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Director’s Foreword
In 2016, Dr. Daniel Pauly and Dr. Dirk Zeller were co-editors on GLOBAL ATLAS OF MARINE FISHERIES:
AS CRITICAL APPRAISAL OF CATCHES AND ECOSYSTEMS IMPACTS. This book encapsulated data
collected by the Sea Around Us Project, documenting fisheries catch reconstructions for all maritime countries
of the world, which initially covered the years from 1950 to 2010.
Prior to this opus there has been only one source of data on global fishery catches: information reported to the
Food and Agriculture Organization of the United Nations by member countries. The Sea Around Us Project
spent ten-years undertaking this epic study, showing that the officially reported catch data was misleading,
with many countries underreporting the catch by as much as 500%, while others significantly overreported
their catches. The study also included poorly reported data from small-scale, sport and recreational fishers;
information that was not included in FAO figures.
What you are looking at now is an update of that study, documenting the update to 2018 of the Sea Around Us’
fisheries catch reconstructions for all maritime countries of the world. It is the second of two volumes that
cover the Americas, including the Caribbean and much of the Indo-Pacific region, i.e., East, South, Southeast
and East Asia, and Oceania. The first volume, “Updating to 2018 the 1950-2010 marine catch reconstructions
of the Sea Around Us: Part I” 28(5), covers African countries and territories, including the many islands
surrounding that continent, Antarctica and its surrounding island territories, and Europe, with the North
Atlantic islands and southern Mediterranean countries added in.
This was a huge task and I would very much like to thank the Sea Around Us’ authors, editors and contributors
for such monumental undertaking. Well done!
Evgeny Pakhomov
Director, Institute for the Oceans and Fisheries, University of British Columbia, 2202 Main Mall, Vancouver,
BC, V6T 1Z4, Canada
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Preface
This report is the second of two Fisheries Centre Research Reports (FCRR) devoted to documenting the
update to 2018 of the Sea Around Us’ fisheries catch reconstructions for all maritime countries of the world,
which initially covered the years from 1950 to 2010.
The first volume of this pair of FCRRs covered African countries and territories, including the many islands
surrounding that continent, Antarctica and its surrounding island territories, and Europe, with the North
Atlantic islands and southern Mediterranean countries added in1.
This second volume covers the Americas, including the Caribbean and much of the Indo-Pacific region, i.e.,
East, South, Southeast and East Asia, and Oceania.
The purpose and methods of the catch reconstructions and their updates are outlined in the front matters and
first two chapters of the first volume2. Thus, to fully understand the accounts presented here, the reader
should consult Part I.
Here again, I thank my co-editors, Brittany Derrick, Myriam Khalfallah, Veronica Relano and Dirk Zeller for
their contribution in shaping this report, Elaine Chu and Sandra W. Pauly for editorial assistance, and the
many authors of national and regional chapters, both Sea Around Us team members and external
collaborators, for their persistence and dedication over the years.
On behalf of the Sea Around Us, I also thank the many philanthropic foundations that have enabled us to
thrive for over 20 years, notably, the Pew Charitable Trusts, the Paul G. Allen Family Foundation, and the
Bloomberg, Marisla, Oak, Packard, Rockefeller, Waterloo and Angell Family Foundations.
Last but not least, the entire Sea Around Us thanks the Minderoo Foundation, our main supporter in 20192020, for funding the bulk of the work leading to this catch update to 2018.
Daniel Pauly
Principal Investigator, Sea Around Us
Vancouver, December 2020

1 B. Derrick, M. Khalfallah, V. Relano, D. Zeller and D. Pauly (eds). 2020. Updating to 2018 the 1950-2010 Marine Catch
Reconstructions of the Sea Around Us: Part I – Africa, Antarctica, Europe and the North Atlantic. Fisheries Centre
Research Report 28(5): 321 pp.
2 A large fraction of the citations in this FCRR refers to “Working Papers” (WP) or “Fisheries Centre Research Reports”
(FCRR) of the former UBC Fisheries Centre (now Institute for the Oceans and Fisheries, or IOF). For brevity’s sake, the
corresponding references will not repeatedly mention that the WP and FCRR are products of the University of British
Columbia in Vancouver, Canada.
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Central American and the Caribbean countries
catch reconstruction updates
This group contribution of Central American and Caribbean countries includes two individual chapters
dealing with Costa Rica and Panama.
It also includes two regional chapters. The first regional chapter is called “Fisheries of Caribbean Islands:
Updating catch reconstructions to 2018”. This chapter covers Anguilla, Antigua and Barbuda, Aruba,
Bahamas, Barbados, British Virgin Islands, Cayman Island, Cuba, Dominica, Dominican Republic, Grenada,
Guadeloupe, Haiti and Navassa, Jamaica, Martinique, Montserrat, the ex-Netherland Antilles (Bonaire,
Curaçao, Saba and Sint Eustatius, and Sint Maarten), Puerto Rico, Saint Barthelemy, Saint Kitts and Nevis,
Saint Lucia, Saint Martin, Saint Vincent and the Grenadines, Trinidad and Tobago, Turks and Caicos Island,
and US Virgin Islands.
The second regional chapter is titled “Updating catch reconstructions of Central America to 2018” and
includes Belize, Clipperton Island, El Salvador, Guatemala, Honduras and Nicaragua.
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Costa Rica (Caribbean and Pacific):
Updated catch reconstruction for 2011-2018*
Courtney Browna, Lincoln Hoodb and Rachel Whiteb
a) Sea Around Us, Institute for the Oceans and Fisheries, University of British Columbia, 2202 Main
Mall, Vancouver, BC, V6T 1Z4, Canada
b) Sea Around Us - Indian Ocean, School of Biological Sciences, University of Western Australia, 35
Stirling Hwy, Crawley 6009, WA, Australia

Abstract
An update to the original 1950-2010 catch reconstruction for Costa Rica’s maritime fisheries was undertaken
to 2018 for both coasts. Recreational fisheries have expanded rapidly in recent years, with varying estimates of
the level of participation. In order to estimate the growing impact of recreational fishing on marine resources,
we averaged multiple estimates of participation to conservatively reflect the likely level of recreational fishing
along Costa Rica’s coasts. Detailed descriptions of the assumptions and datasets used for this update are
presented by EEZ (Pacific and Caribbean) and fishery.

Introduction
Costa Rica’s marine fisheries were reconstructed for 1950-2010 by Trujillo et al. (2015, 2016a, 2016b). Since
the initial reconstruction, FAO data have become available and are used to estimate reported landings for
2011-2016. The catch reconstructed to 2016 was thereafter carried forward using the semi-automation method
of Noël (2020), based on FAO landings data to 2018.

Methods
Pacific coast
Shrimp Fishery
The Costa Rican shrimp fishery occurs in the Pacific EEZ and was considered industrial. In the original
reconstruction, Trujillo et al. (2015) gradually decreased the ratio of bycatch to shrimp landings and increased
the ratio of bycatch retention from 1995 to 2010. To do this, Trujillo et al. (2015) doubled the retention rate,
halved the bycatch ratio, and interpolated between 1995 and 2010. As shrimp stocks have become
overexploited and depleted, shrimp trawlers have progressively moved into deeper waters. A study analyzing
bycatch rates during deep-water shrimp-trawls in Costa Rica from 2004-2009 found that, on average, 5.7 kg
of bycatch was caught for every kilogram of shrimp (Arana et al. 2013). In addition, results showed a strong
correlation between high bycatch levels and low catches of the target species. Therefore, it is probable that, as
shrimp stocks become increasingly depleted and shrimp landings decline (FAO 2004), bycatch rates are
actually increasing. However, to be conservative, we used the average bycatch rate (5.7:1; bycatch/shrimp)
from 2004 to 2009 (Arana et al. 2013). We interpolated bycatch rates between the anchor point in 1987 (7.7:1;
bycatch/shrimp) and this new anchor point to make retroactive changes from 1988 onwards. The bycatch rate
(5.7:1; bycatch/shrimp) remained unchanged from 2007-2016.
In Costa Rica, practically all of the deep-water shrimp bycatch is discarded (Wehrtmann and Nielsen-Muñoz
2009), possibly due to the use of small vessels with limited catch storage space, the difficulty of preservation,
and low prices at local markets (Arana et al. 2013). As no new rate of bycatch retention was found in the
Cite as: Brown, C., L. Hood and R. White. 2020. Costa Rica (Caribbean and Pacific): Updated catch reconstruction for
2011-2018, p. 11-18. 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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literature, the retention rate was increased according to Trujillo et al. (2015) between 1995 and 2010, but the
2010 retention rate (28%) was maintained from 2011 to 2016.
In 2013, the renewal of shrimp trawl licenses was prohibited, with the last of the existing licenses to expire in
2018, unless there was evidence the industry could be managed sustainably (Clarke et al. 2016). Future data
updates will need to carefully evaluate this development.
Species breakdowns for discards and bycatch landings remained constant from 1990 to 2016 (Trujillo et al.
2015). The existing discard breakdown was supported by Arana et al. (2013), who reported similar
percentages for fish, crustaceans and mollusks. However, the existing breakdown was more detailed and was
maintained. Gear breakdowns remained unchanged from 2014 to 2016.
Shark fishing
Costa Rica officially banned shark finning in 2003, but Trujillo et al. (2015) found evidence that it was still
occurring, and accounted for it by estimating catches after 2003 as equal to the previous 5-year average. More
recently, some reports suggest shark finning in Costa Rica may have even gotten worse, despite reported shark
landings having declined substantially since 2003 (Garling 2015). Therefore, the 5-year average (13,082
tonnes of shark) from 2006 to 2010 from Trujillo et al. (2015) was carried forward to 2011-2016, and
maintained as industrial catches and taken from the Pacific EEZ. Discarded species breakdowns were carried
forward using the percentage of discards to FAO reported landings for 2011-2016. Gear breakdowns were also
carried forward.
Pelagic red crab
In 2013, pelagic red crab (Pleuroncodes planipes) began being reported by FAO on behalf of Costa Rica in the
Pacific EEZ. P. planipes is a species commonly caught and discarded as bycatch in the deep-water shrimp
fishery. In Costa Rica, there is no interest in this resource, and shrimp-trawlers try to avoid areas with dense
aggregations because P. planipes can clog their nets (Wehrtmann and Acuña 2011). Therefore, we thought it
unlikely that they would be a landed bycatch component of the shrimp industry. However, in neighboring
Nicaragua, the closure of their shrimp fishery in 2007 saw a dramatic increase in squat lobster catches as
shrimp trawlers started fishing squat lobster instead (Wehrtmann and Acuña 2011).
It is also possible that the pelagic red crab has been taxonomically separated from the ‘Miscellaneous Marine
Fishes nei’ category in FAO data because there is a notable decline in ‘Miscellaneous Marine Fishes nei’ in
2013. Historically, Costa Rica has never been interested in this species as a food source because of the small
amount of meat in the tail and their low economic value (Kato 1974).
Recently, the artisanal fishing sector has shown a decline in capture rates and landings have been decreasing
in quantity and size for many species (FAO 2004); therefore, it is likely that artisanal fishers are considering
new fisheries that have been neglected in the past. Pleuroncodes spp. are exploited by local artisanal fishers in
neighboring countries (e.g., Panama, see Wehrtmann and Acuña 2011), and this is a likely explanation for the
newly reported catch of this taxon in recent years.
Piangua
Trujillo et al. (2015) calculated the catch-per-fisher ratio based on a review of the fishery for ‘piangua’ (cockle;
Anadara spp.) by MacKenzie (2001) and an estimated 500 ‘piangüeros’ (cockle fishers) living in Costa Rica.
The catch per fisher (0.49 tonnes·fisher-1·year-1) was back calculated by dividing the total catch of pianguas in
2001 (reported and unreported) by the number of piangüeros (500) in 2001.
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In a recent study by Proyecto Golfos (2012), there were approximately 300 piangüeros in the Gulf of Nicoya
and another 150 piangüeros along the Southern Pacific coast of Costa Rica. There is also a small number of
piangüeros on the Caribbean coast (approximately 5% of total piangüeros; Trujillo et al. 2015). Therefore, we
estimated that the number of piangüeros has remained fairly stable at around 500 for 2001-2016.
There has been a decrease in both the abundance and size of piangua in recent years (Silva-Benavides and
Bonilla 2016). Proyecto Golfos (2012) reported that overexploitation and water pollution have contributed to
the decline of the piangua population in the Gulf of Nicoya. Furthermore, the inefficient enforcement of the
size limits (>47 mm) and overall lack of management plans and enforcement threaten the sustainability of the
fishery and has seen some groups turn to complementary activities such as tourism (Proyecto Golfos 2012).
Therefore, we conservatively estimated a 10% decline in the catch per fisher between 2001 and 2016 and
retroactively updated the 2002-2010 data to reflect this change.
Following Trujillo et al. (2015), we allocated 12% of the reconstructed piangua catch to the subsistence sector,
of which 95% were assigned to the Pacific coast, with the remaining 5% in the Caribbean.
Recreational
Recreational fishing in the Pacific EEZ of Costa Rica is basically limited to angling for large pelagic fish, and as
such is closely linked to tourism. The number of tourists visiting Costa Rica each year was obtained from the
website of the Instituto Costarricense de Turismo3. Recreational fishing participation by tourists was zero in
1980 and interpolated to a conservative rate of 2% in 2010. We extrapolated this rate from 2011-2016 using
the previous rate of growth because of the increasing popularity of recreational fishing amongst tourists, and
because the economic impacts of recreational fishing have begun to overshadow the commercial fishing
industry (Jimenez et al. 2010).
In the original reconstruction, Trujillo et al. (2015) used length-weight relationships for each species, and
recreational catch-per-unit-effort (CPUE) was directly and inversely correlated with commercial billfish
landings as reported by FAO. We utilized the 2% fishing participation rate per tourist, per year from 2010 and
applied it to the updated number of tourists for 2011-2016. Reconstruction of the recreational catch per fisher
calculated in neighboring Panama was 330 kg for 6 to 7 billfish using length-weight relationships (Harper et
al. 2014). Costa Rica’s catch per fisher rate is probably similar, especially as Trujillo et al. (2015) estimated a
catch rate of approximately 7 fish per angler. Utilizing 330 kg of fish per angler from Panama (Harper et al.
2014), together with the methods from Trujillo et al. (2015) with a catch-release rate of 95% and a
conservative billfish release mortality rate of 25%, we recalculated total recreational catch for 1980-2016. Due
to a unit conversion error in the original reconstruction, this amounted to almost four times the original
tonnage estimated by Trujillo et al. (2015).
However, our approach may still represent a considerable underestimation, as a study conducted in 2009 by
the Billfish Foundation estimated, based on airport surveys, that 283,790 North American anglers visited
Costa Rica. In fact, it was estimated that 22% of North American tourists visited exclusively for fishing in the
high season (Jimenez et al. 2010). Our calculation did not take into consideration the 15% tourist participation
rate predicted by Jimenez et al. (2010) because of uncertainties about whether or not this 15% included
participation in freshwater angling. Recreational catch in Costa Rica may be much higher than we have

3

https://www.ict.go.cr/en/statistics/statistical-reports.html
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estimated in this reconstruction. However, until catch statistics specific to marine recreational fishing become
available, we have chosen to be conservative and continue with the original amounts.
Recreational catch statistics are missing from official data records, most likely because the majority of target
species (sailfish and marlin) are thought to be released (FAO 2004). Studies that investigate recreational
fishing tend to focus on the demographics and economics of the industry rather than on catch release rates or
catch composition per fisher.
Subsistence
The most recent version of the World Bank data included updated human population estimates for past years.
To smooth the incorporation of the new World Bank data, we interpolated between the 2010 population used
in the original reconstruction, and the 2013 population according to the World Bank dataset from 2018. The
2018 World Bank data were used for 2013-2016.
Data from the National Statistics & Census Institute’s 2002 Census estimated 8,567 persons were employed in
the primary sector (FAO 2004), slightly higher than the 8,000 small-scale marine fishers estimated by Trujillo
et al. (2015) for 2002. Sabau (2017) recently released data on the number of small-scale (artisanal) fishers in
2009 (14,800) and 2010 (16,411). This number includes full- and part-time fishers; therefore, only those
fishers whose sole income depended on fishing were considered (11,810 reported in 2009, and 13,096
estimated for 2010). The rapid growth in the artisanal fishery over the past 20 years is thought to be a result of
structural changes in the agricultural sector that led to large-scale unemployment. The mass migration of
people from the countryside to the coast, coupled with the lack of effective fisheries legislation and
enforcement, have contributed to the substantial growth in the number of fishers, and the decline in fish
stocks (Sabau 2017, FAO 2004).
The existing anchor point for fishers (6,000 fishers in 1985; Trujillo et al. 2015) and the three new anchor
points discussed above were used in calculating the ratio of fishers to the total population. We interpolated the
ratio between anchor points and carried forward the 2010 ratio from 2011-2016.
Trujillo et al. (2015) estimated that each fisher took home approximately 70 kg of fish per year for home
consumption or subsistence. However, the artisanal fishing sector has experienced declining catch rates and
catches in recent years, along with a size reduction of fish caught (Herrera-Ulloa et al. 2011; FAO 2004). Thus,
it is likely that the subsistence catch is also decreasing. To account for this, we estimated 5% of total artisanal
landings were taken home from 2003-2016.
Species breakdowns were the same throughout the time series (Trujillo et al. 2015). Gear breakdowns for
commercial landings also remained unchanged from 2014-2016.
Caribbean coast
Piangua
Trujillo et al. (2015) calculated the catch-per-fisher ratio based on a review of cockle fisheries as described
above. Following Trujillo et al. (2015), 12% of the reconstructed piangua catch was allocated to the subsistence
sector, and the remaining 88% were allocated to the artisanal sector, with 5% to the total assigned to
Caribbean waters.
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Whelk and other subsistence fisheries
The subsistence consumption rate of whelk (Cittarium pica) was back-calculated for 2002 by dividing the
catch (2 tonnes) by the number of fishers used in the original reconstruction (8000; Trujillo et al. 2015). The
percentage of fishers in the Costa Rica’s population (0.2%) was back-calculated from the number of fishers in
2008 used in the original reconstruction (Trujillo et al. 2015). The Costa Rican population was used to
calculate the number of fishers and the tonnage of whelk caught from 2011-2016.
World Bank population data was utilized to update subsistence catches for both Pacific and Caribbean EEZs as
described above.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018, separately for the Caribbean and Pacific coasts
of Costa Rica using the semi-automated procedures outlined in Noël (2020), based on FAO landings data to
2018. Semi-automated reconstructed catch data will later be replaced by a more detailed, research-intensive
update.
Results and Discussion
Only a small fraction of Costa Rica’s domestic catch was taken in its Caribbean EEZ (Figure 1), while
approximately 99% was caught in its Pacific EEZ (Figure 2).

Figure 1. Reconstructed domestic marine and estuarine fisheries catch of the Costa Rican Caribbean coast EEZ for the period from 1950
to 2018 by sector.
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Figure 2. Reconstructed domestic marine and estuarine fisheries catch of the Costa Rican Pacific coast EEZ for the period from 1950 to
2018 by sector.

The growth of recreational fisheries (Figure 2) is not accounted for in reported catch statistics, which may lead
to serious consequences for management and conservation, as experienced elsewhere (Smith and Zeller 2016).
While recreational fishing remains smaller than commercial fisheries, the impact of this growing sector is
important to estimate. Varying estimates of the level of participation in recreational fishing exist. We look
forward to feedback from collaborators that will help us to improve upon our reconstruction for Costa Rica.
Marine biodiversity protection
Costa Rica has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the United Nations Convention on the Law of the Sea, and it is also part of the
international network of UNESCO Man and the Biosphere (Alvarado et al. 2012; Marine Conservation
Institute 2020).
Costa Rica has 38 designated MPAs, which jointly cover 14,813 km2 (Marine Conservation Institute 2020), i.e.,
2.6% of the EEZ of 572,131 km2 (Trujillo et al. 2016a, 2016b). Only three of these MPAs are fully or highly
protected (Marine Conservation Institute 2020). “In Costa Rica, the official definition of an MPA is given by
Kelleher (1999) as follows: ‘any area of intertidal or subtidal terrain, together with its overlying water and
associated flora and fauna, and historical and cultural features, which has been reserved by law or other
effective means to protect part or all of the enclosed environment’” (Alvarado et al. 2012).
“The first protected area with a coastal zone established in Costa Rica was Cabo Blanco Absolute Nature
Reserve, on the Nicoya Peninsula, in 1963. However, its marine protected area was not established until 1982.
Santa Rosa National Park, created in 1971, had to wait until 1987 to include a marine area, when by executive
decree the Murcielago Islands and the sea up to a distance of 6 km from the shore were included in the
protected area” (Alvarado et al. 2012). “Tortuguero National Park [(PNT)], on the Caribbean coast of Costa
Rica, was created in 1970 to protect mating and nesting grounds for green turtles. Between June and
November, the 29-km stretch of beach located between the Tortuguero and Jalova river mouths hosts the
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largest nesting population of green turtles in the Atlantic basin (Troёng and Rankin 2005)” (Bruno et al.
2020).
However, the designation of National Park did not prevent Tortuguero area from unregulated urbanization on
the beachfront, which not only affects negatively the sea turtle nesting activity but also the vegetation line,
which can serve as a buffer of a potential beach retreat (Brizuela and Steffany 2019). Moreover, the large
numbers of visitors at nesting events are starting to create a counter effect in the tourism industry of the
Tortuguero National Park (PNT). “Given the high visitor “through-put” at PNT, a concern for visitor
experience is likely to become an increasingly important management priority. Furthermore, while tourism
has brought desired employment opportunities to the isolated communities, residents recognize that the
upmarket hotels, owned by outsiders, are the principal beneficiaries of tourism. […] [The local stakeholders]
desire more active participation in park management and decision-making. They also question the no-take
nature of park management, complaining that PNT efforts to eliminate or reduce poaching by non-local
residents and by outsiders, largely through NGO efforts, have created perverse incentives” (Hunt and Vargas
2018).
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Abstract
An update to Panama’s marine fisheries catch reconstruction was performed for 2011-2016, and carried
forward to 2018. Significant retroactive data changes were made to account for the retroactive introduction of
the ‘Marine fishes nei’ category to the FAO reported data for the Western Central Atlantic. As there was no
indication by FAO or in the literature as to what sector this catch was derived from, we conservatively assumed
a portion of subsistence catch reported across the time series. Methods used to update catch per fishing sector
are described in detail below.

Introduction
The catches of Panama’s marine fisheries were reconstructed for 1950-2010 by Harper et al. (2014), who dealt
separately with its Caribbean and Pacific coasts (see also Harper et al. 2016a, 2016b). Here, we detail how
these reconstructions were updated to 2016, then carried forward to 2018 using FAO data.

