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Abstract

The potential of tuna fisheries resources in the border area of Indonesia and Timor Leste in the
Ombai Strait has provided benefits for fishermen. In order to ensure the creation of a balance
between the availability of tuna fish resources and their use by fishermen, it is necessary to
have sustainable tuna fisheries management in the border areas of Indonesia and Timor Leste.
This research aims to assess the status of management sustainability, determine management
driving factors and analyze management priority scenarios. Data analysis was carried out
using Multiaspect Sustainability Analysis (MSA) with EXsimpro software. The sustainability of
tuna fisheries management in existing conditions is classified as sustainable. The driving
factors for improving tuna fisheries management consist of CPUE trends, range collapse of
fish resources, fishing capacity, application of fish handling technology, local wisdom,
fishermen's cooperation, savings ratio, fishermen's assets, community participation and
fisheries improvement programs. The status of highly sustainable tuna fisheries management
can be achieved through moderate scenarios and optimistic scenarios. Efforts must be made to
improve the leverage factors for improving tuna fisheries management to achieve a highly
sustainable management status.

Key Word: Fisheries management; Multiaspect sustainability; Tuna; Small-scale fisheries;
Ombai Strait

Introduction

Indonesia is one of the largest tuna producers in the world [1-4] and together with the
Philippines and Papua New Guinea has the potential for skipjack, yellowfin tuna and bigeye
tuna [5] Furthermore, D.E. Duggan and M. Kochen [2] and I. Sar et al. [6] stated that small-
scale tuna fisheries in Indonesia are essential to the Indonesian fisheries sector. However,
Indonesian tuna fisheries face many challenges in their management.

I. Sar et al. [6], I. Tauda [7] and I. Jaya et al. [8] stated that the challenges of tuna
fisheries management in Indonesia mainly concern juvenile bycatch, lack of effective fishing
gear regulation, fishing fleet subsidies and unreported catches. This condition is compounded
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by the fact that supervision over the implementation of regulations still needs to be improved
[1]. It is hoped that Indonesia can more effectively manage its fishing fleet and tuna stocks so
that, in turn, it can improve regional tuna fisheries management [2, 3, 5].

The Ombai Strait is one of the entrance corridors for all types of marine biota originating
from the Flores Sea and Banda Sea to the Sawu Sea and Indian Ocean or vice versa. S.
Gigentika [9] and T.W. Nurani et al. [10] stated that the waters around Nusa Tenggara are the
waters through which tuna fish migrate. The RI-RDTL border area is on the tuna fishing route
in the Ombai Strait and Sawu Sea, which has the consequence that the waters in this region are
rich in fish resources, especially tuna and the dominant tuna resources caught in the waters of
the Ombai Strait are grouped into coastal fisheries and classified as small-scale fisheries.

Sustainability is essential in creating a balance between nature and humans [11, 12]. It
was further explained that the fundamental essence of sustainability is continuously
implementing strategies for a harmonious relationship between humans and nature. An
important thing related to sustainability is how to measure and assess it. I. Firmansyah [13],
M.A. Gbededo et al. [14] and E.L. Yeyati & F. Sturzenegger [15] state that sustainability
analysis is an analysis carried out to look at various aspects that have their respective levels of
importance to obtain a balance value between all aspects so that they are sustainable into the
future.

Studies related to fisheries in the border areas of Indonesia and Timor Leste have been
carried out by several previous researchers, including small-scale fisheries [16], tuna fish
resources [17], cross-border fisheries [18], small pelagic fisheries [19], flying fish resources
[20] and bioeconomics of small pelagic fish resources [21] Studies related to tuna fisheries in
the border areas of Indonesia and Timor Leste have never been carried out. In order to ensure
the creation of a balance between the availability of tuna fish resources and their use by
fishermen, it is necessary to have sustainable tuna fisheries management in the border areas of
Indonesia and Timor Leste. In this effort, several things need to be studied in depth, including:
i) the sustainability status of tuna management; ii) factors driving sustainable tuna fisheries
management and iii) priority scenarios towards sustainable tuna fisheries management. This
research aims to: i) Assess the sustainability status of tuna fisheries management; ii) Determine
the driving factors for sustainable tuna fisheries management and iii) Analyze priority scenarios
for sustainable tuna fisheries management.

Materials and Methods

Study area

This research was carried out in the border area of Indonesia and Timor Leste in Belu
Regency, East Nusa Tenggara Province, Indonesia. Data was collected at fishing centers in
Jenilu Village, Dualaus Village, Kenebibi Village and Silawan Village (Fig. 1).

Data collection

The data collected in this research includes primary data and secondary data. Primary
data was collected through survey methods using interview techniques, FGD, observation and
measurement. The data required covers five aspects: ecology, fishing technology, social,
economic and institutional.

