can be trusted.
Kavanagh (2004) stated that the value of S-stress is allowed if it is below 0.25 or <25%,
while the value of the coefficient of determination (R?) ranges from 0 — 1.

A Monte Carlo analysis was conducted to determine the impact of mistakes or
disturbances on the sustainability of the mangrove crab fishery. Since the ordinate points
used to determine the state of the mud crab fishery in Sidangoli waters are fairly stable,
errors or disruptions may be overcome, according to the findings of the Monte Carlo
analysis, which shows that the points in the scatter plot are in the amassing place.

7. Mangrove crab management recommendations for Sidangoli waters
An overview of the management of the mangrove crab fishery in Sidangoli seas

was acquired through the RAPFISH analysis of the five aspects. The attributes with the

highest values are thought to be highly sensitive to changes in the sustainability index's

value, whether they are high or low. In order to improve the sustainability status of mud
crabs in Sidangoli, West Halmahera Regency, the following policy recommendations are
made with respect to sensitive qualities and proposed policy priorities:

1. Keep the environment in good condition and ensure that the medium-density
mangrove vegetation is present efforts to increase it, as well as controlling community
pressure through a ban on logging mangroves for various uses and carrying out
mangrove rehabilitation on damaged mangroves. If the natural habitat of mud crabs is
maintained, it can also increase the production of mud crabs

2. Improve monitoring of caught crabs in terms of size, proportion of mature gonads, and
proportion of sexes so that the sustainability of mangrove crab resources can be
maintained.

3. Developing minimum cultivation activities for enlargement activities so as to maintain
the sustainability of mangrove crabs in their natural habitat. So far, the utilization of
mangrove crabs is still sourced from nature while Sidangoli waters have a cluster of
mangrove islands that can be utilized.

4. Establish local community-based organizations or non-governmental organizations to
be involved in the management of mangrove areas and mangrove crabs. In this case,
local government support is very influential. Routine training, counseling and outreach
activities to local communities, mangrove crab fishermen and other fishermen to
maintain the preservation of mangrove ecosystems and mud crabs so that they can be
utilized in a sustainable manner.

5. Conduct training, counseling and outreach about existing rules and making local
regulations for the use and management of mangrove crabs. It is necessary to involve
the government (related agencies) in supervising the use of mangroves and crabs so
that they can be utilized in a sustainable manner.
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CONCLUSION

Multidimensional analysis shows that the Sidangoli mangrove area's mud crab
population is moderately sustainable, with a sustainability index value of 58.97%.
According to the examination of each dimension, the sustainability index values for the
environment (49.56%), biology (58.69%), and economy (41.85%) fall into the less
sustainable category. While the institutional dimension (58.69%) and the social
dimension (65.97%) are in a very sustainable position, the other two dimensions are not.
Mangrove area (5.25%), type of land use (4.96%), and type of mangrove (6.63%)
(ecological dimension), as well as mangrove crab size (4.20%), development of
mangrove crab reproduction (4.90%), and sex (4.90%) (biological dimension), are
characteristics that are sensitive to the sustainability index of the Sidangoli mangrove
area dimension), budget in mangrove crab management (4.86), utilization of other
resources in mangrove forest ecosystems (4.23), as well as family benefits in utilizing
mangrove crabs (3.08) (economic dimension), community understanding of the benefits
of mangrove crabs (4.17) and community understanding of the benefits of mangrove
forests (3.47) (social dimension) and the attributes of community institution involvement
(3.33), availability of formal regulations for mangrove crab management (3.05)
(institutional dimension).
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