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Executive summary 

The Indonesian Seas Large Marine Ecosystem (ISLME) plays a role of significant global 
ecological importance in terms of fisheries production, biodiversity richness and global 
climate regulation. The ISLME covers an area of about 2.3 million km² (232 million hectares), 
consisting of the territorial waters of Indonesia (98 percent) and Timor-Leste (2 percent). It is 
situated in the centre of the Coral Triangle, featuring shallow waters in the Java Sea and 
deeper seas such as the Banda Sea, Sulawesi Sea, Maluku Sea, Bali Sea, Flores Sea, Ombai-
Wetar Strait and Timor Sea. The region offers huge ecosystem goods and services potentials 
for the well-being of about 185 million people relying on its diverse ecosystems, fish and 
seafood supplies from wild capture and aquaculture, oil and gas, minerals, sand and gravel, 
renewable energy resources, tourism potential, and biological diversity.  

The region has unique hydrodynamics, influenced by ocean currents, winds, tides, and 
monsoons, including the Indonesian Throughflow (ITF) which influence the distribution and 
abundance of phytoplankton, zooplankton, nutrients, and other key components of the 
ecosystem. The tropical climate with surface temperatures between 25 °C and 30 °C is a 
favourable condition for abundant primary productivity and a wide array of marine species in 
ǘƘŜ ǊŜƎƛƻƴΦ LƴŘŜŜŘΣ ǘƘŜ L{[a9 ƛǎ ƪƴƻǿƴ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǇǊƻŘǳŎǘive marine 
ecosystems, harbouring over 2 500 fish species, more than 500 coral species, and numerous 
crustaceans and cephalopods. Climatic drivers such as El Niño/Southern Oscillation (ENSO), 
Indian Ocean Dipole (IOD), and Pacific Decadal Oscillation (PDO), as well as seasonal 
monsoons determine the climate in the region. The warm waters of the ISLME region act as a 
heat engine of global atmospheric circulation, with complex ocean-atmospheric dynamics.   

ISLME is known for its high productivity of valuable commodities such as tuna, snapper, 
grouper, scad and sardine, among many other species from capture fisheries. Fishing pressure 
is high in most parts of the ISLME, and management rules are often not well complied with. 
Seaweed, milkfish, shrimp and lobster are some of its key aquaculture commodities. Its 
mangrove forests encompass 11 872 km2 with at least 55 mangrove species and 75 mangrove-
associated species found along the coastline. Unfortunately, the level of mangrove 
deforestation in Indonesia alone reached a total of 182 091 hectares from 2009 to 2019. 
There are also around 110 marine protected areas (MPAs) with several newly established 
MPAs to protect important habitats and support fisheries and marine resources restoration, 
however, management of these MPAs is not yet optimal. Both countries have enacted laws 
for the conservation and protection of endangered species, megafauna such as marine 
mammals, sea turtles and sharks, but there are gaps in compliance. Since 2009, Indonesia has 
implemented both the ecosystem approach to fisheries management (EAFM) and the 
ecosystem approach to aquaculture (EAA) with improved fisheries policies and regulations 
and co-management, and Timor-Leste also to introduce EAFM. However, more needs to be 
done to enforce resource management regulations and strengthen governance in the region. 
Various anthropogenic factors, driven by population growth, economic pressures, and climate 
change, have become growing threats to ISLME resources sustainability and this requires clear 
actions to address them. 



                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

xviii 

The project, entitled "Enabling transboundary cooperation for sustainable management of 
ǘƘŜ LƴŘƻƴŜǎƛŀƴ {Ŝŀǎέ όL{[a9ύ, supported by the Food and Agricultural Organization of the 
United Nations (FAO) through funding by the Global Environment Facility (GEF),-assists 
Indonesia and Timor-Leste in (i) the development of Transboundary Diagnostic Analysis (TDA) 
and Strategic Action Programme (SAP); (ii) strengthening national capacities for ecosystem-
based management for fisheries and aquaculture; and (iii) sharing valuable expertise and 
experience with the national and regional forums to accelerate progress in LME management.  

The project facilitated the TDA development, a scientific process to identify drivers, 
ƛƳƳŜŘƛŀǘŜ ŀƴŘ Ǌƻƻǘ ŎŀǳǎŜǎ ƻŦ ǾŀǊƛƻǳǎ ǘǊŀƴǎōƻǳƴŘŀǊȅ ƛǎǎǳŜǎ ǘƘǊŜŀǘŜƴƛƴƎ ǘƘŜ ǊŜƎƛƻƴΩǎ 
sustainability. This rigorous process involved a series of activities such as data collection and 
analysis, as well as intensive national and regional technical consultations in close 
collaboration with the Ministry of Marine Affairs and Fisheries (MMAF) of the Republic of 
Indonesia, the Ministry of Agriculture and Fisheries of the Republic of Timor-Leste, a panel of 
marine and fisheries experts and members of the National Scientific Advisory Groups (NSAGs) 
from both countries. The final regional TDA consultation was held in Bali, 25ς27 May 2023 to 
validate and finalize the TDA document.  

The TDA provides comprehensive insights into the ISLME: its biophysical characteristics, as 
well as important economic sectors. There is detailed information on the current status of 
marine-fisheries resources, habitats, biodiversity, institutional and policy aspects, including 
governance and implementation of ecosystem-based management. This information is 
further analysed in a rigorous process called the causal chain analysis (CCA) of the 
transboundary problems, and complemented by the stakeholder analysis. The report 
identifies the following five priority environmental concerns (PECs) under the CCA section:  
 
1. Unsustainable fishing and aquaculture practices  
- illegal, unreported, and unregulated (IUU) fishing (overfishing, destructive fishing) and 
catching of immature fish; 
- very high level of artisanal, subsistence and small-scale fishers; 
- high feed demand for fish farm and limited aquaculture practices; 
- excess fishing capacity, multispecies and multigear fisheries (non-selective fishing gear); and 
- high level of fisheries bycatch and discards.  
 
2. Degradation and loss of coastal and marine habitats  
- the high level of development in coastal areas; 
- the ongoing practice of IUU fishing; 
- the introduction and spread of alien and invasive species; 
- the worsening phenomenon of climate change; and 
- the high level of anthropogenic activities. 
 
3. Marine and land-based pollution  
- huge volumes of garbage, including plastics, entering the LME from both land and sea-based 
sources on a continuous basis; 
- the decline in water quality and its impact on coastal and marine ecosystems; and 
- improper land use, limited catchment, and agricultural practices. 
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 4. Decline and loss of biodiversity and key marine species  
- unsustainable and destructive fisheries practices; 
- the legal and illegal trade of marine species; and 
- degradation and loss of critical habitats of key marine species.  
 
5. Impacts of climate change  
- climate variability (rising of temperature, greater heat stress, prolonged droughts); 
- change in precipitation pattern (more intense rainfall events, riverine flooding, and 
droughts); 
- extreme weather events (strong winds, storms, storm surges, and cyclones);  
- change in ocean conditions (change in oceanographic processes); and 
- ocean acidification and sea level rise (SLR).  
 
These concerns are rooted in governance, environmental, and socioeconomic factors, 
necessitating effective management with improved governance and strong stakeholder 
involvement; resource allocation with investments in knowledge generation, capacity 
development, availability of reliable data, technological adoption and research to address the 
complexities of these interconnected issues. These are reflected in the leverage points ς areas 
of potential interventions with expected high impact or effect ς and proposed priority actions 
provided as recommendations.  

The scientific findings presented in this TDA document allow deeper understanding of the 
transboundary challenges facing the ISLME region and will be used to inform the formulation 
of the SAP, detailing priority policies and clear interventions to address the identified threats, 
to be implemented in a coordinated manner as well as jointly by both countries. The TDA 
findings will help pave the way to effective management, foster strong ownership and 
resourcefulness among policy and decision-makers, academia, civic society organizations, 
small fishers/farmers and coastal communities in the region to contribute from their 
respective domains to address the problems. They will also assist both Indonesia and Timor-
Leste in their efforts to meet targets, commitments and obligations under international 
treaties and conventions. Ensuring marine and fisheries resources health and the 
goods/services that the Indonesian Seas ecosystems provide are crucial for poverty 
eradication, zero hunger, good health and well-being of communities and sustainable life 
under water, which are all included in the Sustainable Development Goals (SDGs). 
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CHAPTER 1  

Introduction  

1.1 Background to the Indonesian Seas Large Marine Ecosystem 

region, its global and regional significance 

Large marine ecosystems (LMEs) are defined as vast areas of the Earth's oceans that include 
coastal zones, estuaries, continental shelves, and major ocean currents (Sherman, 1991). 
These regions typically cover a minimum area of 200,000 km² and are identified based on 
their unique bathymetry, hydrography, productivity, ecological region, and trophic 
populations (Sherman, and Duda, 2001). In general, LME areas have higher levels of 
productivity than the open ocean (Mercado-Santana et al., 2017). In the global context, there 
are 66 LMEs, and the Indonesian Seas Large Marine Ecosystem (ISLME) is considered LME #38. 
The ISLME is home to an estimated 185 million people, with almost 900 000 residing in Timor-
Leste and the rest in Indonesia. It covers an area of 2.33 million km². In ISLME waters, daily 
water productivity as seen from chlorophyll content is 1 000 to 1 500 mg C/m2. The ISLME is 
situated at the confluence of the Pacific and Indian Oceans, and is bordered by Indonesia and 
Timor-Leste, both connected by the Indonesian Throughflow (ITF). The majority of the ISLME 
lies 98 percent within Indonesia's territorial waters, with only 2 percent situated within 
Timor-Leste's territorial waters (IWLearn.net). Adjacent to the ISLME, there are four other 
LMEs: to the north, the Sulu and Celebes Seas LME (also known as the Sulu Sulawesi Marine 
Ecoregion, LME 37). To the west, the Bay of Bengal (LME 34), to the southeast, the North 
Australian Shelf LME (LME 45), and to the east, Arafura and Timor Sea, which can also be 
considered an LME (ATSEA, 2011a; BOBLME, 2015a; SSMETC, 2013a). 

Of the total area of the ISLME, 829 346 km² is considered shelf area that extends from the 
shore to a depth of 200 metres, whereas 580 605 m² is inshore fishing area that stretches 
from the shore to either 50 km offshore or the 200 m depth contour, whichever comes first. 
About 4 percent of the region is protected, and it is home to 6.9 percent of the world's coral 
reefs. The ISLME includes several seas, such as the Java Sea, Bali Sea, Flores Sea, Banda Sea, 
Halmahera Sea, Makassar Strait, Molucca Sea, Aru Sea, Savu Sea, and Seram Sea. Its eastern 
extent covers the western part of Irian Jaya (Papua) south coast, the Aru Islands, and the 
Tanimbar Islands, following the 200 m depth contour along the boundary with the Arafura 
Sea to the eastern tip of Timor-Leste north coast (Figure 1). Its southern extent forms the 
northern coasts of the Sunda Islands, apart from Savu Sea, which is included in the ISLME. 
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Figure 1. Area of Indonesian Seas Large Marine Ecosystem ISLME which is bordered by major islands of Indonesia and Timor-Leste 

Sources:Badan Informasi dan Geospasial (BIG). 2023. Main Page. (n.d.). https://www.big.go.id/; BPS. 2021. Badan Pusat Statistik Indonesia - Main Page. 
https://www.bps.go.id [Accessed 24 March 2024]; MMAF. 2023. Satu Peta KKP - Main Page. https://satupeta.kkp.go.id/gis/home/ [Accessed 24 March 
2024], modified by UNPAD for ISLME project.

https://www.big.go.id/
https://www.bps.go.id/
https://satupeta.kkp.go.id/gis/home/
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The ISLME plays a key role of significant global ecological importance because of its crucial 
role in supporting fisheries production, biodiversity, and global climate regulation. The 
relatively high nutrient content is a result of the input of water from rivers in islands around 
the ISLME and the important pathways from the Pacific that passes through the ISLME region, 
known as the Indonesian Throughflow (ITF), with warm temperatures and low salinity 
characteristics (Purba et al., 2021; Gordon et al., 2010). The circulation over this area is 
complex with several ǇƘŜƴƻƳŜƴŀ ƛƴŎƭǳŘƛƴƎ 9ƭ bƛƵo Southern Oscillation (ENSO), Indian Ocean 
Dipole (IOD), Pacific Warm Pool water in the north of Papua, monsoonal situation, tides 
pattern, and seamounts. Because of its complex characteristics, this region has been studied 
already in the 19th century by Alfred Russel Wallace, an explorer and naturalist from England, 
when he was developing the theory of natural selection. It is classified as a Class I ecosystem 
because of its high productivity and accounts for over 1 percent of the world's fisheries 
production. The ISLME is located in the western Indo-Pacific marine biogeographical region, 
which is known for its exceptional species richness, including over 500 species of reef-building 
corals, 2 500 species of marine fish, 45 species of mangroves, and 13 species of seagrasses 
(Christie et al., 2014). 

In the early twenty-first century and era of climate change, there are various obstacles in the 
water sectors of ISLME, such as overfishing, marine pollution, illegal fishing, marine debris, 
anthropogenic pollution, and oil spills that decrease the health of the ocean (Ihsan et al., 
2022). These issues need to be clearly outlined to guide management in both countries. 
Therefore, it requires effective and coordinated management to enable Indonesia and Timor-
Leste to share concerns, restore and maintain marine fish stocks and biodiversity, and 
strengthen dependent livelihoods. Furthermore, the challenge of managing transboundary 
waters poses a significant threat to the economy and ecology, as these large international 
water systems cross political borders and face numerous challenges. Given the dynamics of 
the ocean, with an absence of clear boundaries, the sustainable management of waters and 
their resources requires joint efforts.  

The Food and Agricultural Organization of the United Nations (FAO), with financial support 
ŦǊƻƳ ǘƘŜ Dƭƻōŀƭ 9ƴǾƛǊƻƴƳŜƴǘ CŀŎƛƭƛǘȅ όD9CύΣ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ǇǊƻƧŜŎǘ ŜƴǘƛǘƭŜŘ ά9ƴŀōƭƛƴƎ 
transboundary cooperation for sustainable management of the Indonesian Seas (I{[a9ύέΦ ¢ƘŜ 
goal of this project (GCP/RAS/289/GFF) is to promote regional cooperation and support the 
effective and sustainable management of the ISLME region. The project's objective is to assist 
Indonesia and Timor-Leste to address transboundary concerns, restore, and sustain coastal 
and marine fish stocks and biodiversity, and dependent livelihoods (FAO, 2021). The project 
covers the waters of Indonesia and Timor-Leste and is implemented in close consultation with 
the respective governments and partner institutions, with the Ministry of Marine Affairs and 
Fisheries (MMAF) leading the project in Indonesia and the Ministry of Agriculture and 
Fisheries (MAF) leading in Timor-Leste (FAO, 2020a). The LME Approach provides a five-
module strategy for assessing and monitoring LMEs and for taking remedial actions toward 
the recovery and sustainability of degraded goods and services in LMEs. The modules are 
focused on the application of suites of indicators for measuring LME socioeconomics, 
productivity, governance, pollution and ecosystem health, and fish and fisheries, which are 
incorporated into a multicountry LME strategic planning process through development of a 

mailto:ctatlas@coraltriangleinitiative.org
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Transboundary Diagnostic Analysis (TDA) and a Strategic Action Programme (SAP) (GEF, 
2020). 
The ISLME Project comprises four essential main components (FAO, 2021), namely: 

(i) identifying and mitigating the various factors that pose a threat to the marine 
environment, particularly unsustainable fishing practice series; 

(ii) enhancing the capacity for regional and subregional cooperation in the management 
of marine resources;  

(iii) coordinating with existing regional information networks, monitoring the impacts of 
the project, and disseminating and exchanging information with stakeholders; and 

(iv) identifying and describing the existing status in transboundary cooperation, including 

socioeconomic, institutional drivers, and the impacts of climate change. 

The ISLME Project has a distinctive organizational structure that enables it to effectively tackle 
global and transboundary environmental concerns. The governance framework comprises the 
Secretary General, Director, National Project Coordinator (NPC) of the Ministry of Marine 
Affairs and Fisheries (MMAF), Indonesia, and the Director General of Fisheries, Ministry of 
Agriculture and Fisheries (MAF), in Timor-Leste supported by a National Project Officer and a 
National Project Adviser both appointed by FAO. The Project is regionally coordinated by a 
Regional Project Coordinator appointed by FAO, and other essential staff support the team. 
They work together to implement project initiatives and activities on the ground. The 
implementation of these activities involves collaboration among national stakeholders and is 
coordinated by the MMAF Indonesia, MAF Timor-Leste, and FAO in both countries. 

The structure of stakeholder consultation and technical review/inputs into the Transboundary 
Diagnostic Analysis was assisted and guided by the establishment of a National Scientific 
Advisory Group (NSAG), both in Indonesia and Timor-Leste, with the TDA-SAP overseen by a 
Regional TDA-SAP Technical Group (RTTG). Both Indonesia and Timor-Leste established a 
four-member NSAG, with the NSAGs of both countries (together) constituting the Regional 
TDA/SAP Technical Group (RTTG).  Later, the NSAG Indonesia was expanded adding four more 
experts. 

1.2 The Transboundary Diagnostic Analysis  

This Indonesian Seas Large Marine Ecosystem (ISLME) project consists of a collaborative 
development of a Strategic Action Programme (SAP) based on a Transboundary Diagnostic 
Analysis (TDA), which will strengthen capacity in natural resources assessment, management, 
regional coordination, and information sharing. A TDA is considered to be an essential early 
step in the management of any large marine ecosystem (LME). The purpose of such a TDA is 
to identify, where possible quantify, and rank according to the severity of environmental 
and/or socioeconomic impacts, all water-related environmental and transboundary issues, 
and their proximate and root causes, including the socio-economic, institutional, legal, and 
administrative circumstances, and projected impact of climate change on the region. The 
generic process of preparing a TDA is guided by best practices and a specific methodology 
developed by the Global Environment Facility International Waters Programme (GEF, 2020) 
and consists of:  
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1) analysing causal chains to identify direct and indirect drivers that lead to the loss of 

ecosystem goods and services; and  

2) analysing institutions, laws, policies, and projected investments.  

The TDA is also an integral and linked component of the TDA-SAP process, providing the 
technical basis, evidence, and foundation for the more strategic planning process under the 
SAP (Figure 2). 

Figure 2. Schematic outline of the Transboundary Diagnostic Analysisς-Strategic Action Plan 

process 

 
Source: GEF. 2020. GEF Transboundary Diagnostic Analysis/Strategic Action Programme Manual: 
TDA/SAP Methodology. International Waters Learning Exchange and Resource Network. [Cited June 
2023]. https://iwlearn.net/resolveuid/2cc6db95-cc24-46e6-8f18-8c894c156a27 

 
The Transboundary Diagnostic Analysis (TDA) serves as the foundation for the development 
of a Strategic Action Programme (SAP) and National Action Programmes (NAPs) by providing 
a scientific and technical basis for a comprehensive and multisectoral assessment of the issues 
related to the status of and threats to habitats and resources within the ISLME. The SAP and 
NAP are designed to address the issues identified in the TDA and provide a reasoned, holistic 
approach to the sustainable management of these resources including linking with the 
Sustainable Development Goals (SDGs) and ecosystem restoration goals in 2030 (FAO, 2018a). 
 

1.3 Indonesian Seas Large Marine Ecosystem Transboundary 

Diagnostic Analysis methodology 

The TDA process is a collaborative and iterative process that involves a range of stakeholders, 
including government agencies, NGOs, and community members. The process is designed to 
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identify and address complex environmental problems that cross national boundaries and 
require coordinated action among multiple stakeholders. The TDA process involves several 
key steps, which are outlined below: 
(i) Establish the scope and objectives: this may involve identifying the geographic area of 

interest, the environmental problems to be addressed, and the stakeholders who will be 
involved in the analysis. 

(ii) Conduct a situation analysis: this is done to gather information about the environmental 
problems and their causes. This may involve collecting and analysing data, conducting 
stakeholder interviews, and reviewing relevant literature. 

(iii) Develop a conceptual model: based on the information gathered in the situation analysis, 
the next step is to develop a conceptual model of the environmental problems and their 
root causes. This involves identifying the key drivers of the problems and how they are 
interconnected. 

(iv) Identify priority issues and solutions: using the conceptual model, the next step is to 
identify priority environmental issues and potential solutions. This may involve 
conducting a costςbenefit analysis to determine the most effective solutions. 

The process for developing the TDA included the identification of priority environmental and 
transboundary issues, which started with a preliminary assessment, based on thematic 
assessments (national, regional), regional and national stakeholder consultations, followed 
by review and ratification of the selected issues by a combination of technical working groups 
and regional workshops. This is reflected in the workplan for the ISLME TDA. The 
implementation of this workplan had of course been negatively affected by COVID-19 
between 2020 and 2022, which delayed some activities, whereas others had to be held using 
online, web-based consultation facilities for virtual meetings. Significantly, under the project 
document, there is also clear recognition of recent TDA-{!tΩǎ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ƻǘƘŜǊ [a9 
projects in the region (including those adjacent to the ISLME) ς the Bay of Bengal Large marine 
Ecosystem (BOBLME), Arafura and Timor Seas Ecosystem Action (ATSEA) project, and the Sulu 
Sulawesi Large Marine Ecosystem (SSLME) ς which have provided important insights, 
learnings and also, major efficiencies in undertaking the TDA for the ISLME (Figure 3) 
(BOBLME, 2012a; BOBLME, 2012b; Ellet, 2021; SSMETC, 2014). 
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Figure 3. Schematic description of the Transboundary Diagnostic Analysis process 

Source: GEF. 2020. GEF Transboundary Diagnostic Analysis/Strategic Action Programme Manual: 
TDA/SAP Methodology. International Waters Learning Exchange and Resource Network. [Cited June 
2023]. https://iwlearn.net/documents/32987 

1.3.1 Identification of the priority transboundary issues  

Transboundary Diagnostic Analysis (TDA) plays a key role in identifying and quantifying the 
environmental issues and problems associated with international waters. A scientific and 
technical assessment approach of TDA is conducted to establish their immediate, 
intermediate, and fundamental (root) causes. The analysis involves an identification of the 
causes and impacts of environmental disturbances and/or threats and assesses the scale and 
distribution of impacts at national, regional, and global levels, predominantly in 
socioeconomic terms. Furthermore, the identification of causes specifies the practices, 
sources, locations, and human activity sectors from which environmental degradation 
happened. The TDA describes a list of main issues affecting an international waters area, their 
causes, and the origins of those causes. TDAs can be conducted by two or more countries 
depending on the need to identify transboundary effects and as impacting the international 
waterbody. The causes of transboundary issues should be identified in a hierarchical manner 
from technical perspectives, through management and socioeconomic perspectives to the 
policy level. 

The term άroot causesέ refers to the most fundamental of causes. In the ISLME context, this 
sequential identification of the hierarchy of causes is conceptually known as a causal chain 
analysis (CCA) of environmental problems or to obviate environmental threats (Figure 4. 
Overview of the process for key stakeholder and technical inputs into the Indonesian Seas 
Large Marine Ecosystem ISLME Transboundary Diagnostic Analysis). The CCA continues with 
the identification of important leverage points (LP), potential areas of interventions, when 
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relatively smaller initiatives have the potential of creating significant impact or change in the 
system. The most effective of these options for intervention then constitute the basis of the 
Strategic Action Programme (SAP) that can be formulated, officially endorsed, and applied in 
a coordinated manner by all riparian countries, in this case both Indonesia and Timor-Leste. 

Figure 4. Overview of the process for key stakeholder and technical inputs into the 
Indonesian Seas Large Marine Ecosystem ISLME Transboundary Diagnostic Analysis 

Source: National Stakeholder Consultation Workshop Report (FAO, 2020a).  

1.3.2 Thematic reports and development of the causal chains 

Within the TDA-SAP process, the TDA is the technical analysis of environmental and priority 
transboundary problems, impacts and causes. As such, the TDA provides the factual basis for 
the strategic component of the TDA-SAP process (strategic thinking, planning and 
implementation of the SAP). There are several thematic reports commissioned, compiled, and 
included to enhance the TDA, among these also several technical reports as outputs of ISLME 
Project implementation activities. 

Significantly, the TDA was also assisted by the preparation of detailed regional/national 
Thematic Assessments (FAO, 2020a; FAO, 2020c) to ensure that the following critical technical 
outputs required for the TDA ISLME were addressed: 
a. Transboundary threats to marine resources and ecosystems and their root causes are 

identified. 
b. Status of marine resources, ecosystem health, and ecological impacts on the ISLME 

marine resources and ecosystems are assessed. 
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c. Significant socioeconomic drivers and trends that create environmental pressure on 
ecosystem resources and services in the ISLME region are assessed. 

d. The governance and institutional structures, including stakeholders who are relevant to 
the management of fisheries and the ISLME ecosystem, are identified and analysed. 

Under the ISLME project, regional/national-level, reviews/assessments on specific thematic 
areas of environment, socioeconomics, governance, and ecosystem services valuation were 
carried out (with support from the NSAGs, RTTG, the TDA consultant and additional 
consultants), including consultations with relevant experts/key stakeholder, providing 
opportunities for technical inputs/review.  

Developing causal chains is an important step in the TDA process as it provides a structured 
approach to identifying the root causes of priority transboundary environmental issues. By 
understanding the causal relationships between different factors, stakeholders can identify 
effective interventions to address the underlying drivers of these issues and work towards 
sustainable solutions. Data integration and the conducting of a CCA, are key steps in the TDA 
process. The principal aim of the CCA is to analyse causal chains to identify the direct and 
indirect drivers that lead to ecosystem degradation and the loss of ecosystem goods and 
services ς for each identify the indirect and direct biophysical, socioeconomic, legal and 
political drivers of ecosystem degradation. 

The CCA for the ISLME was undertaken at the Second Regional TDA Workshop based on data 
integration, workshop outputs and outputs from the TDA national/regional thematic 
assessments and reports. The TDA consultants and NSAG members also assisted the TDA 
specialist with any additional technical inputs/revisions related to the CCA in the TDA. In the 
finalization of the ISLME TDA report, the NSAGs also had the opportunity to provide any final 
technical review/inputs, prior to final technical review by the RTTG for the TDA-SAP. 