The indicator used in this research for assessing the sustainability status of tuna fisheries
management is a modification of the assessment method using indicators for fisheries
management with an ecosystem approach (EAFM) [22] Modifications to EAFM indicators are
adjusted to tuna fisheries' characteristics and carried out through reference studies and expert
judgment.
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Analysis of sustainability status, factor sensitivity values, driving factors, priority
scenarios and policy strategies will be carried out using Multiaspect Sustainability Analysis
(MSA) with the help of Exsimpro software. Stages of sustainability analysis with MSA include:
a) Preparing the MSA questionnaire; b) Expert judgment; c) Sustainability assessment by
selected respondents; d) Assessment with Exsimpro software; e) Determination of driving
factors; f) Scenario analysis and g) Implementation [14].

Belu District

Villages Area

East Nusa Tenggara Province

Fig. 1. Map of research locations in Belu Regency, East Nusa Tenggara, Indonesia
Results and discussion

Respondent characteristics

Focus Group Discussion (FGD) was used to cross-check information obtained during the
interview survey and identify specific cross-border issues and problems. FGD participants
invited were based on the primary duties of institutions/agencies related to fisheries
management in the border areas of Indonesia and Timor Leste. In Belu Regency, FGD was
carried out by inviting representatives of fishermen from 4 villages (Dualaus, Jenilu, Kenebibi
and Silawan), fisheries entrepreneurs, academics, fisheries managers (East Nusa Tenggara
Maritime and Fisheries Agency, Belu Fisheries Agency) and fisheries functional (supervisors,
extension workers, quarantine). The characteristics of the FGD participants were analyzed
based on gender, age, occupation and experience. FGD participants consisted of 76% men and
24% women. FGD participants were dominated by the age group >50 years, as much as 41%.

Characteristics of tuna fisheries

Tuna fisheries in Belu Regency have developed since the early 1990s through fishing
activities carried out by fishermen from the Bajo tribe who regularly visit the north coast of
Belu Regency to catch tuna and market their catches. As time goes by and with the opening of
fish marketing channels outside the region, especially Bali via Kupang, tuna fishing activities
increase and the number of tuna fishing fishermen continues to increase with the arrival of tuna
fishermen from South Sulawesi (Bajo tribe) and Southeast Sulawesi (Buton) who settle in
Jenilu Village, Kakuluk Mesak District. Currently, three tuna fishing communities in the sub
village of Fatuluka, Fatukaduak and Nualaran in Jenilu Village. Apart from that, some local
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fishermen have the expertise to catch tuna and engage in fishing activities. Currently, two
fisheries entrepreneurs in Jenilu Village purchase, store and market tuna fish.

The catches of tuna, skipjack and mackerel tuna that are landed and marketed in Belu
Regency consist of yellowfin tuna (Thunnus albacares), skipjack (Katsuwonus pelamis) and
mackerel (Euthynnus affinis). The main target for catching tuna fishermen in Belu Regency is
yellowfin tuna and processing it into loins. Tuna loin is the main product of processed tuna
marketed outside the region, especially in Bali. Tuna production recorded at the East Nusa
Tenggara Maritime and Fisheries Agency of TTS, TTU, Belu and Malaka Branch Offices in
Atambua during the 2020 — 2022 period is presented in figure 2.

Figure 2 shows the production trend, which fluctuates monthly and tends to experience
the highest production in June and March and the lowest in January-February and August-
September. These results also show that the tuna fishing season in Belu Regency lasts
throughout the year. The peak fishing season occurs in May - June and the lean season occurs in
January - February and August - September. A comparison of average monthly production for
the 2020 — 2022 and the 2011 — 2016 periods is presented in figure 3.
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Fig. 2. Production trend (Kg) of tuna fisheries in 2020 — 2022 in Belu Regency
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Fig. 3. Comparison of average monthly production for the period 2020 — 2022 and 2011 — 2016

The sampling results for recording catches of tuna fishing fleets from July to December
2022 are presented in Table 1. During the recording period, the success rate of fishing days (%)
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shows an increasing trend from July — December 2022. The highest success rate was achieved
in December and the lowest was in July. The success rate of fishing trips (%) shows the same
trend from July to December 2022.