Materials and Methods
Caribbean
Subsistence fisheries in the Caribbean
Catches from subsistence fisheries were updated for 2011-2016 using the original methods (Harper et al.
2014). Updated population data showing some retroactive changes for past years were available from the
World Bank up to 2017. The latest version of the World Bank population data was used from 2000-2016. A
study documenting a malaria outbreak in Guna Yala estimated the region had approximately 37,825
inhabitants in 2012 (Calzada et al. 2015). This estimate of the Guna Yala population in 2012 was
substantially larger than the 2010 anchor point (n=33,109) used in the original reconstruction. To
incorporate differing information from both sources without an unrealistic spike in population, we averaged
the two population estimates to produce an averaged anchor point for 2011. The ratio of the Panamanian
population represented by the Guna Yala was calculated for the original anchor point in 2000 and the new
anchor point in 2011. Ratios were linearly interpolated between 2000 and 2011, and extrapolated to 2016
before being applied to the World Bank population data to estimate the Guna Yala populations for 20122016. The decline in per capita consumption rate was extrapolated to 2016 from the original reconstruction's
anchor points and multiplied by the estimated Guna Yala population for 2011-2016.
The percentage of total subsistence catches estimated to be fish and invertebrate taxa was held constant at
2010 levels for 2011-2016. The taxonomic disaggregation of invertebrates was also held constant at the 2010
levels, including the portion assigned to conch (3%). The Panamanian government established a ban on
conch fishing in 2004; however, there is evidence suggesting that conches are still being fished illegally for
local consumption. The Autoridad de los Recursos Acuáticos de Panamá (ARAP) has reported confiscating
large quantities of snail meat, with most of the seizures occurring in the Guna Yala Comarca and the Bocas
Cite as: Brown, C. and B. Derrick. 2020. Panama (Caribbean and Pacific): Updated catch reconstruction for 2011-2018, p.
19-24. 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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del Toro provinces (FAO Western Central Atlantic Fishery Commission 2015). To account for the illegal
subsistence catch in the absence of new literature, the 2010 ratio assigned to conch was held constant.
The 2016 version of the FAO data introduced an entirely new record of ‘Marine fishes nei’ from 1950-2016
for the Western Central Atlantic FAO area. Previously, only the Eastern Central Pacific had recorded ‘Marine
fishes nei,’ all of which was allocated by the Sea Around Us to the artisanal sector. With no indication from
either FAO or the literature about the source of this new catch, a conservative decision was made to assume
this category represented reported subsistence catches rather than additional unreported catches. While it is
unlikely that subsistence catch is reported, these reported landings were allocated to the subsistence sector
to conservatively account for the reported catch without overestimating total catch before more information
becomes available.
Lobster fishery on the Caribbean coast
The Caribbean lobster fishery has seen a decline in catch since 2005, followed by a sudden increase from 47
tonnes in 2012 to 723 tonnes in 2013; zero catch was reported after 2013. Because lobster is assumed to have
continued being caught and sold by the Guna Yala and the Ngäbe, except during the annual ban from MarchJune (FAO 2015), unreported landings of lobster were assumed to remain constant at 88 tonnes from 2010
to 2016.
No explanation of the sudden rise in reported landings of scallops and lobsters in 2013 was found. The
reported catch trends are not supported by the low resilience of these species and the documented declines
in the catch, and they may not reflect actual fishery or stock dynamics. The sudden increase in catch may be
due to a data reporting artifact. Future updates to reported data must review such spikes in the catch data
with new information, but for now, we have accepted these high catch amounts as reported to the FAO.
Pacific
Recreational fishing on the Pacific coast
The total number of recreational anglers was estimated by Southwick et al. (2013) to be 86,250 in 2011, with
anglers spending, on average, 5.2 days fishing. Although the estimate by Southwick et al. (2013) combines
anglers fishing inland and on the coast, the original estimate of the number of marine recreational anglers in
2010 by Harper et al. (2014) may be a substantial underestimate, though the majority of visitors surveyed by
Southwick et al. (2013) supported catch and release. To remain conservative, the recreational catch was
carried forward to 2016 using the original estimate for recreational anglers. The rate of increase in recreational
catch was extrapolated to 2016. The ratio of taxa caught by recreational fishing remained the same as in the
initial reconstruction for 2010.
Shrimp fishery in the Pacific
From 2008-2009, the FAO data provided a good representation of shrimp landings compared with national
and independent estimates (Harper et al. 2014), and thus FAO data were used to update shrimp landings for
2009-2016. The disaggregation of white shrimp (Litopenaeus stylirostris) used the same ratios as the original
reconstruction (based on the work of Martinez et al. 2005). Shallow-water shrimp discards were calculated
using the whole shrimp to bycatch ratio (1:3.5) and bycatch taxonomic breakdown described by Harper et al.
(2014). FAO landings for deep-water shrimp (“Natantian decapods”) peaked in 1997 and went into steep
decline until 2011 when FAO reported zero landings. However, since 2014 the FAO data reports landings of
kolibri shrimp (Solenocera agassizii) suggesting that deep-water trawling for shrimp continued. Therefore, we
interpolated between FAO landings for 2010 (7 tonnes of Natantian decapods nei) and 2014 (37 tonnes of
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kolibri shrimp). The bycatch rate and taxonomic breakdown were maintained at the estimates for 2010 used
by Harper et al. (2014).
Dolphinfish fishery in the Pacific Ocean
Dolphinfish (Coryphaena hippurus) catches were reported by FAO from 2014 onward. The unreported
landings of dolphinfish from 2009 to 2014 were interpolated between the 2009 anchor point (1,114 tonnes
estimated by Guzman et al. 2015) and the 2014 FAO landings (437 tonnes). Dolphinfish catches were
considered fully reported by FAO from 2014 onward.
Scallop fishery on the Pacific coast
The scallop (Argopecten ventricosus) is known to have been overfished to the point of collapse. An early
2000s study in the Pearl Islands regions of Panama’s Pacific coast found minimal scallop recruitment and
failure to recover since the 1990s (Medina et al. 2007). FAO reports landings of scallop (categories: “Clams,
etc. nei.” and “Marine molluscs nei.”) up to 2013, when the landings increased from 314 tonnes in 2012 to
1789 tonnes in 2013. The scallop industry has seen a decline in catch from 2008 (with the exception of 2013)
with no reported landings from 2014 onward. In the absence of further information, it was assumed that
fishing had ceased.
Shark fishery in the Pacific Ocean
Unreported shark landings were updated for 2011-2016 at the same ratio of unreported catch to reported
shark landings described by Harper et al. (2014). The percentage of shark landings attributed to artisanal and
industrial fisheries remained the same as in the original reconstruction. The taxonomic breakdowns for
artisanal and industrial shark fisheries were held constant at 2010 levels for 2011-2016.
Small pelagic fishery in the Pacific Ocean
Unreported landings of small pelagic species were updated for 2011-2016 using the same landings to bycatch
ratio described by Harper et al. (2014).
Artisanal unreported longlines on the Pacific and Caribbean coasts
Unreported artisanal landings were calculated as a percentage of the FAO reported landings. Harper et al.
(2014) estimated unreported artisanal catch to be 30% in 1950 and 15% in 2010. The 15% unreported artisanal
component was continued to estimate unreported artisanal landings from 2011to 2016. The taxonomic
composition of FAO reported artisanal landings for each year (2011-2016) was used to disaggregate
unreported fish landings over the same time period.
The taxon-specific 2014 gear breakdown was used to allocate commercial catch by species to gear-type from
2014-2016.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018, separately for the Caribbean and Pacific coasts
of Panama using the semi-automated procedures outlined in Noël (2020), based on FAO landings data to
2018. Semi-automated reconstructed catch data will later be replaced by a more detailed, research-intensive
update.
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Result and Discussion
Figures 1 and 2 present our key results.

Figure 1. Reconstructed domestic catch within Panama’s Caribbean EEZ by fishing sector for 1950-2018.

Figure 2. Reconstructed domestic catch within Panama’s Pacific EEZ by fishing sector for 1950-2018.

One of the challenges of updating Panama’s marine fisheries catches was the introduction of a previously nonexisting ‘Miscellaneous marine fish’ category to the data for the West Atlantic Coast throughout the time
series. The revision of reported catch data based on new information is applauded and necessary. However,
limitations in reported catch data for taxon and sector make a miscellaneous category difficult to include
within stock assessments, which are essential for effective fisheries management. In this case, we made the
conservative assumption that the subsistence fishery had begun to be considered by Panama in this latest
version of FAO data until further information becomes available to better evaluate the sector and taxa that this
catch derives from.
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We welcome contributions from colleagues and feedback in order to correct our catch reconstructions to align
with the best information available.
Marine biodiversity protection
Panama has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and it is also part of the international network of UNESCO Man and the Biosphere
(Marine Conservation Institute 2020).
Panama has 19 implemented MPAs, which jointly cover 6,245 km2 (Marine Conservation Institute 2020), i.e.,
less than 2% of the EEZ of 330,783 km2 (Harper et al. 2016a, 2016b). Apart of these MPAs, there is an area of
31,426 km2 that is designated as an MPA, but remains unimplemented (Marine Conservation Institute 2020).
Currently, 32.2% of the total extent of MPAs in Panama (2,013 km2) is occupied by the Coiba National Park
(Marine Conservation Institute 2020), which was created in 1991 (Guzman et al. 2004; Ruiz-Leotaud and
Pauly 2018). “In 2002, it was included as part of a regional protected ‘Pacific Biological Corridor’, which
includes the oceanic islands of Malpelo and Gorgona (Colombia), Galapagos (Ecuador) and Cocos (Costa
Rica)” (Guzman et al. 2004). The Coiba National Park, is considered a World Heritage site by UNESCO, but
some authors recognize that “the MPA was created for its terrestrial attributes and not the status or diversity
of marine habitats” (Guzman et al. 2004). Currently, the park suffers from three main anthropogenic
activities: legal and illegal fishing, sedimentation and tourism (Guzman et al. 2004; Ruiz-Leotaud and Pauly
2018). “[Tourism] the largest threat to the park, because any inadequate planning and unruly development of
infrastructures would increase sedimentation and pollution in general, thus wasting the social, economic and
environmental values of the region (Gell and Roberts 2003; Mate 2003)” (Guzman et al. 2004).
The exploitation of some vulnerable species in these waters is considerable, e.g., fishers in the coast of Panama
regularly exploit at least 18 species of sharks with a large number of individuals being caught immature. “The
protection and management of sharks in Panama requires immediate consideration. It is essential to promote
the cooperation of the government and small-scale and industrial fishermen to implement regulations for the
management of this resource. Open and clear communication among the involved parties is required to
develop criteria on which to base the country's strategies regarding the protection and exploitation of sharks.
[…] Considering the status of some of these species, there is no guarantee that some of the populations will
recover even if strict fishery controls and conservation plans are implemented” (Guzman et al. 2020).
Moreover, microplastic debris is an emerging challenge in the Pacific and Caribbean beaches of Panama. “A
high concentration of microplastics (353 items·m-2) was found at the studied sites at the Caribbean coast,
whereas a lesser concentration with a greater diversity of shapes and polymer categories were found at the
Pacific Coast (187 items·m-2). The results indicate that, in addition to anthropogenic activities, the proximity to
Panama Canal installations, as well as seasonality, natural phenomena, winds, and ocean currents may be
influencing the increase in microplastic contents and the types of polymers observed” (Delvalle de Borrero et
al. 2020).
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Abstract
Updates to 2018 of fisheries catch reconstructions for the island states and territories in the Caribbean
originally covering the year 1950 to 2010 or about are presented. The updates were completed for Anguilla,
Antigua and Barbuda, Aruba, Bahamas, Barbados, British Virgin Islands, Cayman Island, Cuba, Dominica,
Dominican Republic, Grenada (and the Grenadines), Guadeloupe, Haiti and Navassa, Jamaica, Martinique,
Montserrat, the ex-Netherlands Antilles (Bonaire, Curaçao, Saba & Sint Eustatius and Sint Maarten), Puerto
Rico, Saint Barthélémy, Saint Kitts and Nevis, Saint Lucia, Saint Martin, Saint Vincent and the Grenadines,
Trinidad and Tobago, Turks and Caicos Islands, and the US Virgin Islands.
The impact of the tourism industry on the amount of fish caught and locally sold to hotels and restaurants and
the number of recreational fishers continues to be an important component to consider for reconstructions.
Information on the number of stop-over tourists and their per capita consumption, the recreational fishing
participation rate and their catch rate were used to update catch form recreational and artisanal subsectors.
Therefore, a detailed description of the methods used to update Caribbean catch reconstructions is presented.

Introduction
Updates to 2018 of fisheries catch reconstructions for Caribbean states and territories originally covering the
year 1950 to 2010 or about are presented here. These include Anguilla, Antigua and Barbuda, Aruba,
Bahamas, Barbados, British Virgin Islands, Cayman Island, Cuba, Dominica, Dominican Republic, Grenada
(and the Grenadines), Guadeloupe, Haiti and Navassa, Jamaica, Martinique, Montserrat, ex-Netherlands
Antilles (Bonaire, Curaçao, Saba & Sint Eustatius and Sint Maarten), Puerto Rico, Saint Barthélémy, Saint
Kitts and Nevis, Saint Lucia, Saint Martin, Saint Vincent and the Grenadines, Trinidad and Tobago, Turks and
Caicos Islands, and the US Virgin Islands. A description of the methods used to update catch reconstructions
for these states and territories is presented in the following sections.
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Methods
Anguilla (United Kingdom)
The reconstruction of Anguilla’s marine fisheries catches was completed for 1950-2010 by Ramdeen et al.
(2014, 2016). Here, we present an update of this reconstruction to 2014, which was then carried forward to
2018.
Reported landings data of the FAO taxonomic category ‘Marine fishes nei’ were disaggregated by sector and
taxa using the original 2010 reconstruction breakdowns. According to Gumbs et al. (2015), Anguilla’s fisheries
remain dependent on demand by local citizenry and tourists.
To update landings from small-scale and recreational fishing, updated estimates of Anguilla’s population and
the number of stop-over tourists4 were derived for 2011-2014. The total population of Anguilla was
extrapolated to 2014 based on the rates of increase in previous years. The total demand for seafood was
determined for 2011-2014 by multiplying estimates of the local population and stop-over tourists by the 2010
consumption rates for fish, conch (Lobatus gigas), and lobsters by locals and tourists. The 2010 breakdown of
unreported small-scale landings by sector and taxa was maintained for 2011-2014.
Recreational landings were updated for 2011-2014 by multiplying the number of stop-over tourists by the
recreational fishing participation rate and the recreational catch rate from 2010. The 2010 taxonomic
breakdown of recreational landings was held constant for 2011-2014. Currently, Anguilla’s fisheries are
focused on near-shore reefs, and some fisheries, such as conch, are showing signs of unsustainable catch levels
(Wynne et al. 2016). To improve sustainability, Anguilla is currently evaluating the best methods to manage
fisheries within its Marine Park System (Anon. 2016; Wynne 2016).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine protection
Anguilla (UK) has agreed to protect biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Anguilla has eight MPAs (Gore et al. 2019), which cover 32 km2 (UNEP-WCMC and IUCN 2020), i.e., 0.035%
of the EEZ of 92,178 km2 (Ramdeen et al. 2016). Five marine parks are part of Anguilla’s Marine Park System
under the 2007 amendments in the Marine Parks Act and from those Marine Parks, three are located around
the offshore cays of Dog Island, Prickly Pear Cay, and Sandy Island (Gore et al. 2019).
“In general, coral coverage in Anguilla has declined from an average of 14% in the 1990s (Oxenford and Hunte
1990) to 5% in 2016, with macroalgal coverage showing a gradual increase over time, reaching a mean of 15%
in 2016 (Wynne 2017)” (Gore et al. 2019).
The level of fishing activity and associated seabird by-catch in Important Bird Areas (IBAs) of Anguilla seems
to overlap with the core foraging areas of breeding seabirds. These areas are also known for high fishing
activity. “These findings highlight the need to work both nationally and across territorial boundaries to
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implement appropriate marine spatial planning” (Soanes et al. 2016). “Prior to the 2017 hurricane season,
tourism and travel in Anguilla generated 56.6% of the island’s gross domestic product (GDP) and employment
opportunities (WTTC 2017)” (Gore et al. 2019).
Antigua and Barbuda
The catch reconstruction for Antigua and Barbuda from 1950 to 2010 was completed by Georges et al. (2015,
2016); it is here extended to 2014, then carried forward to 2018.
Population data from the World Bank, along with tourism data from the Ministry of Tourism, Economic
Development, Investment, and Energy of Antigua and Barbuda (2014), and the International Monetary Fund
(2015) were used to calculate local demand for fish from 2011-2014 using the original method.
When local and tourist fish demand was greater than the artisanal catches reported to the FAO, the excess
demand was assumed to be met by unreported subsistence catches. In 2013, subsistence catches appeared to
be zero. This is unlikely to be the case in reality, and future updates need to undertake careful revisions to
more accurately examine sectoral assignment and estimation of sectoral catches. The ratio of subsistence
catches to FAO reported catches was interpolated from surrounding years and used to calculate the ratio of
total to subsistence catches.
Catches of common dolphinfish (Coryphaena hippurus) were subtracted from total finfish catches when
calculating artisanal and subsistence catches, because fishers in Antigua and Barbuda do not usually target
dolphinfish. The ‘missing’ amount was redistributed to other finfish taxa as reported subsistence catches.
Reported catches of conch (Lobatus gigas) in 2010 were considered to represent total conch landings, and
were split into 50% artisanal, 40% subsistence and 10% recreational catches. In the absence of additional
information, these assumptions were carried forward to 2014.
Artisanal finfish and total conch catch equaled 90% of landings, while lobster catches made up the last 10%.
The lobster catch was allocated to different sectors; 90% to the artisanal, 7% to subsistence, and 3% to
recreational fisheries. The 2010 assumption made for total lobster catches by Georges et al. (2015) was carried
forward.
Fisheries grew and became strongly motorized from 1970 to 2000, though multiple hurricanes have tended to
reduce fishing (Horsford 2004).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The government of Antigua and Barbuda has agreed to protect biodiversity through the international
agreements of the Convention on Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of
International Importance (Marine Conservation Institute 2020).
There are 40 MPAs in Antigua and Barbuda, and one marine managed area. Together, these areas cover 491
km2 (Marine Conservation Institute 2020), which is less than 0.5% of the EEZ of 107,939 km2 (Georges et al.
2016).
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The Barbuda Council has the authority to regulate fishing and other marine uses within the nearshore waters
from the shore out to three nautical miles, including the inland lagoon, i.e., a total area of 456 km2 (Johnson et
al. 2020). The government of Antigua and Barbuda recognizes that to improve the health of the marine
ecosystems, marine data collection is necessary (Camacho et al. 2020).
“Many activities in Antigua and Barbuda are currently being conducted unsustainably, with negative impacts
on the coastal environment. The current sectorial-based management approach is disjointed, top-down,
involves inadequate stakeholder participation, and is poorly enforced” (Ruttenberg et al. 2018). “[However,]
many of the regional threats observed on other Caribbean islands are present on Barbuda, but some
resources—particularly lobster and conch—may be less overexploited than on other Caribbean islands. Local
management has the potential to provide sustainability for at least some of the island’s marine resources”
(Ruttenberg et al. 2018). In a previous study, different stakeholders affirmed that they were willing to
participate in coastal resources management in a more inclusive and holistic way, using, for example, an
approach such as Integrated Coastal Zone Management (Ramsey et al. 2015).
“According to Barbuda Fisheries officers, some enforcement action has taken place, though the extent of
enforcement has not been researched. Despite substantial efforts, a new law that would increase enforcement
penalties and create a special fund for coastal management has yet to be enacted. The Council continues to
struggle with enforcement and compliance, though prior to Hurricane Irma, the Barbuda Fisheries Division
and police had an effective enforcement collaboration. Anecdotal evidence indicates that illegal fishing
increased post-hurricane, though these claims have not been researched. Another major challenge has been
standing up the advisory committees as laid out in the regulations” (Johnson et al. 2020).
Aruba (Netherlands)
The reconstruction of Aruba’s marine fisheries catches was completed for 1950-2010 by Pauly et al. (2015,
2016); here, they are updated to 2014, then carried forward to 2018.
The taxonomic breakdown of the FAO taxonomic category “Marine fishes nei” for 2010 was maintained for
2011-2014. The 2010 ratio of unreported artisanal landings to reported artisanal landings was used to
calculate unreported artisanal landings for 2011-2014. Discards from artisanal fisheries were carried forward
to 2014 at the 2010 rate. The increase in subsistence catches from 2009-2010 was extrapolated to 2014.
Recreational landings were updated for 2011-2014 using the original methods.
Updated stop-over tourist arrivals were obtained for 2011-2014 from the Central Bureau Statistics Aruba5 and
Aruba Tourism Authority6 and multiplied by the 2010 recreational fishing participation rate, the number of
days spent fishing and catch rate per fishing day from 2010 (Pauly et al. 2015) to estimate recreational
landings for 2011-2014. Landings by Taiwanese and Venezuelan fishing vessels in Aruba were updated for
2011-2014 by carrying forward the 2008 amount. As a result, discards by foreign fishing entities were
maintained at the 2008 level for 2011-2014. All landings and discards for 2011-2014 were disaggregated by
taxa using the taxonomic breakdown from 2010 for each sector.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
5
6

http://cbs.aw/wp/
https://www.aruba.com/us/organization/aruba-tourism-authority
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Marine protection
The Government of the Netherlands and the local government of Aruba have agreed to protect biodiversity
mainly through the Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Aruba has four MPAs with an extent of 60 km2 (Parke Marino Aruba 2019), which protect 0.24% of the EEZ of
25,199 km2 (Pauly et al. 2016). The Parke Marino Aruba is formed by four MPAs: Arikok, Sero Colorado
(biggest MPA with 19 km2), Mangel Halto and Oranjestad Reef Islands (smallest MPA with 9 km2), which are
managed as multi-use MPAs and contain one or more Key Biodiversity areas (Parke Marino Aruba 2019).
“As of 16 April 2019, Fundacion Parke Nacional Aruba (FPNA) will not only be the managing organization of
Arikok National Park and the connecting National Park/RAMSAR site, but will also be the managing
organization of the new ‘Parke Marino Aruba’ or the Aruba National Marine Park” (Parke Marino Aruba
2019). Together with the local community and other stakeholders, FPNA’s objectives are: Nature
Conservation, Conservation Education, Sustainable Recreation and Science & Research (Parke Marino Aruba
2019).
A study focused on marine mammals’ injuries indicated that fishing gear and propeller hits threaten small and
medium-sized cetaceans in Aruban waters (Luksenburg 2014). Moreover, the Aruban tourism industry, which
is valued at over 1 million USD per annum, contributes nearly 90% to the gross domestic product (Parke
Marino Aruba 2019).
Bahamas
Marine fisheries catches in The Bahamas were reconstructed for 1950-2010 by Smith and Zeller (2013, 2016a,
2016b) and updated to 2017. Data provided by the FAO were used as the baseline for 2011-2017 to account for
reported catches from the industrial and artisanal sectors. Due to changes detected between different annual
releases of the FAO data, the reported and unreported catches of conch (Lobatus gigas) i.e., ‘Stromboid
conchs nei’ were retroactively increased to match these changes (Figure 1).

