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Abstract 
The initial reconstruction of the catch of marine fisheries catches from the countries of Southeast Asia which 
were undertaken by a variety of authors for 1950 to 2010 were updated to 2018, as documented in this 
contribution for Brunei Darussalam, Cambodia, Malaysia (East and West coast of Peninsular Malaysia, Sabah 
and Sarawak), Myanmar, the Philippines, Singapore, Timor Leste and Vietnam. The high per capita fish 
consumption of the large populations in Southeast Asia countries, combined with disputes about overlapping 
claims to Exclusive Economic Zones and the operation of distant-water fleets from outside the region has led 
to rampant illegal fishing and overfishing in the waters of these countries. We have attempted to 
conservatively account for foreign fishing through national statistics and literature sources on the rate of 
unreported fishing to trace catches to fishing entities active in each area. Descriptions of the methods used to 
reconstruct catches are presented in country-specific sections. 
 
Introduction  
The initial reconstructions of the catch of marine fisheries catches from the eight countries considered here for 
the years 1950 to 2010 were updated to 2016 (Timor Leste) or 2017 (Brunei Darussalam, Cambodia, Malaysia, 
Myanmar, the Philippines, Singapore and Vietnam) before begin carried forward to 2018 as documented in 
this contribution. Two key countries in the region, Indonesia and Thailand, are dealt with separately, given the 
importance of their fisheries (Polido et al. 2020; De Leon and Derrick 2020).  
 
Jointly, these countries constitute Southeast Asia as conventionally defined (see e.g., contributions in Cowan 
and Wolters (1976), except for Laos (a landlocked country) and Papua New Guinea, treated as a part of 
Melanesia within Oceania in this report (see White et al. 2020). Indeed, these eight countries, plus Indonesia 
and Thailand (Polido et al. 2020; De Leon and Derrick 2020), include all the maritime countries that are 
members as the Association of Southeast Asian Nations (ASEAN), which often coordinates their responses to 
various internal and external challenges, including their response to external claims to fishing grounds in the 
South China Sea (Pauly and Liang 2019).  
 
The high per capita fish consumption of the large populations in Southeast Asia combined with disputes with 
countries dispatching distant water fleets (Schofield et al. 2016) has led to considerable conflicts and illegal 
fishing in and around the South China Sea. We have attempted to conservatively account for foreign fishing 
through national statistics and other sources and to trace the catches of fishing entities active in each area. 
Descriptions of the methods used to reconstruct catches are presented in country-specific sections. 

 
* Cite as: Derrick, B., L. Abucay, J. Conejar-Espedido, A. Coulter, J. Glenn Jansalin, V. Parducho, R. Polido, V. Relano, G. 
Tsui, R. White and D. Pauly. 2020. Countries of Southeast Asia: Updating Catch reconstructions to 2018, p. 383-408. In: 
B. Derrick, M. Khalfallah, V. Relano, D. Zeller and D. Pauly (eds). Updating to 2018 the 1950-2010 Marine Catch 
Reconstructions of the Sea Around Us. Part II: The Americas and Asia-Pacific. Fisheries Centre Research Report 28(6). 
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Materials and Methods 
Brunei Darussalam 
The original reconstruction of Brunei Darussalam’s marine fisheries from 1950 to 2010 was completed by 
Cinco et al. (2015, 2016). Here, we document how this reconstruction was updated to 2017, then carried 
forward to 2018.  
 
Baseline data 
Since completion of the original reconstruction, FAO data, which were accepted as the new baseline for the 
industrial fisheries, have become available to 2017. This version of the FAO data introduced many new species 
and the reported catch increased massively. 
 
Changes in the taxonomic composition of the FAO category “Marine fishes nei” were made for 1950-2015 to 
include the species newly reported in 2016-2017. Retroactive changes in FAO data for 2009 and 2010 were 
adjusted to match the FAO 2017 data. 
 
With the availability of the national fisheries data (Brunei Darussalam Fisheries Department 2018; SEAFDEC 
2019), the allocation of catch to industrial and small-scale fishing sectors was performed for 2011-2017 using 
the methodology described in the original reconstruction (Figure 1). The artisanal and subsistence catch was 
reconstructed by multiplying updated population data from the World Bank with the 2010 per capita 
consumption rate (47 kg·person-1·year-1) for 2011-2017 and the same percentage of subsistence catch as in 
2010. 
 
Recent catch increases 
The massive increase in FAO landings for 2016- 2017, likely due to better reporting, were assumed (unlike 
previous years) to fully report the industrial catch, along with a large fraction of the artisanal catch, which was 
previously underreported (Figure 1). Thus, the recent FAO landings data likely suffer from a ‘presentist bias’ 
(Zeller and Pauly 2018).  
 
Unreported landings for artisanal and subsistence catch were calculated by subtracting reported components 
from the total small-scale catch. Discards for industrial trawl catches were calculated for 2011-2017 by 
applying an estimated 75% discard rate to trawl catches based on SEAFDEC (2019). The 2017 FAO data also 
contained a more detailed record of species composition. This was used together with SEAFDEC (2019) data 
to further breakdown select fish groups. The species and gear breakdown per taxa from 2010 were applied to 
the new sector breakdown for 2011-2017.  
 
Illegal catches by Vietnam and Malaysia within Brunei Darussalam’s EEZ in 2010 were carried forward 
unaltered to 2017. Note that 100% of Brunei Darussalam’s marine catches are taken from the waters in the 
South China Sea and that the offshore part of its 200-mile EEZ claimed in accordance to UNCLOS is also 
claimed by China because it is within its ‘9-dash line’ (Hart 2018). 
 
Recreational fisheries 
Recreational landings were calculated for 2011-2017 by multiplying updated population data with the 2009 
national participation rate of 0.62% and the per capita catch rate of 120 kg·fisher-1 estimated by the original 
reconstruction (Cinco et al. 2015). Updated population data were acquired from World Bank for 2011-2017. 
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Figure 1. Reconstructed domestic catch within Brunei Darussalam’s EEZ by fishing sector for 1950-2018. The ‘reported’ catches are the 
landings given in the FAO 2018 data version for Brunei Darussalam in the Western Central Pacific and include a presentist bias (Zeller 
and Pauly 2018). 
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by a more 
detailed, research-intensive update. 
 