Table 1. Sampling results for recording tuna catches during the period July — December 2022

Number of days Number of days Capture day Catch Trip
Month of fishing of successful success rate Number of Success Rate
operations capture (%) fishing trips (%)
July 2022 31 12 38.71 341 4.10
August 2022 31 21 67.74 341 135
September 2022 30 23 76.67 330 12.73
October 2022 31 22 70.97 341 14.96
November 2022 30 26 86.67 330 23.03
December 2022 6 6 100 66 39.39

Trends in tuna catches per trip from July to December 2022 are presented in Table 3.
The analysis results show that the average number of catches per trip ranges from 0.05 —
0.55fish/trip, the highest in December and the lowest in July. The average catch weight per trip
ranged from 2.08 — 20.28kg/trip, the highest on December trips and the lowest on July trips.
The average weight of catch per fish ranged from 27.53 — 30.35kg/fish; the highest average
weight was caught in July and November and the lowest in September.

Table 2. Trends in tuna catches per trip during the period July — December 2022

Month Average number of catches Average weight of catch Average catch weight

per trip (Tail/trip) per trip (Kg/trip) per fish (Kg/fish)
July 2022 0.05 2.08 30.35
August 2022 0.20 7.55 28,20
September 2022 0.18 6.24 27.53
October 2022 0.26 6.74 28.96
November 2022 0.31 11.99 30.35
December 2022 0.55 20.28 27.63

The tuna fishing fleet in Belu Regency uses motorboats made from fiber and wood/board
materials and equipped with inboard and outboard engines with sizes ranging from 1 — 2 gross
tons (GT). East Nusa Tenggara Maritime and Fisheries Agency data for 2021 shows that the
number of motorboat fleets recorded in four coastal villages is 303 units, consisting of 62%
motorboats measuring 1 GT, 34% measuring 2 GT and 3% measuring >2GT. There are 102
tuna fishing fleets with a capacity of 2 GT (34%) in Jenilu Village (Table 3).

Table 3. Distribution of fishing fleets by size and village in Belu Regency

Village Number of Type of Boats
motorboats 1GT 2GT > 2GT

Fatuketi - - - -
Kenebibi 34 34 - -
Dualaus 126 125 - 1
Jenilu 132 20 102 10
Silawan 11 9 - 2

Amount 303 188 102 13

Source: Maritime and Fisheries Agency of East Nusa Tenggara Province (2021)
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The distribution of fishing gear by type in Belu Regency is presented in Table 4.
Maritime and Fisheries Agency data for East Nusa Tenggara Province for 2021 shows that
fishermen use three types of fishing gear: trolling lines, handlines and gillnets. Tuna fishing is
carried out by fishermen using trolling lines and handlines. Table 4 shows that 105 units (35%)
of hand fishing gear are found in Jenilu Village.

Table 4. Distribution of fishing gear by type and village in Belu Regency

Number of fishing gear by type

Village Trolling lines Handlines Gillnets Amount
Fatuketi - - - 0
Kenebibi - 1 33 34
Dualaus - 12 114 126
Jenilu 105 23 4 132
Silawan - 1 10 11

Amount 105 37 161

Source: Maritime and Fisheries Agency of East Nusa Tenggara Province (2021)

Factors and indicators of sustainability in tuna fisheries management

Tuna fisheries management in Belu Regency aims to preserve the tuna ecosystem and
resources and improve the welfare of the community (fishermen) through effective tuna
fisheries management. Based on these objectives, five aspects of sustainable tuna fisheries
management in Belu Regency were formulated, including:

1. Ecological aspects: ecosystem health and fish resource status.
2. Fishing technology aspects: fishing gear selectivity and environmental friendliness,
fishing capacity and product handling technology.
Social aspects: conflict and cooperation, local wisdom.
4. Economic aspects: fishermen's income, savings ratio, productive assets and market
access.
5. Institutional aspects: community participation, compliance, fisheries management
plans and synergy of institutions and policies.

The sustainability status of tuna fisheries management in Belu Regency is assessed based
on five aspects and 19 factors. These factors result from a desk study of previous studies
published in reputable national and international journals. Apart from that, to formulate factors
appropriate to the conditions of tuna fisheries in the Belu Regency, a compilation of data
collected in the field and expert validation was conducted.

The ecological aspect of sustainable tuna fisheries management in Belu Regency is
based on two critical parameters, namely ecosystem health and fish resource status, which
includes four indicators, namely the presence of charismatic species, ETP species - Endangered,
Threatened, Protected (rare, threatened species endangered and protected) caught, trends in
CPUE (Catch per Unit Effort) and range collapse of tuna fish resources. The fishing technology
aspect includes three critical parameters: fishing gear selectivity and environmental friendliness,
fishing capacity and product handling technology. It includes four indicators: fishing gear
selectivity, destructive and illegal fishing, fishing capacity and implementation of fish handling
technology. Furthermore, T.V. Nguyen et al. [23] said that using appropriate fishing technology
can help increase productivity efficiency, technical efficiency and technological change in tuna
fisheries in Vietnam. The social aspect consists of two critical parameters, namely conflict and
cooperation and local wisdom, which includes three indicators: conflict between
fishermen/fleets/fishing gear/fishing areas, fishermen cooperation (formal and informal) and
utilization of wisdom local management of coastal and marine resources.