Figure 1. Comparison of reported catch between the FAO data releases of 2010 and 2018 for the Bahamas in the Western Central
Atlantic FAO area for 2000-2018.

Due to systematic under-reporting of commercial catches, the fraction of commercial catch per taxon thought
to be under-reported was carried forward from 2010 to 2017. Gear type disaggregation for the artisanal sector
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was carried forward from 2010 to 2017. The subsistence sector was calculated for 2011-2017 based on national
population data from the World Bank and the Bahamas Department of Statistics (2012). The local subsistence
catch rate was derived from expert opinion and the taxonomic disaggregation of 2010.
Because no new catch was reported, tournament recreational catches remained at 2010 levels. Nontournament recreational catches were estimated using updated national population data (World Bank),
updated stopover visitor data (Bahamas Ministry of Tourism 2019), and the taxonomic disaggregation of
2010. Finally, the invasive lionfish (Pterois volitans) catches were assumed fully reported in 2015.

Figure 2. Reconstructed domestic catch within Bahamas’ EEZ by fishing sector for 1950-2018.

Transition from 2017 to 2018
The catch reconstructed to 2017 (Figure 2) was carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Bahamas have agreed to protect biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine
Conservation Institute 2020). However, diametrically opposed to what is laid out in the United Nations
Ramsar treaty signed by the commonwealth of the Bahamas in 1997, 50% of North Bimini has been
experiencing coastal development such as a new port, wharf and golf courses (Fuentes 2019).
The Bahamas have 76 MPAs and two marine managed areas, which jointly cover 47,140 km2 (Marine
Conservation Institute 2020); this represents 7.5% of the EEZ of 628,026 km2 (Smith and Zeller 2016a,
2016b).
“In the Bahamas, managers claim to employ community-based conservation techniques when implementing
MPAs. In practice, these techniques vary and can range from some type of outreach or town meetings to
participation in mapping areas, or employing local residents to survey, monitor, or enforce the MPA.
Generally, participation focuses heavily on the inclusion of interested and affected parties such as resource
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users. Just how relevant users are identified and integrated into the planning system remains a challenge and
often open to much critique” (Wise 2014).
Bimini is an example of this challenge: “In 2000, the Bahamian Minister of Agriculture and Fisheries,
recognizing the ecological and economic value of marine life, declared Bimini one of five highest-priority sites
in the Bahamas for proposed Marine Protected Areas (MPA), with the goal of implementation by June 2001
(Gruber and Parks 2002; Wise 2014). However, at the time of this announcement no management plans were
outlined or boundaries defined (Dahlgren 2002). A series of community meetings followed to discuss MPA
boundaries, restrictions and management. Potential sites within Bimini were proposed based on a set of
socioeconomic and ecological factors, including impact from displacement of fishing activities, community
support in management and potential economic benefits (Dahlgren 2002). Ecological parameters included
habitat diversity and the importance of the area for supporting local fisheries (Dahlgren 2002). In 2009, the
North Bimini Marine Reserve was declared, however not gazetted by the government. In 2012, The Master
Plan for the Bahamas Protected Area System assessed the network of MPAs in the Bahamas and determined
that the country was drastically behind schedule on its commitment to protect 20% of biodiversity targets by
2020. Currently, less than 5% of marine turtle habitat is being protected (Dahlgren 2002; Wise 2014)”
(Fuentes 2019).
Barbados
The first reconstruction of Barbados’ marine fisheries catches for the years 1940 to 2000 was performed by
Mohammed et al. (2003), and updated to 2010 by Mohammed et al. (2015, 2016). Here, we document an
update to 2014, followed by a carry-forward to 2018. Minor retroactive changes were made to account for
small differences between the FAO dataset released in 2014 and those of previous years (Figure 3).
Industrial landings of tunas and other highly migratory large pelagic species were not considered here because
they are estimated in a separate study (Coulter et al. 2020). The percentage breakdowns by sector, gear type,
and taxa were held constant at their 2010 levels. Similarly, unreported artisanal landings were calculated
based on the average ratio of unreported artisanal landings to FAO 2014 data for 2006-2010. The taxonomic
breakdown for unreported artisanal landings remained at 2010 ratios.
World Bank population data were used to update subsistence catches using the original methods (Mohammed
et al. 2003). The per capita subsistence rate and ratio of the population participating in subsistence fishing
were held constant at the 2010 level to calculate subsistence catches for 2011-2014.
Because of a calculation error in the earlier reconstruction, recreational landings for 1950-2014 were
recalculated and updated. The number of international arrivals of tourists per year was obtained from the
World Bank. To obtain the total recreational catch for 2011-2014, participation and catch rates were held
constant at the 2010 level and multiplied by tourists arriving per year. The taxonomic breakdown of
recreational taxa was held constant throughout the time series.
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Figure 3. Reconstructed domestic catch within Barbados’ EEZ by fishing sector for 1950-2018.

Since the previous reconstructions (Mohammed et al. 2003, 2015), the legally binding international accord to
stop illegal fishing that Barbados signed in 2009 has come into effect (Anon. 2016). Under the Agreement on
Port State Measures to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing (FAO 2016),
Barbados will implement port state measures including requirements for vessels to provide information on
catch and identification before requesting permission to access ports.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Barbados has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine
Conservation Institute 2020).
Barbados has two MPAs and one marine managed area, which jointly cover 83 km2 (Marine Conservation
Institute 2020), i.e., 0.045% of and EEZ of 183,773 km2 (Mohammed et al. 2016).
These two MPAs are the Carslisle Bay Marine Reserve and the Folkstone Marine Reserve. The bay is popular
for activities such as diving, sailing and fishing. It is in an area whose protection was first proposed in 1993,
when the dive operators’ association started to experience degradation of the marine ecosystem. They counted
with the support of the Coastal Zone Management Unit (Marine Conservation Institute 2020). The Folkstone
Marine Reserve was designated in 1981 with 2 km2 (Marine Conservation Institute 2020) and is currently
managed by the National Conservation Commission (Coastal Zone Management Unit of Barbados 2020). It
has four different zones: a Scientific Zone designated for marine research, a Northern and a Southern Water
Sports Zone designated for fast speed watercraft use, as well as a Recreational Zone, including swimming,
snorkeling and fishing (Coastal Zone Management Unit of Barbados 2020).
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Economically speaking, tourism is a very important activity in Barbados with potential synergies for
conservation efforts. For example, a study carried out in the Folkstone Marine Reserve, where visiting the park
is free of charge, “demonstrate[d] that almost all (97%) visitors would be willing to pay a Folkestone Marine
Reserve user fee. By combining data of the artificial and natural reef models, our results indicate overseas
tourists would be prepared to pay an average of US$18 as a fee per visit, which could supplement reef
conservation finance” (Smith et al. 2016).
The establishment of an environmental fund for marine and costal conservation for the entire island was also
studied. Half of the tourists visiting Barbados expected to view underwater marine life during their visit, and
most are willing to pay a fee to conserve these ecosystems. The mean willingness to pay ranged from US$36 to
US$52 per visit (Schuhmann et al. 2019b). Again, this fee might provide benefits for conservation
management, the benefits of which will eventually also spill over to broader local communities and the
broader economy, as more tourists would decide to return to Barbados. “[These] decisions are sensitive to
changes in all aspects of coastal and marine quality. A reduction in seawater quality discourages tourists’
intention to return more than other environmental factors. These results are of paramount interest to
destination managers, marketers and policymakers who rely on repeat visitation data to develop marketing
strategies and infer future direction” (Schuhmann et al. 2019a).
British Virgin Islands (United Kingdom)
The marine fisheries of the British Virgin Islands (BVI) were originally reconstructed for 1950-2010 by
Ramdeen et al. (2014, 2016); here, we detail an update to 2014, followed by a carry-forward to 2018. FAO data
were used to update reported landings. Retroactive changes between different releases of the FAO data were
assumed minor and not considered.
Although the British Virgin Islands have recently created many marine protected areas (MPAs), most allow
fisheries to operate within them; therefore, local fisheries are not likely to have been greatly affected (Pascoe et
al. 2013) nor will fishers benefit from stock rebuilding and increased resilience that no-take zones support.
Small-scale artisanal fisheries are gaining increasing importance, and there is greater control over fisheries
through the new Fisheries Advisory Committee7.
FAO reported data for the longline fishery for the following taxa: common dolphinfish (Coryphaena spp.),
swordfish (Xiphias gladius), tunas (Scombridae), wahoo (Acanthocybium solandri), yellowfin tuna (Thunnus
albacares), marlins and sailfishes (Istiophoridae), and seerfishes (Scomberomorus spp.). Industrial landings
of tunas and other billfishes were addressed separately in Coulter et al. (2020).
Discards were calculated as 10% of landings of the offshore longline fishery. The recreational fishery was
reconstructed based on the 2010 catch rate by tourists and updated information on the number of tourists
obtained from Caribbean tourism statistics8. Improved population data were used to update landings from the
near shore fishery sector throughout the time series9. The number of fishers was recalculated with updated
population information using the original methods. The sectoral split for the near-shore fishery in 2010 was
carried forward to 2014. Landings for each sector were disaggregated for 2011-2014 using the taxonomic
breakdown from 2010.

http://bvinews.com/new/gray-traditional-fishermen-must-be-protected/
http://www.onecaribbean.org/statistics/
9 http://data.worldbank.org
7

8
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Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine protection
The United Kingdom’s government and the government of the British Virgin Islands have agreed to protect
biodiversity through the international agreements of the Convention on Biological Diversity (Aichi) and the
Ramsar Convention on Wetlands of International Importance. The territory is also a signatory to Natura 2000
(Marine Conservation Institute 2020). “The complexity of protected areas management has increased
significantly in the past decade. This is particularly true of small Caribbean economies where development
activities are either directly dependent on the natural resource base, or where those activities have significant
long-term impact on environmental resources” (Gardner 2007).
In the British Virgin Islands’ EEZ of 80,111 km2 (Ramdeen et al. 2016), there are 14 MPAs, jointly covering 3
km2 (UNEP-WCMC and IUCN 2020), i.e., less than 0.004% of the EEZ. All but one of these areas are fisheries
protected areas (FPAs) managed by the Conservation and Fisheries Department. One area is designated as a
marine park and managed by the National Parks Trust of the Virgin Islands (Gore et al. 2019). The levels of
protection of these MPAs are divided into nine categories recognized by the National Parks Act (2006) and
other categories that include Bird Sanctuaries (under the Wild Birds Protection Ordinance, Cap. 98), Forestry
Areas and Water Areas (under the Protection of Trees and Conservation of Soil and Water Ordinance, Cap. 86)
and Fisheries Protected Areas (under the Fisheries Act, 1997)” (Gardner 2007).
“The BVI’s commitment in the Caribbean Challenge Initiative, a group of nine Caribbean Governments and
Territories committed to designating at least 20% of their respective marine environment as protected by
2020 has yet to happen. The lapse of time since the System’s Plan was approved to the current unknown state
of the marine environment based on the lack of monitoring data now questions the validity of such protected
areas to ensure reef resiliency, to climate change especially” (Gore et al. 2019). However, at least until 2007,
the involvement of local communities in MPA management was limited and sporadic. “Yet, several institutions
indicated (during the consultation process for the System Plan) a willingness and ability to participate more
consistently and meaningfully” (Gardner 2007).
“The Beach Protection Ordinance (1985) protects beaches from dumping or removing any material from the
foreshore, and the Virgin Islands Fisheries Regulations, 2003, protects nesting sea turtles, no other legislation
fully protects coastal habitats. The provision to declare an area as “protected” exists through the Virgin Islands
Planning Act of 2004 and the National Parks Act of 2017, but this has never been utilized, and critical habitats
such as wetlands, mangroves, and beaches continue to remain unprotected” (Gore et al. 2019).
Cayman Island (United Kingdom)
The reconstruction of fisheries catches for the Cayman Islands was performed for 1950-2007 by Harper et al.
(2009) and to 2010 by Harper et al. (2016). This original reconstruction was updated to 2014 using the
unchanged FAO reported catches for 2000-2014; this was then carried forward to 2018.
Percentage breakdowns between sectors, catch types, and taxa from the original reconstruction have been
maintained. A correction was made to the original data, whereby the catch of groupers (Serranidae) and
snappers (Lutjanidae) taxa were recalculated to reflect the percent breakdown stated in the methods.
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Recreational fishing continues to be a popular activity for tourists in the Cayman Islands, notably the annual
April Cayman Islands International Fishing Tournament. One tourist sport fisher estimated more than 30
sport fishing boats during one day of the tournament. Their targets included dolphinfish (Coryphaena
hippurus), wahoo (Acanthocybium solandri), blue marlin, (Makaira nigricans), swordfish (Xiphias gladius),
and various tunas, and they reported a catch of 7 dolphinfish for one vessel in one day (Hendricks 2016).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The United Kingdom and the Cayman Islands authorities have agreed to protect the biodiversity of the
Cayman Islands through the international agreements of the Convention on Biological Diversity (Aichi)
(Marine Conservation Institute 2020).
The Cayman Islands, which has an EEZ of 119,134 km2 (Harper et al. 2016), has six MPAs, of which one is a
shark sanctuary of 120,000 km2 shared with adjacent Sint Marteen, and which is fully closed to commercial
shark fishing (EnezGreen 2016; Marine Conservation Institute 2020). The Cayman island MPAs have the
support of local fishers who reported that the areas closed to fishing improved catches in neighboring fishing
grounds by up to 65% (Heney, 2018).
“In 1984, the comprehensive set of ‘Marine Park Regulations and Marine Conservation Laws’ (MPRMCL) were
introduced to the Islands’, which have since been efficiently enforced, prohibiting the majority of exploitive
uses of marine resources. This has served to protect and manage the marine environment; thus, the Cayman
Islands are seen to be some of the most pristine waters in the Caribbean. The lack of commercial fishing and
the successful development of the MPRMCL’s provide a unique opportunity to study the conservation
potentials of MPA’s for fishery and habitat management, as well as the effects of recreational and artisanal
fishing on the marine environment. […] The five DOE [(Department of the Environment)] Enforcement
Officers based on Grand Cayman appear to effectively enforce the MPRMCL’s of the Cayman Islands. In
comparison with the majority of MPA’s worldwide, Caymanian waters benefit from some of the most
effectively managed and enforced marine regulations. Patrols are conducted on a regular basis on both land
and sea; officers all have their own boat which can access the marine environment at any of the slipways
available around the Island, and each officer has access to a truck for land patrols” (Henshall 2009).
One of the main goals of the National Conservation Council Plan for Sea Turtles Long is to recover the sea
turtles’ populations had crashed by the early 1800s (Cayman Islands 2019). In contradiction with the plan’s
last paragraph, which mentions that Grand Cayman prohibits the majority of exploitive uses of marine
resources, the council may grant licenses for traditional, legal fishing of sea turtles for consumption within the
islands (Cayman Islands 2019).
Cuba
Cuba signed the legally binding UN Agreement on Port State Measures to Prevent, Deter and Eliminate Illegal,
Unreported and Unregulated Fishing (FAO 2016) to combat Illegal, Unreported, and Unregulated fishing
(Anon. 2016). This agreement came into effect in June 2016 and will make it more difficult for IUU vessels to
enter ports because of the requirements to request, permission for entry in advance and to provide
information on catch and activities (FAO 2016).
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The original reconstruction of Cuba’s fisheries catches for 1950-1999 was performed by Baisre et al. (2003)
and updated to 2010 by Au et al. (2014, 2016). Here, it is further updated to 2014, then carried forward to
2018.
Reported landings of Coryphaena hippurus were not estimated separately as stated in Au et al. (2014);
therefore, these landings were added to the dataset for 1996-2012. Retroactive changes to reported landings of
conch in 2007-2008 were detected between successive releases of the FAO data and were updated in the
current dataset (Figure 4).
The ratio of offshore and inshore catches was determined for species with offshore catch components in 1999,
and was held constant to 2014. The tonnage of discards and bycatch in 2011-2014 was calculated for shrimp
landings as described in the initial reconstruction (Baisre et al. 2003). The 2010 taxonomic breakdown for
bycatch was maintained for 2011-2014 and subtracted from reported landings of ‘Marine fishes nei’. The
remaining landings of ‘Marine fishes nei’ were disaggregated using the taxonomic breakdown of reported
landings for 2011-2014. New information estimating pink shrimp (Farfantepenaeus duorarum) landings,
provided by Garcés et al. (2012), supported this reconstruction’s estimated catch of pink shrimp for 20032005.
To obtain estimates of the coastal population to 2014, updated World Bank estimates of the Cuban population
were combined with the 2010 ratio of the total population assumed to be coastal. The decline in per capita
consumption rate was extrapolated to 2014 and used to calculate subsistence catches for 2011-2014.
Updated information on tourist arrivals was obtained from the Cuban National Statistics Office for 2008-2014
(ONEI 2015). The recreational fishing participation rate of tourists and the recreational catch rate were
assumed to remain constant at the 2010 levels for 2011-2014. The original taxonomic breakdowns for
recreational and subsistence catches were maintained for 2011-2014.

Figure 4. Reconstructed domestic Cuban catches in the Cuban EEZ by fishing sector for 1950-2018.

Cuba is working to find ways to provide better estimates of shark catches. In October 2015, Cuba and the
United States agreed to collaborate on research and development of regulations to manage shark populations
(Tollefson 2015). For example, a study by Aguilar et al. (2014) estimated that between 0.4 and 4.4 sharks were
caught per ten artisanal fishing trips.
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Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Cuba has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance, the International Coral Reef Initiative and the World Heritage
Convention. Cuba is a signatory to regional treaties and agreements such as the Regional Seas Convention. It
is also part of the international network of UNESCO Man and the Biosphere (Marine Conservation Institute
2020).
Cuba has 110 MPAs and 12 marine managed areas, which jointly cover 13,521 km2 (Marine Conservation
Institute 2020), and protect 3.71% of the EEZ of 364,511 km2 (Au et al. 2016). “In Cuba, marine protected
areas (MPAs) are those protected areas that have a marine or coastal component; this includes coastal
wetlands, the submerged coastal zone (mean high water line to a depth of 200 m), and offshore keys”
(Estrada-Estrada et al. 2004).
“During the First National Protected Areas Workshop, held in 1989, a SNAP proposal was developed in a
multiorganizational manner for the first time among experts from various national and provincial institutions.
Initial discussions of marine areas occurred at this meeting […]. The first group of MPAs was formally
declared through Agreement 4262 in 2001 by the Executive Committee of the Council of Ministers (CECM)”
(Estrada-Estrada et al. 2004).
“The Environment Defense Fund (EDF) has worked with the National System of Protected Areas of Cuba
(SNAP) to strengthen the design and management of marine reserves. EDF supported SNAP and others in
establishing two new marine reserves through a community-based project called SOS Pesca. This project
brought together park rangers, scientists, fishermen and community members to collect baseline data and
develop management plans for Ojo de Agua and Macurije-Santa María Wildlife Refuges” (Environment
Defense Fund 2020).
The National Park of Jardines de la Reina was designated in 2010 with 2,000 km2 of marine area and is now
considered one of the treasures of the Caribbean. This Park has some ‘Zones Under Special Regime of Use and
Protection’ located where tourism and conservation activities take place under strict regulations. However, in
the south of the park, ‘bonito’’ and lobster fishing with artisanal gear is still allowed (Marine Conservation
Institute 2020), and illegal fishing and conflicts related to resource access are still a threat (Environment
Defense Fund 2020). “In the Gardens of the Queen and other marine reserves, enforcement and compliance
are important issues. For many countries, including Cuba, patrol boats are prohibitively expensive. But, with
the right incentives, fishermen can help conserve the resource, and enforce the rules while improving their
livelihoods at the same time” (Environment Defense Fund 2020).
Dominica
The original reconstruction of Dominica’s marine fisheries catches was completed for 1950-2010 by Ramdeen
et al. (2014, 2016); here, we update these data to 2014 based on FAO data and available national data (see
Masters 2014), followed by a carry-forward to 2018 (Figure 5).
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The calculated demand for seafood was updated for 2008-2014 using updated population information from
the World Bank and updated numbers of stopover tourists10. The percentage of the total population that
participated in fishing was assumed to have remained constant at the 2000 level. The average length of stay
for tourists and the per capita consumption rate were assumed to have remained at the 2010 level, which
permitted an approximate estimate of the tourist demand for seafood. Imported, exported, or locally produced
aquaculture seafood for Dominica were not considered substantial and not included in the estimation of the
seafood demand in 2011-2014.
The percentages of total demand for seafood attributed to artisanal and subsistence sectors were extrapolated
forward to 2014. Landings of all taxa reported to FAO (except for the category ‘Marine fishes nei’) were
assumed to originate with the artisanal fisheries. The 2010 taxonomic breakdown was used to disaggregate
unreported landings of artisanal and subsistence fisheries and the reported landings of marine fishes not
identified by artisanal and subsistence fisheries.

Figure 5. Reconstructed domestic catches within Dominica’s EEZ by fishing sector for 1950-2018; the drop of catches in was due to
Hurricane David (August/September 1979).

In recent years, Dominica signed the legally binding UN Agreement on Port State Measures to Prevent, Deter
and Eliminate Illegal, Unreported and Unregulated Fishing (FAO 2016). The agreement came into effect in
June 2016 and requires vessels to request permission for entry into ports and to provide information to
authorities on their catch and other activities (Anon. 2016).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Dominica has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) (Marine Conservation Institute 2020).

10

www.onecaribbean.org/statistics/
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Dominica has no marine managed areas but has three MPAs which jointly cover 35 km2 (Marine Conservation
Institute 2020), thus protecting about 0.1% of its EEZ of 28,593 km2 (Ramdeen et al. 2016). These MPAs are
the Cabrits National Park (designated in 1987), the Indian River National Park (designated in 1995) and the
Soufrière/Scott's Head Marine Reserve (designated in 1998).
Dominica, the “Nature Island of the Caribbean”, generates most of its foreign exchange through tourism
(Patterson et al. 2004). “Due to geographical challenges and a desire for greater foreign investment, Dominica
developed a strategy to increase cruise ship visitor numbers and ideally, their national economy. The cruise
industry, however, has various detrimental impacts on the environment it depends on. It could be that these
islands are cruising to destruction” (Moscovici 2017).
One of the most popular destinations for tourist is the Cabrits National Park, which suffers well-documented
disturbances by visitors. One of the solutions to this is increasing funding for protected areas management
through fees for visitors. However, the country needs to adjust these fees such as not to discourage the cruise
lines from visiting Dominica (Moscovici 2017).
“[M]any social, economic, governance, and ecological results related to issues of limited access and Dominica’s
“Nature Island” brand. Community member access to the benefits of tourism was hindered by chiefly physical
access issues on the island and enabled chiefly by interactive sectors and industries. Key factors identified that
affect resilience positively include access to multiple sources of income and social structures that are
independent of economic factors (e.g., income source) and support social equality. Factors identified that
inhibit resilient systems include a ‘hustle mindset’, grant dependency, and long feedback loops” (Weis 2018).
Dominican Republic
The original reconstruction of the Dominican Republic’s marine fisheries catches was completed for 19502010 by van der Meer et al. (2014, 2016); here, we briefly document an update to 2014, followed by a carryforward to 2018, both relying heavily on FAO data. Retroactive changes between different releases of the FAO
data were minor and were not considered in this update.
The landings reported by FAO for 2011-2014 were assigned to artisanal and industrial sectors based on the
2010 ratios by taxon. Reported artisanal landings were assumed to represent 60% of total artisanal landings
for 2011-2014 as estimated by the original reconstruction (van der Meer et al. 2014).
Artisanal catches to meet the demand for seafood by tourists were updated to 2014 using the original methods
(van der Meer et al. 2014). The number of stop-over tourists was updated for 2011-2014 with data from the
Caribbean Tourism Organization11. The consumption rate of tourists and average length of stay per tourist
were assumed to remain at the 2010 level for 2011-2014. The participation rate of tourists in recreational
fishing and the recreational catch rate were assumed to remain constant for 2010-2014, which enabled the
estimation of recreational catches. The catches of subsistence fisheries were updated for 2011-2014 using the
same methods described for 2010.
Updated population data were obtained from the World Bank, and the percentage of population determined to
be urban and coastal in 2010 was held constant for 2011-2014. The decline in rural and urban consumption
rates was extrapolated to 2014 to calculate the total subsistence catch. The taxonomic breakdowns for each
sector were maintained at the 2010 level for 2011-2014.