Marine biodiversity protection 
Brunei Darussalam has agreed to protect biological diversity through the international agreements of the 
Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020). 
 
Brunei Darussalam has 14 MPAs and one marine managed area. The implemented MPAs occupy 17 km2 
(Marine Conservation Institute 2020), which equals 0.066% of the entire EEZ (25,340 km2; Cinco et al. 2016). 
However, these numbers do not show other areas which act as de facto MPAs, such as the offshore oil rigs 
where part of the shelf is closed to fishing (Gayanilo et al. 1998; Christensen et al. 2003). 
 
A total of six different species of seagrasses, which act as a natural filter reducing the impact of discharge of 
turbid waters to offshore coral reefs, have been found in Palau Bedukang Wildlife Sanctuary and in Pulau 
Muara Besar. “[This suggests] that Brunei Bay has a rich seagrass diversity comparable to other regions in 
Southeast Asia and emphasizes the importance of taking action to conserve and monitor the seagrass 
community” (Lamit et al. 2017). 
 
Even though coral reefs have a high biodiversity in Brunei, they may be impacted, notably near Pelumpong 
Island, by water out of Brunei Bay, which is of high turbidity and low salinity and pH. Moreover, an increase in 
urbanization led to more human-derived substances being discharged into Brunei Bay and eventually 
impacting offshore coral reefs (Tanaka 2016).  
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Cambodia 
A reconstruction of fisheries catches in Cambodia’s Exclusive Economic Zone (EEZ) was completed for 1950-
2010 by Teh et al. (2014, 2016) and updated to 2013 by Teh and Pauly (2018). This account presents how this 
was updated to 2017, then carried forward to 2018.  
 
Baseline data 
FAO statistics were used as the reported baseline data. Retroactive changes between FAO dataset versions, 
detected for the years 2010 and 2012-2014, were implemented. 
 
The percentage of reported landings estimated to be low-value fish was held constant at the 2010 amount to 
estimate the landings of low-value fish from 2011 to 2017. The 2010 taxonomic breakdown attributed reported 
landings for each FAO category was maintained for 2011-2017. Discards produced by industrial trawling were 
calculated for 2011-2017 using the same methods and taxonomic composition described in the report of Teh et 
al. (2014). 
 
Thai vs. Cambodian fishing operations  
The percentage of reported industrial landings estimated for Thailand vessels operating within Cambodia’s 
EEZ was maintained at the 2010 level. Catches by Cambodian vessels outside of Cambodia’s EEZ were 
maintained at the ratio of 25% annual reported catch to 2017. Unreported catch assumed to be sold at sea was 
calculated for 2011-2017 using the same methods described in Teh et al. (2014). The unreported industrial 
landings were assumed to have the same taxonomic breakdown as reported landings. 
 

 
Figure 2. Reconstructed domestic catch for Cambodia’s EEZ by fishing sector for 1950-2018. 
 
Artisanal and subsistence fisheries 
Landings by small-scale fishers were updated to 2017 using the methods described by Teh et al. (2014) for 
2010. The consumption of fish and fish products was estimated for Cambodia to be 63.5 kg·person-1·year-1 in 
2011-2012 by Needham and Funge-Smith (2014) with 27% of fish consumption attributed to marine catches. 
The total population of Cambodia was updated to 2017 with World Bank data and converted to coastal 
population based on the 2010 ratio. 
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The ratio of coastal households that fish, the average household size, the percentage of households that are 
rural, and the catch rate were all carried forward at the 2008 level for 2011-2017 and used to calculate total 
small scale catch for 2011-2017. The estimated small-scale catch rate of 18 kg·fisher-1·trip-1 was determined for 
2011 by Ngor and Heng (2012). This matches the catch rate of 1.1 tonnes·fisher-1·season-1 as determined by 
Doma (2011) if fishers are assumed to make 64 trips per season as estimated for 2005 onward in the original 
report (Teh et al. 2014). The percentage of small-scale catch assigned to the artisanal and subsistence sectors 
was held constant at 40% subsistence and 60% artisanal for 2011-2017. The taxonomic breakdown of small-
scale landings remained unchanged at the 2010 ratio for 2011-2017. 
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by a more 
detailed, research-intensive update. 
 
Marine biodiversity protection 
Cambodia has agreed to protect its biological diversity through the international agreements of the 
Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020). 
 
Cambodia has four MPAs and two marine managed areas. In 2016, the Ministry of Agriculture, Forestry and 
Fisheries announced its approval of Cambodia’s first marine protected area (MPA) (Gaworecki 2016). The new 
Marine Fisheries Management Area will be 405 km2 and will surround the islands of Koh Rong and Koh Rong 
Sanloem to protect essential species and habitats while still remaining open to fishing and tourism activities 
(Gaworecki 2016). 
 
The implemented MPAs occupy roughly 58 km2 (Marine Conservation Institute 2020), i.e., 0.12% of its EEZ of 
47,676 km2 (Teh et al. 2016). However, other sources state that the protection extent is at least 350 km2 if the 
relatively large marine protected area around the islands of Koh Rong and Koh Rong Sanloem (about 20 km 
off the coastal city of Sihanoukville) is considered. “The marine protected area is known in Cambodia as a 
Marine Fisheries Management Area, which aims to ensure that fishery resources are managed sustainably 
while also encouraging tourism, reducing poverty, and maintaining biodiversity. [… It] is designed to protect a 
significant diversity of corals, fish, invertebrates, sponges, and algae” (Yin and Vang 2019). 
 
The MPAs are the Dong Peng Multiple Use Management Area (designated in 1993), the Koh Rong Marine 
National Park (designated in 2007 with a total no-take area of 0.11 km2), the Peam Krasop Wildlife Sanctuary 
(designated in 1993) and the Ream National Park (designated in 1995 with a total no-take area of 60 km2) 
(Marine Conservation Institute 2020). 
 