w
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The economic aspect includes parameters of fishermen's income, savings ratio,
production assets and market access, which includes indicators of fishermen's income,
fishermen's savings ratio, fishermen's assets and market access. The fishermen's income
indicator refers to all income received by fishermen originating from fishing activities. The
fishermen's income indicator uses the Regional Minimum Wage (RMW). Belu Regency's
RMW in 2022 is IDR 1,975,000. The fishermen's savings ratio indicator compares the
difference between the income and expenses of fishermen's families and their income. A
positive ratio indicates fishermen can save part of their income, whereas a negative ratio
indicates their inability to save. The fishermen's assets indicator refers to asset ownership,
which compares the number of productive assets owned by fishermen's households currently
and the previous year [24]. The increase in fishermen's ownership of productive assets indicates
good performance of productive asset indicators. Market access shows the ability of fishermen
and/or fisheries product traders/entrepreneurs to reach specific markets. Market access includes
local, regional/national and international market coverage.

Essential parameters for institutional aspects include community participation,
compliance, fisheries management plans and synergy between institutions and policies.
Indicators for assessing institutional aspects include community participation in capture
fisheries management, compliance with regulations, the Fisheries Improvement Program (FIP)
or tuna fisheries improvement program and the level of synergy of fisheries management
policies & and institutions [3, 25, 26]. Community and other stakeholder participation in tuna
fisheries management is demonstrated by the frequency of participation in fisheries
management activities [3, 4, 26, 27]. Good performance of community participation indicators
is determined based on participation and effectiveness [28-30]. Compliance with regulations is
demonstrated by the number of violations of applicable fisheries management regulations [31].
The more you obey the rules, the smaller the number of violations. The tuna fisheries
improvement program is an effort to develop sustainable tuna fisheries practices that have a
long-term impact on fishermen's welfare, fish resources and governance. A program plan
supports good tuna fisheries management and effectively implements it. The level of synergy
between management policies and institutions is an essential indicator in supporting the success
of sustainable fisheries management [32, 33]; practical management actions must cover various
aspects, such as regulating fishing pressure, managing habitat, managing non-target species and
managing fishing capacity. So, sustainable fisheries management requires good policy synergy
and institutional management. There is good synergy between policies and management
institutions if there is integrated action between institutions and policies in fisheries
management so that there is no conflict.

F. Tolentino-Zondervan and N.A. Zondervan [34] conducted research related to
sustainable fisheries production that contributes to economic, social and environmental goals
and conducted a meta-analysis of the implementation status of various sustainable fisheries
management strategies in the Philippines over the last 20 years. The research results show that
overall, the sustainability management theme is more socio-economic. Duggan et al. [2] have
researched to analyze the sustainability status of tuna fisheries from three dimensions. The
research results show that the sustainability status seen from three dimensions, namely
ecological, economic and social, shows that the level of sustainability of tuna fisheries from the
economic and social dimensions is categorized as entirely sustainable. In the ecological
dimension, it is categorized as less sustainable. In general, the level of sustainability of tuna
fishing in Sendang Biru is entirely sustainable. There is a need for activities related to
environmental conservation to increase ecological sustainability. Apart from that, it is necessary
to provide outreach and training about aquatic ecosystems so that they utilize natural resources
in the short term and long term. Furthermore, D. Hermawan et al. [35] have researched to
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analyze the sustainability and feasibility of the skipjack fishery on Buhung Pitoe Island,
Indonesia, from an economic aspect. The research results show that the level of sustainability of
the skipjack fishery on Buhung Pitoe Island is entirely sustainable from an economic
perspective, with a sustainability index value of 53.07%. Five attributes leverage the
sustainability of the skipjack fishery business: level of economic accessibility, existence of
economic institutions, business managerial ability, knowledge/skills in business and business
feasibility.

In a socio-cultural context, an important issue related to managing transboundary
fisheries in the border areas of Indonesia and Timor Leste is the cultural connection between the
Belu Regency and Bobonaro District communities. It is shown by the local wisdom of the
people in the two areas, which is similar, namely in the form of traditional rules/prohibitions
carried out with the permission of traditional elders (traditional leaders), which are marked by
tying prohibitory signs to trees or poles through traditional processions. This local wisdom
practice has been implemented to regulate the use of natural resources in coastal areas in both
areas. In Aidabaleten Village, Bobonaro District, the local wisdom of Tara Bandu has been
implemented in establishing a custom-based marine protected area.