11

www.onecaribbean.org
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Qualitative data from fishers in Buen Hombre indicates a decline in the number and size of fish caught from
the Dominican Republic’s coral reefs (Wilson et al. 2016). Meanwhile, the number of fishers in Buen Hombre
increased from 47 in 1985 to 90 in 2014 along with fishers’ level of dependency on the reef to provide income
and food (Wilson et al. 2016).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Dominican Republic has agreed to protect its biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar
Convention on Wetlands of International Importance, the International Coral Reef Initiative and the World
Heritage Convention. The Dominican Republic is a signatory to regional treaties and agreements such as the
Regional Seas Convention. It is also part of the international network of UNESCO Man and the Biosphere
(Marine Conservation Institute 2020). It is a national priority to ensure a ‘reasonable exploitation’ and
conservation of both living and non-living resources within marine areas (Constitute 2015).
Towards the conservation of marine areas, “notable success has been made through the establishment of the
Ministry of Environment in 2000 under law 64-00 where dozens of other environmental rights and articles of
legislation related to coastal and marine areas have been enacted. More specifically, Sectoral law 202-04 on
protected areas, and Decree No. 571-09, strengthened protections and led to the creation of 34 new protected
areas (including marine areas, wetlands, mangroves, dry forest, coastal lagoons) which were then added to the
National System of Protected Areas (SINAP) (Reynoso 2011). These initiatives were followed by additional
legal and institutional mechanisms for environmental protection, and environmental advocacy and
consciousness began to grow throughout the country (USAID 2005)” (Eger and Doberstein 2019).
The Dominican Republic has 75 MPAs and three marine managed areas, which jointly cover 13,172 km2
(Marine Conservation Institute 2020), i.e., almost 5% of the EEZ of 269,489 km2 (van der Meer et al. 2016).
However, the effectiveness of this protection is uncertain (Eger and Doberstein 2019). These MPAs are
national parks, marine sanctuaries, and natural monuments, among others. Deficiencies in funding and
resources affect management plans and ultimately effectiveness of MPAs. “In May of 2008, the government of
The Dominican Republic, alongside leaders from other Caribbean nations committed to protecting nearly 20
percent of their marine and coastal habitat by 2020. With support from the Nature Conservancy the
Caribbean Challenge was launched, a region-wide campaign to protect the health of the Caribbean’s lands and
waters” (Marine Conservation Institute 2020).
“[Various] part[s] of the MPA network in the SE Dominican Republic, have high coral cover, and favourable
coral reef condition indicators. This study emphasizes on hot spots, promoting effective local management
tools, preserving untouched and isolated reefs (Cayo Ratón), protecting exposed reefs (La Pared y Atlantic
Princess), and reducing reef threats (Dominicus Reef, Peñón and Punta Cacón). Some of the Dominican
Republic’s SE MPAs have been established since 1975 and are enforced by local participation, through
fishermen, divers, NGOs, businessmen and committed government authorities that have supported the
resource management process for several years, exerting control and permanent surveillance in the area. Our
findings indicate that local reef management should continue because the benefits of MPAs may increase with
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efficient management” (Cortés-Useche et al. 2019). Nevertheless, some other studies stated that there is no
proper integration of local communities in the management plans and that poverty among these communities
remains despite tourism (Navarro 2019). “Lower to moderate levels of tourism development appeared
beneficial, but as tourism development increased, perceptions of the community worsened. The results also
confirmed that tourism contributes to environmental degradation, mainly due to contamination of rivers and
coastlines, accumulation of waste, and over-exploitation of natural resources” (Navarro 2019).
A study assessing the turtle nesting stock in the Dominican Republic, found that the “two main nesting sites
are within protected areas: the Jaragua National Park in the south-west, important for leatherback turtles
(Dermochelys coriacea, mean of 126 nests per season), and Del Este National Park on Saona Island in the
south-east, principally for hawksbill turtles (Eretmochelys imbricate, mean of 100 nests per season)”
(Revuelta et al. 2012). However, even though this nesting activity occurs within MPAs, illegal activities such as
theft of eggs, turtle poaching and meat consumption are still happening in those areas and in the rest of the
country. Therefore, it is necessary that proper management of MPAs, together with efficient law enforcement,
takes place to avoid further loss of marine turtles (Revuelta et al. 2012).
Grenada (and the Grenadines)
The reconstruction of marine fisheries catches for Grenada between 1950 and 2010 was completed by
Mohammed and Lindop (2015, 2016); this account details how this reconstruction was updated to 2014, then
carried forward to 2018, based mainly on FAO data.
The baseline of reported catches by Grenada within its Exclusive Economic Zone (EEZ) and around the
Grenadines, was taken from the FAO’s data reported on behalf of Grenada. These catches were split between
the Grenada and the Grenadines according to the 2010 ratios per taxon. Reported catches were assigned to
sectors and gear following the 2010 ratios for 2011-2014. Because the Grenadines extends outside Grenada’s
EEZ, all catch was categorized as part of the industrial sector, following the Sea Around Us convention for
catch outside of a country’s home EEZ. In reality, this fleet could be considered as semi-industrial.
The unreported artisanal and industrial catch within and outside Grenada’s EEZ was calculated as a ratio of
reported catch using the average ratio between 2006-2010 and applied to reported catch for 2011-2014.
Recreational and subsistence catch for Grenada and the Grenadines were calculated from the 2010-2012
average percentage of reported catch and split between Grenada and the Grenadines and between taxa
according to 2010 ratios.
Gear assignment
The assignment of catches to fishing gear types was based on Table 1 in Mohammed and Lindop (2015). Reefassociated fishes were considered caught using gillnets and driftnets. ‘Miscellaneous marine fishes’ were split
50/50 between gillnets/driftnets and purse seines.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Grenada (and the Grenadines) has agreed to protect its biodiversity through the international agreements of
the Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the
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Ramsar Convention on Wetlands of International Importance, the International Coral Reef Initiative and the
World Heritage Convention. Grenada (and the Grenadines) is a signatory to regional treaties and agreements
such as the Regional Seas Convention. Its commitments extend to NGOs and/or public bodies like the
Caribbean MPA Network (Marine Conservation Institute 2020).
Grenada (and the Grenadines) has 37 MPAs and one marine managed area, which jointly cover 23,2 km2
(Marine Conservation Institute 2020), i.e., less than 0.1% of the EEZ of 26,133 km2 (Mohammed and Lindop
2016).
Multiple environmental threats occur in the waters in Grenada (and the Grenadines), including in its MPAs.
In 2001, legislation for the Moliniere-Beausejour MPA was passed to protect threatened coral reefs. In 2009,
permanent mooring buoys were deployed and fishing restrictions were enforced. Nonetheless, after
implementation (2011-2012), a study showed “that algal cover on the reef had increased significantly both
inside and outside the MPA. This algal increase along with some reduction in live hard coral cover suggests
that protection measures have not yet impacted the benthic reef community. To date, no significant changes in
the benthic or fish community have been recorded in the MPA” (Anderson et al. 2014).
Another example is the MPA of the Woburn Clarks Court Bay Marine Protected Area (WCCB, designated in
1999; Marine Conservation Institute 2020) in which levels of fecal coliforms exceeded the EPA level (Farmer
et al. 2016). “[Moreover,] the watershed, discharge from the Clarke’s Court Rum distillery and mangrove
runoff were identified as the major sources of organic pollution in the WCCB MPA in accordance with
correlation analysis of such parameters as Biochemical Oxygen Demand and most probable viable numbers of
heterotrophic bacteria” (Farmer et al. 2016).
In a more recent study “conducted to assess knowledge and attitudes to climate change and coastal and
marine ecosystems of residents in the westerly parishes of St. Mark and St. John in Grenada. The participants
discussed their observations of major changes in the coastal and marine environments including considerable
build-up of sediments along the shoreline due to the erosion of soil from inland, smaller volume of rivers,
increased severity and frequency of flooding, larger deposition of sand in reefs, decline in the stock and variety
of fishes, and erosion of coastal lands. The fishers were more knowledgeable about changes in the
environment and advocated for the designation of marine protected areas (MPAs) to protect their trade”
(Glasgow et al. 2018).
Guadeloupe (France)
The reconstruction of marine fisheries catches in the Exclusive Economic Zone (EEZ) of the French island of
Guadeloupe was completed for 1950 to 2007 by Frotté et al. (2009), and updated to 2010 by Frotté et al.
(2016). This account briefly documents how this initial reconstruction was updated to 2014, then carried
forward to 2018, based mainly on FAO data.
Retroactive changes were detected between releases of the FAO data. Therefore, reported landings data were
corrected from 2003-2014. Subsistence and recreational landings were updated for 1990-2010 (Figure 6)
using population data from the French Statistics Institute (INSEE 2016). The per capita fishing rates of
subsistence and recreational fishers were maintained from 2008 to 2014 and multiplied by annual population
data from INSEE (2016).
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Figure 6. Reconstructed domestic catches within Guadeloupe by fishing sector for 1950-2018.

Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
France has agreed to protect the biodiversity of Guadeloupe, one of its overseas territories, through
international agreements, i.e., 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).
Guadeloupe has five MPAs (Marine Conservation Institute 2020) that jointly cover the entire EEZ (UNEPWCMC and IUCN 2020) of 90,570 km2 (Frotté et al. 2016). These MPAs include the UNESCO MAB Reserve of
Archipel de la Guadeloupe designated in 1992 (Marine Conservation Institute 2020), which comprises the
grand-Cul-de-Sac Marin, “a vast bay of 15,000 hectares between Basse-Terre and Grande-Terre. It includes
coral reefs, mud flats, sea-grass bed and mangrove forests, freshwater swamps forests and marshes. In the
lagoon, sea-floor ‘meadows’ provide habitat to turtles and teem with fish. Giant sponges and soft corals,
urchins and fish are abundant. The mangroves host many sedentary and migratory birds (pelicans, terns,
moorhens, ducks, herons and kingfishers). Parts of the biosphere reserve also comprise a Ramsar site,
designated in 1993. The transition areas of the biosphere reserve include numerous small towns and villages
with many tourist facilities” (UNESCO 2015).
Haiti and Navassa Island
The reconstruction of marine fisheries catches for Haiti’s EEZ (including Navassa Island) from 1950-2010 was
carried out by Ramdeen et al. (2012, 2016). This account documents the update of the original reconstruction
to 2015 and its carry-forward to 2018, both based on data that FAO reported on behalf of Haiti.
According to the Ministry of Agriculture, Natural Resources and Rural Development (MARNDR), the 2010
earthquake damaged much of the agricultural infrastructure. Fisheries were not affected as much, with only a
few ships being cut from their moorings or anchors (MARNDR 2010a). Thus, most of the assumptions by
Ramdeen et al. (2012) were retained to update the reconstruction of the marine fisheries catches in Haiti’s
EEZ.
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Catches assigned to the taxon “Marine fishes nei” in 2011-2015 were disaggregated following the 2010 ratios.
All catches were considered part of the artisanal sector. Unreported artisanal catches were calculated for 20112015 by multiplying the 2010 catch-per-unit-effort (CPUE) of artisanal fishers by the number of fishers from
2011-2015 to estimate total artisanal catch, then subtracting the reported catch from this amount. The number
of fishers for 2011-2014 was estimated using various sources (MARNDR 2010b; Felix 2012; Ramdeen et al.
2012; Anon. 2015). The number of fishers in 2015 was estimated by multiplying the percentage of the total
population of fishers from 2014 by the total population in 2015 based on World Bank data. Unreported
artisanal landings were disaggregated according to 2010 ratios.
The unreported subsistence catch was calculated for 2011-2015 by multiplying the per capita consumption rate
of fish consumption with updated population information provided by the World Bank. The per capita
consumption rate was extrapolated from 2011-2015 based on the 1950-2010 trend. Subsistence catch was
disaggregated taxonomically for 2011-2015 as in 2010.
Finally, in the absence of updated information, catches from Navassa were held constant at the 2010 level for
2011-2015; see Miller et al. (2007) for what appears to be the latest account of the Haitian fishery around this
island, which is firmly inside Haiti’s EEZ but which the U.S. claims to control.
Transition from 2015 to 2018
The catch reconstructed to 2015 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Haiti has agreed to protect biodiversity through the international agreements of the Convention on Biological
Diversity (Aichi) (Marine Conservation Institute 2020).
Haiti has 16 MPAs and eight marine managed areas. These areas jointly cover 2,379 km2 (Marine
Conservation Institute 2020), i.e., almost 2% of the EEZ of 123,525 km2 (Ramdeen et al. 2016). Some of the
first MPAs in these waters were the Trois Baies and Port Salut-Aquin, which were designated in 2013 and
together equal approximately half of the total extent of MPAs in this country (Marine Conservation Institute
2020).
“Haiti is home to an incredibly diverse array of marine life, housed in mangrove forests and coastal reefs. It is
also the poorest country in the Western Hemisphere, with 80 percent of the population living in poverty.
Natural disasters, [humanitarian crises] and political instability have further hampered the nation’s ability to
create meaningful economic opportunities for its citizens. […] Driven by extreme poverty, many Haitians have
resorted to overfishing. Others have turned to harvesting coral reefs, which also provide protection and shelter
for fish, for construction material such as rocks and lime” (The Goldman Environmental Prize 2020).
Sustainable management and protection of marine resources is key for a country like Haiti, which has high
levels of poverty and political instability. “Coastal children have a reduced likelihood of severe stunting in
Haiti but have increased likelihoods of [general] stunting and reduced dietary diversity in the Dominican
Republic. […] Proximity to fertile plains and marine resources could also explain better dietary diversity
among children living in coastal areas in Haiti” (Temsah et al. 2018).
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The uninhabited Navassa Island is located firmly within the Haitian territory and is claimed by the US, which
administers it as a marine reserve through its Fish and Wildlife Service (see
https://en.wikipedia.org/wiki/Navassa_Island ). Haitian fishers operate around Navassa Island, and hence
this account: “[u]nmanaged and unquantified artisanal fishing is ongoing at Navassa Island, a small oceanic
island about 70 km west of Haiti that is part of the U.S. Caribbean Islands National Wildlife Refuge. Concern
has been expressed regarding the possible impact of these fishing activities on reef resources, and no
quantitative catch or effort data are available. However, informal qualitative observations made during a
cruise in November 2002 suggest that escalation in fishing activity (and impact) has occurred since previous
observations made in April 2000. Namely, size structure of fish was markedly reduced and the adoption of net
fishing has allowed the exploitation of queen conch, Strombus gigas, and hawksbill turtles, Eretmochelys
imbricata” (Miller et al. 2003).
Jamaica
The reconstruction of Jamaica’s marine fisheries catches was completed for 1950-2010 by Lingard et al. (2012,
2016). This account details how this reconstruction was updated to 2017, then carried forward to 2018, based
mainly on FAO data.
Retroactive data changes were detected between different releases of the FAO data, and reported landings
were updated to match the 2017 FAO data release. The proportions of the FAO category ‘Marine fishes nei’
caught by Jamaican fisheries in each subregion were assigned based on the 2010 ratios and each area’s
taxonomic breakdown was carried forward unaltered for 2011-2017.
Landings of shrimp were reconstructed for 2010-2017 with anchor points in 2009 and 2011. An estimated 111
tonnes of shrimp were reported landed in Jamaica in 2009 by Waite et al. (2011) based on national data. An
estimated 45 tonnes of shrimp were reported in national data in 2011 (Masters 2014). Landings for unreported
shrimp was interpolated for 2009-2011 using these 2 reported data anchor points; the subsequent catch was
held constant at 2011 levels until 2017.
Discards from artisanal fisheries were updated to 2017 using the original methods. The ratio of artisanal
landings attributed to each gear type, and the discard rate of each gear type was held constant at 2010 ratios
and rates.
No updated information was found for Jamaica’s recreational fisheries. Therefore, the tonnage estimates for
2010 was held constant for 2011-2017. The taxonomic breakdown was held constant at 2010 levels.
Subsistence fishing
The catches of subsistence fisheries were updated for 2011-2017 using the original methods (Lingard et al.
2012). Updated import, export, and aquaculture data were available from FAO for 2011-2016, but not for
2017; therefore, it was assumed to have remained at 2016 levels. The rate of consumption was reported at 15.7
kg per capita per year in 2013, and 14.8 kg per capita per year for 2014 and 2015 (MOAF 2014, 2015a, 2015b).
Using these anchor points, per capita consumption rate was interpolated for 2008-2013 and held constant at
the 2015 level to 2017.
Human population estimates were updated from the World Bank to 2017. Using all the updated data, the total
demand for fish and subsequently the total subsistence catches were estimated for 2010-2017 using the
original methods. The taxonomic breakdown of subsistence catch was held constant for 2010-2017.
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Transition from 2017 to 2018
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. The catches estimated from this procedure will eventually
be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Jamaica has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance, the International Coral Reef Initiative and the World Heritage
Convention. Grenada (and the Grenadines) is a signatory to regional treaties and agreements such as the
Regional Seas Convention. Its commitments extend to NGOs and/or public bodies such as the Caribbean MPA
Network (Marine Conservation Institute 2020).
Jamaica has 44 MPAs and one marine managed area, which jointly cover 1,834 km2 (Marine Conservation
Institute 2020), i.e., 0.7% of the EEZ of 263,284 km2 (Lingard et al. 2016). “There are no ‘pristine spaces’ in
Jamaica (i.e., spaces devoid of anthropogenic forces). As such, 87% of protected areas on the island have
become a conservation tool to encourage sustainable use (i.e., IUCN Category VI) (UNEP 2015)” (Chan 2017).
“In Jamaica, there are 19 types of protected areas (PAs), administered by five government agencies and three
ministries. This system of PAs was first introduced by the National Environment & Planning Agency (NEPA)
and the National Environmental Societies Trust in 1992 (NEPA 2004). […] Despite arguments that the
Jamaican protected area system may be too “peculiar” for adoption of international classifications (e.g., there
are no baseline pristine habitats, precluding human use is rarely an option), NEPA recognizes that formally
adopting the IUCN system could facilitate international support and funding (NEPA, 2004, p. 9)” (Chan
2017).
The challenges related with MPAs management in Jamaica are threefold: insufficient governance capacity,
continuous, unresolved conflicts between actors as well as a lack of locals’ compliance due to limited economic
alternatives (Chan 2017). “User-supported funding policies, such as taxes and fees, which might sustain the
operations of MPAs in Jamaica and the broader Caribbean region [are advised]” (Reid-Grant and Bhat 2009).
Martinique (France)
The catch data reconstruction of fisheries in Martinique from 1950 to 2007 was completed by Frotté et al.
(2009) and updated to 2010 by Frotté et al. (2016). This account documents the update of the original
reconstruction to 2014, and is then carried forward to 2018 based mainly on data that FAO made available on
behalf of Martinique (Figure 7).
The reconstruction update from 2008-2010 (Frotté et al. 2016) was done using trend ratios from previous
years. This was improved by taking FAO data and applying the methods from Frotté et al. (2009), as well as a
broader taxonomic disaggregation from IFREMER data available for 2009 and 2010 (Reynal et al. 2011). The
taxonomic disaggregation was done by distributing the catches reported as FAO “Marine fishes nei” category
among IFREMER taxa that were not already represented in the FAO data. For 2008, 2011 and 2012, an
average of the 2009 and 2010 ratios was used. For 2013 and 2014, taxonomic disaggregation of “Marine fishes
nei” reported by the FAO data was done using more recent reports (Reynal et al. 2015; Reynal et al. 2016). The
taxonomic breakdown of “Marine fishes nei” for 2012 was maintained for 2015-2018.
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Unreported subsistence and recreational fisheries landings were estimated with the same method as in Frotté
et al. (2009) and carried forward to 2014.

Figure 7. Reconstructed domestic catch for Martinique by fishing sector for 1950-2018.

Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
France and the local authorities have agreed to protect the biodiversity of Martinique, a French overseas
territory, through the international agreements of the Convention on Biological Diversity (Aichi) (Marine
Conservation Institute 2020). The island of Martinique has an important biological wealth, which contains,
mangrove, seagrass, coral communities, rocky cliffs (resting and nesting seabirds) and beaches (nesting sea
turtles) (Marine Conservation Institute 2020).
Martinique has four MPAs, including a Marine Natural Park designated in 2007 (Marine Conservation
Institute 2020) covering the entire EEZ of 47,372 km2 (Frotté et al. 2016; UNEP-WCMC and IUCN 2020).
The waters of Martinique and its neighboring areas suffer from the impact of invasive species such as the lion
fish (Pterois volitans and P. miles). In the last years, “Martinique developed a strategy to control the
population and launched numerous actions for controlling and fighting it: observation network, capture
campaigns, promoting its consumption including the publishing of a recipe book. […] The 15 years of
monitoring show a regressive evolution of the [local fish] populations which translated into a loss of diversity
and coral cover in favor of algae” (IFRECOR 2017).
Montserrat (United Kingdom)
The original reconstruction of Montserrat’s marine fisheries catches was completed for 1950-2010 by
Ramdeen et al. (2012, 2016). This account documents the update of the original reconstruction to 2015 and its
carry-forward to 2018, both based on FAO data. Retroactive data changes were detected between subsequent
releases of the FAO data; thus, reported landings were updated for 1983-2003 with data from the FAO 2014
dataset (Figure 8). The FAO reported landings were compared with nationally reported landings from Masters
(2014) for 2011-2014; this showed that it was reasonable to continue with the FAO data as baseline.
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Total landings for local consumption were carried forward for 2011-2014 by assuming that the percentage of
landings not reported remained at the 2010 level. Total landings for local consumption were disaggregated by
sector based on the 2010 ratios. All artisanal landings for local consumption were assumed reported and the
remaining reported landings were assigned to subsistence fisheries. The 2010 taxonomic breakdown for each
sector was maintained for 2011-2014.
The number of stop-over tourists12 was updated for 2011-2014 and used to calculate the demand for seafood
by tourists based on the average serving size per day and average stay per tourist as estimated for 2010. The
taxonomic breakdown of unreported artisanal landings caught for tourist consumption was held constant at
the 2010 ratios for 2011-2014.