The following steps were taken to develop causal chains for the priority transboundary issues: 
1. Identify the priority transboundary issues: the first step is to identify the environmental 

issues that have a significant impact across national borders. This involved analysing data, 
conducting stakeholder in, and reviewing relevant literature to identify the most pressing 
issues. 

2. Develop a conceptual model: the next step is to develop a conceptual model of the 
environmental issues and their root causes. This involves identifying the key drivers of 
the issues and how they are interconnected. 

3. Develop a causal chain for each issue: based on the conceptual model, the next step is to 
develop a causal chain for each environmental issue. A causal chain is a sequence of 
events or factors that lead to a specific outcome. Each causal chain should identify the 
factors that contribute to the transboundary issue, and the relationship between these 
factors and the final outcome. 

4. Validate the causal chains: once the causal chains have been developed, they should be 
reviewed and validated by stakeholders to ensure that they accurately represent the 
environmental issues and their root causes. This may involve conducting stakeholder 
workshops or focus groups to gather feedback and input. 
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5. Identify intervention points: using the causal chains, the final step is to identify 
intervention points where actions can be taken to address the root causes of the 
environmental issues. This may involve identifying policy changes, infrastructure 
improvements, or other actions that can be taken to address the factors identified in the 
causal chains. 

 



 

 

CHAPTER 2  

The Indonesian Seas Large Marine Ecosystem 

2 Description of the Indonesian Seas Large Marine Ecosystem 

region 

2.1 Biophysical characteristics 

¢ƘŜ LƴŘƻƴŜǎƛŀƴ {Ŝŀǎ [ŀǊƎŜ aŀǊƛƴŜ 9ŎƻǎȅǎǘŜƳ όL{[a9ύ ƛƴŎƭǳŘŜǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŀǊŎƘƛǇŜƭŀƎƛŎ 
nation, Indonesia, with a coastline exceeding 54 716 km covering an area of 2.32 million km2, 
of which 1.49 percent is protected, and contains ŀƭƳƻǎǘ мл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎƻǊŀƭ ǊŜŜŦǎ 
(Sea Around Us, 2007). Approximately 232 million ha area of ISLME (98 percent) is within 
LƴŘƻƴŜǎƛŀΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǿŀǘŜǊǎΣ ŀƴŘ ƴŜŀǊƭȅ н percent is located within the territorial waters of 
Timor-Leste (Figure 5). Datasets associated with the delineation of ISLME boundaries can be 
accessed from an open repository (Purba, 2023). 

Figure 5. Indonesian Seas Large Marine Ecosystem region shared between Indonesia and 
Timor-Leste 

 
Note: The region is demarcated by the red line. 
Sources: BPS. 2021; KKP. 2023; BIG. 2023, modified by UNPAD for ISLME project.  
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The ISLME boundaries enclose most of the inner seas and territory of the Republic of 
Indonesia, being bounded on its western and northern extent by the adjacent LME regions of 
the Bay of Bengal (LME 34), the South China Sea (LME 36), the Sulu-Celebes Sea (LME 37), the 
North Australian Shelf (LME 39). In the northeastern extent, it is bounded by the Pacific Islands 
(Pacific Warm Pool). For the purpose of fisheries management, Indonesian waters have been 
subdivided into 11 Fisheries Management Areas (FMA). The ISLME is comprised of a number 
of these areas: FMA 712, 713, 714, and 715 in their entirety and FMA 573 in part (Savu Sea 
only). More details related to the FMAs are found in the Indonesia capture fisheries section 
in this report. 

According to the Critical Ecosystem Partnership Fund, a section of the ISLME overlaps the 
recognized Wallacea hotspot area identified by Myers et al. (2000) τ the islands of the 
Indonesian Archipelago and Timor-Leste between the Sunda and Sahul continental shelves 
(CEPF, 2014). Three areas of the ISLME are included in this hotspot as biogeographic 
subregions: 
1. the Maluku subregion, which includes the island groups of Halmahera, Bacan, Obi, 

Ceram, Buru, Tanimbar, Banda, and Kai, encompassing a total land area of 7 million 
hectares; 

2. the Lesser Sunda Islands subregion includes the islands of Lombok, Sumbawa, Sumba, 
Flores, and Timor, totalling 8.1 million hectares; and 

3. the Sulawesi subregion includes the largest land mass in the region, the island of 
Sulawesi; encompassing 18.6 million hectares, more than half of the total land area of 
the Wallacea hotspot. 

The ISLME is characterized by its high levels of biodiversity, productivity, and hydrodynamic 
variability, which are driven by the unique interplay between physical and biological 
processes. Some of the biophysical characteristics of the ISLME include: 
1. Hydrodynamics: the ISLME is affected by the ocean currents, winds, tides, monsoon 

patterns, including the Indonesian Throughflow (ITF), which influence the distribution 
and abundance of phytoplankton, zooplankton, nutrients, and other key components of 
the ecosystem. 

2. Temperature: the ISLME is located in the tropics, with a surface temperature ranging 
from 25 °C to 30 °C, which supports a high level of primary productivity and a diverse 
array of marine species. 

3. Productivity: the ISLME is considered one of the most productive marine ecosystems in 
the world, with high levels of phytoplankton and zooplankton as a result of high 
concentration of chlorophyll-a (Chl a) that supports a diverse food chain, including 
commercially important fish and invertebrates. 

4. Biodiversity: the ISLME is home to a rich array of marine species, including over 2 500 
species of fish, 569 species of coral, and hundreds of species of crustaceans and 
cephalopods (Hadi et al., 2018). 

The high levels of biodiversity, are a result of its unique geography, hydrodynamic conditions, 
and its distinct historical and evolutionary processes. Some of the key components of the 
biodiversity in the ISLME include: 
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1. Coral reefs: the ISLME includes a large number of coral reefs that provide habitats and 
support for a wide variety of marine species, including fish, crustaceans, molluscs, and 
algae. 

2. Seagrasses: the ISLME is also home to several species of seagrass that provide habitat 
and support to many species of marine life, including commercially important species of 
fish, crustaceans, and molluscs. 

3. Mangrove: the ISLME includes a large number of mangroves, which are associated with 
many marine and coastal species, and they also protect the coastal area. 

4. Fish species: the ISLME houses a diverse array of fish species, including commercially 
important species such as tuna, anchovy, sardines, and mackerel, as well as many other 
species of demersal fish, such as groupers and snappers. 

5. Invertebrates: a large number of invertebrate species have their habitats in the ISMLE, 
including crustaceans such as shrimp and crabs, and cephalopods such as squids and 
cuttlefish. 

6. Marine mammals: several species of marine mammals, including whales, dolphins, and 
porpoises can be found in the ISLME, and they play an important role in maintaining the 
balance of the ecosystem by serving as top predators and prey for other species, or as 
keystone species for certain habitats (e.g. the dugong). 

2.1.1 Biogeography ς including seascapes, regional patterns, ecological 
connectivity 

The biogeography of the ISLME is characterized by a diverse range of seascapes and regional 
patterns. The ISLME includes several major seascapes, including the Java Sea, the small 
western part of the Arafura Sea, and the Banda Sea, which each have unique ecological and 
biogeographic features (Simanjorang et al., 2018). The high biodiversity is supported by 
ecological connectivity within the ISLME, which is facilitated by unique ocean currents and 
the migration patterns of marine species. These marine resources (fish and non-fish) are 
shared between the jurisdictions of Indonesia and Timor-Leste. The ecological connectivity 
also enables offshore demersal snapper fisheries for snapper (Lutjanus spp.), and also 
supports migratory protected species such as dugongs, cetaceans, turtles, sawfishes, and 
elasmobranchs (Alongi, et al., 2011). The migratory protected species use the ISLME as a 
nursery ground and feeding habitat for fish and non-fish prey (Klain et al., 2007).  

The ecological connectivity in the ISLME is facilitated by the ocean currents and winds, 
including the ITF which transports vital components such as coral larvae, mangrove 
propagules, and seagrass seeds and this establishes linkages between critical habitats. In the 
Java Sea, this connectivity is evident through the monsoon currents that connect the 
Kepulauan Seribu, Pulau Biawak, Karimun Jawa, and Bawean islands, as noted by Ramadhan 
et al. (2022). Moreover, in other regions such as the Makassar Strait, the connectivity is 
characterized by indications of currents flowing from north to south, a branch of the 
Indonesian Throughflow (Purba et al., 2021). In the Banda Sea and its surrounding areas, 
nutrient-rich eddies and the Indonesian Throughflow also provide vital nutrients to shallow 
waters, promoting the productivity of marine ecosystems. 
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Furthermore, the biophysical characteristics and biogeography of the ISLME cannot be 
considered in isolation and without regard to the physical setting of its marine environment. 
The ISLME is at the heart of one of the most geologically complex and tectonically active 
regions in the world, and this affects biophysical processes in the region (Tomascik et al., 
1997). Its evolutionary and geological histories, its unique archipelagic nature, and the 
interactions between its complex bathymetry, topography, oceanography, and ecology have 
resulted in the ISLME region having a diverse range of distinct coastal, shelf, and pelagic 
ecosystems and habitats. Islands of varying sizes partition marine waters into different seas 
connected by numerous channel passages and straits. The complex and rapid currents in the 
region are partly a result of interactions with the complex archipelagic topography and 
seafloor features of the area. 

2.1.2 Physical setting ς geology, bathymetry, coastal processes 

The ISLME is situated at the confluence of the Pacific and Indian Oceans, is bordered by 
Indonesia and Timor-Leste, and covers a major part of the central and eastern archipelago. 
The ISLME region is one of the most complex oceanographic regions on Earth, with a 
complicated bathymetry and a wide diversity of seascapes. The Java Sea has shallow waters 
that are no deeper than 100 m. The ISLME is separated by deep seas in the east side, including 
the Banda Sea, Sulawesi Sea, and Maluku Sea in the north that connect to the Pacific Ocean, 
and by deep seas in the south, including the Bali Sea, the Flores Sea, the Ombai-Wetar Strait, 
and the Timor Sea that connect the region to the Indian Ocean. Furthermore, the Indonesian 
Seas region is situated within one of the most geologically complex and tectonically active 
regions on Earth. Geologically, the ISLME region lies at the confluence of three major tectonic 
plates: the Eurasian Plate, the Indo-Australian Plate, and the Pacific-Philippine Plate (Hall et 
al., 2009) (Figure 6). 

Figure 6. Regional geology of the Indonesian Seas Large Marine Ecosystem area 

Source: Darman, H., Tampubolon, R. A., & Arisandy, M. 2018. Geological features observations in 
Eastern Indonesia based on selected P3GL seismic data: a report from FOSI-P3GL seminar, Cirebon, 
January 31, 2018. Berita Sedimentologi, 40(1): 55ς64.  
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The Indonesian Archipelago is an άenclosed ǎŜŀέ comprising many smaller, marginal seas of 
diverse character. The complex bathymetry of the region, combined with the position of 
archipelago at the crossroads of the Pacific and Indian Oceans, not only drives the high ocean 
productivity of the region (fisheries and marine megafauna populations), making the region 
one of the primary drivers of the entire global ocean circulation system (Qu et al., 2005). Over 
geological time, these diverse seascapes (together with complex tectonic events and climate 
history) have also contributed to the evolution of the globally significant species richness of 
the region. The island of Kalimantan (Borneo), the third largest island on Earth, lies on the 
Asian continental (Sunda) shelf, is physically stable and was joined by a land bridge to the 
Asian mainland during Pleistocene and earlier periods of glaciation (Daws & Fujita, 1999). 
Similarly, Papua lies on the relatively geologically stable Sahul Shelf, and the larger Island of 
Irian (New Guinea) has been joined to Australia during glacial falls in sea level. Sumatra and 
Java lie on the southeastern edge of the Sunda Shelf, and many ƻŦ LƴŘƻƴŜǎƛŀΩǎ ƛǎƭŀƴŘǎ ŀǊŜ 
subject to tectonic instability and volcanic activity (with numerous active volcanoes and 
earthquake occurrences). In total, Indonesia has about 76 active volcanoes located in 
Indonesia, more than 80 percent are located in the ISLME. The island of Timor, shared by 
Indonesia and Timor-Leste, itself is non-volcanic (Santos et al., 2020). 

In the western extent of the ISLME, the Sunda Trench is a subduction boundary between the 
Eurasian and Indo-Australian continental plate. The island of Sulawesi in Eastern Indonesia is 
ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ άǘǊƛǇƭŜ ƧǳƴŎǘƛƻƴέ ƻŦ ǘƘŜ !ǳǎǘǊŀƭƛŀƴΣ tƘƛƭƛǇǇƛƴŜΣ ŀƴŘ Sunda plates (Socquet et 
al., 2006). No less than four major volcanic arc-subduction zones have been described for 
Indonesia τ Sunda, Sangihe, Halmahera, and Banda (Rachman et al., 2022). The Banda arc is 
the horseshoe-shaped feature within the ISLME that extends from Flores to Buru, including 
Timor and Seram, with islands forming both outer and inner non-volcanic and an inner 
volcanic arcs. The Banda arc is famous for its 180° curvature and is, in Timor, generally agreed 
to be the product of collision between a volcanic arc and the Australian continental margin. 
It is an unusual region of young extension that developed within the Australian continental 
plate and Sunda land shelf collision zone and was formed by the subduction of an oceanic 
embayment within the northward-moving Australian continental plate (Figure 7).  
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Figure 7. Map of the Indonesian volcanic arc system, showing the general tectonic setting 

 
Source: Rachman, G., Santosa, B.J., Nugraha, A.D., Rohadi, S., Rosalia, S., Zulfakriza, Z., Sungkono, S., 
Sahara, D.P., Muttaqy, F. & Supendi, P. 2022. Seismic structure beneath the Molucca Sea collision 
zone from travel time tomography based on local and regional BMKG networks. Appl. Sci. 2022, 
12(20): 10520. https://doi.org/10.3390/ app122010520 

The Banda Sea occupies the main portion of the Banda Sea Plate. The southern margin of the 
sea consists of island arcs above subduction zones. To the east of the Sunda Trench is the 
Timor Trough which lies south of Timor, the Tanimbar Trough south of the Tanimbar Islands 
and the Aru Trough east of the Aru Islands. These trenches are the subduction zone of the 
Indo-Australian Plate beneath the Banda Sea Plate, where the Indo-Australian Plate moves 
northwards. Fore-arc sediments progressively carried northwards by the Indo-Australian 
Plate folded and faulted, leading to the eventual formation of the island of Timor. To the 
northeast lies Seram Island, which overlies the subduction of the Bird's Head Plate of West 
Papua. 

A number of islands in the Banda Sea are active volcanoes, including Gunung Api and Gunung 
Manuk in the Banda Islands. In total, Indonesia has some 129 volcanoes, 15 of which are 
considered critical and likely to explode, with three to five eruptions annually. Thus, most of 
LƴŘƻƴŜǎƛŀΩǎ seas fall within a geologically active region. Of the 76 active volcanoes identified 
by the Indonesian Geology agency, more than 80 percent are located in the ISLME region. As 
such, communities in the ISLME are particularly vulnerable to natural disasters, earthquakes, 
and tsunamis, which are known to have devastating impacts on those who live in coastal 
areas. 

This diverse underwater topography, combined with the position of Indonesia and Timor-
Leste at the crossroads of the Pacific and Indian Oceans, makes the region a crucial part of 
the global ocean circulation system (Qu et al., 2005). A detailed understanding of L{[a9Ωǎ 
seafloor morphology is essential to comprehend the subduction processes that trigger 
earthquakes and tsunamis. Between the Eurasian and Australian continental plates lies an 
area of deep-sea basins, trenches, and submarine volcanoes. The shallow areas that border 
these deep underwater depressions (known as sill depths) play an important role in localized 
water circulation as cooler water from the depth is drawn to the surface. 

https://en.wikipedia.org/wiki/Banda_Sea_Plate
https://en.wikipedia.org/wiki/Island_arc
https://en.wikipedia.org/wiki/Subduction_zone
https://en.wikipedia.org/wiki/Sunda_Trench
https://en.wikipedia.org/wiki/Timor_Trough
https://en.wikipedia.org/wiki/Timor
https://en.wikipedia.org/wiki/Tanimbar_Islands
https://en.wikipedia.org/wiki/Tanimbar_Islands
https://en.wikipedia.org/w/index.php?title=Aru_Trough&action=edit&redlink=1
https://en.wikipedia.org/wiki/Aru_Islands_Regency
https://en.wikipedia.org/wiki/Indo-Australian_plate
https://en.wikipedia.org/wiki/Seram
https://en.wikipedia.org/wiki/Bird%27s_Head_Plate
https://en.wikipedia.org/wiki/West_Papua_(province)
https://en.wikipedia.org/wiki/West_Papua_(province)
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The region has complex bathymetry, which includes the western area lying on the Sunda 
Shelf, the central area forming a transition zone composed in part by the deep basins of the 
Flores and Banda Seas and the eastern area lying on the Sahul Shelf (Table 1). The coastal 
waters of the Sunda Shelf, the Java Sea, and the Sahul Shelf are shallow (<200 m depth) and 
influenced by both marine and terrestrial inputs. By contrast, the Banda Sea has depths 
greater than 4 500 m, the Flores Sea is deeper than 5 000 m, the Java Trench exceeds 6 500 m 
in depth, and Timor Sea is deeper than 3 000 m. Most of these seas can be characterized as 
marginal seas, being enclosed by island landmasses, and with oceanic input from the Pacific 
and Indian Oceans into the Indonesian Seas. 
 

Table 1. Main bathymetric features of the Indonesian Seas Large Marine Ecosystem* 

ISLME Region Description 

Java Sea 

The Java Sea is a component of the Sunda Shelf, which stretches 
from the Indochina Peninsula and terminates at the continental 
slope near the island of Madura. It comprises shallow waters with an 
average depth of approximately 50 m and is bordered by three 
primary islands: Sumatera to the west, Java to the south, and 
Kalimantan to the north. There are three potential links to other 
ecological regions: the waters of the Southern China Sea, Sulu and 
Sulawesi Seas in the north, and the waters of the eastern Indonesian 
archipelago in the east. To the northwest and northeast, it is 
connected to the Karimata Strait and Makassar Strait, respectively, 
and in the east, it directly opens into the Flores Sea (Sadhotomo and 
Atmadja, 2016). 

Lesser Sunda 
Islands 

The Lesser Sunda Islands are chain of islands separated by a number 
of straits that increase in depth to the east. The westernmost Bali 
Strait is approximately 60 m deep, the Lombok Strait reaches a 
depth of 300 m, the strait between Alor and Wetar reaches a depth 
of more than 1 200 m, and the deepest section of the islands is 
found further east with the Weber Deep at 4 300 m. The southern 
entrances of the Savu Sea are formed on both sides of Savu Island by 
sills approximately 1 150 m deep. Located to the south of the Timor 
Island is the 850 km Timor Trough which reaches a maximum depth 
of 3 200 m (TDA for ATSEA Region, 2012). 

Makassar Strait 

The Makassar Strait serves as a dividing line between Borneo and 
Sulawesi. These straits are situated within a geologically intricate 
region on the outskirts of the Eurasian plate. The northern section of 
the straits is the deepest, reaching water depths of nearly 2 500 m, 
and it leads northward into the Celebes Sea. On the other hand, the 
southern part of the straits is comparatively shallower, with water 
depths mostly less than 2 000 m, and it extends southward into the 
shallow shelf area of the East Java Sea (Hall et al., 2009) 
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ISLME Region Description 

Masalembo Sea 
Masalembo Sea located between Java Sea and Flores Sea. The depth 
in the west side is about 50 m and in the east side it is about 500 m 
(Wyrtki, 1961). 

Molucca Basin 
(includes 
Molucca, 

Halmahera, 
Flores, and Ceram 

Seas) 

Molucca Basin is closed by a ridge with a sill of 2 340 m, and its 
bottom is divided into five smaller basins which have maximum 
depths between 3 400 m and 4 800 m. The deepest threshold 
through this ridge is the Lifamatola Strait with a sill depth of 1 880 m 
(Wyrtki, 1961). 

Banda Sea 

The Banda Sea connects to the Halmahera Sea to the northeast with 
a sill depth of 580 m and the Flores Sea, which is separated from the 
southern Makassar Strait by the 680 m deep Dewakang Sill (west) 
(Zubaedah et al., 2021), and with the Savu and Timor Seas through 
the Ombai Strait (1 450 m) and Timor Passage (1 200 m to 1 300 m) 
(south) (Gordon et al., 2008). 

Savu Sea 
The Savu Sea lies between Sumba Island, Savu Island, Rote Island, 
Timor Island, and Flores Island. The depth of the Savu Sea is 3 497 m. 
(Setiawan et al., 2021). 

Sources: -Gordon, A. L., Susanto, R. D., Field, A., Huber, B. A., Pranowo, W. & Wirasantosa, S. 2008. 
Makassar Strait throughflow, 2004 to 2006. Geophysical Research Letters, 35, L24605. 
https://doi.org/10.1029/2008GL036372.  
-IŀƭƭΣ wΦΣ /ƭƻƪŜΣ LΦ wΦΣ bǳǊΩŀƛƴƛΣ {ΦΣ tǳǎǇƛǘŀΣ {Φ 5ΦΣ /ŀƭǾŜǊǘΣ {Φ WΦ ϧ 9ƭŘŜǊǎΣ /Φ CΦ 2009. The North Makassar 
Straits: what lies beneath? Petroleum Geoscience, 15: 147ς158. 
Sadhotomo, B. & Atmadja, S. B. 2016. Sintesa kajian stok ikan pelagis kecil di Laut Jawa (Synthesis of 
the study of small pelagic fish stocks in the Java Sea). Jurnal Penelitian Perikanan Indonesia, 18(4): 
221ς232. 
-Setiawan, J.H., Hidayat, H., Setiawan, A., Oktavitania, R. & Marjiyon, M. 2021. Potensi Penguatan 
Gelombang Gempabumi oleh Sedimen Permukaan: Studi Kasus Daerah Pantai Utara Kendal (The site 
amplification potency by surface sediment: case study north coast of Kendal regency). Jurnal Geologi 
dan Sumberdaya Mineral, 22(1): 25ς31. DOI:10.33332/jgsm.geologi.v22i1.570 
-Wyrtki, K. 1961. Scientific results of marine investigations of the South China Sea and the Gulf of 
Thailand 1959-1961. Naga Report 2. 
-Zubaedah, S., Setiyono, H., Puspita, C. D., Gusmawati, N. F., & Pranowo, W. S. 2021. Schematic Model 
of Ocean Pacific Seawater Mass Circulation in Banda Sea. In IOP Conference Series: Earth and 
Environmental Science (Vol. 750, No. 1, p. 012009). IOP Publishing. 
 

In general, the sills located in the ISLME are also crucial in their role of distributing nutrients 
to the surface. The primary deep sills between the Pacific Ocean and Indonesian Seas are 
formed within the northern Indonesian Seas and include three key features: 
1. the Sangihe Ridge, which stretches from Sulawesi to Mindanao, which limits deep water 

access to the Sulawesi Sea and Makassar Strait; 
2. the Halmahera Sea Sill, which controls the flow of South Pacific water to the Indonesian 

Seas; 
3. the Lifamatola Strait which links the Maluku Sea to the Banda Sea; and 

https://doi.org/10.1029/2008GL036372
http://dx.doi.org/10.33332/jgsm.geologi.v22i1.570
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4. the sill between Alor Island and Ataúro Island in the transboundary area between 
Indonesia and Timor-Leste. 

2.1.3 Climate and climate drivers 

The ISLME, located in the tropics, is influenced by a range of climatic drivers, including the El 
Niño-Southern Oscillation (ENSO), the Indian Ocean Dipole (IOD), and the Pacific Decadal 
Oscillation (PDO). The ISLME plays a fundamental role in the coupled ocean and climate 
system, with the Indonesian Throughflow (ITF) providing the only tropical pathway 
ŎƻƴƴŜŎǘƛƴƎ ǘƘŜ tŀŎƛŦƛŎ ŀƴŘ LƴŘƛŀƴ hŎŜŀƴǎΦ ¢ƘŜ ǿŀǊƳ ǿŀǘŜǊǎ ƻŦ ǘƘŜ L{[a9 ŀŎǘ ŀǎ ŀ άƘŜŀǘ 
ŜƴƎƛƴŜέ ƻŦ Ǝƭƻōŀƭ ŀǘƳƻǎǇƘŜǊƛŎ circulation, with complex ocean-atmospheric dynamics. ENSO 
is a strong influence in which, every few years, moist trade winds from the equatorial Pacific 
are disabled and the Western Pacific experiences drought that profoundly affects farming and 
natural systems across the ISLME area and far beyond. Seasonal monsoons, during which 
ocean currents reverse directions, also exert a significant influence on the ISLME. The seas 
within this region have complex and rapid currents owing to strong tides over rough 
topography. Intraseasonal climate variability from the Madden-Julian Oscillation (MJO) also 
has a major impact on the ISLME region. 

The wet season in the ISLME typically occurs between October and April, and it is 
characterized by high rainfall and strong winds from the northeast. During this season, the 
region experiences increased runoff and nutrient input, which can result in increased 
productivity in the marine ecosystems of the ISLME. The dry season in the ISLME typically 
occurs between May and September, and it is characterized by lower rainfall and calmer 
winds from the southeast. During this season, the region experiences decreased runoff and 
nutrient input, which can result in decreased productivity in the marine ecosystems of the 
ISLME (Figure 8). 

Figure 8. Monsoon situation in Indonesian Seas Large Marine Ecosystem ISLME as a result of 
its position between Australia and Asia 

 
Source: Setiawan, R,Y. & Habibi, A. 2010.SST cooling in the Indonesian seas. Journal Ilmu Kelautan, 
15(1): 42ς46. 
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The typical impact of El Niño on Southeast Asia results in drier than average rainfall 
conditions, especially in June to August, and sometimes extends to October (Turkington, 
Timbal and Rahmat, 2018). Warmer temperatures typically follow this drier period. La Niña 
periods are typically wetter than average and are generally followed by cooler temperatures. 
Temperature data from 2020 indicate that average temperatures were 0.7 oC higher than the 
average air temperature from 1981 to 2010 (IPCC, 2019). Analysis conducted by the 
Meteorology, Climatology and Geophysical Agency or Badan Meteorologi, Klimatologi, dan 
Geofisika (BMKG) indicated that minimum, average, and maximum air temperatures in 
Indonesia increased annually by 0.03 °C. Temperatures in the Indonesian Seas region are 
expected to increase by 0.9 °C within 30 years.  
 