Apart from that, there are social relations between communities in the border areas of
Indonesia and Timor Leste, but they have yet to be utilized to support fisheries management;
socio-culturally, traditional communities in Belu Regency and Bobonaro District have strong
family ties. It can be seen from the language used, traditions and customs in both communities.
These socio-cultural relationships can become social capital in supporting efforts to manage
coastal resources and cross-border fisheries in the border areas of Indonesia and Timor Leste in
supporting a blue economy-based fisheries industry development strategy.

Sustainability status

Table 5 presents the results of the analysis of the sustainability of tuna fisheries
management in Belu Regency. The status of tuna fisheries management in Belu Regency in
existing conditions shows an aggregate value of 60,55 and is classified as sustainable. The
governance and ecological aspects show low values and generally influence the aggregate
value, while the economic aspects show the highest values compared to other aspects. It shows
that the ecological and governance aspects have not performed well under existing conditions,
while the economic aspects have the best performance.

Table 5. Results of sustainability analysis of tuna fisheries management in Belu Regency

No Aspects Existing Scenario 1 Scenario 2
1 Ecology 58,25 66,75 91,75
2 Fishing Technology 62,50 71,00 91,75
3 Governance 50,00 62,50 87,50
4 Social 61,00 89,00 100
5 Economy 71,00 83,50 100
Total average 60,55 74,55 94,20
Sustainable Sustainable | Very Sustainable |

Leverage factors

Lavarege factors describe the factors that most influence changes in the status of each
aspect and aggregate status. The leverage factor value is taken from the highest value resulting
from the sum of the maximum sensitivity value added to the actual sensitivity value [13]. The
results of the analysis of driving factors for improving tuna fisheries management in Belu
Regency are presented in Figure 4.
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Fig. 4. Leverage factors for improving tuna fisheries management in Belu Regency
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Figure 4 presents the maximum sensitive and sensitive value for all factors from
ecology, fishing technology, social, economic and governance. The highest max sensitivity
value is 0.5 and the highest sensitivity value is 1, so the highest total sensitivity value is 1.5.
The sensitivity value shows the status of each factor in good or bad condition so that it needs
improvement and is selected as a leverage factor. A factor with a sensitivity value of 0 indicates
that the factor is in good condition and no improvement efforts are needed. On the other hand, a
factor with a sensitivity value > 0 — 1 indicates that the factor is not in good condition and
improvement efforts are still needed. Two driving factors from each aspect (5 aspects) are
selected based on the sensitivity value, which has the highest sensitivity and combines the
maximum sensitivity value factor plus the sensitivity value. The results of calculating the
highest sensitivity value for each factor and determining the selected driving factors for each
aspect are presented in Table 6.

Table 6. Leverage factors for improving tuna fisheries management in Belu Regency

No Aspect Driving Factors (Leverage factors) Sensitivity Max  Sensitivity Value
1 Ecology 1) CPUE Trends 0.33 0.67
2) Range collapsefish resources 0.5 0.5
2 Technology 3) Fishing capacity 0.33 0.67
4) Application of handling technology 0.5 0.5
3 Social 5) Local wisdom 0.33 0.67
6) Fishermen's cooperation 0.5 0.5
4 Economy 7 Savings ratio 0.5 0.5
8) Fishermen's assets 0.33 0.33
5 Governance 9) Society participation 0.5 0.5
10) Management improvement program 0.5 1.0

Table 6 shows that the leverage factors for ecological aspects to improve tuna fisheries
management in Belu Regency are CPUE trend factors and range collapse of fish resources [4,
36], explains that tuna fisheries in Indonesia have experienced a decline in production in recent
years; the same thing also happens in general; the CPUE trend of tuna fisheries in Belu Regency
shows a slight downward trend (< 25%) and the range of collapse of tuna fish resources is
increasingly tricky and regional arrests are getting very far. The leverage factors for fishing
technology to improve tuna fisheries management are fishing capacity and the application of
fish handling technology [37, 38]. Tuna fishing capacity in Belu Regency has decreased by
<50%. The implementation of tuna fish handling technology has been carried out but has yet to
be effective in maintaining fish quality and increasing value. The leverage factor for the social
aspect is using local wisdom in managing coastal and marine resources (CMR) and fishermen's
cooperation. Indigenous communities in Belu Regency have local wisdom in managing natural
resources but have yet to utilize it to manage coastal and marine resources. Fishermen's formal
and informal cooperation has been carried out but has yet to be effective. The ratio of
fishermen's savings and assets is a leverage factor in economic aspects for improving tuna
fisheries management in Belu Regency. The fishermen's savings ratio is a comparison value of
the difference between the income and expenses of the fishermen's family and their income,
which shows a negative ratio value. Fishermen's ownership of productive assets tends to
decrease compared to the previous year. Community participation and fisheries management
improvement programs are the leverage factors for governance aspects to improve tuna fisheries
management in the Belu Regency. Community participation in tuna fisheries management
efforts in Belu Regency has been carried out but has yet to be effective. Documents on plans for
programs to improve tuna fisheries management in Belu Regency have yet to be made
available.
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Management scenarios