Figure 8. Reconstructed domestic catch by Montserrat by fishing sector for 1950-2018. The catch declined abruptly in 1989 due to
Hurricane Hugo (Ramdeen et al. 2016).

Montserrat has made efforts to improve the management of its fisheries by adopting marine vessel monitoring
systems (VMS) technology (Anon. 2014).
Transition from 2014 to 2018
The catch reconstructed to 2015 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Montserrat has no MPAs (UNEP-WCMC and IUCN 2020) in its EEZ of 7,586 km2 (Ramdeen et al. 2016),
though efforts have been undertaken to protect some areas. As in many other islands of the Caribbean, smallscale fisheries and tourism are very common. The marine environment of Montserrat has been heavily
impacted due to volcanic activity (Flower et al. 2020).

12

http://www.onecaribbean.org/
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Scientific review and analysis of data undertaken in 2015 lead to a Marine spatial Planning process in 2017
(Flower et al. 2020). “The Montserrat Reef Project, Coral Cay Conservation, the Waitt Institute, and the Blue
Halo Initiative have all provided extensive data for baseline benthic habitat conditions, reef and commercial
fisheries assessments, and community consultations. Support to the Montserrat government from these
efforts point Montserrat in the right direction toward sustainable management of their marine resources”
(Gore et al. 2019).
“Montserrat enacted the Conservation and Environmental Management Act (CEMA) of 2014 to address a wide
range of environmental issues. The Act requires development of a national environmental management
strategy and sets out a uniform enforcement and penalty structure for environmental offenses. The Act also
provides substantive law governing biodiversity conservation and trade, protected areas, and pollution
control. Additionally, CEMA recognizes close linkages between development, land use planning, and the
environment, and it contains provisions to encourage collaboration between the Environment Department
and the Physical Planning Unit for which the Physical Planning Act provides specific provisions for
environmental protection. While the Beach Protection Act primarily provides protection against pollution
along coastlines, the Montserrat National Trust manages protected lands such as the Woodlands Beach” (Gore
et al. 2019).
Ex-Netherlands Antilles (Sint Maarten, Bonaire, Curaçao, Saba and Sint Eustacius)
Fisheries catch reconstructions for the various territories of the ex-Netherlands Antilles (see Wikipedia for its
present composition) were completed from 1950-2010 by Lindop et al. (2015, 2016a, 2016b, 2016c, 2016d).
This account documents the update of the original reconstructions to 2014, which was then carried forward to
2018, both based mainly on FAO data. Note, however, that this does not include Aruba, which was treated
separately above.
The reconstructions of the ex-Netherlands Antilles consist of multiple, separate Exclusive Economic Zones
(EEZ), including Bonaire, Curaçao, Saba & Sint Eustatius and Sint Maarten. For 1950 to 2010, FAO reported
the ‘Netherlands Antilles’ as a single fishing entity and thus as a single record. After 2010, FAO began
reporting for Bonaire and Saba & Sint Eustatius as one fishing entity, and Curaçao and Sint Maarten as
separate entities. The disaggregation of landings reported as Bonaire, Saba and Sint Eustatius for the 20112014 period followed the original methods, using 2011 population data to disaggregate catch by EEZ. FAO’s
unspecified fish category (Marine fishes nei) comprised most of the reported landings from the exNetherlands Antilles.
Retroactive data changes were detected between different releases of FAO data, and landings were updated
throughout the time series to match data in the most recent FAO data release. Unreported landings were
updated to ensure that the total reconstructed landings for each sector remained unchanged. In this iteration
of the data, landings of conch (Lobatus gigas) have been reconstructed separately for 1950-2014. Conch
landings were estimated for Curaçao based on the demand for domestic consumption.
Bonaire’s portion of FAO reported data for ‘Marine fishes nei’ was allocated 100% to the artisanal sector and
was disaggregated into reef, pelagic, baitfish and lobster fisheries, with 19 separate taxa using the 2010 ratios
for 2011-2014. The unreported subsistence catch for Bonaire was calculated based on the portion of fish taken
home by artisanal fishers in 2010 (Lindop et al. 2015). The recreational catch was reconstructed based on
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updated population13 and tourist14 numbers for 2011-2014. The catch was disaggregated equally across 11
different taxa using the 2010 catch composition.
The reported category of ‘Marine fishes nei’ for Curaçao was allocated to artisanal and subsistence catches by
calculating the subsistence catch using the same methods as Lindop et al. (2015), then subtracting subsistence
from the total reported catch to get the artisanal amount. Note that all artisanal and subsistence catches were
reported from 2010-2014. The only unreported catch in Curaçao was the recreational sector, which was
calculated for 2011-2014 using the same methods as Lindop et al. (2015).
Since this update was completed, a study by Vermeij (2019) was released that compiled information on
artisanal fishing practices and the effect on species composition and catch size for Curaçao between 19052016. This information will be reviewed and included in future updates.
For Saba, Sint Eustatius and Sint Maarten, the FAO reported catch of ‘Marine fishes nei’ was split into three
fisheries: ‘Lobster’, ‘Lobster bycatch,’ and ‘Redfish’. Saba’s portion of the reported ‘Marine fishes nei’ category
catch was assigned to the artisanal sector and disaggregated into 13 different taxa following the same ratios as
in 2010. The total reconstructed catch for ‘Lobster’, ‘Lobster bycatch,’ and ‘Redfish’ fisheries remained
constant from 2007; this amount was extended to 2014. The reported amount was subtracted from the total
reconstructed amount for each fishery; the remainder was considered unreported and disaggregated by fishing
sector and taxa using the same ratios as for 2010. Updated population numbers15 for Saba were multiplied by
the 2010 catch rate to update the recreational catch to 2014, which was then disaggregated into taxa using the
same ratios as in 2010.
The reconstructed amount of lobster and redfish caught in Sint Eustatius was slightly higher than the total
FAO reported landings in 2011 and 2012; in these cases, the excess catch was considered unreported. In 2013
and 2014, the reported landings were higher than the estimated amount so we accepted FAO’s total unaltered.
Sint Maarten’s reconstructed catch in 2011-2014 was much lower than FAO’s reported landings of ‘Marine
fishes nei’. As a result, the excess catch reported to the FAO for Sint Maarten’s was allocated in part to Saba’s
EEZ, and the remainder outside of the EEZ was reported as industrial catch following Sea Around Us
convention (Zeller et al. 2016). FAO retroactively changed the amount of ‘Marine fishes nei’ from 180 tonnes
to 240 tonnes for the years 2011-2014, and this has been corrected in this update.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Ex-Netherland Antilles (Sint Maarten, Bonaire, Curaçao, Saba and Sint Eustacius) have agreed to protect
their biodiversity mainly through the Convention on Biological Diversity (Aichi) (Marine Conservation
Institute 2020). In 2005, the Dutch Caribbean Nature Alliance (DCNA, a regional network of protected areas)

13 http://statline.cbs.nl/Statweb/publication/?DM=SLEN&PA=80539eng&D1=0-1,9-11&D2=1&D3=0-1,3-4,78&LA=EN&VW=T
14 https://www.cbs.nl/en-gb/background/2015/14/tourism-in-the-caribbean-netherlands-in-2014
15 https://www.cbs.nl/en-gb/news/2016/29/population-caribbean-netherlands-stable
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was established on St Maarten, aiming to safeguard nature in the Dutch Caribbean and ensure sustainable
management of natural resources (MacRae and De Meyer 2020).
The Ex-Netherland Antilles have six MPAs, where activities such as fishing, snorkeling and diving are
restricted (MacRae and De Meyer 2020). Together, these areas cover 25,167 km2 (UNEP-WCMC and IUCN
2020a, 2020b, 2020c), which represents 45% of their collective EEZ of 55,792 km2 (Lindop et al. 2016a,
2016b, 2016c, 2016d). “[However,] the lack of reliable and adequate structural funding to support
conservation management is one of the main challenges facing conservation managers in the Dutch
Caribbean. This is compounded by the fact that the Dutch Caribbean islands are part of the Kingdom of the
Netherlands and are therefore ineligible for grants from donors such as the World Bank, USAid and other
bilateral funding organizations, whilst within The Netherlands many conservation funds are only available to
organizations based in the European part of the Kingdom” (MacRae and De Meyer 2020). Coral reefs can
generate high economic returns from recreational activities like in Bonaire. User fee systems could generate
income but must be properly established (Alban et al. 2006).
“The islands are a hotspot for biodiversity, which includes globally threatened and endangered ecosystems and
species from primary rainforest and dry forests to coral reefs, seagrass beds and mangrove forests. […] The
first protected area in the Dutch Caribbean, the Washington-Slagbaai National Park, was established on
Bonaire on 9th May 1969. This was followed by the creation of the Christoffel Park on Curaçao in 1978 and the
first Marine Protected Area (MPA) in the Dutch Caribbean, the Bonaire National Marine Park in 1979. […] In
2010 St Maarten designated the Man of War Shoals Marine Park at the same time as the establishment of the
Saba Bank National Marine Park” (MacRae and De Meyer 2020).
Puerto Rico (USA)
The original reconstruction of domestic marine fisheries catches in Puerto Rican waters was completed for
1950 to 2010 by Appeldoorn et al. (2015, 2016). This account documents the updating of the original
reconstruction to 2014, and the carry forward to 2018, both based mainly on data FAO made available on
behalf of Puerto Rico.
Appeldoorn et al. (2015) initially assigned a set portion of the catch reported by the FAO to the artisanal
sector, while the remaining portion of FAO catches was ‘filled out’ by accounting for a reported part of the
reconstructed recreational and subsistence catch calculated for Puerto Rico. For 2011-2013, the component
of reported data assigned to the recreational catch data was calculated as the remainder after accounting for
reported artisanal and baitfish landings, assuming 1,125 tonnes of artisanal catch for 2011-2013.
For 2014, the total catch reported by the FAO is less than the 1,125 tonnes of catch assigned to the reported
artisanal sector for 2010-2013. Thus, all FAO reported catch was assigned to the artisanal sector and
taxonomically split according to the 2010 taxon composition. Commercial catches and baitfish catch by
Puerto Rico within its domestic waters are assigned 100% to the artisanal sector for 2014.
Reconstructed subsistence catches were calculated as 4% of reported commercial catches for 2011-2014. The
2010 subsistence taxonomic breakdown was maintained for 2011-2014.
Data for total recreational catches in Puerto Rico were obtained from the Marine Recreational Information
Program (MRIP) of the US National Oceanic and Atmospheric Administration (NOAA) for 2011-2014.
Because of improved sampling methods, NOAA replaced The US Marine Recreational Fisheries Statistics
Survey (MRFSS) with MRIP in 2013; therefore, MRIP data was used for 2011 onward. Unreported
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recreational catch was calculated by subtracting the portion assigned to reported landings from the total
reconstructed recreational catch per year.
Baitfish catches were estimated at a rate of 5.65% of commercial catch, excluding discarded bycatch, for
2011-2014. Unreported baitfish was equal to the remaining reconstructed baitfish catch after accounting for
the reported baitfish catch.
Discards were calculated as 0.7% of reported commercial catches for 2011-2014, based on the 2010 ratio. All
these reconstructed data were taxonomically assigned as in 2011-2014 for their respective sectors.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
As an unincorporated territory of United States of America, Puerto Rico has agreed to protect its biodiversity
through the international agreements of the Ramsar Convention on Wetlands of International Importance, the
International Coral Reef Initiative, the World Heritage Convention. It is also part of the international network
of UNESCO Man and the Biosphere. The United States of America are a signatory to regional treaties and
agreements, such as the Regional Seas Convention. Its commitments extend to NGOs and/or public bodies
like the Caribbean MPA Network and the North American MPA Network (Marine Conservation Institute
2020).
Puerto Rico’s MPAs and marine managed areas (such as the three areas in the Red Hind Spawning
Aggregation Areas West of Puerto Rico, which protects Epinephelus guttatus) jointly cover 3,195 km2 (UNEPWCMC and IUCN 2020), i.e., 1.8% of the EEZ of 177,327 km2 (Appeldoorn et al. 2016).
Some of the threats to MPAs are urbanization and coastal developments. Other threats are due to terrigenous
pollution affecting the health of coral reefs. In the bay of Guanica (Southwestern of Puerto Rico), “unusually
high concentrations of total chlordane, total PCBs, nickel and chromium [have been found]. A variety of other
contaminants (total DDT, total PAHs, As, Cu, Hg, and Zn) were also at levels which may indicate sediment
toxicity” (Whitall et al. 2014).
One might think that this would benefit MPAs in Puerto Rico, a country where the population has been
decreasing since the beginning of the 21st century. However, a recent study revealed “that the number of
houses around protected areas continued to increase, while population declined both around protected areas
and island-wide. A total of 32,300 new houses were constructed within only 1 km from protected areas, while
population declined by 28,868 within the same area. At the same time, 90% of protected areas showed
increases in housing in the surrounding lands, 47% showed population declines, and 40% showed population
increases, revealing strong spatial variations. Our results highlight that residential development remains an
important component of lands surrounding protected areas in Puerto Rico, but the spatial variations in
population and housing changes indicate that management actions in response to housing effects may need to
be individually targeted” (Castro-Prieto et al. 2017).
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Saint Barthélémy (France)
A tentative reconstruction of the marine fisheries catches of Saint Barthélémy for 1950-2010 was presented
by Bultel et al. (2015, 2016). This account documents the update of the original reconstruction to 2014,
which is then carried forward to 2018.
As noted in Bultel et al. (2015), consistent statistics on the fisheries of Saint Barthélémy are missing.
However, for Saint Barthélémy, the FAO reported data in 2007-2014, which increased from 50 tonnes per
year until 2010 in previous FAO versions to 100 tonnes per year in 2007 and beyond in recent FAO statistics.
In the absence of data to evaluate this change, this was tentatively accepted as the new baseline to 2014,
including for the calculation of discards by the artisanal fishery. We have thus recalculated artisanal and
subsistence catches from 1950-2010 to reflect the updated proportion of Guadeloupe’s reported catch that is
likely attributed to Saint Barthélémy using the original methods of Bultel et al. (2015) with updated FAO
statistics (Figure 9).

Figure 9. Reconstructed domestic catch for Saint Barthélémy by fishing sector for 1950-2018.

Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
France and the local authorities of Saint Barthélémy have agreed to protect the biodiversity of this French
overseas territory through of the Convention on Biological Diversity (Aichi) (Marine Conservation Institute
2020).
Saint Barthélémy has five implemented MPAs, which jointly cover 16 km2 (Marine Conservation Institute
2020), i.e., about 0.5% of the EEZ of 4,295 km2 (Bultel et al. 2016). However, all these MPAs have a low
protection status (Marine Conservation Institute 2020).
The largest MPA in these waters is the Saint-Barthélemy nature reserve, which was created in 1996 and
currently covers 11 km2 (Marine Conservation Institute 2020). It is divided into five zones: Colombier – Petite
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Anse, Ilet Tortue-Les trois anses (Marigot, Grand et Petit Cul-de-Sac), Gros Ilets-Pain de sucre, Ilet Fourchue
and Ilets Frégate et Toc-Vers (Journal Officiel de la République Française 1996). “The Nature Reserve of
Saint-Barthélemy is exclusively marine and includes two major types of ecosystems: seagrass beds of marine
phanerogams and coral formations. These coastal ecosystems constitute privileged habitats for many marine
species; they are, moreover, at the base of many ecosystem services, and many economic and social activities”
(Vaslet and ATE 2018).
“To understand the functioning and evolution of sensitive ecosystems but also to assess the effectiveness of the
measures taken [within Saint-Barthélémy nature reserve], data is collected and analyzed each year. The ATE
[Agence Territoriale de l’Environnement)] works in collaboration with recognized scientists and consultancies
to monitor changes in the health of ecosystems” (Agence Territoriale de l’Environnement 2018).
“The Territorial Environment Agency is a public industrial and commercial establishment. Created in 2013, it
notably takes over all the missions of the GRENAT association, including the management of the Nature
Reserve. It is administered by a Board of Directors of twelve members comprising: six representatives of the
Territorial Council appointed from among its members, two representatives of environmental protection
associations, a staff representative, three qualified individuals appointed by deliberation of the Territorial
Council” (Agence Territoriale de l’Environnement 2018).
Saint Kitts & Nevis
The reconstruction of Saint Kitts and Nevis’ marine fisheries catches was completed for 1950-2010 by
Ramdeen et al. (2013, 2016). This account documents the updating of the original reconstruction to 2014,
which is then carried forward to 2018. Both based mainly on data FAO made available on behalf of Saint Kitts
& Nevis (Figure 10).
In the most recent FAO dataset, the category ‘Stromboid conchs nei’ was retroactively changed so that
landings accounted for the conch shell as part of live weight tonnage as opposed to conch meat, as previously
reported (FAO 2016b). Because Ramdeen et al. (2013) calculated landings based on the demand for conch
meat, their catch was not expressed in live weight. Here, catches of conch meat were corrected to live weight
using a conversion factor of 7.5 (FAO 2016b).
The demand for fish, lobsters, and conch by the local population was updated for 2011-2014 using the
original methods. It was assumed that the consumption rate did not change from 2010-2014 and that the
percentages of the calculated total demand attributed to subsistence and artisanal fishing remained the same
as in 2010. The calculated demand from the artisanal sector was first compared to reported landings. If
reported landings were greater than the calculated artisanal demand, the remaining reported landings were
assumed to originate from the subsistence sector. If reported landings were less than the calculated demand,
the remaining catch was considered unreported. Unreported fish landings from artisanal and subsistence
fisheries were disaggregated into taxa based on the 2010 ratio for each sector.

54

2020 Fisheries Centre Research Reports 28(6)

Figure 10. Reconstructed domestic catch within Saint Kitts and Nevis’ EEZ by fishing sector for 1950-2018.

The demand for fish from tourists and the recreational catch by tourists fishing in Saint Kitts and Nevis were
updated for 2011-2014 using the same methods as described in the original report. The number of tourists
was updated for 2012-2014 using updated data from the Caribbean Tourism Organization16 and interpolated
for 2011. The catch rate and participation rate of tourists recreational fishing, the length of visit, and serving
size consumed by each tourist per day were assumed to be the same as in 2010 for 2011-2014. The 2010
taxonomic breakdowns for recreational landings and artisanal landings taken to meet tourist demand were
used for 2011-2014.
In response to the European Union assigning it a ‘yellow card’ in 2014 because of IUU activities by distant
water fleets flying the Saint Kitts and Nevis flag (a flag of convenience), Saint Kitts and Nevis has taken
measures against illegal fishing by becoming a party to the Agreement on Port State Measures to Prevent,
Deter and Eliminate Illegal, Unreported and Unregulated Fishing (PSMA) which came into effect in June
2016 (Anon. 2015, 2016). Under this agreement, Saint Kitts and Nevis will implement measures that require
foreign fishing vessels to request advance permission to enter ports and report on their activities (FAO
2016a). The distant water activities of vessels from Saint Kitts and Nevis’ are not addressed in this
reconstruction.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Saint Kitts & Nevis has agreed to protect its biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).

16

http://www.onecaribbean.org/statistics/2003-july-2015-tourism-stats/ [Accessed: August 2016]
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Saint Kitts & Nevis has 12 MPAs and one marine managed area, which jointly cover 6 km2 (Marine
Conservation Institute 2020), i.e., 0.06% of the EEZ of 10,210 km2 (Ramdeen et al. 2016).
“Historically, sea turtles in St. Kitts have been perceived as an agricultural resource available for consumption.
A sea turtle harvest still exists in St. Kitts during which sea turtles can be legally captured and consumed, as
long as the capture falls within the outlined harvest season (Fisheries Regulations 2002). This perception is
not unique to St. Kitts, as 21% (9/43) of Caribbean nations still have a legal harvest” (Stewart et al. 2018). “In
St. Kitts, three different sea turtle species are found year-round, either as residents of the marine environment
(hawksbill, Eretmochelys imbricata and green turtles, Chelonia mydas), or as seasonal nesters (leatherback,
Dermochelys coriacea), hawksbill and greens. Because of these increasing interactions, there is budding
research interest in the zoonotic pathogens associated with turtles that utilize the near-shore waters and
beaches of St. Kitts” (Ives et al. 2017).
“The St. Kitts Sea Turtle Monitoring Network has implemented a number of conservation education programs.
The primary conservation education program has been an annual Sea Turtle Camp Program that was
developed and initiated in 2007 with the goal of engaging and educating youth in the conservation of sea turtle
species” (Stewart et al. 2018). An interview assessment of the performance of these programs showed that
participants increased their knowledge in certain aspects of turtle conservation biology and history. Some of
the comments and conclusions by the participants were: “I now pick up trash off the beach"; "I am eager to tell
others about turtles"; "I am now aware of the importance of the living creatures that live in the sea and the
coral reefs"; "When I go to the beach I don't litter anymore and I tell people don't litter too"; "It had a huge
effect on the way I saw the marine world"; "Yes, because now I know that I should be cautious of how and
where to walk when I'm on the beach because there can be nest"; "I know what can happen to sea turtles"; and
"I know the different types of sea turtles“ (Stewart et al. 2018).
Saint Lucia
The reconstruction of marine fisheries catches in Saint Lucia was completed for 1950 to 2010 by Mohammed
and Lindop (2015, 2016). This account documents the update of the original reconstructions to 2014, which
is then carried forward to 2018.
FAO’s ‘Marine fishes nei’ taxonomic category catches were disaggregated according to the taxonomic
breakdown in 2010, and catches of each taxon were assigned to artisanal, industrial, and subsistence sectors
according to 2010 ratio.
Recreational landings were reconstructed for 2011-2014 using the rate of recreational catch per fisher in
2010 multiplied by the number of tourist fishers for 2011-2014. The number of tourists fishing was
determined by multiplying the total tourist arrivals from the World Bank by the participation rate
determined by Mohammed and Lindop (2015).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
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Marine biodiversity protection
Saint Lucia has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the Ramsar Convention on Wetlands of International Importance and the World
Heritage Convention (Marine Conservation Institute 2020).
Saint Lucia has 39 MPAs and two marine managed areas, which jointly cover 37 km2 (Marine Conservation
Institute 2020); this is equal to about 0.2% of the EEZ of 15,472 km2 (Mohammed and Lindop 2016).
The Pitons Management Area is the only World Heritage Site in Saint Lucia’s waters. It was designated in
2004 (Marine Conservation Institute 2020) with a total extent of 29 km2 from which only 0.8 km2 are in the
sea (Claudino-Sales 2019). “In 1986, most of the reef system fringing Gros Piton was declared a marine
reserve. In 1994, the Soufriere Marine Management Area was established. In 2002, the Pitons Management
Area was created. [...] Terrestrial Conservation Areas are administered by the Ministry of Physical
Development and Housing with the Forestry Department, and Marine Areas are administered by the Soufriere
Marine Management Area under the Department of Fisheries (UNEP/WCMC 2011). […] A large part of the
site is in private hands and risks being approved for luxury development. Despite the Integrated Development
Plan and specific guidelines, the designation seems to have accelerated the sale of plots for resorts and
multiple homes on the almost pristine and visually sensitive land between the Pitons (UNESCO WHC 2017)”
(Claudino-Sales 2019).
A survey carried out in different MPAs of Saint Lucia 10 to 16 years after the MPAs were created revealed that
terrestrial sediment is a real threat because it accelerates the degradation of coral reefs. The study suggests
that the MPA network existing in the country should be complemented by measures to reduce terrestrial
runoff (Bégin et al. 2016). “Reducing sediment loads on the coral reefs of Saint Lucia will require the cooperation of agencies responsible for land and marine jurisdictions. Such initiatives towards integrated
planning were recently outlined by the government of Saint Lucia, but the project did not proceed due to a
lack of political will, financial support, and backing from key institutions (Tulsie, 2006)” (Bégin et al. 2016).
Saint Martin (France)
The catch reconstruction of fisheries in Saint Martin from 1950 to 2010 was performed by Bultel et al. (2015,
2016). This brief account documents the update of the original reconstructions to 2014, which is then carried
forward to 2018.
As noted in Bultel et al. (2015), statistics on the fisheries of Saint Martin are lacking, and no new information
appears to have been generated about this fishery.
However, the FAO catch data for the neighboring French entity Saint Barthélémy from 2007 to 2010
suggested there was a steady 200 tonnes per year in earlier versions of FAO data, but that number dropped
to 90 tonnes per year from 2007 onwards in more recent FAO statistics. In the absence of any other
information, 90 tonnes was also accepted as the new baseline for Saint Martin. We have thus recalculated
artisanal and subsistence catches from 1950-2010 to reflect the updated proportion of Guadeloupe’s
reported catch that is likely attributed to Saint Martin using the original methods of Bultel et al. (2015) with
updated FAO statistics (Figure 11). The methods and assumption of Bultel et al. (2015) were applied
unaltered to that baseline for the years 2011 to 2014, including for the estimation of discards from the
artisanal fishery.