“Successful PES [(i.e., payment for ecosystem services)] implementation depends on clear property tittles and 
property rights. Most PES-designated places in Cambodia are public land. Many rural communities do not 
have land titles and the rights to manage public properties. The current PES communities with support from 
NGOs have formed themselves to claim their rights to manage public properties in the forms of community 
forest, community fisheries, community-based ecotourism, and community-protected areas. However, the 
process of community-based organization registration is complicated, and even with registered community-
based organizations, these collective rights are not always respected” (Yin and Vang 2019). 
“Despite recent progress in protecting marine ecosystems and improving fisheries management in Cambodia, 
capacity for coastal management remains limited and investments in marine conservation and sustainability 
initiatives have been disjointed. […]. To ensure effective management and efficient investments, an 
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unprecedented coalition is needed between government and non-government agencies, coastal communities 
and private and tourism sectors” (Teoh et al. 2020). 
 
Malaysia (Peninsula East, Peninsula West, Sabah and Sarawak) 
The initial reconstruction of the marine fisheries catches of Malaysia for 1950-2010 was performed by Teh and 
Teh (2014), which included previous work on Sabah by Teh et al. (2009); see also Teh et al. (2016), Teh and 
Teh (2016a, 2016b). This reconstruction was subsequently updated to 2013 by Teh and Pauly (2018). The 
present account provides information on how this reconstruction, which actually consists of four distinct parts 
(Sabah, Sarawak and the East and West coasts of Peninsular Malaysia), was updated to 2017, then carried 
forward to 2018. 
 
Baseline data 
A ratio of national data to the 2014 FAO FishStatJ dataset was determined for 2010 and used to approximate 
total catch for 2011-2017. Ratio between national data (Malaysia Department of Fisheries 2019) and FAO data 
for FAO areas Eastern Indian Ocean and Western Central Pacific were determined separately. Industrial gear 
types were assigned for 1950-2010 based on data from the Southeast Asian Fisheries Development Centre87 
(SEAFDEC). Because the time series from SEAFDEC was incomplete, data were extrapolated to earlier years 
when industrial fishing began in each Exclusive Economic Zone (EEZ). The time series of data from SEAFDEC 
were interpolated for gaps in the data. Taxa reported by SEAFDEC were matched as closely as possible to taxa 
in the reconstruction to assign gears. Disaggregation of SEAFDEC trawl catches between bottom trawls and 
pelagic trawls was determined through research using FishBase to determine if the species was primarily 
pelagic or demersal. 
 
The 2010 percent breakdowns for the four components of the Malaysian EEZs and for sectors, gear type, and 
taxa were held constant for 2011-2017. The same method of determining a ratio of national data to the 2017 
FAO FishStatJ dataset for 2010 was used to estimate unreported catch by commercial, subsistence, 
recreational fisheries and discards for 2011-2017.  
 
Pelagic fishes 
Ratio of large pelagic species such as kawakawa (Euthynnus affinis), longtail tuna (Thunnus tonggol), 
‘Marlins, Sailfishes, etc. nei’, and skipjack tuna (Katsuwonus pelamis) were determined for the years 2011-
2017 based on 2017 FAO data and were assigned to the small-scale sector for each EEZ component. Industrial 
catches of tunas and other large pelagic species were estimated in a separate study (Coulter et al. 2020). 
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by a more 
detailed, research-intensive update. 
 
Marine biodiversity protection 
Malaysia (Peninsula East, Peninsula West, Sabah and Sarawak) has agreed to protect its marine biological 
diversity through the international agreements of the Convention on Biological Diversity (Aichi) (Marine 
Conservation Institute 2020).  
 

 
87 http://map.seafdec.org/NewBulletin/production_fg.php  
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Malaysia has 101 MPAs and five marine managed areas in Peninsular Malaysia, Sarawak and Sabah. Overall, 
the implemented MPAs occupy 10,426 km2 (Marine Conservation Institute 2020), which equals 2.32% of the 
Malaysian EEZ of 449,477 km2 (Teh et al. 2016; Teh and Teh 2016a, 2016b). These MPAs are divided in four 
categories: marine parks, no-take zones, wildlife sanctuaries, and turtle sanctuaries (Masud & Mehedi 2019). 
 
“The MPAs in Malaysia were first introduced by the Fisheries Department in 1980, which resulted in many 
coral islands being treated as marine parks under the Marine Parks and Reserves Act 1994 (Basiron and Kaur 
2009). […] In Malaysia, MPAs are declared with various gazettes including Federal Act and State Enactment. 
[…] After the poor management system of MPAs by the Fisheries Department became apparent, all MPAs 
were transferred to the jurisdiction of a newly created wing named Marine Park Department Malaysia 
(MPDM), which aimed for more effective operations and monitoring (MPDM 2012) […], currently under the 
supervision of the Ministry of Natural Resources and Environment (MNRE)” (Masud and Mehedi 2019).  
 
However, the establishment of MPAs in Malaysia, as in many other countries, does not imply complete 
cessation of all illegal activities. For example, Joseph et al. (2019) reports green turtle poaching in Palau Tiga 
State Park (designated in 1978, with 158 km2).  
 
Myanmar  
A reconstruction of the catch of Myanmar’s marine fisheries was completed for 1950-2008 by Booth and Pauly 
(2011) and updated to 2010 by Booth and Pauly (2016). The account outlines how this reconstruction was 
updated to 2017, then carried forward to 2018.  
 
Baseline data 
FAO data were used as the baseline for reported landings. However, the accuracy of the previous releases of 
FAO reported landings was widely questioned (e.g., by Booth and Pauly 2016); as a result, the FAO have 
revised these data (Figure 3-4). Official Myanmar statistics estimate marine catch of over 2.85 million tonnes 
in 2014; this is now seen as a gross overestimate (Myanmar Fisheries Partnership 2016). Myanmar’s reported 
landings are highly unlikely to be correct because the total fishable biomass in Myanmar’s EEZ was estimated 
at 1.8 million tonnes in 1979-1980 (BOBLME 2014). In 2009/2010, the annual catch of Myanmar was 
estimated at 1.37 million tonnes (BOBLME 2015).  
 