Improving tuna fisheries management in Belu Regency is designed in two scenarios,
namely moderate (1st scenario) and optimistic (2nd scenario). The moderate scenario is carried
out by improving the driving factors in each aspect in order to increase the status of the
assessment indicators to a better level. In contrast, the optimistic scenario is carried out by
maintaining the indicator status and/or increasing the status of the assessment indicators by one
level from the moderate scenario. The moderate scenario will increase each aspect's
performance value and aggregate value to 74.55 and the sustainability status is classified as
sustainable. The optimistic scenario increases the performance value of each aspect better than
the moderate scenario and the aggregate value increases to 94.2 and is classified as very
sustainable.

Conclusions

The experimental data allows the drawing of the following conclusions:

1. The sustainability status of tuna fisheries management in Belu Regency in existing
conditions is classified as sustainable.

2. The leverage factors for improving tuna fisheries management consist of CPUE trend
factors, range collapse of fish resources, fishing capacity, application of fish handling
technology, local wisdom, fishermen's cooperation, savings ratio, fishermen's assets,
community participation and fisheries improvement programs.

3. Moderate and optimistic scenarios increase the sustainability status of tuna fisheries
management, which is needed to achieve a very sustainable status.

Acknowledments

We express our gratitude to the Director of the Bank Indonesia Institute who has funded
this research, the Chancellor of Artha Wacana Christian University, the Dean of the Faculty of
Fisheries and Marine Sciences, Artha Wacana Christian University and the Chancellor of Nusa
Cendana University who have permitted to carry out this research and the Head of the East
Nusa Tenggara Province Maritime Agency who also helped us with data collection and FGD
activities in Belu Regency, East Nusa Tenggara.

References

[1] M. Bailey, AM.M. Miller, S.R. Bush, P.A.M. van Zwieten, B.Wiryawan, Closing the
Incentive Gap: The Role of Public and Private Actors in Governing Indonesia's Tuna
Fisheries, Journal of Environmental Policy & Planning, 18(2), 2016, pp. 141-160, DOI:
10.1080/1523908X.2015.1063042.

[2] D.E. Duggan, M. Kochen, Small in scale but big in potential: Opportunities and
challenges for Indonesian small-scale tuna fisheries certification, Marine Policy, 67,
2016, pp. 30-39, DOI: 10.1016/j.marpol.2016.01.008.

[3] R. Sunoko, H.W. Huang, Indonesian tuna fisheries development and future strategy,
Marine Policy, 43, 2014, pp. 174-183, DOI: 10.1016/j.marpol.2013.05.011.

[4] J.M.S. Tetelepta, Y. Natan, J.A Pattikawa, P.A. Uneputty, R.F. Telussa, B. Tawaulu, The
Small-Scale Tuna Fisheries at Yaholu Village, Central Maluku Regency, Indonesia, 10P

http://www.ijcs.ro 263


http://www.tandfonline.com/author/Miller%2C+Alice+MM
http://www.tandfonline.com/author/Bush%2C+Simon+R
http://www.tandfonline.com/author/Wiryawan%2C+Budy
http://www.tandfonline.com/toc/cjoe20/current

B.M. REHATTA etal.

Conference Series: Earth and Environmental Science, 1207(1), 2023, Article Number:
012001, DOI: 10.1088/1755-1315/1207/1/012001.

[5] M. Bailey, J. Flores, S. Pokajam, U. Rashid Sumaila, Towards better management of
Coral Triangle tuna, Ocean & Coastal Management, 63, 2012, pp. 30-42, DOI:
10.1016/j.ocecoaman.2012.03.010.

[6] I. Sari, M. Ichsan, A. White, S.A. Raup, S.H. Wisudo, Monitoring small-scale fisheries
catches in Indonesia through a fishing logbook system: Challenges and strategies, Marine
Policy, 134, Article Number: 104770, DOI: 10.1016/j.marpol.2021.104770.

[7] I. Tauda, J. Hiariey, Y. Lopulalan, D. Bawole, Management policy of small-scale tuna
fisheries based on island clusters in Maluku, 10OP Conference Series: Earth and
Environmental Science, 777, 2021, Article Number: 012011, DOI: 10.1088/1755-
1315/777/1/012011.