The ISLME experiences high levels of rainfall and humidity, with annual rainfall totals ranging 
from 2 000 mm to 4 000 mm and average monthly relative humidity ranging from 75 percent 
to 85 percent. These high levels of rainfall and humidity are important for maintaining the 
productivity and biodiversity of the marine ecosystems in the ISLME, as they provide a source 
of nutrients and other essential resources for marine organisms. The Indonesian Archipelago 
stands between the Pacific and Indian Oceans and is heavily influenced by annual and inter-
annual variations in surface temperature because of a reversing monsoonal system. The 
region lies within the subequatorial and equatorial zones (between latitudes 4°N to 10°S) and 
mostly falls under the influence of the seasonal monsoon winds. 

Annual rainfall in excess of 1 000 mm occurs in many of the western and eastern areas, and 
annual minimum temperatures are usually more than 20 °C, except in the highlands, where it 
is usually cooler. Rainfall in the region is highest in the upland areas, notably in Central 
Kalimantan (Borneo), Central Sumatra, Java, and Papua. Some places receive more than 3 000 
mm of rain annually. By contrast, parts of the lowlands, coastal areas, and other areas located 
in rain-shadows receive far less rain (less than 1 000 mm/year), and they may experience 
severe water shortages (Figure 9). Examples include some of the islands of Nusa Tenggara to 
the east of Bali and Lombok, including Timor-Leste (Barnett, Dessai and Jones, 2007). The 
temperature ranges from 21°C to 33°C, but at higher altitudes, the climate is cooler. Humidity 
is mostly between 60 percent and 80 percent. 
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Figure 9. Indonesia average monthly rainfall from 1976 to 2018 

 
Source: hikersbay.com. n.d. [Cited 23 September 2023]. jakarta-average-monthly-rain.png (800×500) 
(hikb.at) 

 
In general, the winds over the Indonesian Archipelago and the position of the Inter Tropical 
Convergence Zone (ITCZ) are monsoonal. From July to September, wind blows toward 
continental Asia in the boreal summer (Gordon, 2005). In this period, the ITCZ is over the 
South China Sea as well as the Sunda Island Archipelago from July to September. The dry 
season corresponds to the southeast monsoon, as winds from the Australian continent 
transport drier and slightly warmer air. The resulting climate in northern Australia, southern 
New Guinea, the Lesser Sunda Islands, and Timor is characterized by a strong seasonal 
variance in rainfall (van der Kaars et al., 2000). Between January and March, the wind is 
directed toward Australia in the boreal winter (Gordon 2005) with the ITCZ dipping into 
northern Australia. The winds blow from continental Asia bringing wetter and slightly colder 
air masses τ the northwest monsoon τ causing heavy rain (Figure 10). The northwest 
monsoon is significantly stronger than the southeast monsoon, and the monsoonal changes 
are accompanied by an interannual variability caused by the El Niño or Southern Oscillation 
(Dsikowitzky et al., 2019). Interdecadal Pacific Oscillation (IPO) and Pacific Decadal Oscillation 
(PDO) affect climate variability at the decadal scale over the Pacific Ocean basin in a manner 
similar to the El Niño- Southern Oscillation (ENSO) phenomenon. This results in relatively 
abrupt shifts in the sea surface temperature anomaly patterns across the Pacific Ocean that 
can persist for two to three decades (Buckley et al., 2018). 
  

https://cdn.hikb.at/charts/average-monthly-rain/jakarta-average-monthly-rain.png
https://cdn.hikb.at/charts/average-monthly-rain/jakarta-average-monthly-rain.png
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Figure 10. Timor-[ŜǎǘŜΩǎ ŀǾŜǊŀƎŜ ƳƻƴǘƘƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǊŀƛƴŦŀƭƭ ŦǊƻƳ мфрн ǘƻ ς2009 

 
Note: Data collected from a climate station in Dili.  
Source: Australian Bureau of Meteorology. 2013. [Cited 2 October 2023]. 

In addition to monsoon-driven rainfall, the archipelago is subject to heavy precipitation 
caused by the MaddenςJulian Oscillation (MJO), a tropical convection-coupled circulation that 
propagates eastward from the Indian to the Pacific Ocean. Riverine runoff from MJO-driven 
rainfall in the western archipelago significantly enhances phytoplankton biomass not only in 
the coastal regions but as far as the nutrient-poor Banda Sea, located 1 000 km downstream 
of the riverine source (Chang et al., 2019). Furthermore, observational data has estimated 
that the chlorophyll-a concentration in the Banda Sea increases by 20 percent over the winter 
average within an MJO life cycle. The enhancement of phytoplankton in the central Banda 
Sea is attributed to two coinciding MJO-triggered mechanisms: enhanced sediment loading 
and eastward advection of waters with high sediment and chlorophyll concentrations. 
 

2.1.4 Ocean currents, processes, productivity and circulation 

Seasonal monsoons, during which ocean currents reverse directions, exert a significant 
influence on the ISLME and beyond. The seas around Indonesia have complex and rapid 
currents owing to energetic tides over rough topography and the ITF. The Indonesian Seas 
play a fundamental role in the coupled ocean and climate system with the ITF, providing the 
only tropical pathway connecting the Pacific and Indian Oceans. The main path of the ITF 
consists of water entering from the North Pacific between the Philippines and New Guinea 
into the Sulawesi (Celebes) Sea and continuing through the Makassar Strait (SSMETC, 2013b). 
From there, the water can exit via Lombok Strait or circulate through the Banda and Flores 
Seas and can enter the Indian Ocean via Ombai Strait or Timor Passage. In addition, deeper 
South Pacific waters enter Lifamatola Passage and provide cooler, saltier water to ventilate 
the Banda Sea (van Aken, Punjanan and Saimima, 2009). Surface water also enters the Flores 
Sea from the South China Sea via Karimata Strait (Qu et al., 2005). The water flows to the 
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Banda and Flores Seas and circulates over the island boundaries. Furthermore, the water from 
the South Pacific flows to Lifamatola, which is characterized by high salinity, to the Banda Sea 
(van Aken, Punjanan and Saimima, 2009 ). Moreover, there is a pathway from the South China 
Sea entering the Banda Sea through the Java Sea and Flores Sea (Qu et al., 2005). In the 
eastern part of the ISLME, from June to August, the surface waters in the Banda Sea flow west 
to the Flores Sea, Java Sea, and eventually the South China Sea. The current reverses during 
the northwest monsoon with surface waters from the Java Sea and Makassar Strait driven 
eastward through the Flores Sea and into the Banda Sea (Gordon et al., 2008). West winds 
prevail over the Flores Sea from December to March and southeast winds in all other months 
(Wyrtki, 1961). During the passage of waters through the Indonesian Archipelago and 
associated seas, mixing of several water masses actively occurs. This is caused not only by 
monsoonal wind-induced upwelling, but also by very strong tidal forces (Pranowo, 2012; 
Mustikasari et al., 2015), especially along some of the narrow straits between several islands 
(Yasra et al., 2022a, 2022b). 

The ITF is a major circulation feature of the ISLME and an integral part of global thermohaline 
circulation (Figure 11). Water masses flowing from the North Pacific Ocean enter into the 
Indonesian Seas around Sangihe Island and take a western or eastern route south. The 
western route passes the Sulawesi Sea into Makassar Strait, entering the Flores Sea through 
Dewakang Sill and flows eastward to the Banda Sea prior to exiting to the Indian Ocean. The 
eastern route passes through the Maluku Sea and the Lifamatola Strait to the Banda Sea 
(Yasra et al., 2022a, 2022b). Through this eastern route, the water masses of the South Pacific 
Ocean also enter the Indonesian Seas. Thereafter, within the Banda Sea, these water masses 
are converted through a combination of tidally forced mixing, wind-driven upwelling, surface 
heat, and freshwater fluxes (Koswara, Setiyadi and Pranowo, 2017). This mixing of water 
forms a uniquely Indonesian tropical sea profile distinguished by a strong yet relatively 
isohaline thermocline. The ITF drives from the Banda Sea to exit into the East Indian Ocean 
along the Nusa Tenggara Island chain, which includes Ombai Strait, Lombok Strait, and Timor 
Passage. Currents in Ombai Strait are funnelled through a 1 250 m deep sill and 35 km wide 
passage, with speeds ranging between 0.12 metres per second (m/s) eastward and 0.16 m/s 
westward, averaging 0.11 m/s westward. The Lombok Strait has a 300 m deep sill, which is 
approximately 35 km wide and with currents averaging 0.25 m/s westward. The Timor 
Passage, which has a 1 890 m deep sill and approximately 160 km wide passage is the widest 
of the exit pathways and currents average 0.02 m/s. 

In the Makassar Strait, the ITF consists mostly of North Pacific thermocline and intermediate 
water (Gordon et al., 2008; Agustinus et al., 2022). Secondary ITF portals permit water to 
enter through the Western Pacific marginal seas, such as through the Sibutu Passage 
connecting the Sulawesi Sea to the Sulu Sea or from the South China Sea via Karimata Strait. 
These relatively shallow portals provide a source of freshwater that influences the 
stratification of the ITF. Smaller contributions of North Pacific surface water may directly 
enter the Banda Sea via the channels to the north that serve as the eastern pathway of the 
ITF. Shallower waters from the South Pacific enter through the passages that line the 
Halmahera Sea. The contribution of South Pacific waters to the ITF via these northeastern 
passages is not well resolved and represents one of the largest uncertainties of ITF pathways. 
Because of the unique role that the ITF plays as the warm water pathway for global 
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thermohaline circulation, there has always been a keen interest in knowing the total 
transport. Recent multiyear moorings in the major inflow and outflow passages suggest a 
total average ITF of nearly 15 Sievert (Sv) (1 Sv = 106 m3/s) into the Indian Ocean. Of this, 
roughly 2.6 Sv exits via Lombok Strait, 4.9 Sv via Ombai Strait, and the remaining 7.5 Sv 
through the Timor Passage (Sprintall et al., 2009). Approximately 13 Sv was measured in the 
Makassar Strait inflow, suggesting the remaining 2 Sv was contributed via the north-eastern 
passages, which were not particularly well resolved (Figure 11).  

Figure 11. Major flows of the Indonesian Throughflow (white arrow) in the Indonesian Seas 
Large Marine Ecosystem ISLME region including Timor-Leste 

 
Note: Througflow indicated by white arrows. 
Sources: Reproduced from Molcard et al., 1996  
-Gordon, A. 2005. Oceanography of the Indonesian Seas and their throughflow. Oceanography, 
18(4): 14ς27.  
-Purba, N. P. & Khan, A. M. A. 2019. Upwelling session in Indonesia waters. World News of Natural 
Sciences, 25: 72ς83. 

Besides its critical role in transferring mass, heat, and salt between the Pacific and Indian 
warm pools, the Indonesian Archipelago is also a region of strong water mass transformation 
(Ashafahani et al., 2021; Supangat et al., 2004). The enhanced and spatially heterogeneous 
internal tidal mixing in the Indonesian Seas not only alters the ITF water mass properties, but 
it also impacts the sea surface temperature (SST) distribution that in turn modulates airςsea 
interaction, atmospheric convection, and the monsoonal response. Within the Indonesian 
Seas, the four larger and deeper basinsτthe Sulu Sea, Sulawesi Sea, Maluku Sea, and Banda 
Seaτare the main eddy generating regions (Hao et al., 2021). More than 80 percent of eddies 
are short-lived with a lifetime that is under 30 days (Darmawan et al., 2020). The properties 
of eddies exhibit high spatial inhomogeneity, with typical amplitudes and radiuses of 2 cm to 
6 cm and 50 km to 160 km, respectively. Large eddy radius values have been observed in the 
Banda Sea, including a maximum value of 157 km in the central basin and a mode of more 
than 100 km. The most energetic eddies are observed in the Sulawesi and Seram Seas. 
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Because of their shallower depths (<200 m) and smaller basin scale, fewer eddies are detected 
in the other Indonesian Seas. Eddies in the Arafura Sea, Timor Sea, and Sawu Sea are caused 
by the confluence of ITF, which originates from the Banda Sea and which passes south of 
Papua through the Timor and the Arafura Seas (Ferdyan et al., 2022). In general, the SST 
fluctuation in the ISLME follows the monsoonal wind pattern. SST is generally warmer 
(28.5 oCς32 oC) during the northwest monsoon whereas during the southeast monsoon, it 
decreases by more than 2 oC on average (Heryati et al., 2018; Siregar et al., 2017). Upwelling 
occurs in this season in some parts of the ISLME, as indicated by a significant decrease of SST, 
and this trend is typically observed in areas of the southern Sulawesi Sea, the south-eastern 
Java and Bali Seas, the Savu Sea, the southern Ambon Sea, and the southern West Papua Sea 
(Figure 12). During these periods of upwelling, the SST has been recorded as being less than 
25 oC because of the monsoon wind that drives the seawater south eastward causing the 
cooler seawater from the deeper sea to flow to the surface. 

Figure 12. Location of major upwellings in the ISLME and adjacent areas 

Sources: Purba, N.P., & Khan, A.M.A. 2019. Upwelling session in Indonesia waters. World News of 
Natural Sciences, 25: 1-13.  
Pranowo, W.S. 2012. Upwelling-down welling dynamics of Arafura and Timor Seas. Widyariset, 15(2): 
415ς424. 

Whereas the average Chl-a concentration is 0.256 mg/m3 for the Indonesian waters of the 
ISLME, a statistically significant decrease by 15.8 percent was observed between 2003 and 
2013: annual Chl-a peaked at 0.369 mg/m3 in August and was at its lowest value of 0.205 
mg/m3 in April (Figure 13). Maximum primary productivity (421 mg C/m2) occurred during 
1999 and minimum primary productivity in 2013 was 329 mg C/m2. The average primary 
productivity of the ISLME is 380 mg C/m2, which places the area in Group 4 of five categories 
(with 1 = lowest and 5 = highest) (UNESCO-IOC, 2015). This productivity ranking can explain 
the high secondary production, which is integral to fisheries production.  
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Figure 13. Chlorophyll-a concentration in the ISLME and surrounding seas 

 
Source: Kulk, G., Platt, T., Dingle, J., Jackson, T., Jönsson, B.F., Bouman, H.A., Babin, M. et al. 2020. 
Primary production, an index of climate change in the ocean: satellite-based estimates over two 
decades. Remote Sens. 12: 826. https://doi.org/10.3390/rs12050826 

 
The highest concentration of chlorophyll-a occurs in the west monsoon, and the lowest occurs 
in transitional season. In the Makassar Strait, the highest chlorophyll-a content is found on 
the surface of the waters. The primary productivity level of the Banda Sea during the La Nina 
event varied between 248.77 mg C/m2 and 1 238 mg C/m2 (Uneputty, Tubawalony and Noya, 
2022). 
 

2.1.5 Pelagic ecosystem 

Persistent pelagic ecosystem 

The vast and dynamic open ocean ecosystems, also known as pelagic waters, play a crucial 
role in shaping the marine environment both in the ISLME and globally. The strong currents, 
eddies, and upwelling fronts that are hallmark features of pelagic environments drive the 
movement of nutrients and debris, impacting the food and larval supply for marine organisms, 
thereby affecting the fishing industry, carbon sequestration, and migration patterns of whales 
and large fish. These large fishes are crucial to the structure and function of the food webs, 

https://doi.org/10.3390/rs12050826
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and also to the recreation and tourism industries, and the cold-water upwelling from the 
ocean floor is vital in mitigating the negative effects of increasing sea surface temperatures 
caused by climate change. 

In Indonesia, the management of the pelagic fishing industry has been successful, as 
evidenced by the decrease in overfishing activities in the 11 designated fishery management 
areas (FMAs) compared to areas outside of these management areas (Siaila & Rumerung, 
2022). For example, the ISLME region boasts a significant fishing potential, particularly in the 
waters of Ambon, which has a potential catch of 484 000 tonnes per year. The pelagic 
ecosystem, characterized by high salinity, warm temperatures, abundant chlorophyll, and 
high oxygen solubility, is particularly beneficial for large pelagic fishery resources compared 
to small pelagic resources (Koswara, Setiyadi and Pranowo, 2017). 

The pelagic ecosystem for large fish in Indonesia is particularly productive in the FMA 713 
region, which is estimated to yield a maximum harvest value of 17 000 tonnes of large pelagic 
fish per year. This region is considered the best area for fishing activity in Indonesia thanks to 
its oceanographic conditions shaped by the ITF and monsoon patterns. The distribution of fish 
in this region is influenced significantly by the SST, sea surface chlorophyll, and the water 
depth, and important species such as yellowfin tuna, skipjack, and small tuna are key catches 
in this area (Safruddin et al., 2019). This was confirmed in a 2016 report by Hatfield 
consultants on the pelagic ecosystem values in the Lesser Sunda Ecoregion (LSE) for The 
bŀǘǳǊŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ aŀǇǇƛƴƎ hŎŜŀƴ ²ŜŀƭǘƘ ό¢b/-MOW) project, cited in the Thematic 
Study for the ISLME (FAO 2021), which also noted the potential influence of pelagic habitat 
features on tuna distribution. Using the Infrastructure Development for Space Oceanography 
(INDESO) (Bell et al., 2018) model, Hatfield consultants found higher variability in skipjack 
productivity during the southeast monsoon, with skipjack being concentrated in the eastern 
part of the LSE, particularly around the Sahul Banks (Figure 14). The high productivity of 
skipjack in this region is associated with pelagic habitat features such as atolls, oceanic reefs, 
sea canyons, and sea sills. This highlights the strong connection between the complex 
bathymetry, atmospheric processes, ocean circulation, and marine organism distribution in 
the ISLME's highly productive pelagic ecosystems.
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Figure 14. Pelagic habitat features and skipjack biomass of the Lesser Sunda Ecoregion of 

the Indonesian Seas Large Marine Ecosystem 

 
Source: Zainuddin, M., Farhum, A., Hasyim, S., Selamat, M.B., Sudirman, S., Nurdin, N., Syamsuddin, 
M., Ridwan, M. & Saitoh, S-I. 2017. Detection of pelagic habitat hotspots for skipjack tuna in the Gulf 
of Bone-Flores Sea, southwestern Coral Triangle tuna, Indonesia. PLoS ONE 12. e0185601. 
10.1371/journal.pone.0185601. (http://geonode.grida.no)  

Furthermore, one of the most productive areas for large pelagic fish in the ISLME is the Banda 
Sea, which is located between the islands of Seram, Ambon, and the Banda Islands. The Banda 
Sea is a unique and complex marine ecosystem, characterized by strong oceanic currents, 
seamounts, and underwater volcanoes, which provide important habitats and feeding 
grounds for large pelagic fish (Setianto, Sukoco and Pranawo, 2020). Additionally, the Banda 
Sea has a high level of primary productivity, which supports the food web and provides a 
steady supply of food for pelagic fish. As a result, the Banda Sea is a popular fishing ground 
for large pelagic fish and is also an important area for marine conservation and management. 

Marine megafauna and oceanic processes 

The ISLME region is closely connected to the oceanographic processes and marine megafauna 
populations in the area. Seasonal upwellings and areas of vertical mixing bring nutrient-rich 
waters from the ocean floor to the surface, creating hotspots of high ocean productivity and 
rich fishing grounds. Dethmers et al. (2009) reported that the deep-nearshore habitats of the 
Ombai-Wetar Strait and Timor Passage, adjacent to the north and south coast of Timor Island, 
respectively, and plankton-rich upwellings along the coast of the island provide critical 
feeding habitats for large resident and migratory marine megafauna such as whales, dolphins, 

http://geonode.grida.no/
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dugongs, turtles, and manta rays. Furthermore, marine megafauna plays a significant role in 
shaping oceanographic processes in the region by bio-mixing carbon and redistributing 
nutrients, as highlighted by Lavery et al. (2010) and Roman et al. (2014) (Figure 15). These 
findings underscore the intricate relationship between the oceanographic processes and 
marine megafauna in the ISLME region. 

Figure 15. Oceanic carbon process 

 
Source:  Lutz, S., Pearson, H., Vatter, J., & Bhakta, D. 2018. Oceanic blue carbon ς How marine life can 
help to combat climate change. Frontiers in Marine Science, 5: 470. 
https://doi.org/10.3389/fmars.2018.00470 

¢ƘŜ άǿƘŀƭŜ ǇǳƳǇέ ƛǎ ŀ ǘŜǊƳ ǘƘŀǘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ Ǿƛǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǿƘŀƭŜ ŜȄŎǊŜƳŜƴǘ ǘƻ ǘƘŜ 
ocean's ecosystem as a source of iron and nitrogen, particularly for phytoplankton. A pre-
whaling population of 120 000 sperm whales in the Southern Ocean was responsible for 
removing 2.2 million tonnes of carbon per year through their excrement (Lavery et al., 2010). 
A global pre-whaling population of approximately 2.5 million great whales was also 
responsible for removing 210 000 tonnes of carbon per year through thŜƛǊ άŘŜŀŘŦŀƭƭ ŎŀǊōƻƴέ 
(Pershing et al., 2010). The gradual recovery of whale stocks has the potential to remove 
approximately 200 000 tonnes of carbon per year, equivalent to removing 110 000 hectares 
of forest. Cetaceans, including whales, are referred to as "marine ecosystem engineers" 
(Roman et al., 2014) because of ǘƘŜƛǊ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƻŎŜŀƴϥǎ ŜŎƻǎȅǎǘŜƳΦ ¢ƘŜ άgreat whale 
conveyor beltέ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǊƻƭŜ ƻŦ ǿƘŀƭŜǎ ƛƴ ǊŜŘƛǎǘǊƛōǳǘƛƴƎ ƴǳǘǊƛŜƴǘǎ ŦǊƻƳ ƴǳǘǊƛŜƴǘ-rich polar 
waters to nutrient-poor tropical waters (Roman et al., 2014). Furthermore, their swimming 
ǇŀǘǘŜǊƴǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ άōƛƻ-ƳƛȄƛƴƎ ŎŀǊōƻƴέ ōȅ ƳƛȄƛƴƎ ƴǳǘǊƛŜƴǘǎ toward the surface of the 
ocean (Lavery et al., 2010).  

 

 

https://doi.org/10.3389/fmars.2018.00470
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2.1.6 Coastal ecosystems, reefscapes and habitats 

These include marine ecosystems such as estuarial beaches, mangroves, coral reefs, seagrass 
and algal beds, and small island ecosystems. Varying species diversity can be found in these 
different ecosystems, and relatively lower biodiversity exists in other coastal habitats such as 
sandy and muddy shores (Hutomo and Moosa, 2005). Using government provided spatial 
data, Hatfield consultants calculated that the ISLME encompasses over 756 153 km2, with a 
total coastline of 19 748.52 km for the Indonesian provinces inside ISLME.  

Table 2 summarizes the area of mangrove, coral reef, and seagrass ecosystems in the ISLME 
ōŀǎŜŘ ƻƴ IŀǘŦƛŜƭŘΩǎ Geographic Information System (GIS) spatial analysis. FMA 714 constitutes 
the largest part of the ISLME (31 percent) and FMA 573 the smallest part (2.8 percent). FMA 
715 hosts the most mangrove areas (31.8 percent), FMA 713 contains most of the coral reefs 
(38.9 percent), and FMA 715 hosts most of the seagrass (61.4 percent) in the Indonesian 
waters in the ISLME. 
 

Table 2. Coverage of coral reefs, seagrass and mangrove per in each Indonesian Fishing 
Management Areas of the Indonesia waters in the Indonesian Seas Large Marine Ecosystem 

FMA Total area of FMA Coral reef area Mangrove area Seagrass area 

km2 % km2 % km2 % km2 % 

Part of FMA 573 103 171 4.8 481.39 2.8 *327.40 2.7 537.25 10.0 

FMA 712 420 272 19.5 872.83 26.7 *3 148.27 9.7 25.75 0.5 

FMA 713 484 281 22.5 4 378.97 10.5 *1 241.72 12.5 33.25 0.6 

FMA 714 666 964 31.0 3 831.10 28.1 *3 316.51 39.0 1 408.75 27.1 

FMA 715 477 871 22.2 1 693.90 31.8 *3 748.10 36.1 3 195.45 61.4 

TOTAL 2 152 559 100.0 11 258.19 100.0 *11 782 100.0 5 200.45 100.0 

Source: Modified from UNEP. 2020  

Corals 
Indonesia has the largest area of coral reefs in Southeast Asia (Burke et al., 2002) comprising 
four types: (i) fringing reefs; (ii) barrier reef; (iii) atolls; and (iv) ǇŀǘŎƘ ǊŜŜŦǎΦ LƴŘƻƴŜǎƛŀΩǎ ŎƻǊŀƭ 
reefs are among the most biologically rich in the world and contain approximately 75 percent 
of global coral species (Hadi et al., 2020). Another study by Hadi et al. (2018) identified 570 
species of stony corals in Indonesian waters, and additional studies have documented at least 
553 species of Scleractinia ŎƻǊŀƭ ƛƴ wŀƧŀ !ƳǇŀǘΣ ǿƘƛŎƘ ŀƭǎƻ Ƙŀǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǊƛŎƘŜǎǘ ŎƻǊŀƭ 
reef fish fauna consisting of at least 1 320 species. It is the highest count in the world for an 
area of that size. 

Figure 16 depicts the distribution of coral reefs in the Indonesian waters of the ISLME. Spatial 
analysis was used to determine that coral reefs within the ISLME region in 2021 covered 
11 258.19 km2 (Table 2). The largest coral reef coverage in the ISLME was 4 378.97 km2 and 
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was documented in FMA 713. Additionally, Allen Coral Atlas (ACA) provides coral reef data 
(i.e. geomorphology and benthic classes), based on the latest and detailed high-resolution 
images; however, this source has not been incorporated into this report and is provided as an 
additional reference (www.allencoralatlas.org). 