57

Updating to 2018 the 1950-2010 marine catch reconstructions of the Sea Around Us: Part IIThe Americas and Asia-Pacific

Figure 11. Reconstructed domestic catch for Saint Martin by fishing sector for 1950-2018.

Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
France and the local authorities of Saint Martin have agreed to protect the biodiversity of the French overseas
territories through two international agreements, the Convention on Biological Diversity (Aichi) and the
Ramsar Convention on Wetlands of International Importance (Marine Conservation Institute 2020).
Saint Martin has four MPAs (Marine Conservation Institute 2020), Étangs lagunaires de SaintMartin Specially Protected Area (designated in 2012), Saint-Martin Specially Protected Area (designated in
2012), Saint-Martin Ramsar Site (designated in 2012) and Saint-Martin National Nature Reserve (designated
in 2012), which jointly cover 98 km2. However, UNEP-WCMC and IUCN (2020) states that the marine
protected areas in this island cover 1,031 km2, i.e., 97% of the EEZ of 1,066 km2 (Bultel et al. 2016).
One of the largest MPA in these waters is the Ramsar site of Saint-Martin ‘Zones humides et marines de SaintMartin’, which contains a network of 14 ponds, sea grass beds, coral reefs, mangroves and lagoons (Ramsar
sites information service 2020). “The ponds are influenced by the sea and serve as feeding, breeding and
wintering areas for as many as 85 bird species, many of them threatened and some endemic. The marine part
of the site harbours most of the coral reef areas surrounding the island and is habitat to several endangered
and critically endangered sea turtles such as leatherback (Dermochelys coriacea). It constitutes a feeding and
spawning area for more than 100 species of fish and is also important as shelter, nursery and migration path.
The site fulfills a diverse set of ecological functions like water flow regulation, oxygenation of water,
stabilization and storm protection as well as the reduction of pollutant loads entering the Sea. The marine part
of the site is used for recreational activities such as diving, sailing, kayaking and surfing. Threats include
poaching, water pollution from sewage, and extreme weather events as well as increasing water temperatures”
(Ramsar sites information service 2020).
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Saint Vincent and the Grenadines
The reconstruction of marine fisheries catches of Saint Vincent and the Grenadines was completed from
1950 to 2010 by Mohammed and Lindop (2015, 2016). This account documents the update of the original
reconstruction to 2014, which is then carried forward to 2018.
Retroactive changes in reported landings data were detected between different releases of the FAO data. As a
result, reported landings were updated for 1990, 1993, 1997, 2001, and 2007-2010 to match the updated
baseline. Unreported landings were updated for those years assuming that total reconstructed catch
remained the same (Figure 12). While industrial catches of large pelagic taxa were included in the FAO’s
reported data, they were excluded from consideration in the reconstruction as documented here and in
Mohammed and Lindop (2015) because such catches are addressed elsewhere using data provided by
ICCAT, as described by Coulter et al. (2020).
The reconstruction was updated for 2011-2014 using the ratio of total reconstructed catch to reported
landings in 2010 to estimate total catch for 2011-2014. Total reconstructed landings were disaggregated by
sector and taxa for 2011-2014 using the 2010 breakdowns.

Figure 12. Reconstructed domestic catch within Saint Vincent and the Grenadines’ EEZ by fishing sector for 1950-2018.

Industrial discards were calculated as 10% of the reported industrial landings for 2014. Subsistence catches in
2014 were estimated by multiplying total population data obtained from the World Bank for Saint Vincent and
the Grenadines by the average per-capita subsistence rate from 2011. Unreported recreational catches were
updated to 2014 by assuming the same participation rate in recreational fishing by tourists as suggested by
Mohammed and Lindop (2015) and deriving the 2014 fishing rate of those recreational fishers as the average
of the 2011-2013 rates.
Since the last update, Connell (2018) has released a study of Saint Vincent and the Grenadines which
highlighted the need for annual data from the Saint Vincent and the Grenadines Fisheries Division to
produce a database to facilitate analysis of patterns. Cornell (2018) also lauded the initiation of a program to
register fishing vessels across the nation.
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Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Saint Vincent and the Grenadines has agreed to protect biodiversity through the international agreements of
the Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Saint Vincent and the Grenadines has 40 MPAs and no marine managed area, which jointly cover 82 km2
(Marine Conservation Institute 2020), i.e., 0.2% of the EEZ of 36,304 km2 (Mohammed and Lindop 2016).
The Tobago Cays-Mayreau Marine Park (TCMP) was established in 1987 (Marine Conservation Institute
2020), with 52 km2 (Garcia Rodriguez et al. 2017) and was initially designated to increase tourism on the
island. “The enforcement capacity of the TCMP should improve, as currently its staff does not have the
authority to fine infractions occurring in the area, such as anchoring in restricted areas. Finally, the
enforcement capacity of the TCMP should cover all regulations and monitoring of activities that are necessary
to focus on the achievement of their goals. Meeting current management, conservation, and socioeconomic
needs of the MPA, investing in research activities, using available data to improve management, and
conducting performance evaluations are the only way in which the TCMP will be able to become a successful
and fully operational MPA at a time when effective marine management and protection are urgently required”
(Garcia Rodriguez et al. 2017).
A study that assessed the ecosystem service benefits from extending the current network of MPAs showed that
“stopping pollution from agriculture run-off and sewage was found to generate the highest ecosystem service
benefits, restricting over-fishing and bad fishing practices. We demonstrate how economic valuation of marine
ecosystem service might be used to design and target marine conservation policies that maximize welfare
benefits” (Christie et al. 2015).
Trinidad and Tobago
The reconstruction of Trinidad and Tobago’s marine fisheries catches was completed from 1950 to 2010 by
Mohammed and Lindop (2015, 2016). This account documents the update of the original reconstructions to
2014, which is carried forward to 2018.
Industrial landings of large pelagic taxa were not considered in the reconstruction as they are addressed in a
separate study (Coulter et al. 2020). As a result, total catches were modified for 2011-2014 to exclude
industrial catches of large pelagic taxa using the average ratio of reported artisanal catches in the
reconstruction to catches reported by FAO for 2006-2010.
Reported landings for 2011-2014 were allocated between the Exclusive Economic Zones (EEZ) of Trinidad
and Tobago and Venezuela. Within Trinidad and Tobago, reported catches were assigned between the
artisanal, industrial, and subsistence fishing sectors, according to the average ratio from 2006-2010. Total
catches were disaggregated for each sector according to Mohammed and Lindop (2015).
Subsistence catches were calculated separately using the methods of Mohammed and Lindop (2015) and by
extrapolating the 1950-2010 trend of the annual per-capita subsistence catch rate to 2014 and multiplying
this rate by the coastal population of Trinidad and Tobago as obtained from the World Bank.
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The 2006-2010 average ratio of total reconstructed catches to reported catches was used to estimate the
unreported catches for 2011-2014 for the artisanal, industrial, and recreational fishing sectors. Unreported
industrial catches were allocated between the EEZs of Trinidad and Tobago and Venezuela and between
landings and discards according to the average ratio of unreported catches assigned to each between 2006
and 2010. The 2006-2010 average ratio of unreported catches assigned to artisanal, industrial and
recreational sectors within Trinidad and Tobago was used to assign domestic unreported catch to sector for
2011-2014.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Trinidad and Tobago have agreed to protect its biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of International
Importance (Marine Conservation Institute 2020).
Trinidad and Tobago have 10 MPAs and four marine managed area, which jointly cover 124 km2 (Marine
Conservation Institute 2020), i.e., 0.16% of the EEZ of 79,798 km2 (Mohammed and Lindop 2016).
“The NE Tobago area is fragile and sensitive and is increasingly threatened by activities, such as overfishing,
deforestation as well as climate change which [jeopardizes] the overall ecosystem of the area and the
ecosystem services provided (EDG and Kairi Consultants Ltd. 2003). […] To reduce local stress factors on
corals in NE Tobago the following is recommended: strict enforcement of existing water pollution rules,
support of organic agriculture initiatives in the related watershed areas, minimization of construction related
sedimentation through strict enforcement of requirements outlined in EIAs for non-residential projects,
establishment and enforcement of visitor regulations at reefs. In the medium-term sustainable solutions for
domestic grey and black-water disposal must be found for Speyside, Charlotteville and Parlatuvier” (Wothke
2013).
“In Trinidad and Tobago, shark consumption is prevalent but not frequent, and consumers generally knew
very little about sharks even though they had good attitudes towards sustainable shark use and the public
health implications of shark consumption. Tobagonians knew more about sharks, but Trinidadians had
attitudes more open to safe and sustainable shark consumption. Tertiary education was a good predictor of
knowledge about sharks but failed to predict attitudes or practices. Both the attitudes and practices of women
were more inclined towards safe and sustainable shark consumption than those of men” (Ali et al. 2020).
“Community surveys indicate that community participation in any management is a priority but that comanagement must be supported with capacity building and ongoing education of the wider community”
(Wothke 2013).
Turks and Caicos Island (United Kingdom)
The marine fisheries catches of the Turks and Caicos Islands (TCI) were originally reconstructed for 19502010 by Ulman et al. (2015, 2016a, 2016b). This account documents the update of the original
reconstruction to 2016, which is then carried forward to 2018. Turks and Caicos do not have a domestic
industrial fishery, but its small-scale fisheries play an important role for subsistence, export, and support of
the tourism industry.
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Updated population data were obtained from the World Bank and used to calculate subsistence and artisanal
catches for 2011-2016 based on adult fish and invertebrate consumption rates estimated for 2010 in the
original reconstruction (Ulman et al. 2015)17. Foreign fishing by Haiti and the Dominican Republic was
assumed to continue at the same percentage of Haiti’s and the Dominican Republic’s reconstructed catch for
2012-2016, although total removals by these foreign fleets are relatively small. Updated data on the number
of stopover tourists and cruise ship tourists were obtained from several tourism statistics sources18. The 2010
recreational fishing participation rate of 4% of stopover tourists and cruise ship tourists were held constant
to 2016 in order to estimate the number of tourists participating in recreational fishing. The recreational
catch rate was assumed to remain at the 2010 rate of 10 kg·visit−1 kg (6-day average visit; Ulman et al. 2016a)
for 2011-2016.
Taxonomic breakdowns were maintained at the 2010 ratio for domestic and tourist consumption of reef-fish
and game fish (Ulman et al. 2016a). While reconstructed catch increased for most sub-sectors for the TCI,
the amount reported to the FAO has declined, which signals a decline in exports because all reported catch is
considered commercial catch destined for export (Ulman et al. 2016a). Currently, catch quotas are calculated
based on exported amounts and do not consider domestic consumption, which likely has accelerated the
depletion of local fish and invertebrate populations including Queen conch Lobatus gigas (Ulman et al.
2016a).
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The United Kingdom and the local government of the Turks and Caicos Islands have agreed to protect the
biodiversity of the Turks and Caicos through the international agreements of the Convention on Biological
Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation
Institute 2020).
Together, the MPAs of Turks and Caicos Islands cover 150 km2 (UNEP-WCMC and IUCN 2020), which
amounts to 0.1% of the EEZ of 153,533 km2 (Ulman et al. 2016a, 2016b). “The Department of Environment
and Coastal Resources (DECR) is mandated to ensure the sustainable use of natural resources as well as to
protect and promote biodiversity and economic prosperity through a sustainable fisheries industry,
environmentally sustainable development, and a Protected Areas system. The Turks and Caicos National Trust
manages a small number of terrestrial and coastal protected areas, which are held in a public trust” (Sealey et
al. 2019).

17http://data.worldbank.org/indicator/SP.POP.TOTL?end=2015&locations=TC&start=1960&view=chart&year_low_desc
=true
18 http://turksandcaicostourism.com/wp-content/uploads/2015/03/Turks-Caicos-Tourism-Statistics-2014.pdf ;
http://turksandcaicostourism.com/turks-and-caicos-islands-tourism-statistics-2013/ ;
http://www.tcinewsnow.com/headline-Tourist-Board-announces-visitor-arrival-numbers-for-2012-5712.html;
http://www.caribbeanhotelandtourism.com/wp-content/uploads/2017/03/Turks-Caicos-Final-2016-TourismStatistics.pdf;
http://turksandcaicostourism.com/wp-content/uploads/2016/03/Turks-Caicos-Tourism-Statistics-2015.pdf
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“Valleys between ridges are typically low-lying areas where palustrine wetlands form and collect floodwaters.
In recent years, however, due to escalating real estate values, low-lying areas are being filled and developed,
leading to widespread flooding during periods of high rainfall. This ill-advised practice may be addressed in
proposed legislation to amend the National Parks Ordinance to include all wetlands as protected areas. At the
time of this writing, the legislation is still pending Cabinet approval” (Sealey et al. 2019).
Some of these MPAs are not large enough to protect fish population such as groupers, which are not only
valuable from an ecological point of view, but also for the local economy. For example, in the South Caicos
Island, “the Admiral Cockburn Land and Sea National Park (ACLSNP) may not be large enough to protect
effectively large reef fishes such as the Nassau grouper [(Epinephelus striatus)], which have large home ranges
and/or undergo seasonal spawning migrations” (Tupper and Rudd 2002). Having smaller and generally fewer
individuals of groupers in these MPAs may affect the tourism industry negatively. It has been calculated that
“increasing grouper abundance adds value to the dive experience. Dive operators could charge higher prices
and increase revenue by taking clients to sites with higher grouper abundance. Alternatively, MPA entrance
fees could be used to capture consumer surplus resulting from increased grouper abundance. […] The income
generated through premium pricing for access to MPA dive sites might be sufficient to compensate fishers for
losses of fishing opportunities due to MPA implementation, as well as cover the marginal costs of expanded
park operations necessary for the protection for the ecological services crucial to the competitiveness of the
dive industry” (Rudd et al. 2001).
Other activities that threaten marine ecosystems in these waters include “illegal, unreported, and unregulated
(IUU) fishing, [which] is an on-going and serious problem [and] especially poaching from foreign fishers from
Hispaniola. Remote islands are also experiencing significant deforestation from an illegal charcoal trade.
[MPAs] require boats or complicated logistics to manage. DECR has one ocean-going vessel that requires
costly maintenance and staff for operations. In addition, there are five smaller vessels that also require
maintenance for patrolling […]” (Sealey et al. 2019).
US Virgin Islands
The US Virgin Islands’ marine fisheries catch was reconstructed for the period of 1950-2010 (Ramdeen et al.
2015, 2016). This account documents the update of the original reconstructions to 2014, which is carried
forward to 2018 (Figure 13).
Previously, catches by the small-scale sector were reconstructed based on the number of fishers and catchper-unit-effort per fisher (Table 1). The taxonomic breakdown of the artisanal and subsistence catches was
based on the original reconstruction and applied to catches reported as ‘Marine fishes nei’ in the FAO data
(Table 2; Ramdeen et al. 2015).
Due to changes in the 2014 FAO data version, the previously reconstructed data were retroactively modified.
These changes suggest that from 1990 onwards the subsistence sector was considered in the reported data.
Therefore, from 2003 onwards, when our reconstructed small-scale catches became less than the total
reported by the FAO, a new protocol was followed. From 2003-2010, the difference between the FAO 2014
data and 2010 data was assigned to subsistence fishing. From 2011-2014, the ratio of subsistence to artisanal
fishing in reported FAO data was carried forward. All taxa were assigned to subsistence and artisanal sectors
in the ratio established above (Table 2).
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Figure 13. Reconstructed domestic catch within US Virgin Islands’ EEZ by fishing sector for 1950-2018.

The recreational fishery was reconstructed for both the tourists and resident populations. Current population
data were sourced from the World Bank19 for residents, and from OneCaribbean20 for stop-over tourists. The
recreational fishing catch-per-unit-effort rates were kept constant for residents and tourists at 24 kg·fisher1·year-1 and 0.1 kg·tourist-1·year-1, respectively.
Since the original reconstruction, the US Virgin Islands have been the subject of conservation efforts and
monitoring for both their coral reefs and their local fish populations21. Recent research has identified an
important shark nursery habitat which may be important to future considerations of fisheries (Legare et al.
2015). This increased interest in fisheries and biodiversity conservation may be reflected in the updated
statistics, as the ratio of unreported catch has shrunk substantially in recent years. Finally, accounting for the
recreational sector, which is currently unreported, could be important as other sectors of fishing diminish and
as the recreational catch comprises a more substantial portion of total marine catches (see also Smith and
Zeller 2013).

Table 1. Number of fishers and their catch rate
for the small-scale (subsistence and artisanal)
sectors 1950-2003 (updated 2003 from
Ramdeen et al. 2015)
Year No. of fishers
CPUE
(t·fisher-1·year-1)
1932

405

0.69

1967

400

2.1

2003

383

4.8

http://data.worldbank.org/indicator/SP.POP.TOTL?locations=VI
www.onecaribbean.org
21 http://cubajournal.co/noaa-launches-long-term-fisheries-study-involving-cuba ;
http://www.noaanews.noaa.gov/stories2015/121015-noaa-awards-more-than-8-million-for-coral-reef-conservation.html
19

20
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Table 2. Taxonomic
composition (in %) of smallscale reconstructed catches,
used to taxonomically
disaggregate the officially
reported “Marine fishes nei”
data as well as the
reconstructed unreported
catches.
Taxon
%
Scaridae
Balistidae

25
15

Lutjanidae

13

Acanthurus spp.

12

Haemulidae

12

Epinephelus spp.

7

Panulirus argus

6

Misc. marine fishes

5

Diplodus spp.

4

Conch

1

Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semiautomated procedures outlined in Noël (2020), based on FAO landings data
to 2018. Semi-automated reconstructed catch data will later be replaced by a
more detailed, research-intensive update.
Marine biodiversity protection
The US and the local Virgin Islands governments have agreed to protect the
biodiversity of the Virgin Islands through the international agreements of the
Convention on Biological Diversity (Aichi) and the Ramsar Convention on
Wetlands of International Importance (Marine Conservation Institute 2020).
The US Virgin Islands have 33 MPAs (Pittman et al. 2014), which jointly
cover 896 km2 (UNEP-WCMC and IUCN 2020), i.e., 2.6% of the EEZ of
33,748 km2 (Ramdeen et al. 2016).

“Following the establishment of the land portion of the Virgin Islands
National Park in 1956, the Virgin Islands government and St. Thomas and St.
Croix Chambers of Commerce, jointly with the U.S. Department of the
Interior, conducted a survey of recreational needs, sites, and services in the USVI. This study identified areas
of high ecological significance to support the development of a Territorial Park System. In the early 1960s,
Buck Island Reef National Monument and Virgin Islands National Park were designated, becoming some of
the world’s first coral reef MPAs” (Pittman et al. 2014).
Even though the rangers of the Department of the Interior National Park Service have increased their effort to
enforce regulations and increase public awareness, illegal fishing inside no-take MPAs still occurs. “Outreach
campaigns to improve voluntary compliance in the fishing community and evaluation of existing enforcement
effort, techniques, and tactics could help address illegal fishing inside MPAs. On St. Croix, Buck Island Reef
National Monument and East End Marine Park could create joint outreach, management and monitoring
initiatives that would share resources and reach a broader section of the community” (Pittman et al. 2014).
Discussion
The island countries and territories covered here share several features, one of which is the impact of the
tourism industry on their fisheries. Tourism impacts the number of fish caught in Caribbean countries and
territories both as part of catch caught and sold locally to hotels and restaurants, as well as tourists directly
participating in recreational fishing. To estimate the impact of tourists on domestic Caribbean fisheries, we
reconstructed the number of stop-over tourists and their per capita consumption and the recreational fishing
participation and catch rates.
The resulting estimates are tentative, and readers are encouraged to send us corrections and/or publication
providing numbers that would replace the numerous assumption we have made.
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Abstract
Updates to 2018 are presented for earlier marine fisheries catch reconstructions for Central American
countries and one island which covered the years 1950 to 2010. This is presented in the form of 6 brief
accounts dealing with Belize, Clipperton Island (France), El Salvador, Guatemala, Honduras and Nicaragua
(Panama is covered elsewhere). The major challenges in updating these catch reconstructions were estimating
small-scale catch and the effectiveness of bans applying to selected target species. We addressed these
challenges through an approach that used population and per capita consumption rates and a targeted
literature search to evaluate whether illegal fishing was likely to continue after implementation of fishing bans
for select species. Other issues, notably how we have dealt with the changes between successive releases of
FAO landing data, are address separately for each country.

Introduction
Fisheries catch reconstructions were updated for 2011-2016 for Central American countries including Belize,
Clipperton Island (France), El Salvador, Guatemala, Honduras and Nicaragua but omitting Panama, which
has a chapter of its own in this volume. Country specific methods to reconstruct fisheries are presented
individually in the sections below and are forward-carried to 2018.