[8] |I. Jaya, F. Satria F, D. Nugroho, L. Sadiyah, E.A. Buchary, A.T. White, S.J. Green, Are
the working principles of fisheries management at work in Indonesia?, Marine Policy,
140, 2022, Article Number: 105047, DOI: 10.1016/j.marpol.2022.105047.

[9] S. Gigentika, Model for Sustainable Use of Tuna Fish in Nusa Tenggara, PhD Thesis,
Bogor Agricultural Institute, 2017, p. 253.

[10] T.W. Nurani, S.H Wisudo, P.I. Wahyuningrum, R.E Arhatin, Gigentika, S, The dynamics
of fishing season and tuna fishing in The Indian Ocean Waters (FMA 573), International
Journal of Development Research, 6(7), 2016, pp. 8288-8294.

[11] A. Fauzi, Sustainability Analysis Techniques, PT. Gramedia Jakarta, 2019, pp. 302.

[12] Ootdijk, M., Carpenter, G, Which attributes of fishing opportunities are linked to
sustainable fishing?, Fish and Fisheries, 23(6), 2022, pp. 1469-1484, DOI:
10.1111/faf.12706.

[13] I. Firmansyah, Sustainability Analysis (Multiaspect Sustainability Analysis), EXsimpro
Software Webinar Presentation Materials, 19 August, 2022. System Dynamics Center.

[14] M.A. Gbededo, K. Liyanage, J.A. Garza-Reyes, Towards a Life Cycle Sustainability
Analysis: A systematic review of approaches to sustainable manufacturing, Journal of
Cleaner Production, 184, 2018, pp. 1002-1015, DOI: 10.1016/j.jclepro.2018.02.310.

[15] E.L. Yeyati, F. Sturzenegger, A balance-sheet approach to fiscal sustainability, Fiscal
Studies, 44(1), 2023, pp. 61-84.

[16] JW. Kiuk, B.M. Rehatta, J.S.R. Ninef, Model of Sustainable Small-scale Fisheries
Management in the Border Area of the Republic of Indonesia (RI) — Democratic
Republic of Timor Leste (RDTL) in Belu Regency (Final Research Report), Artha
Wacana Christian University Kupang, 89 p.

[17] B.M. Rehatta, J.S.R. Ninef, Estimating Mortality Parameters and Utilization Levels of
Komo Tuna Fish (Euthynnus Affinis Cantor, 1849) during the East Monsoon Period in the
Waters of the Ombai Strait, Proceedings of the National Marine and Fisheries
Seminar, Faculty of Marine and Fisheries, Nusa Cendana University, 2018, pp. 147-156.

[18] B.M. Rehatta, Y. Merryanto, J.S.R. Ninef, Prospects for Transboundary Small Pelagic
Fisheries Management of Indonesia and Timor Leste in Ombai Strait, Ecology,
Environment and Conservation, 25, 2019, pp. S128-5134.

[19] B.M. Rehatta, M.M. Kamal, M. Boer, A. Fahrudin, Zairion, Small Pelagic Fisheries
Management Strategy with an Ecosystem Approach in Belu Regency, East Nusa Tenggara
JPSL, 10(3), 2020, pp. 446-460.

[20] B.M. Rehatta, M.M. Kamal, M. Boer, A. Fahrudin, Zairion, J.S.R. Ninef, Growth,
mortality, recruitment pattern, and exploitation rate of shared stock flying fish
(Exocoetidae) at the border area of Indonesia and Timor Leste in Ombai Strait, IOP

264 INT J CONSERV SCI 16, 1, 2025: 253-266



STATUS OF SUSTAINABILITY TUNA FISHERIES MANAGEMENT IN THE BORDER AREAS OF INDONESIA

Conference Series: Earth Environmental Science, 744, 2021, Article Number: 012062,
DOI: 10.1088/1755-1315/744/1/012062.

[21] B. M. Rehatta, M.M, Kamal, M. Boer, A. Fahrudin, Zairion, J.S.R. Ninef, Bioeconomic
assessment for utilizing shared small pelagic fish stock in the Ombai Strait, AACL
Bioflux 15(3), 2022, pp.1187-1198.

[22] L. Adrianto, A. Habibi, A. Fahruddin, A. Azizy, H.A. Susanti, I. Musthofa, Modul
indikator untuk pengelolaan perikanan dengan pendekatan ekosistem, Jakarta:
Kementerian Kelautan dan Perikanan. 2014, pp. 87.

[23] T.V. Nguyen, M. Simioni, C. Le Quyen, H.P. Valtysson, Productivity, technical efficiency,
and technological change in Vietnamese oceanic tuna fisheries, Fisheries Research, 248,
2022, Article Number: 106202, DOI: 10.1016/j.fishres.2021.106202.