Figure 16. Coral reef distribution in the Indonesian Seas Large Marine Ecosystem ISLME 

 
Source: Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T., Masek, J., & Duke, N. 2011. 
Status and distribution of mangrove forests of the world using earth observation satellite data (version 
1.3, updated by UNEP-WCMC). Global Ecology and Biogeography, 20: 154ς159. Doi: 10.1111/j.1466- 
8238.2010.00584.x 

 
Around the island of Timor itself, a further reef habitat stratification identified four coral 
άǊŜŜŦǎŎŀǇŜǎέ ό5Ŝ±ŀƴǘƛŜǊ, Turak and Allen., 2008), three of which occur in Timor-Leste and 
incorporate fringing reefs and associated seagrass and mangrove habitats: Atapupu, Fatu, and 
Timor East reefscapes (Figure 17). These reefs are strong and persistent under climate 
pressure and are mostly found in Behau close to the City of Dili and Liquiça (Tomascik et al., 
1997). Tomascik et al. (1997) further confirmed that Timor-[ŜǎǘŜΩǎ ŦǊƛƴƎƛƴƎ ǊŜŜŦǎ ŀǊŜ ƘƛƎƘƭȅ 
comparable to those of Flores and Sulawesi Island. They are also characterized by karst 
geology and uplifted ancient coral reefs (Audley-Charles, 2004). 
 
 
 

http://www.allencoralatlas.org/
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Figure 17. Coral 'reefscapes' of the island of Timor 

 
Source: Turak, E. & Devantier, L. 2012. Reef-building corals in Timor-Leste. In M. V. Erdmann and  C. 
Mohan, eds. A rapid marine biological assessment of Timor-Leste, pp. 85ς149. RAP Bulletin of 
Biological Assessment 66, Coral Triangle Support Partnership, Conservation International Timor-
Leste, Dili. 
https://coraltriangleinitiative.org/sites/default/files/resources/04_Rapid%20Marine%20Assessment
%20TL.pdf 

A map produced by the Asian Development Bank (ADB, 2014) indicated that shallow coral 
reefs occupied nearly 3 000 ha located on the northern coast of Timor-Leste. ADB (2014) also 
provided a map of a potential coral habitats, which extended to more than 60 000 ha in deep 
waters on the northern coast. They noted that most of the coral reefs found tended to be 
encrusting, expanding their surface area to optimize exposure to sunlight. Different sponges 
and whip corals were also found in the deep sea. ADB (2014) confirmed that Acropora was 
the largest group of reef-crest hard corals in fringing reefs dominant on the northern coast. 
The main corals found included Heliopora, Millepora, Briarium, and Xenia. The list of different 
coral reefs in Timor-Leste is provided in Figure 18. 
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Figure 18. Coral reef composition in Timor-Leste 

 
Source: Desrochers, A., Ehses, J., Huntington, B., McCoy, K., Moews, M., Oliver, T., Sudnovsky, M., 
Suka, R., Timmers, M., Vargas-#ngel, B., Brainard, R., & Kimball, J. 2017. Interdisciplinary baseline 
ecosystem assessment surveys to inform ecosystem-based management planning in Timor-Leste: final 
report. https://doi.org/10.7289/V5/SP-PIFSC-17-002 

Surveys conducted by Conservation International (CI) in 2012 in Timor-Leste identified 393 
coral species in the country (Turak and Devantier, 2012). Nearly 336 of them were recorded 
in Ataúro Island alone. It was concluded that three species had never been scientifically 
recorded: Echinophyllia sp., Goniopora sp., and Montipora sp. Each show significant 
morphological variation in skeletal and/or soft tissue characteristics from the closest known 
species in their genera: Echinophyllia costata, Goniopora fruticosa, and Montipora porites, 
respectively. Further taxonomic work is required to determine whether these are in fact new 
species or rather Timorese morphs of their closest congeners.  

Seagrass meadows 
Seagrasses occupy a variety of marine habitats. They are most often found in shallow- water 
back-reef environments (e.g. reef flats and moats) and lagoons (McKenzie et al., 2021). 
However, in some locations they dominate the reef crest of barrier reefs and atolls. A few 
studies have suggested that seagrass covers a total area of approximately 30 000 km² 
throughout the Indonesian Archipelago (ADB, 2014). Indonesia has 15 species of seagrass 
(Sjafrie et al., 2018), of which Enhalus acoroides and Thalassia hemprichii are the most 
common in Indonesia waters (MMAF, 2018c). The total area of seagrass coverage within the 
ISLME region was calculated by extracting data from the United Nations Environment 
Programme (UNEP, 2018) and mapped in Figure 19. 
 
 
 
 
 
 
 

https://doi.org/10.7289/V5/SP-PIFSC-17-002
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Figure 19. Distribution of seagrass meadows in the Indonesian Seas Large Marine Ecosystem 
ISLME region 

 
Source: Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T., Masek, J., & Duke, N. 2011. 
Status and distribution of mangrove forests of the world using earth observation satellite data (version 
1.3, updated by UNEP-WCMC). Global Ecology and Biogeography, 20: 154ς159. Doi: 10.1111/j.1466- 
8238.2010.00584.x 

In Timor-Leste, seagrass is found in areas with a sandy substrate, including substrate that 
composes muddy bottoms to rocky shores. As documented by PIFSC (2017), seagrass 
generally grows in both the north and south coasts of the country, occupying approximately 
2 200 ha on the narrow reef flats and shallow waters across the country. The following seven 
species of seagrass have been identified by McKenzie, Campbell and Roder (2001): Halophila 
ovalis, Enhalus acoroides, Halodule uninervis, Syringodium isoetifolium, Thalassodendron 
cillatum, Thalassia hemprichii, and Halohila ovalis. These seagrass species play vital roles in 
coastal areas, such as stabilizing coastlines and providing shelter to an array of economically 
important marine species. 

Seagrass in the narrow reef flats is a suitable ecosystem feeding ground for green sea turtles 
(Chelonia mydas), dugong (Dugong dugon), and other diverse marine organisms. It is also 
home to sea cucumber, sea urchin, and sea snail. PIFSC (2017) confirmed that the seagrass 
ŜŎƻǎȅǎǘŜƳ ǿŀǎ ǊŜƭŀǘƛǾŜƭȅ άƛƴǘŀŎǘέΤ ƘƻǿŜǾŜǊΣ ŦǳǘǳǊŜ ƳƻƴƛǘƻǊƛƴƎ Ǉƭŀƴǎ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ 
relation to anthropogenic pressure, including the impact of climate change. Table 2 
summarizes the area of mangrove, coral reef, and seagrass ecosystems in the ISLME based on 
IŀǘŦƛŜƭŘΩǎ DŜƻƎǊŀǇƘƛŎ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳ όDL{ύ ǎǇŀǘƛŀƭ ŀƴŀƭȅǎƛǎΦ Ca! тмп ŎƻƴǎǘƛǘǳǘŜǎ ǘƘŜ 
largest part of the ISLME (31 percent) and FMA 573 the smallest part (2.8 percent). FMA 715 
hosts the most mangrove areas (31.8 percent%), FMA 713 contains most of the coral reefs 
(38.9 percent), and FMA 715 hosts most of the seagrass (61.4 percent) in the Indonesian 
waters in the ISLME. Table 2 earlier indicates that FMA 715 has the highest seagrass area 
coverage in the ISLME with approximately 3 195 km2 or 61.45 percent of the total seagrass 
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area in the ISLME, and FMA 712 has the lowest area of coverage with 25.75 km2 or 
0.50 percent of the total seagrass area in the ISLME region. 

Mangrove forest 
Mangroves are a key component of the rich biodiversity found in the marine ecosystems in 
Indonesia, and the country has one of the largest and most diverse mangrove forests in the 
world. Giri et al. (2011) noted that mangrove ecosystems in Indonesia encompassed 
3 112 989 ha or 31 129 89 km2, which equated to 22 percent of the total global mangrove 
area. Within the ISLME region, mangrove forests encompass 11 872 km2. The proportion of 
this total ranges from FMA 715, which has the largest mangrove area covering 3 748 km2 or 
32 percent of the total area found within the ISLME to FMA 573, which has the smallest 
mangrove area covering 327.4 km2 or 3 percent of the total mangrove area found within the 
ISLME (Figure 20). 

Figure 20. Distribution of mangrove in the Indonesian Seas Large Marine Ecosystem ISLME 

 
Source: Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T., Masek, J., & Duke, N. 2011. 
Status and distribution of mangrove forests of the world using earth observation satellite data 
(version 1.3, updated by UNEP-WCMC). Global Ecology and Biogeography, 20: 154ς159. Doi: 
10.1111/j.1466- 8238.2010.00584.x 

Mangrove (gross) deforestation in Indonesia for the 2009 to 2019 period totalled 182 091 ha. 
Within this period, the mangrove deforestation rate in Indonesia was estimated at 18,209 ha 
/ yr (Arifanti, Novita and Tosiani, 2021). The decline of the mangrove ecosystems in Indonesia 
has been mainly a result of the land-use changes for settlements, tourism, industry, mining, 
agriculture, logging, aquaculture, and other uses. According to the Indonesia Biodiversity 
Strategy and Action Plan (IBSAP) 2015ς2020 (BAPPENAS, 2016), Indonesian waters are home 
to 55 mangrove species and 75 mangrove-associated species. An earlier study by Kartawinata 
(2013) listed 88 mangrove species from 37 families in Indonesian waters and included 
epiphytes and associated vegetation in its assessment. Rhizophoraceae is represented by ten 
species belonging to four genera and Sonneratiaceae and Verbenaceae are each represented 
by three species. The flora and fauna of the mangrove forest facing the South China Sea is 
ǊŜǇƻǊǘŜŘ ǘƻ ƛƴŎƭǳŘŜ пн ƳŀƴƎǊƻǾŜ ǎǇŜŎƛŜǎ ƻŦ мм ŦŀƳƛƭƛŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ пр ǎǇŜŎƛŜǎ ƻŦ άǘǊǳŜέ 



                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

36 

mangrove species have been recorded in Indonesian waters (out of a world total of 73 
species) (Spalding, 2010), 30 species of which were identified in Nusa Tenggara and Maluku, 
and 43 species in Papua (Kartikasari, Marshall and Beehler, 2012; Kusmana, 2014). Spatial 
analysis using UNEP primary data has indicated that the eastern part of the ISLME contains a 
higher mangrove species richness.  

Beside coral reefs, wetlands and mangroves trees are also part of the coastal ecosystem in 
Timor-Leste. However, total mangrove areas have declined significantly from about 9 000 ha 
in 1940 to 4 000 ha in 1982 (Mackinnon, Beudels and Robinson, 1982). The main cause of 
mangrove forest degradation was illegal harvesting for cooking and heating, as well as being 
sold for cash and use for house construction. Some mangrove areas in Ulmera and Tibar 
(Liquiça) and Metinaro in Dili have been converted into salt processing and/or salt distillation 
operations, as well as into brackish water ponds (for milkfish and shrimp).  
A total of 35 species including some back-mangroves and mangrove associates have been 
identified in the 2018 Mangroves Field Identification Manual of Timor-Leste through MAF-
UNDP Coastal Resilience Building project (Ilman, 2017). Today, mangrove distribution species 
on the northern coast merely depends on the topographical condition of the coastal areas. A 
few species such as Aegiceras corniculatum, Bruguiera sexangula, Bruguiera parviflora, 
Ceriops decandra, Pemphis acidula, and Rhizophora conjugata, grow well on the northern 
coast in areas such as Maubara and Ulmera in Liquiça Municipality and Hera and Metinaro 
(Dili Municipality) as well as on Ataúro Island. Apart from that species, many species are also 
growing alongside the north coast, such as Avicennia marina which occupy stagnant water 
with high salinity, Aegiceras corniculatum, Acanthus ilicifolius, Lumnitzera racemosa including 
Hertiera littoralis (PEMSEA, 2019). 

2.1.7 Marine resources 

The Indonesian Archipelago has a total area of 4 986 325 km2, with a land area of 
1 904 569 km2 and a water area of 3 081 756 km2. However, the ISLME covers an area of 2.32 
million km². The Geospatial Information Agency (BIG) reported that the water area of 
Indonesia, including the exclusive economic zone (EEZ), was 6 315 222 km2 with a total 
coastline of 99 093 km. Thus, seas and coastal areas dominate the physiography of the 
Indonesian archipelago. Timor-Leste has a land area of 15 410 km2, which encompasses the 
eastern part of the island of Timor, the enclave of Oe-Cusse Ambeno, as well as the islands of 
Jaco and Ataúro. Timor-Leste has a coastline that is approximately 700 km in length, and a 
potential exclusive economic zone (EEZ) of approximately 75 000 km2. Marine resources in 
Indonesia and Timor-Leste include diverse ecosystems, fish and seafood supplies, oil and gas, 
minerals, sand and gravel, renewable energy resources, tourism potential, and biological 
diversity. 

Marine biodiversity 

The high species diversity and richness of the ISLME is a result of a number of factors, including 
aggregated geographic distribution of species because of ocean currents as during the larval 
phase, organisms are transported by ocean currents settling out in eddies and shallow flow-
restricted areas. 
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As a global biodiversity hotspot, ISLME waters host 557 species of Echinodermata, 309 species 
of crustaceans, 569 species of corals (Hadi et al., 2018), 3 476 species of marine fish, 15 
species of seagrass (Sjafrie et al., 2018), 981 species of algae, and 48 species of mangrove. 
Indonesia is also host to six of the seven marine turtle species: green turtle (Chelonia mydas), 
hawksbill turtle (Eretmochelys imbricata), olive ridley turtle (Lepidochelys olivacea), 
leatherback turtle (Dermochelys coriacea), flatback sea turtle (Natator depressus), and 
loggerhead sea turtle (Caretta caretta), and all have protected species status (MMAF, 2018b). 
The distribution of turtles across the country is influenced by the quality and availability of 
nesting beaches, migration routes, feeding grounds, and mating areas. 

More than one third of all species of whales and dolphins on Earth are found in the seas of 
Indonesia, including the rare and endangered blue whale (Balaenoptera musculus). The 
Indonesian Ministry of Environment and Forestry (MoEF) Regulation No. 106/2018 on 
Protected plants and animals states that there are 35 species of marine mammals: 34 species 
of cetaceans (whales and dolphins) and one Sirenia (dugong) that are protected (MMAF, 
2018b). Some cetaceans have been recorded from documented strandings (Figure 21). 
Additionally, 221 species of sharks and rays have been identified (Fahmi et al., 2015). 
 

Figure 21. Cetacean strandings of six species in Indonesia 1995ς2021 

 
Source: Mustika, P. L. K., High, K. K., Putra, M. I. H., Sahri, A., Ratha, I. M. J., Prinanda, M. O. & Kreb, D. 
2022. When and where did they strand? The spatio-temporal hotspot patterns of cetacean stranding 
events in Indonesia. In Oceans (Vol. 3, No. 4: 509ς526).  

 
The waters of Timor-Leste are characterized by exceptional levels of marine biodiversity 
(corals, mangroves, fishes, invertebrates, and cetaceans), and have some of the highest levels 
of marine biodiversity ever recorded (Edyvane et al., 2009, Alongi et al., 2011, Turak and 
Devantier, 2012; Allen and Erdmann, 2012; ADB, 2014). Some new species have even been 
discovered: Helcogramma Ataúroensis, a new species of triplefin from Ataúro Island and 
Eviota santanai, a new dwarf goby from Timor-Leste (Telestoi: Gobiidae). Apart from these, 
some crustaceans of Ampithoidae and Maeridae Amphipods (Crustacea: Paracaridae) have 
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been recorded by Hughes (2015). The newly described species include Amphitoe Ataúro, 
Elasmopus tibarensis, Linguimaera christorei, and Quadrimaera metinaro). 

A total of 739 fish species within 234 genera within 61 families of reef fish have been recorded 
and documented in Timor-Leste. A marine rapid assessment (MRAP) conducted by 
Conservation International found that nearly 70 percent of five diving sites had high fish 
diversity (Conservation International, 2013). The assessment found 293 species around 
Ataúro Island, 249 species around Jaco Island, and roughly 773 species alongside Lautem, 
Com, which is located on the border of Tutuala. Allen and Erdmann (2012) recorded additional 
species on Ataúro Island. The reef fish diversity documented was 652 species with a total of 
57 families and 210 genera. These species had not been previously documented. The overall 
total of reef fish in Timor-Leste is 894 species and overall, for the greater Timor region, it 
reaches 1 036 species. In addition, the researchers noted that this area was exceptionally rich 
in terms of reef-associated fauna, which constituted a total of 317 species from Berau Bay. It 
is believed that Ataúro Island has the third highest site diversity ever documented anywhere 
in the world. 

Endangered, threatened and protected marine species 

The ISLME is an important migratory area for many species including rare and/or endangered 
species. Although the diversity of marine mammal species has been recorded, there are few 
records of their distribution, especially for remote regions. Studies conducted by the World 
Wildlife Fund (WWF) in 2012 and Mustika et al. (2022) were combined with an earlier study 
by Beasley et al. (2016), and together they indicate that at least 35 species of cetaceans 
(whales and dolphins) exist in waters under the jurisdiction of Indonesia (see also Rudolph, 
Smeenk and Leatherwood, 1997). Each species has a particular habitat and ecological 
requirements, some of which may overlap with fisheries activities. The Directorate Marine 
Spatial Planning (MSP) at the MMAF through the IBSAP 2015ς2020 identified five criteria for 
conservation measures to be applied to marine (fish) resources: (i) endangered; (ii) rare; (iii) 
endemic; (iv) decreasing numbers; and (v) low frequency. 

MMAF (2020a) documented 146 marine species that should be prioritized for protection 
(Figure 22). Moreover, marine species in Indonesia are protected under the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES), which covers sea 
turtles, sharks and manta rays, marine mammals (dugong, whales, and dolphins), and hump-
head wrasse; all of these occur in the ISLME. In the case of Timor-Leste, the population status 
for the majority of globally threatened marine species is largely unknown because there is 
very little spatial data (Edyvane, 2020). 
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Figure 22. Number of marine species prioritized for protection in Indonesia 

 
Source: MMAF. 2020a. TNP Laut Sawu: Home of the cetacean. KKP-Direktorat Jenderal Pengelolaan 
Ruang Laut, Kupang, NTT. [Cited 22 July 2023].  
http://perpustakaan.kkp.go.id/knowledgerepository/index.php?p=show_detail&id=1073814 

 
Sea turtles  
The ISLME is home to several species of sea turtles, including the green sea turtle (Chelonia 
mydas), Olive Ridley Sea Turtle (Lepidochelys olivacea), leatherback sea turtle (Dermochelys 
coriacea), hawksbill sea turtle (Eretmochelys imbricata), loggerhead sea turtles (Caretta 
caretta) and flatback sea turtles (Natator depressus). These species are widely distributed 
throughout the ISLME, with nesting and foraging grounds present in various locations along 
the coasts of Indonesia and the surrounding region. Sandland et al. (2001) recorded all these 
species in Timor-Leste, except for the flatback sea turtles. The population of sea turtles in the 
ISLME has experienced significant declines in recent years as a result of a variety of factors, 
including over-harvesting of their eggs and meat, habitat degradation, entanglement in 
fishing gear, and marine pollution (ADB, 2014). Despite ongoing conservation efforts, many 
sea turtle populations in the ISLME remain at risk and face ongoing survival threats. 

Although overall turtle numbers in Timor-Leste are considered low, the Nino Konis Santana 
Marine Park appears to be a major site for both turtle nesting and foraging (Edyvane et al., 
2009). In a survey of marine megafauna in Timor-Leste (Dethmers et al., 2009), turtle nesting 
sites have been recorded along the north coast of Timor-Leste. Aerial surveys (conducted at 
an altitude of 1 000 m) indicate increased abundance of large turtles in nearshore waters 
during November, with the greatest density occurring around the far north-eastern tip of 
Timor-Leste in the Nino Konis Santana Marine Park region (offshore from the Lautem 
Municipality and southeast of Jaco Island) (Dethmers et al., 2009). 

Sharks and rays 
Sharks and rays are also widely distributed throughout the ISLME. Some of the species found 
include the scalloped hammerhead shark, whale shark, blacktip reef shark, and the manta ray. 
Some shark species in the ISLME are known to undertake large-scale migrations, moving 

http://perpustakaan.kkp.go.id/knowledgerepository/index.php?p=show_detail&id=1073814


                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

40 

between areas of higher and lower population density. For example, whale sharks (Rhincodon 
typus) are known to make long-distance migrations, often moving from their feeding grounds 
near the coast to their mating and pupping grounds in the open ocean. The Indonesian 
government has also established several marine protected areas, such as the Wakatobi 
Marine National Park, to conserve shark and ray species in Indonesian waters. The Indonesian 
government is also a party to the Convention on the Conservation of Migratory Species of 
Wild Animals (CMS) and the Convention on International Trade in Endangered Species of Wild 
Fauna and Flora (CITES), which provide frameworks for the conservation of shark and ray 
species on regional and international scales. Indonesia has developed a National Plan of 
Action (NPOA) on sharks and rays, but this has not been implemented so far. Timor-Leste also 
ratified some international agreements and conventions related to the conservation and 
management of marine biodiversity, including the Convention on Biological Diversity (CBD) 
and the Convention on Migratory Species of Wild Animals (CMS), which could provide a 
framework for the conservation and management of shark and ray species in the country. 

Marine mammals (whales, dolphins and dugongs) 
Dugongs are found in the coastal waters of Indonesia, particularly where there are large tracts 
of seagrasses, mangroves, and coral reefs (reviewed in de Longh et al., 2009). They obtain 
90 percent of their food from seagrass beds, and the loss of this habitat is a major threat to 
the species. The distribution of dugongs is fairly widespread, from sheltered areas to wave-
exposed coasts (e.g. South Bali); however, they mostly occur in low numbers as a result of 
hunting and by-catch (Cheung, 2002). The major dugong populations are found in western 
Cenderawasih Bay in Papua and Aru islands in the Arafura Sea (Husar, 1978). 

Some of the most common species of whales in the ISLME include sperm whales, humpback 
whales, and blue whales; they have migration routes in ISLME waters. Many species of 
dolphins also live in these waters, including the spinner dolphin, the common dolphin, and 
the Indo-Pacific humpback dolphin. The distribution of these marine mammals varies 
depending on the species. Some species of whales are found throughout the ISLME. They 
have different migration patterns, depending on the species and their habitat requirements. 
Some species, such as the humpback whale, are known to migrate over long distances, 
whereas others, such as the spinner dolphin, have a more limited range. The migration 
patterns of marine mammals in the ISLME are influenced by various factors, including food 
availability, breeding opportunities, and changes in water temperature and other 
environmental conditions.  

Figure 23 shows historical seasonal habitat suitability maps of sperm whales in Indonesia 
generated with the Maxent model and GAM model. Sperm whales are known to occur in the 
eastern region of the country, particularly in the Arafura Sea, Banda Sea, and Halmahera Sea. 
These areas are characterized by deep waters and steep underwater topography, which 
provide ideal habitats for the sperm whale and are located in the heart of the Coral Triangle, 
which is one of the world's most biodiverse marine regions, providing ample prey for the 
sperm whale to feed on. Sperm whales in Indonesia are known to feed primarily on squid, but 
they also consume fish and other deep seas organisms. 
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Figure 23. Habitat suitability of sperm whale in the Indonesian Seas Large Marine Ecosystem 
based on two models 

 
Source: Sahri, A., Putra, M. I., Mustika, P. L., & Murk, A. J. 2020. A treasure from the past: former sperm 
whale distribution in Indonesian waters unveiled using distribution models and historical whaling data. 
Journal of Biogeography, 47(10): 2102ς2116. 

 
Sperm whales are known to migrate seasonally, with their movements being influenced by 
food availability, reproductive behaviour, and environmental conditions. During the summer 
months, sperm whales are typically found in the northern part of the Indonesian Archipelago, 
where they feed in deep waters. As the seasons change and the water temperature cools, the 
sperm whales begin to migrate south towards the equator, where they mate and give birth 
to their young. During this time, they are often found in shallower waters closer to the coast, 
providing a unique opportunity for whale watching activities. Understanding the distribution 
and migration patterns of sperm whales in Indonesian waters is crucial for their conservation, 
as it can inform the development of effective management strategies to ensure the long-term 
survival of this iconic species. 

The Ombai-Wetar Strait shared between the islands of Alor, Timor, and Wetar has been 
identified as a major Indo-Pacific transboundary migration corridor and critical habitat for 
cetaceans and other endangered, threatened, and protected marine megafauna species such 
as the sperm whale (Physeter macrocephalus), pygmy blue whale (Balaenoptera musculus), 
beaked whale (Ziphiidae), marine turtles (Cheloniidae), the whale shark (Rhincodon typus), 
and mantas (Manta birostris) (Kahn, 2017). 

Humphead wrasse 
The humphead wrasse (Cheilinus undulatus) is a species of marine fish that is widely 
distributed in the Indo-West Pacific region, including the ISLME. This species is known for its 
large size, a distinctive hump on its forehead, and bright colours. In terms of distribution, the 
humphead wrasse is commonly found in coral reefs and is known to live in a wide range of 
habitats, from shallow waters to depths of over 60 m. The species is also known to have a 
relatively large home range and to travel long distances in search of food. The humphead 
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wrasse can grow up to 2 m in length and can weigh up to 200 kg. They are known for their 
striking appearance, with a distinctive hump on their forehead, large lips, and strong teeth. 
They are also capable of changing colour and can alter their appearance from blue-green to 
green to purple to yellow. Humphead wrasse are protogynous hermaphrodites, meaning that 
they change from female to male over time, and are considered to be slow-growing and long-
lived, with a lifespan of nearly 30 years. 

Crocodile 
Four species of crocodile are found in Indonesia, among them saltwater (Crocodylus porosus) 
and freshwater (Crocodylus novaeguineae) species. Additionally, the smaller freshwater 
crocodile (Crocodylus siamensis) can also be found in some parts of Indonesia, especially in 
riverine habitats in the ISLME region. Geographical distribution of documented crocodile 
attacks is shown in Figure 24. 
 