FAO has retroactively corrected the data submitted by Myanmar (Figure 3), which consisted exclusively of 
“Marine Fishes nei”; it is the revised data that are accepted here as baseline.  
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Figure 3. Comparison of reported catch for Myanmar between FAO data versions 2014 and 2018 in the Eastern Indian Ocean for the 
2000-2018 period. 
 
Reported landings  
Reported landings were adjusted for the years 2006 to 2017 such that they matched the amount reported by 
FAO. The catch ratio by sector used in the original reconstruction were maintained for years with retroactive 
updates.  
 

 
Figure 4. Reconstructed domestic catch within Myanmar’s EEZ by fishing sector for 1950-2018. 
 
Caution: the taxonomic breakdown is a simulacrum 
The taxonomic breakdown in 2010 was maintained to 2017. It should be recalled that this breakdown was a 
simulacrum (Booth and Pauly 2016) obtained by interpolating between the catch composition of Thailand 
(Andaman Sea) and India (East Coast). These interpolated ‘catch composition’ data were required for an 
approximate spatialization of Myanmar’s marine catch but should not be used for detailed stock assessments.  
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Unreported subsistence catches and discards 
Unreported subsistence catches were reconstructed for 2011-2017 using updated population data from United 
Nations Population Division (2019) multiplied by the adjusted subsistence catch ratio from 2010 (Booth and 
Pauly 2011). Discards from large-scale commercial and artisanal fisheries were updated for 2011-2017 using 
the ratio of discards to reported landings from 2006-2010.  
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by a more 
detailed, research-intensive update. 
 
Marine biodiversity protection 
Myanmar has agreed to protect biological diversity through the international agreements of the Convention on 
Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine 
Conservation Institute 2020). 
 
Myanmar has two implemented MPAs, both designated in 2017, occupying 487 km2 (Marine Conservation 
Institute 2020), which is 0.095% of the entire EEZ (511,389 km2 (Booth and Pauly 2016). The Ramsar site of 
Nanthar Island and Mayyu Estuary (designated in 2020 and not included in MPAtlas) covers 36 km2 and “[…] 
includes estuarine and shallow marine waters, rocky shores and mangrove forest. Upwelling in the Bay of 
Bengal contributes to the Site’s productive marine ecosystem. It is one of the last refuges of the critically 
endangered spoon-billed sandpiper (Calidris pygmaea), with over 5% of the remaining global population 
reported annually. Other threatened species include the endangered green turtle (Chelonia mydas) and the 
vulnerable olive ridley (Lepidochelys olivacea) and leatherback turtles (Dermochelys coriacea), all of which 
are known to nest within the Site” (Ramsar sites information service 2020a). 
 
The MPA of the Gulf of Mottama has what appears to be the largest tidal mudflats in the world. “The Site 
supports a large number of species including marine fish, invertebrates and up to 150,000 migratory 
waterbirds in the non-breeding season. Among these waterbirds is the critically endangered Spoon-billed 
sandpiper (Eurynorhynchus pygmeus), of which the site perhaps hosts more than half of the remaining global 
population” (Ramsar sites information service 2020b). 
 
The other MPA, Meinmahla Kyun Wildlife Sanctuary, has the largest remaining mangrove areas of the 
Ayeyarwady Delta and is thus very important for the country with the eighth largest mangrove cover, now 
estimated to be less than 5,000 km2. For example, the region of Ayeyarwady has lost more than 80% of its 
mangrove forest cover between 1980 and 2013 (Zöckler and Aung 2019). “It also supports globally threatened 
species such as the critically endangered hawksbill turtle (Eretmochelys imbricata) and mangrove terrapin 
(Batagur baska). The latter is particularly significant for the Site because it is listed under the IUCN Red List 
as regionally extinct in Myanmar. Other threatened species include the endangered great knot (Calidris 
tenuirostris), Nordmann’s greenshank (Tringa guttifer), green turtle (Chelonia mydas) and dhole (Cuon 
alpinus). Vulnerable species include the Pacific ridley turtle (Lepidochelys olivacea), fishing cat (Prionailurus 
viverrinus), lesser adjutant (Leptoptilos javanicus) and the Irrawaddy dolphin (Orcaella brevirostris). The 
site is also the last estuarine habitat in Myanmar for the salt water crocodile (Crocodylus porosus)” (Ramsar 
sites information service 2020c). 
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Philippines  
A catch reconstruction of the catch of Philippines marine fisheries was presented by Palomares and Pauly 
(2014, 2016) covering the years 1950 to 2010. This account documents how this reconstruction was updated to 
2017, then carried forward to 2018.  
 
Baseline data 
For this update, data to 2017 from the Philippines Statistics Authority were used, which were comparable to 
the FAO data. Thus, we followed the original methods, and updated the reported industrial landings with 
‘commercial fisheries’ data from the Philippines Statistics Authority. National landings labelled ‘Others’ were 
disaggregated by taxa based on the 2010 taxonomic breakdown.  
 
Unreported industrial landings by so-called ‘baby trawlers’ were updated for 2011-2017 by extrapolating the 
decline of baby-trawler landings forward from 2010. The 2010 ratio of total industrial landings that was 
assumed unreported was held constant for 2011-2017. Unreported industrial landings were disaggregated by 
taxa using the 2010 taxonomic breakdowns. Discards from industrial fishing were projected from 2010 to 
2017 using the original methods (Palomares and Pauly 2014).  
 
Recreational fishing 
The number of recreational fishers was updated to 2017 by extending the original regression equations for 
spear and line fishers and catch-per-day by line fishers calculated by Espedido et al. (2014) to 2017. The 
number of days spent fishing was assumed to remain constant at the 2010 level and the catch-per-spearfisher 
per day was carried forward unaltered to 2017. The taxonomic breakdown of recreational landings was 
maintained at the 2010 levels for each gear. 
 
Subsistence, artisanal and industrial fishers 
The number of artisanal, subsistence, and industrial fishers in each sub-area was determined for 2011-2017 
using the regression equations derived by Palomares and Pauly (2014). The catch per fisher for each sector 
was determined for 2011-2017 from these regressions. Recent estimates of catch per fisher for artisanal fishers 
were estimated by Muallil et al. (2014) and appeared to match the catch per fisher estimates obtained from the 
regression equation. 
 