[24] L. Bathara, F. Nugroho, C. Yolandika, G. Hamzah, Livelihood Assets of Small-Scale
Fisherman in Tanah Merah District, Indragiri Hilir Regency, Riau Province, Indonesia,
IOP Conference Series: Earth and Environmental Science, 934(1), 2021, Article
Number: 012042, DOI: 10.1088/1755-1315/934/1/012042.

[25] L.M. Dellmuth, M.T. Petersson, D.C. Dunn, A. Boustany, P.N. Halpin, Are they
empowering NGOs? Long-term effects of ecological and institutional change on regional
fisheries management organizations, Global Environmental Change, 65, 2020, Article
Number: 102197, DOI: 10.1016/j.gloenvcha.2020.102197.

[26] B. Haas, M.J. Haward, McGee, Fleming, The influence of performance reviews on
regional fisheries management organizations, ICES Journal of Marine Science, 76(7),
2019, pp. 2082-2089, DOI: 10.1093/icesjms/fsz088.

[27] A.M.A. Khan, An analysis of sustainability issues in eastern Indonesian pole-and-line
tuna fisheries, PhD Thesis, Newcastle University, 2019, 177 p.

[28] M.M. Hamza, A.H.S. Ali, Indicators of Community participation in the master plan, IOP
Conference Series: Materials Science and Engineering, 928(7), 2020, Article Number:
072119, DOI: 10.1088/1757-899X/928/7/072119.

[29] J. Kersey, L. Terhorst, AW. Heinemann, J. Hammel, C. Baum, M. McCue, E.R.
Skidmore, Construct validity of the enfranchisement scale of the community participation
indicators, Clinical Rehabilitation, 36(2), 2022, pp. 263-271, DOI:
10.1177/02692155211040930.

[30] E.C. Thomas, N. Jones, D.L. Shern, M.S. Salzer, Identifying indicators of community
participation-promoting efforts within coordinated specialty care: A modified e-Delphi
study of stakeholder perspectives, Early Intervention in Psychiatry, 16(12), 2022, pp.
1376-1390, DOI: 10.1111/eip.13282.

[31] M. Ogawa, J.A.L. Reyes, Assessment of Regional Fisheries Management Organizations
Efforts toward the Precautionary Approach and Science-Based Stock Management and
Compliance Measures, Sustainability, 13(15), 2021, Article Number: 8128, DOI:
10.3390/s5u13158128.

[32] M.C. Melnychuk, H. Kurota, P.M. Mace, M. Pons, C. Minto, G.C. Osio, R. Hilborn,
Identifying management actions that promote sustainable fisheries, Nature
Sustainability, 4(5), 2021, pp. 440-449.

[33] E. Angel, D. Edwards, S. Hawkshaw, C. Wor, C. Parlee, An indicator framework to
support co mprehensive approaches to sustainable fisheries management, Ecology and
Society, 29(4), 2019, DOI: 10.5751/ES-11242-240412.

[34] F. Tolentino-Zondervan, N.A. Zondervan, Sustainable fishery management trends in
Philippine fisheries, Ocean & Coastal Management, 223, 2022, Article Number 106149,
DOI: 10.1016/j.ocecoaman.2022.106149.

http://www.ijcs.ro 265


https://doi.org/10.1016/j.fishres.2021.106202

B.M. REHATTA etal.

[35] D. Hermawan, S. Andriawan, M. Yusuf, A.D. Riana, A. Masriah, A. Suryahman, M.
Sabiq, Sustainability and feasibility analysis of the skipjack (Katsuwonus pelamis) fishery
in Buhun Pitoe Island, Indonesia, AACL Bioflux, 14(3), 2021, pp. 1513-1523.

[36] J.M.S. Tetelepta, J.A. Pattikawa, Y. Natan, N.E. Marasabessy, Status of small-scale tuna
fisheries at Haruo Village, Central Maluku Regency, IOP Conference Series: Earth and
Environmental Science, 805, 2021, Article Number: 012016, DOI: 10.1088/1755-
1315/805/1/012016.

[37] M. Aranda, H. Murua, P. De Bruyn, Managing fishing capacity in tuna Regional Fisheries
Management Organizations (RFMOs): Development and state of the art, Marine Policy,
36(5),2012, pp. 985-992, DOI: 10.1016/j.marpol.2012.01.006.

[38] L. Schiller, G. Auld, Q. Hanich, M. Bailey, Increasing industry involvement in
international tuna fishery negotiations, One Earth, 6(1), 2023, pp. 41-54

Received: July 30, 2024
Accepted: February 08, 2025

266 INT J CONSERV SCI 16, 1, 2025: 253-266