Figure 24. Saltwater crocodile attacks and notable records 2016ς2021 

Note: Attacks indicated by red circles and notable records indicated by green circles.  
Source: CrocBITE database2 

In Timor-Leste, the largest predator is the saltwater crocodile (Britton, Whitaker and 
Whitaker, 2012). They are also the most aggressive (Brien et al., 2013) of all crocodilia in the 
world (Brackhane et al., 2019). Although no population surveys have been undertaken in 
Timor-Leste, saltwater crocodiles can be found in coastal rivers and swamps, as well as the 
open sea and island shorelines, particularly along the southern coast (Kaiser et al. 2009; 
Sideleau, Edyvane and Britton, 2016). Their habitats are also scattered throughout different 
locations in the northern coast (Figure 25); however, the much drier climate with lower 
annual rainfall in the north creates less suitable habitats for the predator (Barnett, Dessai and 
Jones 2007). 
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Figure 25. Crocodile habitat in Timor-Leste 

Source: Brackhane, S., Grahame, W., Flaminio, X., Josh, T., Marcal, G. & Peter, P. 2019. Crocodile 
management in Timor-Leste: drawing upon traditional ecological knowledge and cultural beliefs. 
Human Dimensions of Wildlife, 24(4): 314ς331. DOI: 10.1080/10871209.2019.1614240 
 

2.2 Socioeconomic characteristics 

2.2.1 Indonesian Seas Large Marine Ecosystem region government 
administration 

According to Badan Pusat Statistik (BPS)/Statistics Indonesia (BPS, 2019b), 21 provinces with 
209 districts or municipalities were located along the Indonesian coastline of the ISLME in 
fisheries management areas: FMA 573, FMA 712, FMA 713, FMA 714, and FMA 715. 
Administratively, the provincial regions that have the authority and responsibility to manage 
fish resources in each FMA (Table 3). Based on the administrative region, provinces that form 
part of the ISLME are as follows: 1) Banten Province, 2) West Java Province, 3) Central Java 
Province, 4) East Java Province, 5) Bali Province, 6) East Nusa Tenggara Province, 7) Lampung 
Province, 8) DKI Jakarta Province, 9) Central Kalimantan Province, 10) South Kalimantan 
Province, 11) East Kalimantan Province, 12) West Nusa Tenggara Province, 13) East Nusa 
Tenggara Province, 14) South Sulawesi Province, 15) Central Sulawesi Province, 16) North 
Sulawesi, 17) West Sulawesi Province, 18) Southeast Sulawesi Province, 19) Maluku Province, 
20) North Maluku Province, 21) North Sulawesi Province, 22) Gorontalo Province, 23) Maluku 
Province, and 24) West Papua Province. 
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Table 3. Coastal provinces in each Indonesian fisheries management area of the Indonesian 
Seas Large Marine Ecosystem 

FMA Province FMA Province 

573 
West Nusa 
Tenggara 

East Nusa Tenggara 

714 

East Nusa 
Tenggara 

Maluku 

712 

Lampung East Java 
Southeast 
Sulawesi 

North 
Maluku 

Banten Central Java Central Sulawesi West Papua 

Jakarta Central Kalimantan 

715 

North Sulawesi Maluku 

West Java South Kalimantan Gorontalo 
North 
Sulawesi 

713 

East Kalimantan East Nusa Tenggara Central Sulawesi West Papua 

South Kalimantan South Sulawesi    
East Java Central Sulawesi    
Bali North Sulawesi    
West Nusa 
Tenggara 

West Sulawesi 
   

Source: BPS. 2019b. Statistik Sumber Daya Laut dan Pesisir 2019 [Marine and Coastal Resources 
Statistics 2019]. Jakarta and MMAF Regulation No. 18 of 2014 on Fisheries Management Areas (FMAs) 
in Indonesia to identify provinces in the FMAs within the ISLME region.  
 

The north coast of Timor-Leste, which covers approximately 465.80 km of coastline from the 
east to the west side, has eight of Timor-[ŜǎǘŜΩǎ мп ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΥ [ŀǳǘŜƳΣ .ŀǳŎŀǳΣ aŀƴŀǘǳǘƻΣ 
Dili, Liquicia, Bobonaro, Oecussi, and Ataúro. Dili is also the capital city of the country. The 
municipalities are further subdivided into posto administrativo, then sucos (villages) and then 
aldeias (hamlets). Leadership posts such as the president of municipality authority, 
administrator, chief of suco and chief of aldeia are respectively assigned to the head of each 
administrative unit. At least 93 sucos from the eight municipalities are located along this coast 
(Coral Triangle Centre, 2022). The municipalities in Timor-Leste that form part of ISLME 
include Bobonaro, Liquiça, Dili, and Ataúro Island on the northern coast. 

From a geographical perspective, there are three maritime segments where Indonesia shares 
its maritime boundary with Timor-Leste: Timor Sea in the south and Ombai Strait and Wetar 
Strait in the north (Ramon and Adityo, 2018). Currently the maritime boundaries in these 
areas, including the one around the enclave of Oecussi, have not been settled between the 
two countries (Maritime Boundary Office, 2016). So far, Timor-Leste has only established a 
maritime boundary in the Timor Sea with Australia. After Timor-[ŜǎǘŜΩǎ ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ 
independence in 2002, both states prioritized demarcating their land boundaries with each 
other (Schofield and Arsana, 2007; Ramon and Adityo, 2018) in two sections, notably Noel 
Besi-Citrana and Bidjael Sunan-Oben (Kartini, Perdana and Kosandi, 2023). The Government 
of Timor-Leste will resume formal negotiations on maritime boundaries immediately after the 
final delimitation of land border. 
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2.2.2 Population and demography 

In 2022, the total population in Indonesia was nearly 278 million people with a population 
growth rate of 1.17 percent (Badan Pusat Statistik, 2022a). According to the UNDESA (2022), 
population growth is likely to accelerate, with a total population of nearly 317 million 
predicted by 2050. The population living in rural areas is roughly 42.1 percent (BPS, 2022b). 
Indonesia, as an archipelagic country, has approximately 150 million people living in coastal 
areas (BPS, 2022b). Approximately 60 percent of Indonesia's population lives within a radius 
of 50 km from the coastline, which consists of various livelihoods including fishing. Indonesia's 
land area is 1.9 million km², with an average population density of 143 inhabitants per km² 
(BPS, 2022b). The population is unevenly distributed with nearly 60 percent living on the 
Island of Java, which has an average population density of over 800 inhabitants per km2, 
among the highest population densities of any island on Earth. Another 20 percent of the 
population live on the Island of Sumatra, with a population density of 77 inhabitants per km2. 
Kalimantan supports another 10 million, with a density of less than 17 inhabitants per km2. 
By contrast, some of the smaller islands of Nusa Tenggara are sparsely populated, in part 
because of water shortages, and to the east, the comparatively large area of Papua supports 
less than 10 million people, almost entirely of Melanesian ancestry. Of the three subsystems, 
approximately 150 million live in Sunda, some 35 million in Wallacea, and less than 10 million 
in Sahul (Fogire 26). 
 
Figure 26. Population density in the Indonesian Seas Large Marine Ecosystem ISLME region 

 
Source: BPS. 2022a. Laju pertumbuhan penduduk (persen) 2020-2022 [Population growth rate 
(percent) 2020-2022]. Jakarta. [Cited 24 August 2023].  
https://www.bps.go.id/indicator/12/1976/1/laju-pertumbuhan-penduduk.html.  

The population is distributed in the larger urban settlements and throughout thousands of 
villages spread along the coast, across the lowlands, and into the highlands, usually 
concentrated on the water courses. The larger urban centres include Jakarta (>10 million), 
Surabaya, East Java (>4 million), Bandung, West Java (2.5 million), Semarang, Central Java (2 
million), Makassar, Sulawesi (4 million), Denpasar, Bali (1 million), Mataram, Lombok (0.5 

https://www.bps.go.id/indicator/12/1976/1/laju-pertumbuhan-penduduk.html
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million), Palu, Sulawesi (300,000), Kupang, West-Timor (300 000), and Ambon City, Ambon 
(300 000). With very few exceptions, the major cities, towns, and villages are all developed 
on rivers, with concomitant water-related issues regarding use and pollution. The rivers 
passing through the major cities and adjacent coastal waters are in most cases badly polluted 
by sewage, heavy metals, and other industrial and agricultural waste products. Some areas 
also experience substantial immigration of the order of 4 percent annually through a 
transmigration project developed to ease population pressures in Java. The population of Java 
was approximately 156 million in 2020. It is projected to reach 174 million by 2030 and 184 
million by 2040. Although the growth rate is expected to slow down in the coming decades, 
the population is still expected to increase steadily (UNDESA, 2022).  

Badan Pusat Statistik (2020a) estimated that the number of people living in the ISLME region 
was 138 023 183 in 2019, an increase of nearly 21 million people or 17.9 percent compared 
with data from Badan Pusat Statistik in 2015. The province with the largest population in the 
ISLME region is East Java with 28 223 912 people in 2019, an 8 percent increase from 2015. 
The province with the lowest population in the ISLME area is West Papua, with 641 944 
people in 2019, a 10.2 percent increase from 2015. In 2010, Badan Pusat Statistik used census 
data to project the growth rate in the ISLME area at 1.33 percent per annum through 2035. 
 
The population in the ISLME area is concentrated on the island of Java followed by Sulawesi 
and West Nusa Tenggara/Nusa Tenggara Barat (NTB) and East Nusa Tenggara/Nusa Tenggara 
Timur (NTT) islands. Nationally, the highest population densities are on the islands of Java, 
Bali, and NTB, with an average population density of more than 250 people/km2. This is 
reflected in socioeconomic development factors, such as increased infrastructure (e.g. roads), 
health facilities, and education facilities, as well as an increase in the level of economic 
productivity. Based on data from the Indonesian Ministry of Health (2018), public health 
facilities or Puskesmas (Pusat Kesehatan Masyarakat) in Indonesia included 9 825 health 
centres plus 2 776 general and specialist hospitals as of 2017. The results of the 2017 
Indonesian Demographic and Health Survey (IDHS) indicate that the neonatal mortality rate 
(Angka Kematian Neonatal-AKN) was 15 per 1 000 live births, a marked decrease from 19 per 
1 000 live births in 2012. Similarly, the infant mortality rate (Angka Kematian Bayi-AKB) 
dropped from 32 per 1 000 live births in 2012 to 24 per 1 000 live births in 2017. Moreover, 
the under-five (years of age) mortality rate (Angka Kematian Balita-AKABA) declined 
significantly from 40 per 1 000 live births in 2012 to 32 per 1 000 live births in 2017.  

 presents the population numbers for the municipalities on the northern coast that are part 
of ISLME. 

Based on the census data from Timor-Leste in 2022, Timor-[ŜǎǘŜΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ƳƻǊŜ ǘƘŀƴ 
1.3 million with a median age of 17.4 years. The population density is 89 per km2. The majority 
of the population (74 percent) is under the age of 35 (Ministry of Finance, 2022a). The ratio 
between men and women is 50.54 and 49.46, respectively. Fertility in the country is high at 
nearly 4.1 children per woman. This trend has a direct impact on womenΩǎ ŀƴŘ ŎƘƛƭŘǊŜƴΩs 
health and forces women to perform unpaid work (Ministry of Finance, 2020). 



                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

47 

Most of Timor-[ŜǎǘŜΩǎ ǇƻǇǳƭŀǘƛƻƴ όŀǇǇǊƻȄƛƳŀǘŜƭȅ сс percent) live on the northern coast and 
are heavily dependent on marine and coastal resources. A proportion of this population on 
the northern coast is part of ISLME regionally; for example people who live in Bobonaro, 
Liquiça, and Dili Municipalities. 

Table 4. Municipalities on the northern coast of Timor-Leste that form part of Indonesian 
Seas Large Marine Ecosystem 

No 
Municipaliti
es 

Posto-
administration 

Villages in 
coastal 
areas 

Hamlets in coastal 
areas 

Total 
households 

Total 
population  

1 Bobonaro Balibo 

Saniri 
Caco; Palaca; 
Subaleco 

3 994 17 600 
Batuged
e 

Nu Badac; 
Batugede 

2 Liquica 

Bazartete 

Tibar Libaulelo 

5 608 33 517 

Ulmera 
Nauner; Mane-
Mori 

Lauhata 
Raukasa; Pissu 
craic 

Maumet
a 

Nartutu 

Mota 
Ulun 

Mota Icun 

Liquica Dato 
Camelehohoru; 
Camarelara; 
Leopa 

4 823 26 397 

Maubara 

Gugleur 
Puquelete; Dair; 
Caicassa; 
Raenaba 

4 355 23 775 
Vatuvou 

Vatu-nau; 
Raime; 
Samanaro 

Vatubor
o 

Vaupu; Sabulau; 
Tatamalobu 

Vaviquini
a 

Morae; 
Delesuvati; Vila 

3 Dili 

Cristo rei Hera 
Ailoc laran; 
Moris Foun; Hali 
Dolar 

12 807 76 412 

Metinaro 

Duyung Manleu 

1 251 7 180 
Sabuli 

Ailoc-Laran; 
Acadiru-Laran 

Total 32 838 184 881 
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Source: Ministry of Finance. 2022b. General population and housing census. Preliminary results. 
Directorate General for Statistics. Timor-Leste. https://timor -leste.unfpa.org/sites/default/files/pub-
pdf/censuspreliminaryresults2022_4.pdf 

2.2.3 Language, religion, culture and social structure 

Indonesia has a population of some 270 million people, comprising predominantly people of 
Indo-Malay and Melanesian origin (Irian). People of other ethnic origins are also present, 
some forming ancestral tribal groups, particularly in Kalimantan (Borneo), Sumatra, and 
adjacent islands (e.g. Nias and Mentawai Archipelago), and others have arrived more recently 
(e.g. Chinese and Indian traders). Within these broad ethnic groups, there are substantial 
cultural differences and various religious beliefs. The predominant religion is Islam, but in 
some regions there are people practising Christianity (notably Ambon, North Sulawesi and 
parts of Kalimantan), Hinduism (notably Bali), and Buddhism (parts of Java and Bali). There 
Ƙŀǎ ōŜŜƴ ōǊƻŀŘ ŀŎŎŜǇǘŀƴŎŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ǊŜƭƛƎƛƻǳǎ ǾƛŜǿǇƻƛƴǘǎ ƛƴ ǘƘŜ ǇŀǎǘΣ ŀƴŘ LƴŘƻƴŜǎƛŀΩǎ 
guiding principle is Bhinneka Tunggal Ika or unity in diversity. 

There are seven formally acknowledged religionsτChristianity, Catholicism, Islam, Hinduism, 
Buddhism, Kong Hu Chu (Confucianism), and traditional belief systemsτpracticed in all the 
provinces of Indonesia, including the ISLME area. Traditional belief systems are observed in 
all provinces and may have a more significant role in different provinces, regions, and villages 
as they are more associated with local culture. With the exceptions of Bali, North Sulawesi, 
East Nusa Tenggara, and West-Papua provinces, Islam is the predominant religion practiced 
in Indonesia. Bali is the only province where Hinduism is the most practiced religion. North 
Sulawesi and Papua have the largest Christian Protestant populations whereas Nusa Tenggara 
has a significant Christian Catholic population. Central and South Kalimantan provinces 
together with NTT Province are provinces where the majority of the populations adhere to 
traditional belief systems.  
 
Figure 27 shows that the majority of people in Indonesia are Muslims. According to 
information from the Ministry of Home Affairs (2021), there were 237.53 million Muslims in 
Indonesia as of the end of 2021. This figure equates to 86.9 percent of the nation's total 
population of 273.32 million people. A total of 20.45 million individuals identifies as 
Christians, placing them in second place. There are 8.43 million Catholics in Indonesia. The 
number of Hindus and Buddhists in Indonesia is 4.67 million (1.71 percent) and 2.03 million 
(0.74 percent), respectively. There are 73 635 adherents of the Confucian faith.  
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Figure 27. Total Indonesian population based on religion 

 
Source: Ministry of Home Affairs. 2021. Jumlah Penduduk Indonesia Berdasarkan Agama. [Indonesian 
population based on religions). https://dataindonesia.id/varia/detail/sebanyak-869-penduduk-
indonesia-beragama-islam 

The ISLME is home to an estimated 300 distinct native ethnic groups, who speak over 700 
unique languages and dialects, each with its own customs and culture (SEAMEO, 2009). 
Although the 2010 census found that 19.94 percent of the Indonesian population was five 
years and older and spoke Bahasa Indonesian in their daily life, most of the population speak 
local languages, most likely their mother tongue, at home. Nonetheless, Bahasa Indonesian is 
also a lingua franca that has been used for a long time, particularly in central and eastern 
Indonesia.  

Although each ethnic group originates from a distinct geographic location to which they are 
indigenous, the 2010 census revealed that none of the provinces is exclusively populated by 
a single ethnic group. In fact, every province in Indonesia is populated by at least 20 ethnic 
groups (BPS, 2011), which indicates that the country is ethnically heterogeneous. One of the 
biggest ethnic groups in the ISLME area is Orang Jawa, who are present in all provinces, except 
for South Sulawesi Province. Moreover, the presence or even dominance of ethnic groups 
from southern Sulawesi such as Bugis, Makassar, and others in central and eastern Indonesia 
(Sulawesi, Nusa Tenggara Timur, Maluku, and Papua provinces) should also be noted. These 
ethnic groups are traditionally fishers who migrate for better fishing grounds, an important 
driver for their emigration from ancestral lands. Thus, they play a dominant role in fisheries 
and aquaculture in central and eastern Indonesia.  

Some groups traditionally view coastal waters as being open access, adhering only to 
government regulations and disregarding often longstanding communal traditions to coastal 
management. For instance, the Bali and Lombok coastal waters are managed by local 
communities through a traditional practice called the Awig-awig (Satria and Adhuri, 2010). 
Although the communities do not claim ownership of the coastal waters in these two 
locations, they claim the right to manage the area adjacent to their villages (Satria and Adhuri, 
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2010). This claim enables the community to request that anyone fishing in waters managed 
by them to comply with all community regulations. The communities can bring those who 
breach their practices to the traditional court and punish those proven guilty. In Maluku and 
Papua provinces, the coastal waters are subject to communal tenure, referred to as Petuanan 
Laut (Sea Estate) in Maluku Province and Wilayah Adat Laut in Papua Province. This 
communal tenure provides these communities the right to exclude other people from 
accessing or exploiting their waters and has resulted in conflicts. 

Most of the ethnic groups and spoken languages in Timor-Leste belong to the family of 
Austronesian (Malayo-Polynesian) and Papuan. The existence of different ethnic groups in the 
country have resulted in the use of diverse languages and dialects. Approximately 16 
languages and 34 dialects are being used in different parts of the country (Figure 28). The 
formal and/or official languages are Portuguese and Tetun; however, Bahasa Indonesia and 
English are also used as business languages (Hattori et al., 2005). Most of the population speak 
Tetun, Galole, Mambae, and Kemak for daily communication.  

Figure 28. Language and dialect in Timor-Leste 

 
Source: Williams-van Klinken, C. & Williams, R. 2015. Mapping the mother tongue in Timor-Leste: 
who spoke what where in 2010? Dili Institute of Technology, Timor Leste. 

Almost all Timorese (99.53 percent) practice Catholicism, which was brought to the island 
during Portuguese colonization. Catholicism plays a role in shaping social norms, contributing 
to gender roles and shaping cultural values. Nearly 1.96 percent of the population are 
Protestants, and 0.24 percent are Muslim (see Table 5 below). Although most Timorese are 
Catholics, they continue to practice the religion in conjunction with traditional beliefs that are 
rooted in animist traditions and rituals. Their traditional beliefs play a significant role in 
dealing with natural resources management including humans relationship with nature. 
These beliefs are widely exercised in different villages and hamlets across the country.  
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Table 5. Religious affiliation in Timor-Leste 

Gender Total 

Religion 

Catholicism 
Protestantism/ 
Evangelicalism 

Islam Buddhism Hinduism Traditional Other 

Total 
population 1 340 434 1 334 133 26 272 3 217 560 272 918 3 082 

Male 678 087 678 087 12 132 1 103 336 141 483 2 000 

Female 662 347 662 347 14 140 2 114 224 131 435   1 082 

Source: Ministry of Finance. 2020. Timor-Leste demographics population, sex, age and trends. 
Directorate General for Statistics. Timor Leste.  

 

2.2.4 Economics, social and economic indicators 

Indonesia is the largest economy in Southeast Asia, the tenth largest economy in the world, 
and the only Southeast Asian country in the G20. The economy is largely commodity-driven 
ŀƴŘ Ƙŀǎ ōŜŜƴ ǎǘŜŀŘƛƭȅ ƎǊƻǿƛƴƎ ǎƛƴŎŜ ǘƘŜ !ǎƛŀƴ ŬƴŀƴŎƛŀƭ ŎǊƛǎƛǎ ƛƴ мффт ό²ƻǊƭŘ .ŀƴƪ, 2020a). 
Java dominates economic activity in the country as it comprises 59 percent of the national 
GDP, which is followed by Sumatra (21 percent), Kalimantan (8 percent), and Sulawesi 
(6 percent), and the remaining islands contribute 5 percent (BPS, 2020a). Generally, there was 
an increasing pattern of total GDP at current market prices from 2017 to 2021 for both 
Indonesia and Timor-Leste. In the section of agriculture, forestry, and fishing value added, 
Indonesia showed a stable pattern, whereas for Timor-Leste, the pattern exhibited a gradual 
decrease from 2017 to 2021 (Figure 29). 
 

CƛƎǳǊŜ нфΦ LƴŘƻƴŜǎƛŀΩǎ ŀƴŘ ¢ƛƳƻǊ-[ŜǎǘŜΩǎ ƎǊƻǎǎ ŘƻƳŜǎǘƛŎ ǇǊƻŘǳŎǘ 

 
Note: A shows total gross domestic product (GDP) current market prices (million USD) in Indonesia 
(left axis) and Timor-Leste (right axis) and B shows percentage of value added from agriculture, 
forestry and fishing value to GDP Indonesia and Timor-Leste.  
Source: worldbank.org Agriculture, forestry, and fishing, value added (% of GDP) |  Data 
(worldbank.org) 

 

https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?view=chart
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?view=chart
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The Indonesian economy is driven by 21 industrial sectors that are dominated by the 
manufacturing sector, which contributed 19.7 percent of the national GDP in 2019 (BPS, 
2020a). Other notable sectors include the wholesale and retail trade and repair of motor 
vehicles and motorcycles, which collectively comprised 13 percent of GDP; agriculture, 
forestry, and fisheries, which collectively comprised 12.7 percent of the GDP; and 
construction, which comprises 10.8 percent of the national GDP () (BPS, 2020a). LƴŘƻƴŜǎƛŀΩǎ 
economic growth in 2019 was 5 percent, slightly down from 5.17 percent in 2018, according 
to Indonesia's National Income annual report (BPS, 2020aύΦ LƴŘƻƴŜǎƛŀΩǎ gross domestic 
product (GDP) reached IDR 15.834 trillion (USD 1 053 billionύ ƛƴ нлмфΣ ƻŦ ǿƘƛŎƘ LƴŘƻƴŜǎƛŀΩǎ 
ŬǎƘŜǊƛŜǎ ƛƴŘǳǎǘǊȅ ƎŜƴŜǊŀǘŜŘ L5w 420 trillion (~USD 27 billion) and comprised 2.6 percent of 
the national GDP (Figure 30). 

Figure 30. Indonesian gross domestic product 

Source: BPS. 2020a. Indonesian economic report. Jakarta. Indonesian Economic Report, 2020 - BPS-
Statistics Indonesia 

According to current MMAF data for 2022, the Fisheries GDP in Indonesia keeps rising yearly 
(Figure 31). Indonesia's fisheries GDP averaged IDR 212.9 tri llion per year from 2011 to 2020, 
with the lowest value of IDR 154.5 trillion in 2011 and the highest value of IDR 268 trillion in 
2021. Based on these records, it appears that the Indonesian fisheries sector has consistently 
increased from 2011 to 2021. The fisheries sector has played a leading role in shaping the 
understanding and assessment of the consequences of resource exploitation, with broader 
applicability to other ecosystem services (Antony and Mumby, 2021). 

 

 

 

 

 

 

https://www.bps.go.id/en/publication/2020/09/16/be7568ad496829f35cea4b27/indonesian-economic-report--2020.html
https://www.bps.go.id/en/publication/2020/09/16/be7568ad496829f35cea4b27/indonesian-economic-report--2020.html
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Figure 31. Annual fisheries gross domestic product in Indonesia, 2011ς2020 

 
Note: Calculated on the basis of constant prices development. 
Source: Pusdatin. 2022b. Fisheries gross domestic product. [Cited 22 August 2023]. 
(statistik.kkp.go.id/home.php?m=pdb&i=415#panel-footer-kpda) 

Economy of the ISLME 
The economy of the Indonesia waters of the ISLME was assessed through the three key 
industries with the greatest contribution to their provincial gross regional domestic product 
(GRDP) and the fisheries industry of these provinces (MMAF, 2020c). The ISLME areas have 
experienced economic growth that mirrors the national GDP (BPS, 2020a). The top regional 
industrial sectors in the ISLME mirror those of the national industrial sector, namely, 
manufacturing, wholesale and retail trade. Repair of motor vehicles and motorcycles, 
agriculture and forestry, and fisheries each contribute more than 5 percent to the GRDP of 
the ISLME provinces (Figure 32). 

Figure 32. Top regional industrial sectors in the Indonesian part of the Indonesian Seas Large 
Marine Ecosystem  

Source: BPS. 2020a. Indonesian economic report. Jakarta. Indonesian Economic Report, 2020 - 
BPS-Statistics Indonesia 

Ocean economy of the ISLME 
hŎŜŀƴǎ ŀǊŜ ŀ ŎǊƛǘƛŎŀƭ ǇŀǊǘ ƻŦ LƴŘƻƴŜǎƛŀΩǎ ƛƳƳŜŘƛŀǘŜ ŀƴŘ ƭƻƴƎ-term response to the COVID-19 
ŎǊƛǎƛǎΦ hŎŜŀƴǎ ŀǊŜ Ǿƛǘŀƭ ŦƻǊ LƴŘƻƴŜǎƛŀΩǎ ŜŎƻƴƻƳȅ ŀƴŘ ǿŜƭŦŀǊŜ, with more than 17 500 islands, 
almost 100 000 km of coastline, and three-quarters of its territory at sea, oceans are central 

https://statistik.kkp.go.id/home.php?m=pdb&i=415#panel-footer-kpda
https://www.bps.go.id/en/publication/2020/09/16/be7568ad496829f35cea4b27/indonesian-economic-report--2020.html
https://www.bps.go.id/en/publication/2020/09/16/be7568ad496829f35cea4b27/indonesian-economic-report--2020.html
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ǘƻ LƴŘƻƴŜǎƛŀΩǎ ǇǊƻǎǇŜǊƛǘȅΦ LƴŘƻƴŜǎƛŀΩǎ ƻŎŜŀƴǎ ŎƻƴŦŜǊ ŀƴ ǳƴǇŀǊŀƭƭŜƭŜŘ ǎƻǳǊŎŜ ƻŦ ŜŎƻƴƻƳƛŎ 
advantages that are estimated to support more than USD 180 billion worth of economic 
activity annually (PEMSEA, 2018a). Yet, the evidence presented in this report shows that 
LƴŘƻƴŜǎƛŀΩǎ ƻŎŜŀƴǎ ƘŀǾŜ ƳƻǊŜ ǘƻ ƻŦŦŜǊ ǿƘŜƴ ƳŀƴŀƎŜŘ ǎǳǎǘŀƛƴŀōƭȅΦ wŜŀƭƛȊƛƴƎ ǘƘƛǎ ǇƻǘŜƴǘƛŀƭ ǿƛƭƭ 
deliver increased growth, jobs, food security, and reductions in the current account deficit. In 
addition, it can protect ecosystems for present and future ƎŜƴŜǊŀǘƛƻƴǎ ŀƴŘ ŦǳǊǘƘŜǊ LƴŘƻƴŜǎƛŀΩǎ 
ambition of becoming a global maritime nexus. 