Unreported catches 
Unreported small-scale landings were calculated for each area for 2011-2017 using the original methods 
(Palomares and Pauly 2014). Small-scale landings were then adjusted downward by 1.3% in 2013 to account 
for the decline in municipal landings due to Typhoon Haiyan (Yolanda) in the Central Visayas region (Anon. 
2015b). Commercial landings were assumed unaffected since mainly small-scale vessels were destroyed. 
Small-scale landings were disaggregated by taxa for 2011-2017 based on the taxonomic breakdown of 
‘municipal’ landings in national data from the Philippines Statistics Authority. The category “Other species” in 
municipal landings was disaggregated using the taxa mentioned in 2010. 
 
Management and politic issues 
In 2014, the European Union placed the Philippines on yellow card status with the provision that the 
Philippines take steps to curb illegal fishing in order to maintain fish export access to European markets 
(Anon. 2015a, 2015b). The European Union removed the yellow card status in 2015 citing progress made by 
the Philippines in reforming legal systems to curb illegal fishing (Anon. 2015a). 
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Pauly and Liang (2019) estimated that 27% of the Philippines’ marine fisheries catches originate from the 
South China Sea Large Marine Ecosystem, and fishing conflicts between China and the Philippines continue 
over the contested fishing grounds (Bloomberg 2016; Velasquez 2016). In 2016, the International Court of 
Justice in The Hague ruled against China’s claim to historic exclusive rights over the resources of the South 
China Sea. In particular, the Court stated that fishers from both China and the Philippines had fishing rights 
to the Scarborough Shoal area and access should not be restricted, though China continues to assert its 
exclusive claim to the area (Anon. 2016). 
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on Philippines Statistics Authority and FAO data. Semi-automated reconstructed catch 
data will later be replaced by a more detailed, research-intensive update. 
 
Marine biodiversity protection 
The Philippines have agreed to protect their considerable marine biological diversity through the international 
agreements of the Convention on Biological Diversity (Aichi), United Nations Convention on the Law of the 
Sea, Ramsar Convention on Wetlands of International Importance, International Coral Reef Initiative and the 
World Heritage Convention. The country is also part of the international network of UNESCO Man and the 
Biosphere and a signatory to regional treaties and agreements such as the Regional Seas Convention (Marine 
Conservation Institute 2020). 
 
The Philippines have 373 MPAs and eight marine managed areas. The implemented MPAs occupy 32,772 km2 
(Marine Conservation Institute 2020), which amount to 1.45% of an EEZ of 2,264,000 km2 (Palomares and 
Pauly 2016). 
 
Poor monitoring and documentation are two of the fundamental reasons why many MPAs in the Philippines 
are not properly maintained (Masud and Mehedi 2019). Even the tiny fish sanctuary (no-take with less than 1 
km2) of Sumilon Island, designated in 1974 (Marine Conservation Institute 2020), and which was 
internationally recognized as an excellent example of how coral reef sanctuaries can help improve the reef 
fisheries, was pillaged in 1984, leading to a decline in fish catches in the following years (White 1989; Russ and 
Alcala 1996). 
 
In contrast, it has been demonstrated that a community-based approach can help to better manage MPAs and 
fight against damaging fishing practices, such as the utilization of explosives and cyanide, some of the threats 
still present in the Philippines (Masud and Mehedi 2019). However, they are more susceptible to political 
party/power changes. “[…] Sumilon Island was a pioneer MPA in the Philippines with a geographical size 
comparable to that of Apo Island. Initially, a functional community-based management system was 
established, but things suddenly changed when political power in the municipality shifted; the party that came 
into power had campaigned actively against the Sumilon MPA, which led to an unofficial reopening of no-take 
areas (Russ & Alcala, 1999). Such a change in political power eroded years of hard work growing fish biomass, 
as fish stocks collapsed remarkably following the closure of the MPA. The shift of power in Sumilon led the 
Department of Environment and Natural Resources (DENR) to declare Apo’s MPA status under the purview 
of NIPAS [(National Integrated Protected Areas System)] as a precautionary measure to protect it from any 
similar changes in local government” (Masud and Mehedi 2019). 
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Singapore 
Reconstruction of Singapore’s marine fisheries was completed for 1950-2010 by Corpus (2014, 2016). This 
account presents how the reconstruction was updated to 2017, then carried forward to 2018. 
 
Baseline data  
Since the original reconstruction, updated information has become available from FAO, Southeast Asian 
Fisheries Development Center (SEAFDEC 2015, 2018), and the Agri-Food & Veterinary Authority of Singapore 
(AVA 2014, 2015). Landings data from all three sources were compared for 2011-2014, and FAO data were 
assumed to provide the baseline for commercial landings. For 2015-2017, only two sources (FAO and 
SEAFDEC) were accessed and compared. The 2010 percentage of reported landings by artisanal and industrial 
fisheries per taxa were held constant for 2011-2017.  
 
Subsistence and recreational fishing 
Catches from subsistence fishing were carried forward for 2011-2017 based on the ratio of subsistence catches 
to reported landings in 2010. The taxonomic breakdown of reported landings was used to disaggregate 
subsistence catches for 2011-2017.  
 
The number of recreational fishers was updated for 2011-2017 based on the percentage of total population 
that participated in recreational fishing in 2010. The 2010 recreational catch rate was maintained for 2011-
2017 and used to calculate landings by recreational fishers. Recreational landings were disaggregated using 
the taxonomic breakdown of reported landings in 2011-2017 for all taxa except marine and swamp crabs. 
Recreational crab landings were estimated based on the ratio of commercial crab landings to recreational 
crab landings in 2010 for each species. 
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by a more 
detailed, research-intensive update. 
 
Marine biodiversity protection 
Singapore has agreed to protect its biological diversity through the international agreements of the 
Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020). 
 
Singapore has two MPAs but no marine managed areas. The implemented MPAs occupy 0.3 km2 (Marine 
Conservation Institute 2020), i.e., 0.045% of its small EEZ of 673 km2 (Corpus 2016). The MPAs are the 
Labrador Nature Reserve Nature (designated in 2002) and the Sisters' Islands Marine Park (designated in 
2014).  
 