Methods
Belize
The original reconstruction of Belize’s marine fisheries catches from 1950 to 2008 was completed by Zeller et
al. (2011), then updated to 2010 (Zeller et al. 2016). This account updates this reconstruction to 2016, which
was then carried forward to 2018 using FAO data.
The FAO data up to 2016 was accepted as the reported baseline. Retroactive changes were made to reported
landings of conch (Lobatus gigas) and sea cucumber (Holothuroidea) to account for changes to tonnage in
recent releases of the FAO data (Figure 1).
Since the original reconstruction (Zeller et al. 2011) was completed, several major developments in Belize have
occurred regarding its fisheries. Firstly, since the end of 2010, all bottom trawling has been banned within its
EEZ (Oceana 2010). This ban resulted in the decline of reported shrimp landings from 2011-2016 and in the
decrease in the associated discards. Reconstructed industrial discards from the shrimp fishery were updated
to 2016 based on the methods described by the original reconstruction (Zeller et al. 2011). Reported shrimp
landings came to a halt in 2016.
Cite as: M. Ang, T. Cashion, E. Chu, A. Coulter, B. Derrick, M. Frias-Donaghey, S.-L. Noël, E. Page, V. Relano and R.
White. 2020. Updating catch reconstructions of Central America to 2018, p. 79-93. 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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Figure 1. Reconstructed domestic fisheries catches from within Belize’s EEZ by fishing sector for 1950-2018.

Secondly, in 2015, Belize ended open-access to its fisheries resources (Ramos 2015) and developed a
“Managed Access” program. This may have a strong impact on catches from Belize’s EEZ in the future.
Artisanal catch
Reconstructed artisanal catch was estimated separately for the finfish, shark, conch and lobster fisheries. The
catch rates for 2008 were carried forward and multiplied by updated coastal population data22 to calculate
total artisanal finfish demand for 2011-2016. The unreported finfish caught by artisanal fisheries was
determined by subtracting reported marine fish landings from the reconstructed total demand for finfish. In
the absence of updated information, unreported shark catch was held constant at the 2010 amount of 800
tonnes for 2011-2016. Lobster landings were reconstructed based on the ratio of unreported landings to
reported landings from 2000-2010 and then applied from 2011-2016.
Subsistence catch
Subsistence catches were updated for 2011-2016 based on the original methods (Zeller et al. 2011). The coastal
population consumption rates for urban and rural coastal populations in 2008 were multiplied by updated
population data from the Statistical Institute of Belize23. While the urban coastal population consumption was
assumed to remain stable at 1.39 kg per person, the rural coastal population was assumed to continue to
decline from 2009-2016 at the same rate as described in the original reconstruction (Zeller et al. 2011).
Taxonomic breakdowns were held constant for 2011-2016 for unreported catch by subsistence, artisanal, and
industrial fisheries at the ratio from 2008 described by the original reconstruction (Zeller et al. 2011).
Percentage breakdowns for gear used by commercial fisheries were maintained for each species using the
breakdown from 2014.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.

22
23

http://www.sib.org.bz/statistics/population
http://www.sib.org.bz/statistics/population
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Marine biodiversity protection
Belize has agreed to protect its considerable marine biodiversity (see contributions in Palomares and Pauly
2011) through the international Convention on Biological Diversity (Aichi), the United Nations Convention on
the Law of the Sea, the Ramsar Convention on Wetlands of International Importance and the World Heritage
Convention. It is also a signatory to regional treaties and agreements such as the Regional Seas Convention
(Marine Conservation Institute 2020).
Belize has 30 MPAs and 13 marine managed areas. Together these areas cover 3,641 km2 (Marine
Conservation Institute 2020), i.e., 10.1% of its EEZ of 36,200 km2 (Zeller et al. 2016). “According to the
Wildlife Conservation Society, the government of Belize has approved a plan to expand its marine areas
designated as no-take zones from 4.5% to 11.6% of its total waters. Much of the expansion will cover deep-sea
areas at depths ranging from 200 to 3,000 meters, currently underrepresented in Belize’s system of marine
protected areas” (Dasgupta 2019). One of the previous efforts to conserve biodiversity in Belize was a
moratorium on oil exploration and offshore drilling. This resulted in the Belize Reef being removed from the
United Nation’s list of endangered world heritage sites (Scocca 2020).
The first MPA in Belize, the Half Moon Caye Natural Monument, was designated as early as 1982 (Marine
Conservation Institute 2020). Later on, Belize’s government realized that MPAs do not only protect
ecosystems, but that the resulting ecological effects can also boost tourism. Belize eventually saw the need to
use a more integrated approach to manage its marine resources. In 1989, the country started a process to
create an Integrated Coastal Management Plan (Cho et al. 2005). However, “the major challenges to MPA
management in Belize are the lack of adequate administration and the failure of the MPA program to evolve
with the changing trend towards devolution of authority from government to greater community involvement
in MPA management” (Cho et al. 2005).
The existent regulations in the protected areas are enforced by the reserves’ staff, i.e., fishery officers. “To
further strengthen the enforcement capabilities the reserves’ staff are established as Police Special Constables.
To maximize results, patrols are prioritized especially on illegal activity hotspots and are designed to intercept
marine products onboard fishing vessels and campsites. The Conservation Compliance Unit (CCU) personnel
assist the marine reserves by providing various officers to cover for personnel on vacation, sick leave and
training thus continuing the enforcement presence” (Belize Fisheries Department 2013).
Clipperton Island (France)
The fisheries resources and potential catches in the waters around the uninhabited Clipperton Island were
described by Pauly (2009), who also tentatively reconstructed the catches of distant-water fleets fishing in the
waters around this island from 1950 to 2010 (Pauly 2016). This account updates this reconstruction to 2014,
which was then carried forward to 2018.
Based on several reports of fishery resources from the area (Pauly 2009, 2016), unreported catches of
Elasmobranchii and Panulirus penicilliatus have been allocated to the EEZ of the Clipperton Islands from
1980 to 2014. Catches of other taxa from other sources have been indirectly estimated from catches of distantwater fleets operating in the Eastern Central Pacific.
A fisheries access agreement between Mexico and France has allowed the former to fish in the waters of
Clipperton Island since 2007, with regular amendments and changes to prevent over-exploitation and illegal
fishing in the area (Fabius 2014). As a neglected French overseas territory, Clipperton Island has very little
reported information on fish removals from its waters. However, since 2010, the high commissioner in French
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Polynesia, in consultation with the Minister of International Affairs of France, can issue permits for fleets from
foreign countries to fish in Clipperton Island’s waters (Fillon et al. 2010). The island has little French
presence, though plans exist for a permanent climate research station which may provide a deterrent for
illegal fishing (Folliot 2016).
In 2017, Clipperton Island was established as a marine protected area; this designation implemented a no-take
zone within 12 nautical miles of this small island (Petit 2018). Other than permitted Mexican tuna fishing in
the island’s EEZ, there should no longer be any fishing of sharks or lobster (Panulirus penicillatus), both of
which tend to be coastal. We assumed there was no other fishing occurring in the Clipperton Island EEZ after
2016.
Transition from 2016 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
France has agreed to protect biological diversity of Clipperton Island through the international Convention on
Biological Diversity (Aichi), United Nations Convention on the Law of the Sea, the World Heritage Convention
and its commitments extend to NGOs and/or public
Clipperton Island, with 9 km2, is home to an MPA (Marine Conservation Institute 2020),i.e., 0.002% of the
EEZ of 431,270 km2 (Pauly 2016). “The waters of Clipperton are also home to a precious biodiversity potential,
which we have to protect. […] It has one of the highest proportions of threatened species in the tropical
eastern Pacific, and is the only one of the five oceanic islands and archipelagos in the region that lacks
complete governmental protection. In addition to the high concentration of threatened species on and around
the island, large amounts of marine debris (plastics and other refuse) are known to wash ashore” (Marine
Conservation Institute 2020).
A study that described the biodiversity at this remote atoll from shallow water to depths of over one thousand
meters using a mixture of technologies was conducted by Friedlander et al. (2019). These authors found
relatively low diversit,y but a high endemism and unique biogeography. They concluded that it would be
beneficial to expand the existing 12 nautical mile protected area as well as improve the vessel monitoring
system and surveillance to restore population of sharks, tuna and other pelagic species.
El Salvador
El Salvador’s marine fisheries catches were reconstructed for 1950-2010 by Donadi et al. (2015, 2016). The
present account documents how this reconstruction was updated to 2017, then carried forward to 2018.
FAO reported landings data from 2010 to 2017 continued to be used as the reported data baseline. Landings
and associated bycatch from tuna and other large pelagic fisheries are addressed separately (Coulter et al.
2020) and are therefore not described here. Retroactive changes were detected between various releases of the
FAO data. Reported landings of ‘Marine fishes nei’ were updated in 2008-2009 and in 2012-2013 to align with
the most recent FAO data (Figure 2).
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Figure 2. Reconstructed domestic catch within El Salvador’s EEZ by fishing sector for 1950-2018.

Shark catches
Reported landings of ‘sharks, rays, skates, etc. nei’ were updated for 2012-2013. According to a report by El
Salvador’s Ministry of Agriculture and Livestock (Ministerio de Agricultura y Ganadería; MAG 2016), 210
tonnes of sharks were caught by artisanal fisheries in El Salvador in 2016. This was used as a new anchor point
to allocate reported shark catch to artisanal and industrial sectors for 2016-2017. Reported catches from the
shark fishery in 2012-2015 were allocated to artisanal and industrial sectors by interpolating between the ratio
used in 2010 from the original reconstruction (Donadi et al. 2015) and the ratio found from the new report
(MAG 2016). Since there were no reported shark catches in 2011, total reconstructed shark catch for this year
was interpolated for each sector assuming catch continued at the same level. While there are no unreported
industrial catches for the shark fishery, the ratio of reported to unreported shark landings was carried forward
to 2017 for the artisanal sector.
Shrimp and pelagic red crab catches
The shrimp fishery underwent a temporary closure during April 20th – May 31st in 2017 due to declining
catches in prior years (MAG and CENDEPESCA 2018). Ratios of unreported to reported shrimp catch from
2010 were used to carry forward the landed bycatch, ‘morralla’ (landed low-value fish) and discard
components of the industrial shrimp fishery to 2017.
El Salvador’s fishery for pelagic red crab (Pleuroncodes planipes) permanently closed in 2009 (Wehrtmann
and Acuña 2011), and thus there were no reported or reconstructed catches after 2009.
Subsistence catches
Subsistence catches were retroactively updated from 1960-2010 to reflect updated population data from the
World Bank. Subsistence catches were updated to 2017 as per the original catch reconstruction, carrying
forward the same ratio of fishers to total population as well as catch rates as for 2010. The taxonomic
compositions and commercial gear per taxon compositions in 2010 for each sector were used to disaggregate
catches for 2011-2017.
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Transition from 2017 to 2018
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
El Salvador has agreed to protect its biological diversity through the international Convention on Biological
Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance, and it is also part of
the international network of UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
El Salvador has 15 MPAs and three marine managed areas. Together, these areas cover 378 km2 (Marine
Conservation Institute 2020), i.e., 0.4% of anEEZ covering 93,710 km2 (Donadi et al. 2016). Moreover, there
are several conservation programs carried out by the IUCN or NGOS to protect coastal ecosystems such as
mangroves, or restore species populations, e.g., sea turtles.
Bahia de Jiquilisco is home to a natural area, a Ramsar site and an UNESCO-MAB Biosphere Reserve where
efforts were undertaken to protect marine turtles. El Salvador has a tradition of sea turtle egg consumption,
and the demand for eggs persists (Liles et al. 2015). In 2009, the Ministry of Agriculture and Ranching
(governing the Fisheries Law) and the Ministry of the Environment and Natural Resources (governing the
Wildlife Conservation Law) banned the marketing and consumption of sea turtle eggs (Parker 2018). “This
ban represents one of the most significant advances for sea turtle protection, particularly for the hawksbill
turtle, in the entire eastern Pacific region (Gaos and Yañez 2012)” (Parker 2018). However, this conservation
program faces great challenges, notably in the Bahia de Jiquilisco, a low-income area.
Another example of a turtle conservation program is found in a small artisanal fishing community, Barra de
Santiago, located in the Municipality of Jujutla. “Barra de Santiago is exceptional in that there is an all-women
community organization called the Association of Community Development of Women in Barra de Santiago
(AMBAS, in Spanish) leading sea turtle and other conservation initiatives” (Massey and McCord 2017). A
study that involved AMBA members showed that marine conservation, and especially turtle conservation, is
still far from established, but that some communities are aware of the issues and are trying to protect marine
species even without external support. “[…] Industrial trawlers can kill up to 15-20 sea turtles per night during
the nesting season. If the sea turtle is a female, they cut out the eggs. Then they chop up the body into multiple
pieces so the body parts sink instead of washing up on shore. Juan said that all industrial boats by law are
supposed to fish further than three nautical miles from the shore, farther than five nautical miles from the
Ramsar site, and use TEDs [(Turtle Excluder Device)], but violate these laws constantly. […A] participant’s]
vision for the future includes more capacity building workshops for men, women, and young people so the
community can learn skills and create more jobs that do not rely so heavily on exploiting natural resources.
She would like more jobs in place such as more bakery classes, motor repair classes, and workshops to learn
how to make handicrafts and souvenirs. She envisions a future where people would not have to sell sea turtle
eggs, but could instead depend on other stable sources of work for their livelihoods” (Massey and McCord
2017).
Guatemala (Caribbean and Pacific)
The reconstruction of Guatemala’s marine fisheries catches was completed for 1950-2010 by Lindop et al.
(2015) for Guatemala’s Caribbean (Lindop et al. 2016a) and Pacific coasts (Lindop et al. 2016b). This brief
account documents how these reconstructions were updated to 2014, then carried forward to 2018.
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Newly released FAO data were accepted as the reported component. Some retroactive changes were made to
reported landings in the Eastern Central Atlantic to correspond with the updated FAO data. The original
reconstruction (Lindop et al. 2015) used national data as the reported baseline. However, national data could
not be found for the year 2011-2014; thus, the total landings reported by the FAO were used for 2011-2016,
while the taxonomic composition of the nationally reported catch from 2010 was applied to reported catch for
2011-2016 to disaggregate reported catch by taxon.
Unreported catch along the Caribbean and Pacific coasts
Updated population data from the World Bank and the 2010 per capita subsistence catch rate were used to
calculate subsistence for 2011-2014. Unreported catch by artisanal and industrial fishing sectors were carried
forward using the 2010 ratios to the subsistence catch and reported catch respectively. The taxonomic
breakdown for 2011-2014 followed the 2010 ratio.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Guatemala has agreed to protect its biological diversity through the international Convention on Biological
Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation
Institute 2020).
Guatemala has three MPAs and one marine managed area. Together, these areas cover 1,013 km2 (Marine
Conservation Institute 2020), i.e., 0.86% of the 117,680 km2 EEZ in the Pacific and Caribbean (Lindop et al.
2016a, 2016b). These MPAs are: Hawaii Multiple Use area (designated in 2016), Punta de Manabique Wildlife
Refuge (designated in 2005) and Monterrico Multiple Use area (designated in 1977). Punta de Manabique is
the largest of these, with an overall reported area of 1,527 km2 and a marine area of 294 km2 (Marine
Conservation Institute 2020). Large amounts of waste, mainly of terrestrial origin and not from fishing
activities, have been found on the beach of Punta de Manabique. Among the visible waste were 12.8 plastic
pieces·m-2 and 2.75 pieces of clothes·m-2 (Wolford 2018).
The marine manage area is the Ramsar Site of Punta de Manabique, designated in 2000 (Marine Conservation
Institute 2020). This Ramsar Site is 1,329 km2 of marine, marshes, swamps, coastal and terrestrial
ecosystems. “The marine area is shallow with a sandy bottom and a few patches of corals. [It is home to]
several threatened and vulnerable mammal species, such as Allouatta palliatta; Tapirus baiirdii, Tayassu
tajacu, Tayassu pecari and Panthera onca are also found in the area, as are Crocodylus acutus and Iguana
iguana” (Ramsar sites information service 2020).
Honduras (Caribbean and Pacific)
The reconstruction of Honduras’ marine fisheries catches was completed for 1950-2010 by Funes et al. (2015)
for both coasts; see also Funes et al. (2016a) for the Caribbean and Funes et al. (2016b) for the Pacific coast of
Honduras. These reconstructions were later improved and extended to 2015 by Canty et al. (2019), and this
brief account documents how these reconstructions were updated to 2017, then carried forward to 2018.
The methods by Canty et al. (2019) were used to update the subsistence catch for 2016-2017 from both the
Caribbean and the Pacific coast of Honduras.
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Fisheries within the Eastern Central Pacific
Retroactive changes were detected in reported landings of “Marine fishes nei” in 2015 for the Pacific coast (i.e.,
the inner Gulf of Fonseca), and these data were updated using the 2017 release of the FAO data. Unreported
catch for the artisanal sector were updated for 2016-2017 using the ratios to reported catch per taxonomic
category for 2015 described in Canty et al. (2019). Unreported catches of clams (Anadara spp. and Donax
spp.) were held constant at the 2014 amount for 2015-2017.
Fisheries within the Western Central Atlantic
Canty et al. (2019) used DIGIPESCA reported data to reconstruct the industrial component of various target
species. DIGIPESCA data were not available during the 2017 update. Thus, industrial catch of shrimp and
finfish reported by DIGIPESCA were averaged for 2011-2015 in order to get a value for 2016 and held constant
at the value for 2017. Lobster catch was calculated as 0.001 tonnes in 2016 based on reports that catches were
15% higher in 2016 compared to 201524, and this value was held constant for 2017. Industrial catch for conch
was 316 tonnes in 2016 (DIGIPESCA 2017) and was held constant for 2017. An anchor point for industrial
catch of sea cucumber was determined as 142.5 tonnes in 2017 and was derived from multiplying the five boats
reportedly involved in the fishery with a catch rate of 28.5 tonnes per boat per year25, and catch for 2016 was
interpolated between the 2015 and 2017 anchor points.
The artisanal catch was reconstructed following the methods of Canty et al. (2019). The unreported rate and
rate at which finfish are illegally caught were held constant for 2015-2017 (Canty et al. 2019). Although there
was a temporary ban on conch fishing as of 2003, national data still reports conch catches and monitoring are
likely to not cover all small-scale vessels. Thus, we assumed that illegal domestic fishing of conch was still
occurring and estimated conch catches for years without reported data (2008 and 2014) by interpolating
between the reported amounts in the year before and after. Currently, there is a scientific quota for conch of
201 tonnes of cleaned meat, and illegal fishing is well known to occur (Prada et al. 2017).
Recreational fisheries along the Caribbean coast
Recreational catch was updated to 2017 using the method
used by Canty et al. (2019) and updated information on the
number of international tourist arrivals from the World Bank
for 2016-2017. The recreational catch was disaggregated by
taxa as indicated in Table 1.

Table 1. Taxonomic breakdown for
recreational catch. Source: Canty et al. (2019)

Species
Acanthocybium solandri
Coryphaena hippurus
Thunnus atlanticus
Sphyraena barracuda

Catch (%)
40
30
10
20

Transition from 2017 to 2018
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Honduras has agreed to protect its biological diversity through the international 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).

24 https://www.laprensa.hn/honduras/935051-410/honduras-con-dificultades-para-cubrir-cuota-de-caracol-en-lasexportaciones
25 https://www.elheraldo.hn/pais/1182161-466/sobornos-y-regal%C3%ADas-en-tr%C3%A1fico-de-licencias-en-ladirecci%C3%B3n-general-de
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Honduras has 30 MPAs and three marine managed areas. Together, these areas cover 9,213 km2 (Marine
Conservation Institute 2020), which corresponds to about 4.21% of its EEZ of 218,800 km2, of which only 747
km2 are in the Pacific (in the Gulf of Fonseca, not further mentioned below), while most is in the Caribbean
(Funes et al. 2016a, 2016b).
The Cayos Cochinos archipelago forms part of the Mesoamerican Barrier Reef System (MBRS), where it has an
above average coral reef fish species richness. It was one of the first marine protected areas (MPAs) created in
Honduras in 1993 and is now a Natural Marine Monument with a size of 1,220 km2. Before the area was
protected, artisanal and industrial fishing occurred in Cayos Cochinos (Cáceres et al. 2020). Nowadays, there
is still a lack of effective restrictions design and enforcement. “In addition, strong criticism has been leveled
toward the management of the Monumento Natural Marino Archipiélago de Cayos Cochinos, because the
ecological studies have not incorporated social aspects that involve the native Garífunas communities of the
archipelago (Brondo and Bown 2011), and they have even been considered to be enemies by the agents of
conservation, tourism, and the Honduran state (Loperena 2016)” (Cáceres et al. 2020). In another study
focused on the overfished spiny lobster, local management actions are also present as a powerful tool for new
policies in Honduras (Chollett et al. 2017).
Río Plátano is a National Park, Biosphere Reserve and UNESCO-MAB (Mand and the Biosphere Reserve)
“[with] the largest surviving area of undisturbed tropical rainforest in Honduras. [It] is one of the few
remaining in Central America. […]. But the future of this exceptional richness, in a country torn by conflict,
poverty, and adverse socioeconomic conditions, strongly depends on the readiness of its authorities to
consolidate efforts to manage and conserve it (IUCN 2011). The reserve was placed on the World Heritage List
in Danger in 1996 and in 2011, because of encroachment by cattle ranchers, loggers, illegal hunters, wildlife
traders, and burn colonists and also because of the inadequate management of its natural and cultural
resources by the government […]” (Claudino-Sales 2019).
Nicaragua (Caribbean and Pacific)
The marine fisheries catches of Nicaragua were reconstructed for the period 1950 to 2010 by Haas et al.
(2015), who dealt with both its Caribbean and Pacific coasts (see also Haas et al. 2016a, 2016b). Here, we
briefly document how these reconstructions were updated to 2017, and carried forward to 2018.
Conch and sea cucumbers
Retroactive changes were made to the landing records for stromboid conch between different releases of the
FAO data to account for shell weight using adjustment factors. As a result, landings of conch by artisanal
fisheries were updated for the entire series (Figure 3 and 4) in order to match the data in FAO (2019).
Conch landings were also excluded from the subsistence calculations, as this valuable commodity tends to be
sold rather than consumed by fishers and their families. Similarly, sea cucumber, whose catches have also
increased greatly since they were first reported in 2005, have no local consumers; all catches are exported
(Toral-Granda 2008).
These retroactive changes caused artisanal catches to be overestimated and the subsistence catches to be
underestimated. Thus, reconstructed subsistence catches were re-estimated for 1997-2010 by excluding conch
and sea cucumbers.
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Figure 3. Reconstructed domestic catch within Nicaragua’s Caribbean EEZ by fishing sector for 1950-2018.

Figure 4. Reconstructed domestic catch within Nicaragua’s Pacific EEZ by fishing sector for 1950-2018.