Indonesia has committed to a blue economy, requiring policy reform and investment 
A blue economy strategy is a pathway toward these outcomes. A blue economy is a 
sustainable ocean economy that generates economic and social benefits while ensuring long-
term environmental sustainability (the very source of these benefits) (World Bank and 
UNDESA, 2017). The latest 2020 World Bank systematic country diagnostic report is a good 
source for recent overviews and economic trends in the ocean economy and maritime sector, 
particularly for fisheries and marine tourism (World Bank, 2020b). 

¢ƘŜ ƪŜȅ ƳŀǊƛǘƛƳŜ ƛƴŘǳǎǘǊƛŜǎ ƛƴ LƴŘƻƴŜǎƛŀ ǘƘŀǘ ŎƻƳǇǊƛǎŜ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƳŀǊƛƴŜ ŜŎƻƴƻƳȅ Ŏŀƴ ōŜ 
classified into nine sectors (PEMSEA, 2018b)  Table 6 gives a clear idea of their economic 
value. According to the World Bank (2020a)Σ LƴŘƻƴŜǎƛŀΩǎ ƳŀǊƛƴŜ ŜŎƻƴƻƳȅ ƎŜƴŜǊŀǘŜǎ ƳƻǊŜ 
than USD 280 billion annually. The gross value added (GVA) τ the measure of value of goods 
and services of a particular area, industry, or sector τ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƻŎŜŀƴ ŜŎƻƴƻƳȅ ƛƴ 
2019 was 26.18 percent ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ D5tΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ƴǳƳōŜǊ ŘƻŜǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 
ǘƻǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ƻŎŜŀƴ ŜŎƻƴƻƳȅ ǘƻ LƴŘƻƴŜǎƛŀΩǎ D5t because some industries or 
ǎŜŎǘƻǊǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ƻŎŜŀƴ ŜŎƻƴƻƳȅΩǎ D±!Σ are not captured as a result of insufficient 
of data. For instance, ocean power generation, marine services, and seawater utilization. The 
GVA data used for this report were from 2013. Data regarding subsidies on products and taxes 
on products for every sector was not available. 

Table 6. Gross value added of the ocean economy in Indonesia 

No. 
Type of ocean economic 
activities 

GVA 2013 in 
2019 current 
price (million 
USD) 

% of GVA 
sectoral 
to total 
GVA 

% GVA 
sectoral 
contribution 
to GDP 

GVA 2013 in 
2015 current 
price (million 
USD) 

1 Fisheries and aquaculture 33 343.07 11.37 2.98 29 179.91 

2 
Offshore oil and gas, Mining 
(minerals) 

45 837.05 11.64 4.09 40 113.91 

3 
Ocean power generation 
(Ocean energy; offshore 
wind, renewables) 

N/A N/A N/A N/A 

4 
Seawater utilization 
(desalination) 

N/A N/A N/A N/A 

5 Manufacturing 77 046.90 26.28 6.88 67 426.94 

6 Marine construction 103 670.88 35.36 9.26 90 726.70 

7 Shipping and ports 3 694.51 1.26 0.33 3 233.22 

8 
Marine tourism and 
recreation 

28 391.49 9.69 2.54 24 846.57 
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No. 
Type of ocean economic 
activities 

GVA 2013 in 
2019 current 
price (million 
USD) 

% of GVA 
sectoral 
to total 
GVA 

% GVA 
sectoral 
contribution 
to GDP 

GVA 2013 in 
2015 current 
price (million 
USD) 

9 
Defence/Government (navy, 
coast guard, etc.) 

1 162.29 0.4 0.1 1 017.17 

10 
Marine research and 
education 

N/A N/A N/A N/A 

11 
Marine services (mapping, 
monitoring, consulting, 
maritime insurance) 

N/A N/A N/A N/A 

Total GVA (in million USD) 338 360.52     293 146.20 

GDP of Indonesia (in million USD) 1 119 939.33       

% GVA in GDP 26.18       

Source: The World Bank. 2019. Indonesia Economic Quarterly: ocean of opportunity. Jakarta. 

Based on Figure 33, trends in maritime-related economic activities in Indonesia from 2010 to 
2015, aquaculture production, international tourist arrivals, shipping, and fisheries landings 
all increased, whereas gas and oil production decreased. Aquaculture production increased 
sharply by 150 percent. This also occurred in the international tourist arrivals sector, which 
increased by 50 percent. The shipping and fisheries landings sectors both increased by 20 
percent. By contrast, the gas and oil production sectors fell by 10 percent and 20 percent, 
respectively. 
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Figure 33. Trends in maritime-related economic activities in Indonesia (2010 to 2015) 

 
Source: MMAF. 2018a. Buku Pintar Kelautan 2018. Pusat Data Statistik dan Informasi 2018. Center 
for Statistical Data and Information. [Cited 22 June 2023]. 
http://sidatik.kkp.go.id/files/src/9b51341263445211c37f801ac8458a4c.pdf  

 
Timor-Leste is a lower middle-income country with a GDP of USD 3 621 222.38 in 2021 
(Neves, 2022ύΦ ¢ƘŜ ǇŜǘǊƻƭŜǳƳ ǎŜŎǘƻǊ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тл ǇŜǊŎŜƴǘ ƻŦ ¢ƛƳƻǊΩǎ ƎǊƻǎǎ 
domestic product (GDP) and more than 90 percent of the total exports, as well as more than 
ул ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ŀƴƴǳŀƭ ǊŜǾŜƴǳŜ όbŜǾŜǎΣ нлннύΦ ! ǇŜǘǊƻƭŜǳƳ ŦǳƴŘ ŜǎǘŀōƭƛǎƘŜŘ ōy 
the Government of Timor-Leste in 2005 is the vehicle for managing Timor-[ŜǎǘŜΩǎ ǊŜŎŜƛǇǘǎ 
from the exploitation of its petroleum resources with the twin objectives of preserving 
intergenerational equity and maintaining fiscal responsibility. The oil and gas revenues are 
used by the government to build infrastructure such as schools, roads, and bridges, as well 
as to develop its human capital. The petroleum fund stood at USD 19 billion by the end of 
нлнмΦ ¢ƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ŜȄǇŜƴŘƛǘǳǊŜ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ in coming years as the 
population is projected to hit 1.85 million by 2050 (Ministry of Finance, 2020) and demands 

http://sidatik.kkp.go.id/files/src/9b51341263445211c37f801ac8458a4c.pdf
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for more infrastructure and services in various sectors (i.e. health, education, clean water 
and sanitation, and electricity) increase.  

Figure 34 presents data for the petroleum fund (PF) and other different income sources for 
the state and shows Timor-[ŜǎǘŜΩǎ ǇŜǘǊƻƭŜǳƳ ǊŜǾŜƴǳŜǎ ǊƻǎŜ ǊŀǇƛŘƭȅ ǎƛƴŎŜ нлмнΦ IƻǿŜǾŜǊΣ ƛǘ 
has declined to one-tenth of its peak. The state has continued to receive 99 percent of the 
total revenue, and it is expected to continue receiving revenues from the nearly depleted 
Bayu-Undan gas reserves. Furthermore, Scheiner (2021) confirmed that the oil-gas outputs 
are expected to increase slightly in 2023. The additional wells to be drilled in Bayu-Undan 
are expected to generate much higher revenue for the state.  
 

Figure 34. Petroleum fund and other different income sources for Timor-Leste 

 
Note: In a few cases, collected revenues were returned to oil companies in subsequent years to repay 
over-assessed or over-estimated taxes. 
Source: Hananto, A. 2021. Menjelang Habisnya Minyak Timor-Leste. [Timor-[ŜǎǘŜΩǎ ƻƛƭ runs ahead]. 
[Cited 30 October 2023]. 
https://www.goodnewsfromindonesia.id/2021/10/25/menjelang-habisnya-minyak-timor-leste 

The red-and-white checked segments show the oil and gas revenues that Timor-Leste has 
received each year and include royalties, profit, oil taxes, and corporate taxes. 
Approximately 93 percent of this has come from the still-active Bayu-Undan offshore oil and 
gas field, with most of the rest from the Kitan oil field, which produced from 2011 to 2015. 
Projections from 2021 onward are from state budget documents, based in turn on 
information provided by oil companies (Scheiner, 2021). 

Apart from the oil and gas sector, Timor-[ŜǎǘŜΩǎ ƴƻƴ-petroleum sectors (i.e. agriculture, 
fisheries, tourism, and livestock) remain underdeveloped. The national state budget allocated 
to support agricultural and fisheries is quite small in comparison to that of other key 
ministries, such as education, social solidarity, and infrastructure (PEMSEA, 2019). Almost all 
people in rural areas rely on subsistence agriculture, livestock husbandry, and fisheries. The 
contribution of these sectors is small but quite significant for rural communities in terms of 
cash income and as a source of food for feeding families. 

https://www.goodnewsfromindonesia.id/2021/10/25/menjelang-habisnya-minyak-timor-leste
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Apart from agricultural and fisheries products, the ecotourism sector is promising, especially 
on the northern coast. This is because nearly 67 percent of the total population lives on the 
north coast. Many of them reside close to coastal areas and are heavily dependent on 
coastal resources as their source of livelihoods (i.e. for cash and protein intake) (ADB, 2014). 
PEMSEA has facilitated coastal communities in Watubou (Liquiça) to provide roadside park 
food for income generation and job opportunities. The coastal communities provide various 
foods to visitors, such as Ikan saboko (fish baked with palm leaves), Ketupa (white rice 
covered by woven coconut leaves in a diamond shape), and white palm wine.  

Timor-[ŜǎǘŜΩǎ blue economy 
The coastal economy typically relies on economic activities related to the tourism sector, 
fisheries, and aquaculture, including environmental services from marine and coastal 
ecosystems. Marine and coastal resources facilitate a wide range of marine and coastal assets 
that make the livelihoods of coastal people possible. In addition, the PEMSEA (2019) report 
has indicated that the coastal economy can be measured as the sum of:  
(i) the economic activities that rely on marine and coastal resources; 
(ii) natural assets, goods and services of marine and coastal ecosystems upon which people 

are dependent for income diversification, livelihoods, recreation, and food security; and 
(iii) ports, shipping, and transportation for commercial and non-commercial trade. 

In addition to that, the PEMSEA (2018b) reported that the marine and coastal economy can 
be measured using a system of national accounts (SNA) that takes into account: 
(i) ocean-based activities, such as fisheries, marine tourism, shipping, oil and gas, ocean 

energy; and 
(ii) ocean-related activities: (a) those that use products from the ocean (e.g. seafood 

processing, marine biotechnology, salt); (b) produce products and services for ocean-
based activities (e.g. ports, ship-building, communication, maritime insurance); (c) 
marine education and research and development; and (d) government agencies with 
direct maritime responsibilities (e.g. navy, coast guard, marine environmental 
protection.) 

2.2.5 Education, employment, income and poverty 

The Human Development Index (HDI) used by the United Nations Development Programme 
(UNDP) measures human development outcomes based on a number of basic components to 
assess quality of life measures: (i) long life and healthy life; (ii) knowledge; and (iii) a decent 
standard of living. These factors are determined by assessing life expectancy at birth, 
expected and average length of schooling, and per capita expenditure rates. The HDI is a 
summary measure of average achievement in key dimensions of human development: a long 
and healthy life, being knowledgeable, and having a decent standard of living. The HDI is the 
geometric mean of normalized indices for each of the three dimensions. The health dimension 
is assessed using life expectancy at birth, and the education dimension is measured by means 
of years of schooling for adults aged 25 years and more and expected years of schooling for 
children of school entering age. The standard of living dimension is measured by gross 
national income per capita. The HDI uses the logarithm of income to reflect the diminishing 
importance of income with increasing GNI. The scores for the three HDI dimension indices are 
then aggregated into a composite index using geometric mean. The UNDP HDI classification, 
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which has been adopted by the Government of Indonesia through BPS are: (i) low status = 
HDI < 60; (ii) mƻŘŜǊŀǘŜ ǎǘŀǘǳǎ Ґ сл Җ I5L ғ тл; and (iii) hƛƎƘ ǎǘŀǘǳǎ Ґ тл Җ I5L ғ улΦ Indonesia's 
HDI increased from 71.92 in 2019 to 72.91 in 2022 (1.4 percent increase), which moved the 
country to the high HDI status category, the third year that the country achieved this status. 
At the subnational level, the lowest 2022 HDI value of 60.06 was determined for Papua 
Province, although this value brought the province into moderate status. The highest HDI was 
achieved in DKI Jakarta Province at 80.47, and the province is the first and only one to achieve 
ŀ άǾŜǊȅ ƘƛƎƘέ ƘǳƳŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘŀǘǳǎΦ tǊƻǾƛƴŎŜǎ ǿƛǘƘƛƴ ǘƘŜ L{[a9 ŀǊŜŀ ǘƘŀǘ ŀŎƘƛŜǾŜŘ ƘƛƎƘ 
HDI status are West Java, Central Java, D.I. Yogyakarta, East Java, Banten, Bali, Central 
Kalimantan, South Kalimantan, East Kalimantan, North Sulawesi, South Sulawesi, and 
Southeast Sulawesi. The ten provinces in the ISLME area that achieved moderate HDI status 
include South Sumatra, Lampung, West Nusa Tenggara, East Nusa Tenggara, Central Sulawesi, 
Gorontalo, West Sulawesi, Maluku, North Maluku, and West Papua (Figure 35). 

Figure 35. The 2022 Human Development Index in provinces of Indonesia 

 

Source: UNDP. 2022. Human development report 2021/22. United Nations Development 
Programme. New York. 

Expenditure on health-related infrastructure and improved access to healthcare facilities has 
contributed to the increase in life expectancy across Indonesia. Similarly, investment in 
educational facilities and access has increased school enrolment and participation among 
children. BPS (2023) data indicate that Indonesia's mean years of schooling (MYS) in 2022 was 
8.69 years, a 4.02 percent increase from 8.34 years in 2019. The Government of Indonesia has 
embarked on a new education strategy to increase MYS across the country to 12.91 years, 
which would enable children to attain a Diploma 1 level of education. 

The standard of living, as measured by per capita expenditure, increased nationally from 
USD 676.15 in 2015 to USD 794 in 2021. In the ISLME area, the average per capita expenditure 
in 2018 was slightly lower at IDR 10.780 million, but had also increased from IDR 9.890 million 
in 2015. Timor-Leste saw a USD 1.080 per capita expenditure in 2021. It should be noted that 
there is a distinct disparity in HDI between provinces in western Indonesia and those in 
eastern Indonesia. Access to economic opportunities, health, and education are less available 
the further east one travels (Table 7). 
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¢ŀōƭŜ тΦ IǳƳŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴŘŜȄ ŦƻǊ LƴŘƻƴŜǎƛŀΩǎ LƴŘƻƴŜǎƛŀƴ {Ŝŀǎ [ŀǊƎŜ aŀǊƛƴŜ 9ŎƻǎȅǎǘŜƳ 
provinces 

Region District/Municipal 2010 2018 

Western 
Indonesia 

South Sumatra 64.44 69.39 

Lampung 63.71 69.02 

DKI Jakarta 76.31 80.47 

West Java 66.15 71.30 

Central Java 66.08 71.12 

DI Yogyakarta 75.37 79.53 

East Java 65.36 70.77 

Banten 67.54 71.95 

Central 
Indonesia 

Bali 70.10 74.77 

West Nusa Tenggara 61.16 67.30 

East Nusa Tenggara 59.21 64.39 

Central Kalimantan 65.96 70.42 

South Kalimantan 65.20 70.17 

East Kalimantan 71.31 75.83 

North Sulawesi 67.83 72.20 

Central Sulawesi 63.29 68.88 

South Sulawesi 66.00 70.90 

Southeast Sulawesi 65.99 70.61 

Gorontalo 62.65 67.71 

West Sulawesi 59.74 65.10 

Eastern 
Indonesia 

Maluku 64.27 68.87 

North Maluku 62.79 67.76 

West Papua 59.60 63.74 

Indonesia   66.53 71.39 

ISLME   65.66 68.74 

Source: BPS. 2018a. Indeks Pembangunan Manusia [Human Development Index] Jakarta: BPS. ISSN: 
2086-2369 

Timor-Leste has an education system in place to facilitate both formal and non-formal 
education. The education system ranges from pre-school level education to tertiary level 
education. The government is also facilitating technical vocational education, with prominent 
examples, such as the Agriculture Senior High School, Fisheries Senior High School, and 
Veterinary High School. According to data provided by UNICEF (2020b), the education services 
have delivered a total of 1 426 public schools and 385 private schools, which are distributed 
in all villages, and posto administrativo and municipalities around the country. 

The main barrier faced by the Government of Timor-Leste is education quality. Most teachers 
have insufficient formal teaching qualifications and relevant teaching skills. Nevertheless, the 
government has committed to improving the quality of teachers to ensure that all school age 
children (boys and girls) have an opportunity to attend school at all levels. The effort also aims 
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to educate and equip Timorese people with skills that will enable them to compete in the job 
market. In addition, vocational training in tourism, fisheries, and small manufacturing 
ventures are needed. 

The Government of Timor-Leste has acknowledged the negative effects of early 
undernutrition on learning ability and school performance. They have established feeding 
programmes at schools and health centrŜǎ ŀǊƻǳƴŘ ǘƘŜ ŎƻǳƴǘǊȅ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ŀŎŎŜǎǎ 
to healthy food in an effort to support their physical development in early development 
ǎǘŀƎŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŎƻǳƴǘǊȅΩǎ Strategic Development Plan (SDP) 2011ς2030 underlines 
the importance of achieving gender equality in education. For that reason, the government 
has committed to focus on education and inclusion of children from lower economic 
backgrounds. 

Economically, Timor-Leste has evolved from first depending on foreign aid to relying on oil 
and gas exports and eventually living off the returns from investing revenues received from 
extracting non-renewable resources (Scheiner, 2021). More than 80 percent of government 
expenditure come from Timor-Leste's petroleum fund. However, the country is still struggling 
to support job seekers entering the labour market. The existing jobs are dominated by the 
public sector because the private sector, characterized by small enterprises, self-financed, 
individually owned, and small kiosks  is not large enough to generate enough jobs for the large 
number of young people entering the labour market.  

Agriculture, livestock, and fisheries are the principal non-petroleum sectors that provide high 
employment opportunities in Timor-Leste. Almost 80 percent of the population rely on these 
sectors for cash and for food. Among them, coffee is the largest non-petroleum export. To 
engage more of the labour force in the agricultural sector, the Government of Timor-Leste 
plans to consider gender in adult education. This aims to improve knowledge and business 
skills training between men and women. As part of the National Employment Strategy (2017-
2030), the government developed a national action plan (NAP) for gender and the private 
sector, which aims to improve labour market supply. 

Enhancing the labour market is key to improving the competitiveness and suitability of Timor-
LesteΩǎ economy. However, Timor-Leste is less capital intensive and has lower labour and 
productivity levels. People have limited access to finance and limited workforce skills and 
education levels. The labour market is more related to education and skills as well as 
vocational training for men and women. Technical and vocational training has been organized 
between the Ministry of Education and the State Secretary for Youth and Labor. This 
collaboration has improved quality of skills and knowledge for both men and women. 
However, conditions should be in place to promote employment and enterprise creation for 
the youth of both genders, including cooperatives in limited rural areas. A lack of alternative 
livelihoods opportunities along with underemployment stands as a principal root cause of 
poverty and vulnerability around the country. Moreover, a lack of alternative livelihoods and 
labour shortages in rural areas has caused many youths to migrate to Dili to seek better job 
opportunities. The private sector has limited skills to identify business opportunities in rural 
areas, which further exacerbates the situation for farmers in rural areas. In addition, the 
limited state of rural roads and bridges affects the ability of people living in rural areas to run 
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business operations. Transportation costs in rural areas are higher than in urban areas and 
impede economic growth and poverty reduction (ILO, 2022). 

Apart from higher costs and poverty, social norms also contribute to issues in 
education/training and job opportunities. For example, patriarchal systems 
disproportionately prevent girls from completing their education and their involvement in 
technical and vocational training. This also affects their employment options, increasing the 
tendency for them to perform unpaid work (no cash income), such as preparing food for 
family members, taking care of children, cooking, and collecting water. The patriarchal system 
often forces girls to halt their education for marriage if the girl becomes pregnant (Secretary 
of State for Youth and Labor, 2017). 

Increasing the capacity of both the male and female labour forces has been a principal priority 
of the Government of Timor-Leste. This is based on the premise that a highly knowledgeable 
and skilled labour force can diversify their sources of income and get better access to job 
markets. As part of that commitment, the government has invested in and standardized a 
technical and vocational education and training (TVET) system that aims to facilitate the 
ƭŀōƻǳǊ ŦƻǊŎŜΩǎ ŀŎŎŜǎǎ ǘƻ Ƨƻō ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǘ ōƻǘƘ ƴŀǘƛƻƴŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ ƭŜǾŜƭǎΦ 

A large portion of Timor-Leste's population (more than 80 percent) living in remote areas are 
heavily dependent on the agriculture sector, which only provides very limited employment 
opportunities. In some municipalities, there is the potential to develop the fishery and 
ecotourism industries. In most cases, these sectors remain vital for economic production 
(income diversification and nutritional security) in the country.  

Subsistence production refers to production meant for personal and family consumption and 
is not considered to be traditional employment. People engaged in subsistence production as 
their main source of income number 439 800. Among them, 273 400 are women and 166 400 
are men. Youth (men and women) aged 15ς24 years old total 179 200 with substance 
production as the principal work. This represents 66.1 percent of the total of their age group. 
By contrast, adults aged between 25 and 64 (47.7 percent of the total population) and elderly 
(>65 years) work in subsistence production (ILO, 2021). The report also further confirmed that 
people in rural areas are more engaged in subsistence production (61.2 percent) than those 
living in urban areas (43.9 percent). 

A survey on labour force conducted by the Secretary of State for Training and Employment 
(SEFOPE) and International Labour Organization (ILO) in 2021 has confirmed that: 
¶ The working-age population aged 15 years and above in Timor-Leste in 2021 was 809 300, 

with slightly more women (405 800) than men (403 600). 
¶ The labour force, constituting women and men that were either employed or 

unemployed, totalled 247 000. The labour force participation rate was 30.5 percent 
overall, with a sharp disparity between women (24.2 percent) and men (36.9 percent). 

¶ In terms of the distribution of the labour force based on educational attainment, 30.7 
percent had no formal education or had not completed primary schooling. Conversely, 
16.8 percent had at least some tertiary education. 
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¶ In total, 234 300 thousand people were employed, comprising 142 000 men and 923 000 
women. 

¶ Nearly half (48.5 percent) of all workers were classified as wage employees, whereas 50.3 
percent were self-employed as either an own-account worker or a contributing family 
worker. Women compared to men were more likely to be self-employed and less likely 
to be in wage employment. 

¶ Unemployed persons numbered 127 000, indicating a general unemployment rate of 5.1 
percent. Unemployment among female jobseekers was higher (5.9 percent) relative to 
their male counterparts (4.6 percent). For young people aged 15ς24 years, the 
unemployment rate was significantly higher at 9.6 percent. 

¶ Out of 82 800 young people aged 15ς24 years were not in employment, education, or 
training in 2021, representing 30.5 percent of young people of this age group. Young 
women were more likely to be in this situation than young men (31.3 percent compared 
to 29.8 percent, respectively). 

¶ In terms of economic activity, 59.1 percent of total employment was based in the service 
sector, whereas agriculture and industry accounted for 26.9 percent and 13.5 percent, 
respectively (Ministry of Finance, 2022b). 

A set of indicators was established for the labour force by SEFOPE and ILO in 2021. Table 8 
presents labour force indicators (gender disaggregated) across the country.  
 

Table 8. Selected indicators of the labour force, gender disaggregated, Timor-Leste, 2021 

Descriptor Male  Female  Total 

Working-age population, aged 15+ years 403 600 405 800 809 300 

Labour force 148 900 98 100 247 000 

By education ( % distribution) 

Less than primary or one 28.9 33.4 30.7 

Completed primary 17.1 19.7 18.1 

Completed secondary 36.9 30.3 34.3 

Tertiary (first stage or completed) 17 16.5 16.8 

Level not stated 0 0.1 0 

Labour force participation rate (%) 36.9 24.2 30.5 

Employment 142 92.3 234.3 

By economic activity (% distribution) 

Agriculture, forestry and fishery 24.2 31 26.9 

Industry 16.5 8.7 13.5 

Services 59 59.3 59.1 

Economic activity not classified 0.3 1 0.5 

By status in employment (% distribution)   
Employees 59.2 31.5 48.3 

Employers 1.4 0.7 1.1 

Own-account workers 26.6 48 35.1 



                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

64 

Descriptor Male  Female  Total 

Contributing family workers 12.7 19.2 15.3 

Workers not classifiable by status 0.2 0.6 0.3 

Share of informal employment (%) 75.3 80.4 77.3 

Labour underutilization  48.9 46 94.9 

Time-related underemployment 1.1 0.2 1.3 

Unemployment 6.8 5.8 12.7 

Potential labour force 40.9 40 80.8 
Source: International Labour Organization (ILO). 2021. Decent Work Country Programme Timor Leste 
2022ς2025. International Labour Organization.  