“Singapore has adapted the internationally recognized Integrated Coastal Management (ICM) framework by 
incorporating urban considerations to form the Integrated Urban Coastal Management (IUCM) framework 
declared in accordance with the country’s unique physical, political, and socioeconomic context (NParks 
2015). […] In essence, it declares that the protection and conservation of Singapore’s marine environment is a 
shared societal responsibility. With effective implementation, IUCM should enhance coordination between all 
stakeholders in coastal and marine land use and planning; conserve sensitive coastal habitats, biodiversity, 
and natural resources amidst coastal development; and optimize the use of coastal resources, including coastal 
space in a sustainable manner. […] The governance and management of Singapore’s marine environment 
continues to evolve, with the IUCM framework playing a central role in ensuring that the nation’s sustainable 
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development goals can be achieved through the 3P (people, private and public) partnership approach to 
ensure that the marine environment is managed in a holistic and integrated manner” (Chou et al. 2019). 
 
Moreover, marine protection is also provided by the NParks Nature Conservation Master Plan (NCMP) and 
the Marine Conservation Master Plan (MCAP), both supporting the creation and management of the first 
marine Park in Singapore, the Sisters’ Islands Marine Park (Chou et al. 2019). This marine park, which was 
closed in 2016 because of coral bleaching, is dedicated to research, conservation and tourism (Wee 2017). It 
has an underwater dive trail where visitors with dive certification and experience can be “[…] guided through 
20 stations marked by signs which will bring their attention to the variety of marine biodiversity and reef 
features present in Singapore's waters, as well as messages on conservation and responsible diving. Some 
stations will also engage divers in simple biodiversity or water quality surveys as part of NParks' efforts to 
encourage participation in our Citizen Science programmes” (Nparks 2020). 
 
In this park, the great barracuda (Sphyraena barracuda), once thought to have disappeared from the area, 
has been observed. “[In this country] the great barracuda is already known since 1861 (Bleeker 1861: 31, 51 as 
Sphyraena commersonii), but there have been no records thereafter. Encounters with large adult great 
barracuda while diving, are apparently rare, and the recent featured sighting is a confirmation of the 
occurrence of this species in Singapore waters” (Jaafar 2019). 
 
Timor Leste 
Timor-Leste’s marine fisheries catch was originally reconstructed for the years 1950 to 2009 by Barbosa and 
Booth (2009) and updated to 2010 by Barbosa et al. (2016). Here, we document an update of this 
reconstruction to 2016 and its carry forward to 2018. A recently completed revision and update of Timor 
Leste’s catch history over the last 60+ years (Yang 2020) will be incorporated in future updates. 
 
Baseline data 
The FAO data that are currently available cover the years 1999 to 2018. Retroactive changes were detected and 
used to update reported landings for 1999-2010 (Figure 5). Because of the increased catch reported by FAO for 
1999-2000, original reconstructed artisanal landings in 1999-2000 were assumed to be too low; thus, they 
were to equal the reported landings once all subsistence catches were accounted for within reported data.  
No updated estimates of the country’s total marine landings for 2010 onward were uncovered during a 
survey of available literature. Therefore, estimates of marine landings for 2010-2016 were reconstructed 
based on population data. The country’s total population was estimated at 1,066,409 in 2010, 1,180,069 in 
2013, 1,212,107 in 2014, 1,183,643 in 2015, and 1,221,133 in 2016 (DNE 2010; NSD and UNFPA 2011; DNE 
2015; Lopes et al. 2017). Total population estimates for 2006-2009 and 2011-2012 were interpolated. 
 
Subsistence catches 
Subsistence catches were reconstructed for 1998-2010 using the original methods (Barbosa and Booth 2009), 
and an updated estimate of subsistence catch of 3,500 tonnes in 2009 (ADB 2014) is used here as an anchor. 
Estimates of catch rates for 1998-2000 and 2004-2008 were interpolated using 1997 and 2001 anchors, and 
2003 and 2009 anchors, respectively. The 2009-2014 trend in catch rates was carried forward to 2015 and the 
same value was used for 2016. Subsistence catch rates were used to calculate total subsistence catches based 
on the corresponding updated total population estimates. Subsistence catches were disaggregated by taxa for 
1998-2000 and 2004-2010 using the original taxonomic breakdowns described by Barbosa and Booth (2009) 
and carried forward at the 2010 taxonomic breakdown for 2011-2016.  
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Figure 5. Reconstructed domestic catch for Timor Leste for 1950-2018 (the catch reported by FAO is the solid black line). 
 
Artisanal catches 
Artisanal catches were updated for 1988-2009 based on estimates of average fish per capita consumption from 
available literature. Per capita consumption rate was estimated from anchor points of total marine catch in 
1988, 1997, 2001, 2003, i.e., anchors used in the original reconstruction (Barbosa and Booth 2009) and an 
anchor point for 2009 from ADB (2014). The anchor point estimates were divided by the corresponding total 
population estimates. Since no updated estimate was uncovered, per capita rates were interpolated for missing 
years and the 2009 value was used for 2010-2016.  
 
AMSAT-International (2011) estimated the average annual consumption marine fish per capita in Timor 
Leste to be 5.8 kg in 2011. However, this estimate was higher than the calculated per capita marine fish 
consumption and may include marine fish produced by mariculture or imported from other countries. Thus, 
to be conservative, this estimate by AMSAT-International (2011) was not used to estimate marine catch. 
Instead, total seafood demand for 1989-2016 was calculated by multiplying the total population estimate by 
the per capita fish consumption rate stated in the original reconstruction (Barbosa and Booth 2009) and 
using the 2009 anchor (ADB 2014) for 2009-2016. The resulting value was assumed to represent the total 
marine landing for each of those years.  
 
Total artisanal landings for 1989-2016 were estimated by subtracting the updated total subsistence catches 
from the total seafood demand. Updated artisanal landings were disaggregated by taxa and gear for 1989-
1996, 1998-2000 and 2004-2016 using the original taxonomic breakdowns described by Barbosa and Booth 
(2009, 2016) and held constant from 2011-2016 at the 2010 ratio. According to Valmonte-Santos et al. 
(2016), approximately 94% of fish consumed in Timor Leste was supplied by coastal and marine fisheries in 
Timor Leste in 2013. 
 