Betuel (2020) confirmed that approximately 47 percent of the Timorese people live in 
poverty. However, a slight poverty rate reduction has been attained in the last two years. 
Table 9 shows the proportion of men and women in employment living below the poverty 
line in Timor-Leste. Poverty reduction falls under the 2030 Agenda, particularly in the case of 
SDG 1 End poverty in all its forms everywhere and SDG 8 Promote sustained, inclusive and 
sustainable economic growth, full and productive employment and decent work for all. The 
SDG goals have been adopted by the government of Timor-Leste. The SDG is a political 
instrument for improving living conditions and poverty reduction and protecting vulnerable 
people. These SDGs are also in line with the SDP 2011ς2030. The SDP strongly underlines 
poverty reduction in all areas, including households and all aspects of political, 
socioeconomic, and cultural life. The SDP recognizes that poverty reduction strategies need 
to be gender sensitive and that ǿƻƳŜƴΩǎ empowerment is necessary for the balance between 
men and women to be improved in all sectors.  

Table 9. Proportion of men and women in employment below the poverty line, Timor-Leste 

Statistic Year Value (%) 

Proportion of employed population 
below USD 1.90 PPP a day: female 

2019 20.6 

Proportion of employed population 
below USD 1.90 PPP a day: male 

2019 22.8 

Proportion of employed population 
below USD 1.90 PPP a day: total  

2019 21.8 

Source: ADB. 2020. Basic 2020 statistics. Manila, Asian Development Bank. Basic Statistics 2020 
(adb.org) 

2.2.6 Coastal communities ς governance, livelihoods, vulnerability and 
gender analysis 

Tanaya and Napitupulu (2021) estimated that women comprise at least 42 percent of the 
people engaged in fisheries in Indonesia, which includes aquaculture and wild capture. 
Anecdotal observations by Hatfield consultants while visiting and working with coastal 
communities in Indonesia make it clear that women and men participate in all steps of the 
fisheries industry, from preparing to fish (preparing the boat, gear and supporting facilities) 

about:blank
about:blank
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to post-harvest processing and marketing, although the extent of their responsibilities differs 
across islands, ethnic groups, and even at the household level. The physical act of fishing is 
often a male-dominated activity; however, in many regions, including Demak, Central Jawa, 
women go fishing with their husbands or, as with the Bajau in central and eastern Indonesia, 
women often fish as part of their household activities. Fishing is a family activity in Asmat, 
Papua, with women and children joining men fishing in boats. This intergenerational approach 
enables parents to teach their children as was observed in Mayalibit Bay, Raja Ampat with 
mothers and children. Across Indonesia, from Aceh to Papua, women and children also fish in 
the intertidal zones and in mangrove forests. They glean for bivalve and small fish trapped in 
lagoons or hunt for crabs in mangrove areas, which provides an important source of 
household protein and food security (Figure 36). 

Women also fill important support roles such as collecting fuel for boats, as was observed in 
Semarang, mending nets and fishing gear with men, or making bait to attract juvenile spiny 
lobsters in Lombok. Women also play a significant role in post-harvest and marketing 
activities. In many places, it is common to find that once fish are landed, the business switches 
from men to women. These land-based businesses manage the cleaning, cooking, and selling 
of the commodities. Although cleaning and cooking or processing are mostly small-scale 
activities completed in households, female fishmongers play a significant role. In Tambak 
Lorok Tempat Pelelangan Ikan/TPI (fish auctions) across Indonesia, women account for more 
than half of the buying and re-selling of landed fish both in terms of weight and monetary 
value (Izzaturrahim, 2019). In many places, including Probolinggo, West Java, Cempi, 
Waworada, and Sanggar on Sumbawa Island, the Hatfield team observing several female fish 
traders representing fishing operations. 
 

Figure 36. Women involvement in fisheries activities across Indonesia 
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Source: 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. doi.org/10.1007/s40152-019-00142-5 

Unfortunately, the role of women in the fishing industry in Indonesia is often overlooked and 
underestimated as reflected in the national gender inequality status, which states this as 
being among the imbalances in human development in Indonesia. BPS (2018a) indicated that 
ǘƘŜ I5L ŦƻǊ ƳŜƴ ƛƴ LƴŘƻƴŜǎƛŀ ƘŀŘ ǊŜŀŎƘŜŘ трΦпо ƻǊ ƘŀŘ ŀ άƘƛƎƘέ ǎǘŀǘǳǎ, whereas the HDI for 
women reached 68.63 or had a "medium" status. This inequality is reflected in Indeks 
Pembangunan GenderτIndonesia's Gender Development Index (IPG), which only reached 
90.99 in 2018. Firtiana and Stacey (2012), Alami and Raharjo (2017), and Loneragan et al. 
(2018) argued that the lack of accurate and comprehensive data on the many and varied roles 
of women might be the reason for this underestimation reported in the IPG. 

The Government of Indonesia has started to address gender inequality through gender 
mainstreaming (Pengarusutamakan Gender, PUG) programmes in government ministries and 
other government institutions (Kementerian/Lembaga (K/L). These programmes aim to 
ensure that women participate in development, as supported by Presidential Regulation No. 
18/2020 concerning the National Medium-Term Development Plan/Rencana Pembangunan 
Jangka Menengah Nasional (RPJMN) 2020ς2024. This policy will be carried out by all sectors 
in accordance with Presidential Instruction No. 9/2000 regarding Gender mainstraming in 
national development and the Ministry of Finance Regulation No. 94/2017 regarding 
guidelines and assessments of work plans and K/L budgets. The MMAF has committed to 
implementing PUG gender mainstreaming through the publication of several regulatory 
policies as follows: 

 the MMAF Regulation No. 4 of 2014 about guidelines for gender responsive planning and 
budgeting of the MMAF; 

 MMAF Regulation No. 28 of 2016 about guidelines on the implementation of gender 
mainstreaming monitoring and evaluation at MMAF; 

 MMAF Regulation No. 51 of 2016 about guidelines on gender mainstreaming mapping in 
marine and fisheries areas; 

 MMAF Regulation No. 67 of 2016 about roadmap for mapping the implementation of 
gender mainstreaming in the MMAF environment; 

 Memorandum of Agreement (MoA) between MMAF and Ministry of Women 
Empowerment and Child Protection (MoWECP) No. 07/MEN-KP/KB/VI/2017 and No. 
21/KPP-PA/D.1/06/2017 about increasing the effectiveness of gender mainstreaming in 
the field of marine and fisheries; and 

 Cooperation agreement between Directorate General for Capture Fisheries (DJPT) and 
Deputy for Gender Mainstreaming No. 6/MenPP- PA/DEP.I/04/2012 and No. 02/DJPT-
KKP/PKS/IV/2012 regarding gender mainstreaming facilitation and guidance for 
diversification of fishing business for fisherwomen. 

Most Timorese (approximately 650 000) live on the northern coast and are heavily dependent 
on marine and coastal ecosystems for their key livelihoods. These ecosystems services consist 
of providing water, shelter, and support food production, recreation, and tourism. These 
ecosystem services and their health are in turn dependent on human interventions and 
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management measures. For this reason, proper management and governance is required to 
ensure that all marine and coastal resources are managed in an acceptable way. This means 
that coastal communities are not only users of the ecosystem services, but are also custodians 
of marine and coastal resources to ensure their long-term sustainability. 

Many NGOs are working collectively with the Government of Timor-Leste to secure and 
promote livelihoods on the northern coast that are economically realistic and sustainable. At 
the same time, they are also working and addressing issues related to climate change impacts, 
which results in coastal erosion, inundation, and sea level rise. The coastal communities 
require tangible actions on climate change adaptation and mitigation. By addressing climate 
change impacts, sustainable livelihoods can be secured. This is also a way to enhance the 
resilience of marine and coastal resources to climate change impacts. Understanding the 
linkages between sustainable livelihoods and its challenges are extremely important to 
improve governance and livelihood opportunities associated with marine life and its 
ecosystems.  

The heavy reliance of coastal communities on the northern coast on marine ecosystems calls 
for an innovative governance solution. Institutional arrangements and plans for diverse 
livelihoods should fit in with socioeconomic, local, and national contexts. Coastal 
communities need to be placed at the centre of the governance of marine and coastal 
resources. The governability of marine and coastal resources is closely related to institutional 
and demographic drivers. Fisheries governance and its development is an entry point for 
improving both marine ecosystem and human development outcomes as well as human well-
being (Cinner and Bodin, 2010). 

Cinner and Bodin (2010) have further affirmed that acknowledging the nature of the 
relationship between community livelihoods and coastal landscapes is an essential step for 
developing any interventions associated with marine coastal resources governance and other 
relevant management measures. However, development interventions related to livelihoods 
on coastal areas on the northern coast are limited. The local authorities have paid less 
attention to fisheries governance and its association with livelihood development. This is 
mainly because of limited skills and knowledge regarding marine resources and management 
measures. Additionally, coastal livelihood development is not part of the village development 
plans. 

Therefore, understanding the nexus between livelihood, human development, income 
diversification, and nutritional security is essential and requires greater attention. The 
correlation between livelihoods and human prosperity is a complex issue. Indeed, it requires 
a comprehensive and integrated approach that engages many actors and different disciplines. 
As confirmed by Mills et al. (2017), fisheries governance and livelihoods should be prioritized 
at village development level.  

Fisheries governance covers gender activities on coastal areas. So far, information related to 
the coastal economy and gender roles from the northern coast is limited. Nevertheless, it is 
fair to say that different gender roles exist in the coastal communities along this coast. Men 
normally engage in offshore fishing whereas women and girls tend the family doing household 
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chores such as preparing meals and water to feed them on their arrival from offshore fishing. 
Women and girls also engage in additional tasks such as collecting/removing fish from gill 
nets, fish processing (often dried fish), and selling them on the beach (through an 
intermediary who may be male or female) or at local markets. In addition to that, they are 
involved in gleaning during low tide to collect small fish, octopus, oysters, and small shrimps 
for subsistence support, family consumption, and for cash. 

The other roles played by women and girls particularly in Liquiça (Vatubow village) are related 
ǘƻ ŀŘŘŜŘ ǾŀƭǳŜ ŦƻǊ ŦƛǎƘ ǇǊƻŘǳŎǘǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜȅ ǇǊƻŘǳŎŜ άLƪŀƴ ǎŀōƻƪƻέ όŦƛǎƘ ōŀƪŜŘ ǿƛǘƘ 
ǇŀƭƳ ƭŜŀǾŜǎύ ǘƻƎŜǘƘŜǊ ǿƛǘƘ άYŜǘǳǇŀέ όǿƘƛǘŜ ǊƛŎŜ ŎƻǾŜǊŜŘ ōȅ ǿƻǾŜƴ ȅƻǳng coconut leaves in a 
diamond shape) for cash. This activity is basically done to supply food to the roadside park or 
for local visitors (from Dili to Liquiça/Bobonaro or vice-versa). These activities (gleaning and 
value addition) are relatively small but they play an important role at the household level 
especially for nutritional security and cash or income diversification. Indeed, womenΩǎ 
involvement in fisheries activities is a form vital of livelihood support. Moreover, women and 
girls will actively engage in promoting the conservation of marine biodiversity-dependent 
ƭƛǾŜƭƛƘƻƻŘǎΦ Lǘ ƛǎ ŀƭǎƻ ŎƭŜŀǊ ǘƘŀǘ ǿƻƳŜƴΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŦƛǎƘŜǊƛŜǎ ŀŎǘƛǾƛǘƛŜǎ ƛǎ ǇŀǊŀƳƻǳƴǘΦ  

Men need to work closely with women both in decision making and in implementing fisheries 
conservation plans. By doing so, fisheries management measures, including aquaculture 
development can be developed to enhance biodiversity-based livelihoods. Through this 
ŀŎǘƛǾƛǘȅΣ ƎŜƴŘŜǊ ƳŀƛƴǎǘǊŜŀƳƛƴƎ ƛƴ ŦƛǎƘŜǊƛŜǎ ǿƛƭƭ ǎǘǊŜƴƎǘƘŜƴ ǿƻƳŜƴΩǎ ŜƴƎŀƎŜƳent in co-
management through integration of best practices and lessons learned. The role of women 
should be considered in relation to marine and coastal resources management. This will 
ensure that marine and coastal resources are available to continue supporting coastal 
livelihoods for coastal communities. 

According to López-Angarita et al. (2019), women and girls are always disproportionately 
disadvantaged in relation to fisheries resources compared to men. For example, women are 
likely to be affected by lack of food (protein intake) and are also more likely to suffer from 
nutritional defiŎƛŜƴŎƛŜǎΦ ¢ƻ ǊŜŘǳŎŜ ǘƘŜ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ŦŀŎŜŘ ōȅ ǿƻƳŜƴΣ ǿƻƳŜƴΩǎ ŜƴƎŀƎŜƳŜƴǘ 
in coastal management measures should be promoted. The principal reasons for women 
involvement in marine and coastal resources management, according to López-Angarita et al. 
(2019) is as follows:  
1. to ensure that men and women are working together in managing marine and coastal 

resources for both conservation measures and the decision-making process; 
2. to ensure that the potential roles of men and women in marine and coastal resources 

utilization are fully maximized to avoid or reduce the impacts of biodiversity-based 
livelihoods; and 

3. to ensure that future fisheries development promote collaborative efforts between men 
and women including different stakeholders. 

In summary, gender activities in fisheries, particularly for women, suffer from a lack of 
recognition or being ignored in national policy, programmes, and formal discussions. The 
government is committed to tackling gender issues and related challenges. It has established 
laws and regulations including policy development to address gender issues. Articles 6 and 17 
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of the Democratic Republic of Timor-Leste (RDTL) Constitution state that women and men 
άƘŀǾŜ ǘƘŜ ǎŀƳŜ ǊƛƎƘǘǎ ŀƴŘ ŘǳǘƛŜǎ ƛƴ ŀƭƭ ŀǊŜŀǎ ƻŦ ǇƻƭƛǘƛŎŀƭΣ ŦŀƳƛƭȅΣ ŜŎƻƴƻƳƛŎΣ ǎƻŎƛŀƭΣ ŀƴŘ ŎǳƭǘǳǊŀƭ 
ƭƛŦŜΣέ ŀƴŘ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ ǎǘŀǘŜ ƛǎ άǘƻ ŎǊŜŀǘŜΣ ǇǊƻƳƻǘŜ ŀƴŘ ƎǳŀǊŀƴǘŜŜ ǘƘŜ 
effective equality of opportuƴƛǘƛŜǎ ōŜǘǿŜŜƴ ǿƻƳŜƴ ŀƴŘ ƳŜƴέΦ ¢ƛƳƻǊ-Leste has also signed 
and ratified the International Covenant on Civil and Political Rights and the International 
Covenant on Economic, Social and Cultural Rights.  In 2010, the parliament passed Law No. 
7/2010 Against Domestic Violence (LADV) and in 2017, the government launched the National 
Action Plan on Gender-Based Violence 2017ς2021 (GBV NAP). In addition, Government of 
Timor-Leste committed to improving the socioeconomic empowerment of women by signing 
the first Maubisse Declaration (2015ς2017). The second Maubisse Declaration, adopted in 
2018, aimed at improving the lives of rural women by 2023. The government also encourages 
ǿƻƳŜƴΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŀƴŘ ŜƳǇƻǿŜǊƳŜƴǘ ƛƴ all sectors. This is actually part of Agenda 2030 
on Sustainable Development, especially its SDG 5, which addresses the long-term existing 
structural barriers to gender equality through multiple interventions. The governmentΩǎ plan 
is to organize multiple sectors in a manner that reduces gender inequality and to realize this 
goal the government has provided a 20-year budget. Moreover, policymakers plan to focus 
on three areas: the implementation of social protection, legislation, and gender-responsive 
financing, as articulated by Trivedy and Satyam, (2022): 

1. The implementation of laws is inadequate. If the state is able to ensure the 
implementation of relevant laws, this will ultimately improve the protection of women 
and girls, leading to women's rights being upheld; 

2. A long-term social protection scheme will provide effective mechanisms to reduce the 
vulnerabilities of women and girls, leading to their empowerment and participation in all 
sectors. 

3. Gender-responsive budgeting is a critical part of the public financial management agenda 
and will improve the social and economic situations of women and girls by ensuring a fair 
allocation of resources. 

 
The existing laws and regulations just mentioned will facilitate and promote gender equality 
agendas, which in turn will link to gender perspectives-based issues and challenges that are 
confronted by people in Timor-Leste. The principal objective relates ǘƻ άƭŜŀǾƛƴƎ ƴƻ ǿƻƳŜƴ 
and girl behindΦέ 

2.3 Economic sectors  

2.3.1 Capture fisheries 

The fisheries sector is an important contributor to national food security and employment in 
Indonesia, and to a lesser degree in Timor-Leste. Nearly 7 million people are involved in 
fisheries-related jobs in Indonesia. A recent study ranked Indonesia as the eighth most fish-
dependent nation in the world, measured by dependence on fish-derived animal protein. 
Much of the catch is produced in artisanal fisheries, and industrial fisheries contribute 
considerably more in terms of value because they target high-value shrimp and tuna stocks, 
major species caught in the ISLME, as well as a range of reef fishes. Reef fisheries are vital to 
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subsistence fishers and their families in the region; moreover, they are crucial in supplying 
high value products to distribute to international, national, and local markets. 

Indonesia marine capture fisheries 

LƴŘƻƴŜǎƛŀΩǎ ǎŜŀŦƻƻŘ ƛƴŘǳǎǘǊȅ ŜȄǇƻǊǘŜŘ ƴŜŀǊƭȅ ¦{5 с ōƛƭƭƛƻƴ ƛƴ ǎŜŀŦƻƻŘ value in 2021, and the 
goal of the government has been to continue to grow the fisheries and aquaculture industries, 
such that exports will reach USD 10 billion by 2024. However, because of the COVID-19 
pandemic and other factors, the fisheries export value in 2022 only reached USD 5 billion. To 
further facilitate fisheries growth, the Government of Indonesia designated 20 remote islands 
as marine centres, that is islands strategically located closer to major export countries such 
as Thailand and the United States. With an overall investment of IDR 711 billion 
(USD 50 million), the marine centres are to be equipped with equipment to assist local fishers, 
including boats, fishing tools, cold storage, as well as fishing practice training. 

In 2021, Indonesia's estimated per capita rate of fish consumption was 49.14 kg/year, 
according to the MMAF. National fish consumption continues to increase in every province in 
Indonesia, which may be partly attributable to the "Gemar Makan Ikan" ("Love to Eat Fish") 
national campaign. The campaign is designed to increase domestic consumption of fish as a 
source of protein to improve the health and nutrition of Indonesians, which is a priority in the 
government's vision, the Nawacita development agenda. The campaign continues to promote 
fish consumption, and the government aims to increase per capita consumption to 60 kg/year 
by 2024. As an implementing partner of the campaign, MMAF has established fish 
consumption promotion councils throughout the country at provincial, district, municipal, 
and subdistrict levels. 

Fishery resources are vital for the economy of Indonesia, accounting for nearly 3 percent of 
GDP and more than 11 percent ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƳŀǊƛƴŜ ŜŎƻƴƻƳȅ ŀǎ ƻŦ нлмоΦ ¢ƘŜ ǇǊƻŘǳŎǘƛƻƴ 
from the capture fisheries has been relatively consistent over the past decade, and 
aquaculture production has grown more strongly over the recent two years (Table 10).  

Table 10. Indonesian fisheries production, 2016 ς 2021 

Category 
Year 

2016 2017 2018 2019 2020             2021* 

Fisheries 
Production** 

22 582 23 186 23 049 22 761 21 834          21 873 

Capture Fisheries  6 580    7 071   7 361   7 335   6 989           7 225 

-   Marine  6 115    6 603   6 702   6 630   6 494           6 768 

-   Inland     465      468      659      705     495               457 

Aquaculture 
Fisheries 

16 002 16 115 15 688 15 426 14 845         14 648 

Source: PUSDATIN. 2022b. Produksi perikanan (fish production). [Cited 22 August 2023]. Produksi 
Perikanan (kkp.go.id) 
** Figures in 1 000 tonnes. 

https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer-kpda
https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer-kpda


                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

71 

!ǎ ǘƘŜ ǿƻǊƭŘΩǎ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ŦƛǎƘ ǇǊƻŘǳŎŜǊΣ ŦƛǎƘŜǊƛŜǎ Ǉƭŀȅ ŀ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ƛƴ LƴŘƻƴŜǎƛŀΩǎ 
ŜŎƻƴƻƳȅΦ LƴŘƻƴŜǎƛŀ ƛǎ ǎŜŎƻƴŘ ƻƴƭȅ ǘƻ /Ƙƛƴŀ ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŦƛǎƘƛƴƎ ƴŀǘƛƻƴ ǿƛǘƘ ŀƴ 
annual harvest of more than 6.1 million tonnes of marine fish (Figure 37). Marine capture 
fisheries and aquaculture together are a crucial source of employment, providing nearly 7 
million jobs. Fish contribute 52 percent of all animal-based protein in the national diet, well 
above the global average of 16 percent. In 2018, the sector contributed over USD 26.9 billion 
to the national economy (about 2.6 percent of GDP), a larger proportion than that seen 
elsewhere in the region. In 2018, fisheries contributed export earnings worth over USD 4.8 
billion, supplying 3 percent of the global market for exported seafood (BPS, 2019b). 
Moreover, Indonesia is ranked fourth in the world in terms of the production of aquaculture 
ŎƻƳƳƻŘƛǘƛŜǎΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ уΦро ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŀǉǳŀŎǳƭǘǳǊŜ ǇǊƻŘǳŎǘƛƻƴ όC!h, 2016). 
Production from aquaculture contributes more than two times as much as that from capture 
fisheries. Aquaculture contributes 67 percent of the nation's total fishing productivity and 
capture fisheries contributing 33 percent (MMAF, 2022a). 

Figure 37. Global capture fisheries producers 

Source: FAO. 2020b. The State of World Fisheries and Aquaculture 2020. [Cited 22 July 2023]. 
https://www.fao.org/documents/card/en/c/ca9229en 

¢ƘŜ ŦƛǎƘŜǊƛŜǎ ƻŦ ǘƘŜ L{[a9 ŀǊŜ ŎƻƳǇƭŜȄ ŀƴŘ ŘƛǾŜǊǎŜΣ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ǊŜƎƛƻƴΩǎ ŜȄǘǊŀƻǊŘƛƴŀǊƛƭȅ 
heterogeneous geography and species richness. Based on Indonesia's fishery reports from 
2019, catches in the ISLME total nearly 3.5 million tonnes. Major species caught include tuna, 
sardines, anchovy, mackerel (Figure 38), as well as a wide range of reef fishes and other 
demersal fishes. Reef fisheries are vital to subsistence fishers and their families in the region 
but are also important in supplying high value products for distributing in international, 
national, and local markets. Small-scale artisanal fishing is prevalent throughout the ISLME 
region. Although the fisheries sector as a percentage of total GDP is relatively small, the 
fisheries sector contributes significantly to coastal communities and fishing families in both 
Indonesia and Timor-Leste, representing the primary source of income for many families in 

https://www.fao.org/documents/card/en/c/ca9229en
https://www.fao.org/documents/card/en/c/ca9229en
https://www.fao.org/documents/card/en/c/ca9229en
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coastal communities and as an important element in diversifying income for other families (in 
most coastal areas within the ISLME, capture fisheries and aquaculture are among the few 
viable and sustainable options for livelihoods). In addition, the populations of many non-
coastal communities in the ISLME are heavily reliant on fish as an affordable source of protein 
and income (in 2019, consumption of fish was nearly 44 kg per capita in Indonesia and 6.8 kg 
per capita in Timor-Leste). 

Figure 38. Major species caught in the Indonesian Seas Large Marine Ecosystem 

Source: (a) tuna. Wiki Images. 2012. Thunnus Tuna Fish Bigeye. 
https://pixabay.com/photos/thunnus-tuna-fish-bigeye-tuna-69319/ [Accessed 24 March 2024] 
(b) sardine. Katie, E. 2018. Sardines White Background Two Fish. 
https://pixabay.com/photos/sardines-white-background-two-fish-3732726/ [Accessed 24 March 
2024] 
(c) anchovy. Chung, K. 2020. Clove fish at the wet market in Penghu Island, Taiwan. 
https://pxhere.com/id/photo/1613554#google_vignette [Accessed 24 March 2024] 
(d) mackerel. Tscharntke, T. 2016. Atlantic, mackerel, fish. https://pixnio.com/fauna- 
animals/fishes/atlantic-mackerel-fish [Accessed 24 March 2024] 

Capture fisheries are dominated by tuna, skipjack tuna, and eastern little tuna, with a 
production volume of 608 300 tonnes. Coastal communities in Indonesia are involved in 
fisheries production, capture fisheries, collecting and trading, processing, and retailing. Small-
scale collecting and trading involve fish collectors or microscale traders who are normally 
found at the village level. Historically, commercial fishing pressure has been most intense in 
western Indonesia, especially around Sumatra, Java, and Kalimantan. As the fisheries in these 
areas have been overexploited, the greatest pressure now has moved east of Sulawesi to Nusa 
Tenggara, Banda, Maluku, and Papua. In 2020, there were approximately 159 417 non-
powered boats, 503 955 outboard motors, and 497 960 inboard motors used for marine 
fishing in Indonesia (MMAF, 2022a). Based on size, the boats are divided into eight categories 
(Table 11). The majority of fishing trips in Indonesia are made by small-scale fishermen going 
out and returning on a daily basis. There are also large-scale or industrial fishing vessels, which 
most frequently land their catch in the major fishing ports of Jakarta, Benoa Bali, Makassar, 
Kendari, Sorong, and Probolinggo. 
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Table 11. The number of Indonesian inboard engine fishing vessels by size (2015 ς 2020) 

Size of Boat 
Year 

2015 2016 2017 2018 2019 2020 

< 5 GT 117 848 115 814 116 604 184 035 201 924 388 618 

5ς10 GT 39 429 35 988 36 233 42 183 70 886 64 708 

10ς20 GT 10 515 9 790 9 857 11 900 22 200 21 589 

20ς30 GT 7 680 6 481 6 525 9 449 16 964 17 652 

30ς50 GT 825 805 810 1 061 1 130 975 

50ς100 GT 1 435 2 008 2 022 2 510 2 050 2 786 

100 ς200 GT 571 847 853 1 300 1 126 1 626 

>200 GT 9 11 11 11 7 16 

Source: PUSDATIN. 2020a. Jumlah Kapal (number of vessels). [Cited 22 August 2023]. 
https://statistik.kkp.go.id/home.php?m=kapal&i=5 

C!hΩǎ 5ƛǾƛǎƛƻƴ ƻŦ {ǘŀǘƛǎǘƛŎǎ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ 5ŜǇŀǊǘƳŜƴǘ ƴƻǘŜǎ ǘƘŀǘ LƴŘƻƴŜǎƛŀƴ ǿŀǘŜǊǎ ƭƛŜ 
within Area 57 in the East Indian Ocean and Area 71 in the West Central Pacific Ocean in the 
Western Indo-Pacific region. The FMA numbering follows Area 71 with a consecutive local 
code from number 1 onwards, starting from west to east for regional Area 57 according to 
the international coordinate system. Area 71 starts from the South China Sea, Java Sea, 
Makassar Strait, Banda Sea, Seram Sea, Sulawesi Sea, Pacific Ocean, and Arafura Sea. The 
main fisheries in Area 57 are shad, catfish, pony fish, croakers, mullets, carangids, sardines, 
anchovies, tuna and tuna-like species, mackerel, sharks, prawns, prawns, lobsters, cockles, 
and cephalopods. Area 71 is dominated by regions with a wide continental shelf starting from 
Viet Nam and Thailand in the west and descending through Malaysia, Western Indonesia, and 
ultimately the Java Sea, and includes Eastern Indonesia, Papua New Guinea, and Australia. 
This area has many demersal resources, including high-value penaeid shrimp and small 
pelagic resources. The offshore waters host high-value tuna stocks. The most common fishing 
gear used is handline, followed by the gillnet. 

Based on MMAF statistics with values for 2020, the ISLME area consisted of 209 districts 
(including municipalities) in 21 provinces and produced a total of 4 154 706 tonnes of seafood 
with an estimated value of IDR 123 252 507 million. The statistics show that 1 038 larger 
vessels (size >30 GT) operate in FMA 712, FMA 713, FMA 714, and FMA 715, and the 
government-issued fishing license or Surat Izin Penangkapan Ikan (SIPI) allows each fishing 
vessel to operate in two FMAs. Fisheries is a major local economic activity, especially in the 
central and eastern provinces of the ISLME contributing more than 10 percent to the GRDP in 
Southeast Sulawesi, West Sulawesi, and Maluku provinces. There are ten provinces in the 
ISLME region where the fisheries sector contributes more than 5 percent to GRDP in 2021: 
Lampung, Bali, NTT, North Sulawesi, Southeast Sulawesi, Gorontalo, West Sulawesi, Maluku, 
North Maluku, and West Papua (Figure 39). 

https://statistik.kkp.go.id/home.php?m=kapal&i=5
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Figure 39. Fishery sector contribution to the gross regional domestic product for Indonesian 
provinces in the ISLME for 2021 

Source: PUSDATIN. 2022d. Persentase Kontribusi PDRB Perikanan terhadap PDB Indonesia per 
provinsi (percentage of fisheries gross regional domestic product contribution to Indonesia GDP). 
[Cited 22 August 2023]. statistik.kkp.go.id/home.php?m=pdb&i=415#panel-footer-kpda 

Fish consumption is also highest in the central and eastern provinces of the ISLME. In the 
ISLME area from 2019 to 2020, the average per capita fish consumption varied significantly 
from a low of 33.35 kg in D.I. Yogyakarta Province to a high in North Maluku of 77.49 kg (Figure 
40). The government, through the MMAF, intends to set an annual target of target of 62.5 
kg/capita for fish consumption in 2024. To meet the National Maternal Mortality Rate (MMR) 
target, the MMAF Directorate General for Increasing Competitiveness of Marine and Fishery 
Products/Direktorat Jenderal Penguatan Daya Saing Produk Kelautan dan Perikanan (PDSKP) 
continues to activate the Gemar makan Ikan campaign in 34 provinces, focusing on 
malnutrition and stunting-prone areas. 

Figure 40. Average annual fish consumption per province in Indonesia of the ISLME region 

 
Source: PUSDATIN. 2022e. Fish consumption [Cited 22 August 2023]. AKI - Angka Konsunsi Ikan 
(kkp.go.id) 
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https://statistik.kkp.go.id/home.php?m=pdb&i=415#panel-footer-kpda
https://statistik.kkp.go.id/home.php?m=aki&i=209#panel-footer
https://statistik.kkp.go.id/home.php?m=aki&i=209#panel-footer
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There are noticeable differences between the fisheries in the FMAs. FMA 712 produced the 
highest total tonnage of catch contributing nearly 16 percent to the total national production; 
however, it is a relatively small FMA. FMA 712 also boasts the highest number of fishing ports, 
which may partially explain the high reported catches. The lowest production in the ISLME 
was observed in FMA 713 contributing 7.7 percent to the overall national fisheries production, 
even though this FMA reports the highest relative number of fishing gear. 

Fisheries in FMA 573 
According to MMAF Regulation No. 18 of 2014 on Fisheries Management Areas in Indonesia, 
FMA 573 is a small and large pelagic fishing area that covers the waters of the Indian Ocean 
from the south of Java to the south of Nusa Tenggara, Savu Sea, and the West Timor Sea, 
including eight provinces, namely Banten, West Java, Central Java, DI Yogyakarta, East Java, 
Bali, NTB and NTT, covering an area of 96 448 793 ha. The fisheries production in FMA 573 
increased from 2017 (559 739 tonnes) to 2018 (653 051 tonnes). There are 707 853 fishermen 
and 90 fishing ports in FMA 573 (MMAF Decree No. 109 /2021). The estimated fish resource 
potential of FMA 573 is 1 338 442 tonnes/year. However, only a small part of FMA 573 is 
included in the ISLME area. The annual production trend in FMA 573 is shown in Table 12. 
 

Table 12. Annual fish production in FMA 573 

Year Fish Production (tonnes) 

2017 559 734 

2018 653 051 

2019 592 161 

2020 538 551 
Source: PUSDATIN. 2022b. Produksi Perikanan (Fish Production), recalculated for provinces in FMA 

573. [Cited 22 August 2023]. Produksi Perikanan (kkp.go.id)  

The catches of pelagic fish in FMA 573 include skipjack tuna (Katsuwonus pelamis), lemuru 
fish (Sardinella lemuru), scad (Decapterus spp.), yellowfin tuna (Thunnus albacares), and 
Eastern little tuna (Euthynnus sp.). According to data from the MoEF and MMAF, published 
on the MMAF Directorate of Conservation and Marine Biodiversity website, only 7.1 percent 
of the coral ecosystem area in FMA 573 has been protected in 2010. Moreover, the protected 
mangrove habitat in this area accounts for 17.8 percent of the total. According to data from 
the MMAF (Pusdatin, 2020a) the majority of fishing vessels in FMA 573 in 2019 were 
motorboats, making up 58.3 percent of the total. This was because many fishermen in the 
southern coastal areas of West Nusa Tenggara, East Nusa Tenggara, Bali, and Java use small 
boats with a gross tonnage of less than 5 GT to fish in the Indian Ocean south of Java, south 
of Nusa Tenggara, Savu Sea, and West Timor Sea. Figure 41 shows the overall number of 
fishing vessels that operate in the FMA 573. 

 

 

 

https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer-kpda
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Figure 41. Total number of fishing vessels operating in FMA 573 (2005ς2019) 

 
Source: PUSDATIN (Pusat Data dan Teknologi Informasi). 2020a. Jumlah Kapal (Number of vessels). 
[Cited 22 August 2023]. https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda  

 
The MMAF Regulation No. 18 of 2021 outlines regulations related to fishing gear and fishing 
lanes in FMA 573. The regulation permits the use of certain types of fishing gear with 
specifications and prohibits others. The information on the breakdown of the types of fishing 
gear that are permitted in FMA 573, as per the regulation can be seen in Figure 42. Every 
fishing device used in FMA 573 must have a defined operational zone (jalur), according to 
Regulation No. 18 of 2021. Fishing routes IB, II, and III can be used with the majority of fishing 
equipment. Fishing zone IB covers waters that are up to four nautical miles from the shoreline 
out to open sea or island waters; fishing zone II covers waters that are up to 12 nautical miles 
outside of fishing route IB; and fishing zone III includes all other waters, including Indonesia's 
EEZ. Fish traps are the most common fishing gear in FMA 573 and can be utilized in fishing 
zones IA, IB, II, and III, except in open sea areas. Additionally, handline fishing equipment can 
be used in fishing zones II, III, and the open sea. The segmentation of fishing zones is done to 
make the fishing process more measurable while still considering the ecosystem of the fishing 
grounds. 
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Figure 42. Composition of fishing gear in FMA 573 

 
Source: PUSDATIN. 2020b. Jumlah Kapal (Number of vessels). Retrieved from 
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda  
 

Fisheries in FMA 712 
FMA 712 is an area that covers the waters of the Java Sea and measures 41 746 572 ha. It also 
includes seven provinces, namely Lampung, Banten, DKI Jakarta, West Java, Central of Java, 
East Java, Central Kalimantan, and South Kalimantan (MMAF, 2020c). FMA 712 has 184 
fisheries ports with 89 311 fishers. The fisheries production in FMA 712 has decreased from 
1 319 714 tonnes in 2016 to 1 086 135 tonnes in 2019. The decrease of fisheries production 
is likely because of the overfishing there. The estimated fish resources potential in FMA 712 
is 1 034 485 tonnes/year. The annual fish production trend in FMA 712 is listed in Table 13. 
 

Table 13. Annual fish production in FMA 712 

Year Fish production (tonnes) 

2017 1 024 985  

2018 1 177 030  

2019 1 086 135  

2020 1 130 106  

Source: PUSDATIN. 2022b. Produksi Perikanan (Fish Production), recalculated for provinces in 
FMA 712. [Cited 22 August 2023]. Produksi Perikanan (kkp.go.id)  

The main catches of small pelagic fish in FMA 712 include sardine (Sardinella), mackerel fish 
(Rastrelliger sp), and mackerel scad (Decapterus spp). Based on the data regarding the 

https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda
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national capture fisheries of the MMAF, the number of fishing vessels in the Java Sea (FMA 
712) in 2019 was dominated by motorboats (61.8 percent). This was because in conducting 
their fishing activities in the Java Sea, many fishers switched to using modified engines from 
land transports on boats below 5 GT. The overall number of fishing vessels operating in the 
FMA 712 is presented in Figure 43.  

Figure 43. Total number of fishing vessels operating in FMA 712 (2005ς2019) 

 
Source: PUSDATIN. 2020a. Jumlah Kapal (number of vessels). [Cited 22 August 2023]. 
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda  

Based on the MMAF Regulation No.18 of 2021 on the Fishing Lane and Fishing Gear in FMA 
712 (MMAF, 2021a), there are several types of fishing gear that can be used with certain size 
specifications and there are some that are prohibited. The information on the composition of 
the types of fishing gear in the FMA 712 is as presented in Figure 44. FMA 712 fishing gear 
may normally be operated in fishing zones IB, II, and III. Gillnets, on the other hand, can only 
be used in fishing zone II, which includes waters up to 12 nautical miles beyond fishing zone 
IB. According to MMAF Regulation No.18 of 2021 (MMAF, 2021a), fish traps can only be used 
in fishing zones II and III. This segmentation of fishing zones is intended to make the fishing 
process more measurable and environmentally sustainable. 
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Figure 44. Composition of fishing gear in FMA 712 

Source: PUSDATIN. 2020b. Jumlah Kapal (number of vessels). [Cited 22 August 2023]. 
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda 

Fisheries in FMA 713 
FMA 713 is an important fishing region in Indonesia that encompasses the Makassar Strait, 
Bone Bay, Flores Sea, and Bali Sea (MMAF, 2020b). The estimated potential of fish resources 
in this area is 1 073 147 tonnes per year, which is a significant amount. However, to ensure 
the sustainability of the fisheries businesses in the future, this high potential needs to be 
managed continuously in accordance with the principles of the ecosystem approach. The 
waters of FMA 713 cover a total area of 48 118 622 ha, and their fish resources are managed 
by ten provinces, namely East Java, Bali, South Kalimantan, East Kalimantan, West Nusa 
Tenggara, East Nusa Tenggara, West Sulawesi, South Sulawesi, Central Sulawesi, and 
Southeast Sulawesi. The primary sea products of that region include small pelagic fish, large 
pelagic fish (excluding skipjack tuna), demersal fish, reef fish, penaeid shrimp, lobster, crab, 
blue swimming crab, and squid. The annual fish production in FMA 713 is listed in Table 14. 

Table 14. Annual fish production in FMA 713 

Year Fish production (tonnes) 

2017 500 775 

2018 699 491 

2019 808 007 

2020 824 521 

Source: PUSDATIN. 2022b. Produksi Perikanan (Fish Production), recalculated for provinces in FMA 
713. [Cited 22 August 2023]. Produksi Perikanan (kkp.go.id) 

The predominant catch of large pelagic fish in FMA 713 during 2019 consisted of skipjack tuna 
(Katsuwonus pelamis), tuna (Thunnus tonggol, Euthynnus affinis, Auxis thazard, A. rochei, 
Thunnus albacares), and Spanish mackerel (Scomberomorus commersonii). On the other 
hand, the small pelagic fish catch in FMA 713 during the same year was dominated by the 

https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda
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species of gold stripe sardinella (Sardinella gibbosa), mackerels (Rastrelliger spp), scads 
(Decapterus spp), yellowstripe scads (Selaroides leptolepis), and anchovies (Stolephorus spp). 
According to the national statistics data from the MMAF, in 2019, outboard motorboats (45.3 
percent) and motorboats (44.5 percent) were the most commonly used fishing vessels in FMA 
713. Table 45 presents the overall number of fishing vessels that operate within FMA 713. 

Figure 45. Total number of fishing vessels operating in FMA 713 (2005-2019) 

 
Source: PUSDATIN. 2020a. Jumlah Kapal (number of vessels). [Cited 22 August 2023]. 

https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda  

The fishing lane and fishing gear regulations for FMA 713, as outlined in MMAF Regulation 
No. 18 of 2021, specify certain allowable and prohibited fishing gear with certain 
specifications. Table 46 provides information on the types of fishing gear present in FMA 713, 
with hooks and lines being the most dominant group at 147 102 units, followed by gillnets at 
62 619 units. Fishing gear uses in FMA 713 also has specified operating zones, according to 
Government Regulation No. 18 of 2021 on the placement of fishing gear and fishing assistance 
tools in the FMAs and the arrangement of fishing grounds. This method is intended to support 
quota-based fisheries management while also preserving aquatic ecology. The majority of 
fishing gear in FMA 713 can be used in fishing zones II and III. 

Figure 46. Composition of fishing gear in FMA 713 

 
Source: PUSDATIN. 2020a. Jumlah Kapal (number of vessels). [Cited 22 August 2023]. 
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda  
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Fisheries in FMA 714 
According to MMAF Regulation No. 81 of 2016 on Fisheries Management Plan for FMA 714, 
FMA 714 covers the waters of Tolo Bay and Banda Sea shared by five provinces, namely, East 
Nusa Tenggara, Southeast Sulawesi, Central Sulawesi, Maluku and North Maluku with an area 
of 66 248 430 ha. The potential stock of fish resources that can be utilized sustainably in FMA 
714 is estimated to reach 1 033 979 tonnes/year (MMAF, 2022c). In 2019, approximately 
631 782 tonnes or 80 percent of the potential has been utilized. Fish catches were dominated 
by large pelagic, small pelagic and reef fish groups. Ecologically, Banda Sea and Tolo Sea have 
a very high marine biodiversity and have a variety of unique fish resource habitats. Currently, 
there are about 25 marine protected areas in FMA 714 designed to support the supply of fish 
for consumption, including the protection for spawning and nursery habitats. The annual 
production of fish in FMA 714 is as listed in Table 15. 
 

Table 15. Annual production of fish in FMA 714 

Year 
Fish production 
(tonnes)  

2017 812 033 

2018 764 021 

2019 630 596 

2020 569 819 

Source: PUSDATIN. 2022b. Produksi Perikanan (Fish Production), recalculated for provinces in FMA 
714. [Cited 22 August 2023]. Produksi Perikanan (kkp.go.id) 

In 2019, the catch of large pelagic fish in FMA 714 was mainly skipjack tuna (Katsuwonus 
pelamis), tuna (Thunnus tonggol, Euthynnus affinis, Auxis thazard, A. rochei, Thunnus 
albacares, Thunnus obesus), and Spanish mackerel (Scomberomorus commersonii). Small 
pelagic fish, on the other hand, were dominated by scads (Decapterus spp.), mackerels 
(Rastrelliger spp.), goldstripe sardinella (Sardinella gibbosa), and anchovies (Stolephorus spp). 
In the reef fish group, rabbitfish (Siganus spp.), red snapper (Lutjanus spp.), browncross 
rockcod (Cephalopholis boenak, C. argus), leopard coral grouper (Plectropomus leopardus), 
and yellowtail fusilier (Caesio cuning, C. teres) were the most commonly caught species in 
FMA 714 in 2019. Based on the national statistics data from the MMAF, the number of fishing 
vessels in the FMA 714 in 2019 was dominated by non-motorized boats (36.6 percent) and 
outboard motorboats (35.2 percent). The overall number of fishing vessels operating in the 
FMA 714 is presented in Figure 47. 
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Figure 47. Total number of fishing vessels operating in FMA 714 (2005ς2019) 

 
Source: PUSDATIN. 2020a. Jumlah Kapal (number of vessels). [Cited 22 August 2023] 

https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda 

The dominant groups of fishing gear in FMA 714 were handline, set gillnet, troll line, drift 
gillnet, and pot. FMA 714 is dominated by islands, therefore hooks and lines and gillnets are 
used predominantly. This type of fishing gear is typically used by small-scale fisheries that use 
fishing vessels with boats less than 1 GT and one to two people per boat. The information of 
the types of fishing gear in the FMA 714 is presented in Figure 48.  

Figure 48. Composition of fishing gear in FMA 714 

 
Source: PUSDATIN. 2020a. Jumlah Kapal (number of vessels). [Cited 22 August 2023] 
https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda 

According to MMAF Regulation No. 18 of 2021, the majority of the fishing equipment used in 
FMA 714 should be handlines, which is employed in Fishing zones IA, IB, II, and III, with the 
exception of open sea areas. The small amount of trawl gear in use indicates how rigorously 

https://statistik.kkp.go.id/home.php?m=kapal&i=5#panel-footer-kpda
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forbidden their use is in FMA 714. Meanwhile, most purse seine and gill net gear is used in 
fishing zone III. The purpose of this rule is to maintain sustainable and responsible fishing 
activities while protecting the marine ecology. 

Fisheries in FMA 715 
FMA 715, which covers Tomini Bay, the Maluku Sea, Halmahera Sea, Seram Sea, and Berau 
Bay, is one of the areas for catching reef fish, small pelagic fish, and providing bait fish for the 
main tuna fishery in Indonesia. The estimated potential fish resources in FMA 715 is 715 293 
tonnes per year. Administratively, there are six provinces responsible for managing fish 
resources in FMA 715, namely North Sulawesi, Gorontalo, Central Sulawesi, Maluku, North 
Maluku, and West Papua. The waters of FMA 715 cover a total area of 47 468 479 ha. FMA 
715 has 35 fisheries ports with 195 486 fishermen. The annual fisheries production in FMA 
715 decreased from 870 160 tonnes in 2017 to 812 888 tonnes in 2019. The decrease in 
annual fisheries production is probably a result of the overfishing there. The annual 
production of fish in FMA 715 is as listed in Table 16. 

Table 16. Annual production of fish in FMA 715 

Year Fish production (tonnes) 

2017    870 160  

2018    792 353  

2019    812 888  

2020    782 279  

Source: PUSDATIN. 2022b. Produksi Perikanan (Fish Production), recalculated for provinces in FMA 
715. [Cited 22 August 2023]. Produksi Perikanan (kkp.go.id) 

The dominant groups of fishing gear in FMA 715 were purse seine net, trawl net, lift net, gill 
net, fish trap, handline, and spear fishing gear (Figure 49).  The priority-managed fish species 
include mackerel, skipjack tuna, anchovies, yellowfin tuna (Thunnus albacares) and mackerel 
scad. Handline is the dominant fishing gear in FMA 715 and it is commonly used in fishing 
zone III. Fishing zone III includes the waters outside of fishing zones I and II, as well as 
Indonesia's EEZ. Trawl gear with a mouth opening length of 2.5 m and a height of 0.5 m were 
permitted under MMAF Regulation No. 18 of 2021. Trawl gear is in use in fishing zones IB and 
II. No current data on fishing vessel numbers were available for this FMA.  

 

 

 

 

 

 

https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer-kpda


                              TRANSBOUNDARY                  

DIAGNOSTIC ANALYSIS 

INDONESIAN SEAS LARGE                      

MARINE ECOSYSTEM 

 

84 

Figure 49. Composition of fishing gear in FMA 715 

Source: PUSDATIN. 2022b. Produksi Perikanan (Fish production). [Cited 22 August 2023]. 
https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2 
 

Generally, based on the MMAF Decree No. 19 of 2022 regarding Estimated fisheries 
resources, Total Allowable Catch and Level of Utilization in Indonesia FMAs of the ISLME 
region is presented in Table 17. Table 17 provides information on the maximum sustainable 
yield in tonnes, total allowable catch in tonnes, and utilization rate. The utilization rate is 
typically used to determine whether an area falls under the categories of underexploited, 
exploited, or fully exploited. Within the FMA ISLME region, the table shows that large pelagic 
fish, penaeid shrimp, lobster, and blue swimming crab have already reached the status of 
being fully exploited (0.5 < E < 1) and overexploited (E>=1), with reef fish seriously 
overexploited. Therefore, fishing efforts must be reduced in order to create sustainable 
fisheries resources. 
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Table 17. Estimation of selected fisheries resources potential in the fishery management 
areas of the Indonesian Seas Large Marine Ecosystem 

Fisheries 
management 

area 

Small 
pelagic 

Large 
pelagic 

Demersal 
fish 

Reef 
fish 

Penaeid 
shrimp 

Lobster Crab 
Small 
crab 

Squid 

FMA 
573* 

MSY  624 366 354 215 299.60 23 725 8 524 1 563 585 3.75 22 124 

TAC  437 056 247 95 269.64 11 863 4 257 782 410 2 625 11 062 

Utilization 
rate 

0.6 0.9 0.2 2.5 1.2 2.0 0.7 0.6 1.1 

FMA 
712 

MSY 275 486 145 863 358 832 71 526 83 820 1 481 7 360 23 508 66 609 

TAC 247 937 72 932 179 416 57 221 58 674 1 037 5 152 16 456 46 626 

Utilization 
rate 

0.4 1.3 1.1 0.8 0.8 0.5 0.9 0.7 0.9 

FMA 
713 

MSY 284 302 162 506 374 500 167 403 56 835 765 6 213 9 253 11 370 

TAC  142 151 113 754 337 050 83 702 39 785 383 4 349 4 627 5 685 

Utilization 
rate 

1.0 0.8 0.3 1.3 0.8 1.3 0.7 1.5 1.2 

FMA 
714 

MSY  222 881 370 653 292 121 326 6 472 724 1 758 4 705 13 460 

TAC  156 017 259 457 204 400 60 663 3 236 362 879 3 294 9 422 

Utilization 
rate 

0.7 0.7 0.7 1.1 1.0 1.7 1.4 0.6 0.5 

FMA 
715 

MSY  443 944 74 908 80 226 105 336 5 295 1 217 336 157 3 874 

TAC  310 761 52 436 56 158 52 668 3 707 609 235 110 2 712 

Utilization 
rate 

0.7 0.7 0.7 1.3 0.7 1.2 0.7 0.7 0.9 

Note: *Complete data of FMA 573, but only a small part of FMA 573 contributes to ISLME.  
Source: MMAF Decree No. 19 of 2022 on Estimated fisheries resources, Total Allowable Catch and 
Level of Utilization in Indonesia FMAs. Jakarta. 1670571648kepmen-kp-no.pdf (riau.go.id) 

 

Timor-Leste marine capture fisheries 

Fisheries in Timor-Leste is dominated and made up of subsistence and artisanal fisheries. The 
fish production is relatively low, ranging from 10 kg to 15 kg each trip. The fishing gear 
materials are limited to gill nets and hook and lines. Small canoes are the main fishing fleet 
and mostly non-motorized. The fishing activities are mostly done in shallow waters located 
approximately 2 km away from the coast. The fishing trip is varied, depending on monsoon 
and ocean conditions. However, the fishing efforts or fishing hours alongside Bobonaro, 
Liquiça, Dili, including Ataúro Island are relatively similar. Fishing effort observed during 2016 
to 2021 by Veillat (2021) confirmed that trip effort on the northern and southern coasts 
mostly ranges from two to ten fisher-hours.  

Fish catch in each municipality on the northern coast is sold in each fish landing centre. The 
number of fish trips on the north coast is higher than that of the south. The difference is 
caused primarily by a clear pattern of seasonality. The long dry season (approximately seven 

https://ppid.riau.go.id/download/30/1670571648kepmen-kp-no.pdf
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to nine months) and less rough seas in the north coast allows fishers to do more trips that 
than the fishers in the south coast.  

Figure 50. Fishing effort in the Ataúro, northern and southern coasts of Timor-Leste 

 
Note: The fish trips on the northern coast are shown in dark blue, those for the south coast in green, 
and trip effort (fishermen × trip hours) in Ataúro Island are depicted in light blue. 
Source: Veillat, J.S. 2021. The small-scale fisheries of Timor-Leste and the impacts of the COVID-19 
pandemic.  University of Bergen, Norway (master thesis). [Cited 23 October 2023]. 
https://hdl.handle.net/11250/2985128 

Table 51 shows the mean effort (fishermen  trip hours) of various fishing trips in Timor-

Leste for the period of September 2016 to March 2021. 

 

https://hdl.handle.net/11250/2985128



































































































































































































































































































































































































































