Fishing boats and market infrastructure 
Fishers do not have incentive to catch beyond what is demanded by subsistence and local markets because 
transport and preservation infrastructures are not available (Alonso et al. 2012). The number of fishing vessels 
increased from 630 motorized canoes, 995 dugout canoes, and 402 small boats in 1997 (Pedersen and 
Arneberg 1999) to 1,179 motorized canoes and 1,850 non-motorized canoes in 2012 (RFLP 2013). The increase 
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in fishing vessels and the introduction of nearshore fish aggregating devices (FAD) in a partnership between 
WorldFish and the country’s Ministry of Agriculture and Fisheries (Tilley et al. 2018) have contributed to the 
increase of total catch for the past decade. 
 
Transition from 2016 to 2018 
The catch reconstructed to 2016 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by the more 
detailed, research-intensive update undertaken by Yang (2020), which could not be integrated into the current 
dataset at this time. 
 
Marine biodiversity protection 
Timor Leste has agreed to protect its biological diversity through the international agreements of the 
Convention on Biological Diversity (Aichi) and United Nations Convention on the Law of the Sea (Marine 
Conservation Institute 2020). 
 
Timor Leste has 17 MPAs but no marine managed areas. The implemented MPAs occupy 583 km2 (Marine 
Conservation Institute 2020), which is 0.76% of its EEZ of 77,051 km2 (Barbosa et al. 2016). “Coastal co-
management in Timor-Leste is relatively new, but recent evidence suggests that the use of tara bandu [(a local 
set of rules or taboos that regulate access and the behavior of individuals in certain domains under the threat 
of material or spiritual sanctions)] is an effective mechanism to engage communities in resource management 
and contribute to fisher well-being (Tilley et al. 2019a). […] Tara bandu is now recognized by the state-based 
Environmental Framework Law (Article 8). This law affirms that tara bandu may be established through local 
common law to conserve the environment and promote the sustainable use of natural resources and, 
importantly, declares that the state will ensure the regulated area is effectively protected” (Lopez et al. 2019). 
 
This country is key to marine biodiversity in the Coral Sea region. The island of Atauro has been identified as 
one of the sites with the greatest marine biodiversity in the world. However, it is possible that the country has 
not focused intensively on marine protection due to the political instability. “Since 1999, when a UN 
sponsored referendum triggered the pathway to effective independence of East Timor from Indonesia, the 
Government of Timor-Leste has been engaged in the task of confirming the state as a legible ‘geo-body’ 
(Winichakul 1994 in Anderson 2003: 165)” (Palmer and McWilliam 2018). 
 
The country also faces serious problems in relation to climate change, illegal fishing and food security (Becker-
Weinberg 2020). Some authors suggested the use of FADs (fishing aggregating devices) in order to improve 
fishers’ capacity and, thus, confront the population’s malnutrition. “Catch rates were highest where fishers 
were specialized, invested in FAD fishing, and formed catch sharing groups with access rights to specific 
FADs. National level investment into a FAD programme by the government could realistically increase overall 
fish production in the country, thereby improving availability of micronutrient rich fish to combat 
malnutrition” (Tilley et al. 2019). 
 
Vietnam 
Reconstruction of Vietnam’s marine fisheries was completed for 1950-2010 by Teh et al. (2014, 2016) and 
updated to 2013 by Teh et al. (2018). Here, we document how this reconstruction was updated to 2017, then 
carried forward to 2018. 
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Baseline reported data 
The 1950-2017 version of the FAO data were compared with previous versions, and reported landings were 
retroactively changed from 2000-2017 (Figure 6). The unrealistically rapid growth in reported landings meant 
that, to be conservative, total reconstructed landings were interpolated between the last available anchor point 
in 1999 and the total reported catch in 2017. 
 

 

Figure 6. Retroactive changes in reported landings for Vietnam between the 2014 and 2018 versions of the FAO data. 

 
Catch over-reporting 
Total reported landings continued to increase from 2010 to 2017 beyond the total landings estimated by Teh et 
al. (2014). In contrast, data for 1981-2002, 1990-2008, 2003-2008, 2009-2014 and 1981-2013 from UNEP 
(2007) and from Phuong and Phy (2013), Pham et al. (2010), and Anh (2015) demonstrated that the average 
CPUE for marine fisheries stabilized from 2000 onward even as landings continued to increase. This is in 
contrast to the steep drop in CPUE from 1985 to 2005, which suggests overfishing is tsking place (Lai et al. 
2009). These incoherencies suggest that the total catch reported by Vietnam to the FAO is far too high. 
 
To partly compensate for this over-reporting, total landings were interpolated from the previous anchor point 
in 1999 to the total reported landings recorded by FAO for 2017 (Figure 6). The original ratio of total 
reconstructed landings was maintained and used to update unreported landings for each fishing sector. The 
change in ratio of total reconstructed landings from each fishing sector was determined for 2009-2010, and 
this rate was extrapolated forwards to continue the trend for each sector for 2011-2017. The taxonomic 
breakdown of landings for each fishing sector was maintained at the original levels for 2000-2010 and held 
constant at the 2010 ratio for 2011-2017. Discards were updated for 2000-2017 using the original methods. 
The discard rate was maintained at the 2010 level for 2011-2017. Discarded catch was disaggregated into taxa 
for 2011-2017 using the taxonomic breakdown from 2010. 
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Figure 7. Estimate of average CPUE (tonnes·horsepower-1) of marine fisheries in Vietnam (from Anh 2015). 

 
Offshore fisheries  
Since 1997, the Vietnamese government has taken steps to encourage the development of offshore fishing 
(Duy et al. 2015). These efforts have resulted in an increase of offshore fishing effort from approximately 
20,000 vessels in 2004 to 27,679 vessels in 2014 and an increase in capacity from 2,642 to 8,084.9x103 
horsepower88 (Duy et al. 2015; GSO 2016). The increased presence of offshore vessels in the South China Sea 
has been encouraged in part because offshore areas are (erroneously) perceived as under-exploited and in part 
to maintain a presence in the South China Sea, which is riven with international conflicts (Pauly and Liang 
2019).  
 
Disputes over fishing boundaries and traditional rights to fish in the South China Sea continue to occur 
between Vietnam, China, Philippines, and Malaysia. Vietnamese fishers accuse China of regular attacks near 
the disputed Paracel Islands, which are approximately equidistant between the two countries (Anon. 2015; 
Hawksley 2016). While the International Court of Justice in The Hague ruled against China’s claim of historic 
exclusive control of much of the South China Sea, China rejects the ruling, and lack of enforcement results in 
continued tension (Anon. 2016). For Vietnam, the lack of enforcement and poor monitoring of domestic 
fisheries data present challenges in implementing existing fisheries management policies, resulting in open-
access fishing in Vietnam and rapidly declining stocks (Hsu et al. 2016). 

 
88 Note that in Vietnam, horsepower is derived from French ‘cheval vapeur’ (C.V.) which is different the US horsepower 
(HP). 
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Figure 8. Reconstructed total marine catch by sector for Viet Nam’s marine fisheries for 1950-2018. 

 
Recreational fishing 
Data on recreational fishing within Vietnam are still scarce, but this activity this should be monitored to 
estimate its impact on fisheries resources. Since the establishment of the Nha Trang Bay Marine Protected 
Area (MPA) in 2001, Phan (2013) estimated that approximately 360 to 840 tourists fish recreationally in the 
MPA per year with a catch rate of 0.5 to 1.5 kg·fisher-1·day-1. At present, the tonnage caught by recreational 
fishers is assumed to be negligible compared to the catch from other sectors. However, it is important to 
monitor the growth of recreational fishing and to include its catch in future reconstructions. 
 
Fishmeal, fish oils and ‘biomass fishing’ 
Fishmeal and fish oil production from marine fisheries, used mainly for aquaculture, continues to grow 
steadily and is now estimated by Vietnam’s General Statistics Office to reach 300,000 tonnes per year (Anon. 
2019).  
 
The scarcity of fish within Vietnam’s waters has resulted in widespread fishing and trans-shipment in foreign 
waters, which has led frequent clashes between Vietnam and its neighbors (Anon. 2019). According to an 
investigation by the Changing Markets Foundation (Anon. 2019), there is no official monitoring of landing at 
surveyed ports, and thus the lack of reliability mentioned above. 
 
Small mesh nets are widely used by trawlers, because fish of very small sizes can be sold in term of ‘biomass’ 
as animal feed for the aquaculture industry (Anon. 2019). These unsustainable and destructive fishing 
practices, lack of monitoring, and increasing demand for fish biomass in Vietnam have created a very difficult 
situation for fisheries, which will be alleviated only when effective monitoring and management of the marine 
fisheries is implemented. 
 
Transition from 2017 to 2018 
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in 
Noël (2020), based on FAO data. Semi-automated reconstructed catch data will later be replaced by the more 
detailed, research-intensive update. 
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Marine biodiversity protection 
Vietnam has agreed to protect it marine biodiversity through the international agreements of the Convention 
on Biological Diversity (Aichi), and the Ramsar Convention on Wetlands of International Importance. It is 
also part of the international network of UNESCO Man and the Biosphere (Marine Conservation Institute 
2020). 
 
Vietnam has 41 MPAs and nine marine managed areas. The implemented MPAs occupy 3,743 km2 (Marine 
Conservation Institute 2020), which is 0.27% of the Vietnamese EEZ of 1,395,096 km2 (Teh et al. 2016). 
 
One of the first protected areas of internationally-recognized biodiversity importance in Vietnam with 
biodiversity recognized of international importance was the Con Dao National Park (CDNP, designated in 
2002 with 230 km2 of marine area; Marine Conservation Institute 2020). “[This National Park] is emerging in 
a context of increasing economic liberalization and delegation of decision-making power to province/district-
level governments, yet under the tight control of Vietnam’s Communist Party. Key challenges in governing 
CDNP include a lack of capacity for enforcement under an unclear legal framework, lack of transparency, 
accountability and fairness, limited coordination among local government agencies, limited community 
participation, harmful linkages between certain user groups and local authorities, a lack of conditions attached 
to property/use rights, and weak leadership. With remarkable achievements in socio-economic development 
over the past three decades, Vietnam arguably has sufficient capacity to adopt more effective and realistic 
solutions to address such challenges” (Khuu et al. 2020). 
 
Moreover, the above-mentioned National Park together with the MPAs of Cu Lao Cham and Con Dao are the 
only marine sites that have implemented biodiversity surveys and use zoning (Masud and Mehedi 2019). This 
is, sadly, something that must be improved in a country where estimates suggest that 96% of the reefs are 
damaged by human activities, 75% are under high risk (Burke et al. 2006; King 2017) and the conditions are 
declining even inside the MPAs (Masud and Mehedi 2019). 
 
Results and Discussion 
The results of the reconstructions updates presented above for the eight Southeast Asian countries, and for 
Indonesia and Thailand are available on the Sea Around Us website (www.seaaroundus.org). 
 
Southeast Asia is at the center of the Indo-Pacific and as such is of strategic importance (Pauly 2019, 2020). It 
is also the center of the world’s biodiversity, both terrestrial (Wallace 1869) and marine (Hoeksema 2007). 
The South China Sea LME is at the center of Southeast Asia, and various fisheries extract an annual catch of 
about 10 million tonnes from its waters (Pauly and Liang 2019). Besides massive overfishing (see, e.g., 
Christensen et al. 2003), Southeast Asia is beginning to suffer from ocean warming (Liang et al. 2018). It is 
riven by international conflicts over access to its resources by surrounding countries -- many linked to China’s 
extravagant claims to an EEZ encompassing nearly the entire South China Sea. 
 
The South China Sea and, by extension, the whole of Southeast Asia would benefit immensely from the reform 
of its fisheries. The subsidized expansion of large, industrial fishing vessels to compete against the fleet of 
other countries and operate (legally or not) in their EEZs should be replaced. Emphasis should be placed on 
ensuring the continued existence of coastal fisheries as significant generators of seafood and livelihoods when 
well run (Zeller and Pauly 2019). 
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