Commercial fisheries along the Caribbean and Pacific coasts
National (INPESCA 2017) data were compared with FAO data (FAO 2019) and determined to be similar;
therefore, landing reports from FAO were used to update reported landing from artisanal and industrial
fisheries. Reported landings of marine fish from 2011 to 2017 were assigned to artisanal and industrial sectors
based on the percentage contribution of each sector in 2010.
Lobster fisheries in the Caribbean
Reported landings of lobsters caught along Nicaragua’s Caribbean coast from 2007-2016 were attributed to
artisanal and industrial fisheries based on percentage composition in INPESCA (2017). Based on this report,
we set the new anchor point of 44% industrial and 56% artisanal in 2007 and interpolated linearly between
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the last anchor point in 1989. As a result, retroactive changes were made to the sector breakdown of reported
landings of lobsters from 1990-2010.
Lobster fisheries in the Pacific
Reported landings of lobsters along the Pacific coast were attributed to artisanal and industrial fisheries based
on 2010 ratios.
Shrimp fisheries in the Caribbean and Pacific
The ratio of bycatch to shrimp landings from 2010 was held constant for 2011-2017 to calculate the amount of
bycatch. The declining percentage of discarded bycatch was extrapolated forward to 2017 to estimate
unreported landings and discards. As bycatch is increasingly being retained and utilized (Kelleher 2005),
discard rates are assumed to continue on a declining trend.
Subsistence fisheries in Caribbean and Pacific
Subsistence catches were estimated for 2011-2017 by subtracting all artisanal landings deemed for local
consumption and the ratio of industrial shrimp landings from the calculated demand. The total population for
Nicaragua was updated for 2011-2017 with data available from the World Bank, and the original trend in per
capita consumption rate was extrapolated to 2017 to calculate the total demand for fish. The calculated total
demand for fish in 2011-2017 was used to estimate subsistence catches based on the 2010 relationship
between subsistence catches and total demand for fish. The taxonomic breakdown of subsistence catches from
2010 was assumed to remain constant for 2011-2017. The gear breakdown for each species was maintained
based on 2014 ratios for 2015-2017.
Transition from 2017 to 2018
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Nicaragua has agreed to protect its biological diversity through the international Convention on Biological
Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation
Institute 2020).
Nicaragua has six MPAs and four marine managed areas. Jointly, these areas cover 35,973 km2 (Marine
Conservation Institute 2020), i.e., 16.15% of the EEZ of 222,754 km2 (Haas et al. 2016a, 2016b). One of these
MPAs in the Caribbean coast is the ‘Cayos Miskitos and Franja inmediata Reserve’ (designated in 1991 with
4,335 km2; Marine Conservation Institute 2020), where “indigenous territorial authorities have made an
important effort to develop rules of control, regulation, and management of the reserve. However, frequently,
these norms are not considered legitimate by state authorities and therefore are not enforced by the regional
or national jurisdictions. The result is a social and legal environment of uncertainty and contradicting norms
regarding the observation of fishing regulations and access to natural resources. In consequence, conflicts and
misunderstandings between different types of users take place repeatedly” (González 2018).
“On the Pacific Coast, there are several mangrove reserves. They include: Reserva Natural Delta del Estero
Real; Reserva Natural Estero Padre Ramos; Refugio de Vida Silvestre Isla Juan Venado; Refugio de Vida
Silvestre Río Escalante Chacocente; and Refugio de Vida Silvestre La Flor. There are four marine management
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zones that are extensions of terrestrial reserves. They are Estero Padre Ramos, Juan Venado Island, Escalante
Chacocente River, and La Flor (MARENA 2016)” (Jameson et al. 2019b).
Even though the government of Nicaragua has made efforts to support its indigenous people and their food
security with, for example, a ‘Strategy for the Sustainable Development of Artisanal Fisheries’, the exclusion of
non-right holders in certain areas by indigenous authorities is not easy. “For instance, the illegal fishing
operations of industrial and foreign fleets continue to be a major problem, for which the indigenous
authorities do not have the capacity to stop. To the contrary, communities continuously report episodes of
illegal fishing in their maritime territories. Paradoxically, these industrial fishing companies have often
obtained permission from the Ministry of Fisheries, INPESCA” (González 2018).
“Nicaragua’s Caribbean Coast is an important feeding, nesting, and/or breeding ground for four of the world’s
seven sea turtle species: hawksbill (Embrochelys imbricate), loggerhead (Caretta caretta), green (Chelonia
mydas) and leatherback (Dermochelys coriacea) (Lagueux & Campbell, 2005). The West Indian manatee
(Trichechus manatus) is distributed almost continuously along the Caribbean Coast, given the numerous
brackish lagoons and freshwater rivers preferred by the species” (Jameson et al. 2019a).
“The beach at the Padre Ramos mangrove estuary nature reserve located on the northwest Pacific Coast of
Nicaragua is one of the last two major nesting beaches for the eastern Pacific population of hawksbill turtles.
Nicaragua has recently banned freshwater fishing of the Nicaragua (bull) shark as well as the sawfish (Pristis
perotteti). The bull shark can survive for an extended period of time in fresh water and the sawfish also moves
freely between the Lake Nicaragua and the sea (Thorson 1982)” (Jameson et al. 2019b).

Discussion
The countries listed above share several features, including the difficulty in comprehensively covering smallscale fisheries with reporting systems and in enforcing bans on select target species. We have used alternative
secondary sources and methods to reconstruct catches from small-scale fisheries and illegal fishing that may
continue despite bans. We welcome feedback and information that can be used to improve our current
reconstructions of the marine fisheries catch of Central American countries.
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East Asian countries catch reconstruction updates
This group contribution for East Asian countries and territories includes an individual chapter for Russia’s Far
East and the Siberian Kara, Laptev, East Siberian and Chukchi Sea components of its Exclusive Economic
Zone.
It also includes a regional chapter entitled “Countries of the northwest Pacific: Updating catch reconstructions
to 2018,” which covers China, Hong Kong (China), Japan (mainland and the outer islands of Daito and
Ogasawarea), North Korea, South Korea, and Taiwan.
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Russia (Far East and Siberia):
Updated catch reconstruction for 2011-2018*
Darcy Dunstan, Elaine Chu and Sarah Popov
Sea Around Us, Institute for the Oceans and Fisheries, University of British Columbia, 2202 Main Mall,
Vancouver, BC, V6T 1Z4, Canada

Abstract
The catch reconstructions for the Exclusive Economic Zones of the Russian ‘Far East’ and the North Siberian
Kara, Laptev, East Siberian and Chukchi Seas were updated for 2011-2018 using methods and data
summarized for each of these areas. Some emphasis was given to the illegal, unreported, and unregulated
fishing of the industrial fleet targeting species such as Alaska pollock and Pacific herring, for which scattered
information is available; this is different for the subsistence fisheries of Northern Siberia, for which accessible
data continued to be extremely scarce.

Introduction
The Russian Far East marine fisheries catches were reconstructed from 1950 to 2010 by Sobolevskaya and
Divovich (2015, 2016), which was updated to 2017 with the reconstructed catches then carried forward to
2018.
National data for 2011-2013 were available from the Russian Federation Federal State Statistics Service
(http://www.gks.ru/) and were compared to the FAO data. Wherever national data were higher, they were
subtracted from the corresponding FAO category (“not elsewhere included”). Any remaining catch was
added in as extra national reported data.
The national data were more spatially explicit than FAO data, which allowed better allocation of catch in the
Northwest and Northeast Pacific. The comparison between FAO and national data also revealed that some
reported catches of Alaska pollock (Gadus chalcogrammus), Pacific cod (Gadus macrocephalus) and chum
salmon (Oncorhynchus keta) from the Northwest Pacific were actually caught in the Northeast Pacific. These
catches were split to match national data with a portion of the catch reassigned to the Northeast Pacific. This
shifted catch roughly corresponded with catch totals and taxa reported by FAO from its Northeast Pacific
Statistical Area. Thus, it was assumed that FAO had been double counting these catches, and they were not
included for 2011-2013.

Materials and methods
Russian Far East
Industrial fleets
The Russian Far East industrial fleet catches continue to be dominated by Alaska pollock, which made up
roughly 65% of Russia’s total catch in the Far East between 2011 and 2016. Sobolevskaya and Divovich (2015)
estimated a 50% unreported catch rate of Alaska pollock from 1991 to 2010. A recent study by Boerder et al.
(2018) estimated the illegal, unreported, and unregulated catch for 2012-2017 in the Northwest Pacific to be
1/3 of all catches and to consist largely of Alaska pollock. In addition, legislation was enacted in 2008 making
it mandatory to pass all fishery exports through customs, which, it is hoped, will reduce unreported catch.
Cite as: Dunstan, D., E. Chu. and S. Popov. 2020. Russia (Far East and Siberia): Updated catch reconstructions for 20112018, p. 95-101. 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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Therefore, the unreported rate was interpolated from 50% in 2007 to 33% in 2012 and held constant until
2016.
FAO reported catch of Pacific herring (Clupea pallasii) has been increasing steadily from 158,000 tonnes in
2008 to 400,000 tonnes in 2016. The unreported rate in 2010 was 30%, but this was not applied to 20112016 because it would result in an unrealistic increase in unreported landings; therefore, the catch from
2010 was carried forward to 2016.
The fishery for king crab (Lithodes aequispinus, Paralithodes brevipes, P. camtschaticus and P. platypus)
has changed in recent years, starting with a ban on exports of live crab outside of the Russia Far East EEZ
from 2007 to 2011, and bilateral agreements with South Korea and Japan that should prevent illegal king
crab imports (WWF 2014). Based on WWF (2014), new catch estimates of king crab were obtained for 20062016. WWF (2014) provides an estimate of potential illegal Russian king crab catches based on an analysis of
discrepancies in the trade data of countries reporting imports of Russian king crab compared to Russia’s
official catch of king crab. The unreported rates show a clear decline from 435% in 2006 to 115% in 2016
(WWF 2014; Dupliako 2018).
The industrial salmon driftnet fishery has been banned in the Russian Far East EEZ to domestic and foreign
fleets since January 1, 2016, which affected both the Japanese and Russian driftnet fisheries. However,
illegal salmon drift netting likely still persists. Russia and Japan have a reciprocal fishing agreement which
assumes that catch by Russia in Japanese waters will equal that of Japan fishing in Russian waters.
Therefore, using the Russian catch allocated to the Japanese EEZ from the national data, we assumed that
Japan was catching the same tonnage in Russia, which was labeled as ‘Marine fishes nei’.
Updated reconstruction of select species
Atka mackerel (Pleurogrammus monopterygius)
Although they are actually two separate species, Pleurogrammus monopterygius and Pleurogrammus azonus
used to be considered synonyms (Nelson 1994), with the combined species called P. azonus. The catch of P.
monopterygius in our database was based on the reported catch of Okhotsk atka mackerel and minimal
reported catches of Atka mackerel by the U.S.S.R. and Russia from the FAO.
The catch trend of P. monopterygius from Zolotov et al. (2015) is similar to that of P. monopterygius in our
reported catch in the more recent years. However, the catch pattern does not match the rapid drop we see in
reported catch in the 1970s. Instead, the assessed spawning biomass of P. azonus in the South Kuril Island
from Kolotov and Fatykhov (2016) has that rapid drop in the mid-1970s.
Therefore, this is likely a mismatch in taxon name in the original reconstruction, and in order to make the
catch of this species compatible with the rest of the database, we have reassigned the taxon name P. azonus to
all the catches of P. monopterygius in the reconstruction.
Shortspine thoryhead (Sebastolobus alascanus)
Sebastolobus alascanus was reported by Russia in FAO starting in 2003 onwards only. However, this species
was likely caught in Russian waters in earlier years, albeit in low levels as bycatch in the in the halibut and
rock fish fishery (Orlov and Abramov 2010; Tokranov 2002). It may also have been misreported and included
in the catch of Sebastes alutus instead (Tokranov 2006). Hence, we have extended the catch series backwards
by taking the 5-year average ratio between S. alutus and S. alascanus landings in 2003-2007 and
disaggregating S. alascanus catch out of reported Pacific Ocean perch amounts. It is likely that the catch may
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be higher in previous years as it is also caught as bycatch in the halibut fishery as well, but without more
reliable information on the species historical catch, this is a more conservative estimate. Following S. alutus,
all the reconstructed catch is assigned to the industrial sector with the same gear type ratio for the
corresponding years.
Discards
The discard rates for 2010 for the Pacific herring, small pelagic species, Pacific cod and flatfish fishery and
Alaska pollock fishery were applied to the total landings of each fishery for 2011-2017.
Artisanal fishing
The artisanal sector is essentially a salmon fishery. Data from the North Pacific Anadromous Fish Commission
(NPAFC) were compared to reported national data, and wherever NPAFC data were higher, it was added in as
unreported landings. Salmon poaching remains a big issue in regions of the Russian Far East, especially
around Kamchatka. Therefore, unreported rates from 2010 were applied to 2011-2016.
Subsistence catch
The subsistence sector consisted mainly of catch by non-indigenous rural populations from the federal
districts of Primorsky Krai, Khabarovsk, Kamchatka, Sakhalin, Magadan and Chukotka. New population
numbers of these districts were obtained for 2015 (see http://russiatrek.org/primorye-krai) and for 2018 (see
www.citypopulation.de/php/russia-fareast-admin.php), and population numbers were interpolated for the
years without data. The rural population was obtained by applying the 2010 ratio of urban to rural to 20112016. The calculated rural population numbers, percent of subsistence fishers, and fishing effort (kg·person1·year-1) from 2010 for each region were used and the same taxonomic breakdown from 2010 applied to 20112016. The same population numbers for the indigenous subsistence catch in 2010 were carried forward to
2016.
Recreational catch
The recreational sector consists of catch from local fishers and from tourism. The updated resident population
numbers were applied with the same percent recreational fishers, fishing effort (kg·person-1·year-1), and the
taxonomic breakdown from 2010 was applied to 2011-2016. The tourism numbers from 2010 were carried
forward to 2016.
Transition from 2016 to 2018
The catches reconstructed to 2016 for the Russian Far East were carried forward to 2018 using the semiautomated procedures outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated
reconstructed catch data will later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Russia has agreed to protect biological diversity, including in its Far East region, through the international
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar
Convention on Wetlands of International Importance and the World Heritage Convention. It is also part of the
international network of UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
Russia has 162 MPAs and 28 marine managed areas (Marine Conservation Institute 2020). The MPAs in
Russia are managed by federal, regional and local governments, and they are designated as national parks,
zakazniks (wildlife refuges) and zapovedniks (strict nature reserves).
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In the far East of Russia, there is the Marine Reserve of Dalnevostochny Morskoi Zapovednik, designated in
1978. It covers 1493 km2 (Marine Conservation Institute 2020), which is tiny compared to the EEZ of the
Russian Far East, i.e., 3,447,150 km2 (Sobolevskaya and Divovich 2016). However, it is the only protected area
in Russia that is almost exclusively marine and the first reserve created to protect marine ecosystems (Marine
Conservation Institute 2020).
“According to the regulations the Zapovednik has three zones. Eastern protected along the coast line from
Cape Lva to Bay Telyakovskogo and around the islands of Rimsky-Korsakov, including the island of Stenin;
Zone of marine culture development (zakaznik’s regime) — on the coastal line from the Cape Ostreno to the
Hill Golubiny Utes with the islands Very and Falshivy, bays Sivuchya, Kolevala, Pemzovaya, and also in the
District of the Island Furugelma; Educational zone (Nature Park Regime) — on the Island of Popov and small
site on the island Likander” (Russian nature 2020). “The eastern section of the zapovednik is completely off
limits to human disturbance, while scientific research of marine and island habitats is permitted in the
western and southern sections of the reserve. Scientists study pectens (Patinopecten yessoensis) and giant
oysters, among other species in Posyet Bay, and carry out experimental studies on the impacts of marine
fishing and trawling on natural communities” (Wild Russia 2002).
Northern Siberia (Kara, Laptev, East Siberian and Chukchi Seas)
The total marine fisheries catch for Russia’s Arctic EEZ were reconstructed from 1950-2007 by Pauly and
Swartz (2007) and updated to 2010 by Zeller et al. (2011); see also Pauly (2016) and Pauly et al. (2016).
Here, the reconstructed catch for the North Siberian part of the Arctic was extended from 2010 to 2017 using
the methods described by Zeller et al. (2011), with updated population data from the World Bank.
The population trend was extrapolated from the 2002 and 2010 census anchor points and the derived fish
use rate of 24 kg·person-1·year-1. Both were extended to 2017. All catch was allocated to the subsistence sector
(Zeller et al. 2011). The 2007-2017 catch was assigned to the Kara, Laptev, East Siberian and Chukchi Sea
EEZs based on their 2006 contributions. A three-year average of the taxonomic composition from 2005 to
2007 was derived for each EEZ and used to disaggregate catch from 2008 to 2017.
Transition from 2017 to 2018
The catches reconstructed to 2017 for the Northern coast of Siberia were carried forward to 2018 using the
semi-automated procedures outlined in Noël (2020). Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Russia has agreed to protect biological diversity, including along the coast of Siberia, through the international
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar
Convention on Wetlands of International Importance and the World Heritage Convention. It is also part of the
international network of UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
Russia has a total of 162 MPAs and 28 marine managed areas (Marine Conservation Institute 2020). The
MPAs in Russia are managed by federal, regional and local governments and they are designated as national
parks, zakazniks (wildlife refuges) and zapovedniks (strict nature reserves) (Marine Conservation Institute
2020).
Some of the UNESCO-MAB Biosphere Reserves in the Russian Far East are the ‘Commander Islands’
(designated in 2002 with 36,486 km2), the ‘Taimyrsky’ (designated in 1995 with 27,502 km2) and the
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‘Astrakhanskiy’ (designated in 1984 with 10,713 km2). Together, these reserves cover about 2% of the Northern
Siberian EEZ of Russia, i.e., 3,146,204 km2 (Pauly 2016; Pauly et al. 2016).
Two groups of islands in these waters are Ramsar wetlands sites, i.e., the group of Islands in the Ob Estuary,
Kara Sea, designated in 1994 with 1,280 km2 (Ramsar sites information service 2020) and Brekhovsky Islands
in the Yenisei estuary, designated in 1994 with 14,000 km2 (Ramsar sites information service 2020). The
Yenisei estuary provides important habitats for whitefish or ‘sig’ (Coregonus spp. notably S. muksun.) and
Siberian sturgeon (Acipenser baerii), while the Ob Estuary, apart from also providing habitats to whitefish
and sturgeon (Zeller et al. 2011), is one of the richest waterbird breeding and molting areas in the northern
hemisphere (Ramsar sites information service 2020).

Discussion
The Pacific and Arctic components of Russia’s EEZ share continued subsistence fishing by rural and
indigenous populations. While these catches remain unreported – at least in accessible English-language
sources -- we have assumed that the consumption of fish by these populations is a good proxy for a
preliminary estimates of subsistence fisheries.

Figure 1. Reconstructed domestic marine fisheries for Russia Far East for 1950-2018 by fishing sector. Recreational and subsistence
catches are included, but are too small to be visible separately.

Here, we provide a preliminary estimate of subsistence catch and welcome information from colleagues with
access to Russian-language literature to help improve the reconstruction of unreported catches.
Note, finally, that in 2016, investment in 10 new trawlers was approved by the Russian government; these
vessels are scheduled to be deployed in 2026 (Molyneaux 2019).
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Abstract
Updates to the catch reconstructions within the Northwest Pacific Ocean were completed for 2011 to various
end years (2014-2017) before being carried forward to 2018. Catch reconstructions were updated for China,
Hong Kong (China), Japan’s main islands and the Daito and Ogasawara Islands, North Korea, South Korea
and Taiwan. The major difficulty in updating these reconstructions was estimating the portion of catches
taken outside of their home Exclusive Economic Zone (EEZ). We met this challenge by comparing, for each
country, national statistics with data reported to the FAO, assigning excess FAO catches to areas outside their
respective EEZs, and by using estimates from the literature to reconstruct unreported catches. Details are
provided by country and parts thereof on how the updating to various end years and the carry-forwards to
2018 were done.

Introduction
This contribution updates catch reconstructions to 2018 for the Northwest Pacific Ocean for China, Hong
Kong (China), Japan’s main islands and the Daito and Ogasawara Islands, North Korea, South Korea and
Taiwan. Reported catches were updated for these countries or parts thereof using either data reported to the
FAO or reported by national statistical authorities. Unreported catch estimates were updated for individual
fishing sectors for each country as described in the sections below.

Materials and Methods
China
The reconstruction of China’s domestic marine fisheries catches was completed for 1950-2010 by Pauly and Le
Manach (2015, 2016). That catch reconstruction differed from those done for all other countries (except
Myanmar) in that the marine landings reported by China to the FAO were retained as total landings because it
was not possible to make any inferences as to their completeness or accuracy. A few species, e.g., largehead
hairtail Trichiurus lepturus, contribute 15% to 20% of the total landings. Otherwise, the Chinese domestic
catch is not taxonomically disaggregated, i.e., consist of ‘Marine fishes nei’.
Thus, a simulacrum of a catch composition was derived for China from the interpolation of the catch
composition of Taiwan to the south and South Korea to the north (see Pauly and Le Manach,2015). The main
purpose of the simulacrum was to be able to assign the Chinese domestic catch to likely habitat, including
depth ranges, in order to facilitate some semblance of spatial allocation. This implies that the reconstructed
catch time series data for taxa not identified at the species level in Chinese national statistics cannot be used
for stock assessments.
Cite as: Tsui, G., B. Derrick, S. de Leon, V. Parducho, S. Popov, S.-L. Noël, V. Relano and C. Ik Zhang. 2020. Countries of
the northwest Pacific: Updating catch reconstructions to 2018, p. 102-121. 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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This is why, unlike most countries for which stock assessments can be done based on Sea Around Us
reconstructed data (Palomares et al. 2020), the assessments of Chinese marine stocks must rely on other data
sets (see e.g., Liang and Pauly 2017; Zhai and Pauly 2019).
Since the original reconstruction, updated information has become available from the FAO, and this
information was used as reported baseline. Three species, Alaska Pollock (Gadus chalcogrammus), Japanese
jack mackerel (Trachurus japonicus), and Pacific sand lance (Ammodytes hexapterus) not found within
China’s Exclusive Economic Zone (EEZ) were assumed caught outside of China’s EEZ. The remaining taxa
within the FAO data were assigned to either ‘within EEZ’ and ‘outside EEZ’ using the linear regression in
Figure 2B of Pauly and Le Manach (2015). Thus, here, catches for China were updated to 2014, and the carried
forward to 2018.
Reported catch taken outside of domestic waters
Reported catch of the category ‘Marine Fishes nei’ that were assigned as likely being caught outside of the
Chinese claimed EEZ were allocated across the FAO area based on the Sea Around Us spatial allocation
process determined by fishing access and habitat distributions of the taxon caught (see also Pauly et al. 2014).
During updates to this reconstruction (Pauly and Le Manach 2015), catches of Acetes japonicus and Portunus
trituberculatus were re-evaluated from the original assignment as partially caught outside of the EEZ. A.
japonicus and P. trituberculatus are pelagic species that inhabit shallow areas close to the shore (FAO 2020a,
FAO 2020b), and hence it is not likely that China is able to capture the species outside of its EEZ, as it will be
too close to the shore of neighboring countries. From 1950 onwards, any outside of EEZ catch for A. japonicus
and P. trituberculatus was reallocated to inside of EEZ. The reallocated catch was assigned to the same sector
and gear type ratio of their corresponding years. Acetes japonicus was not reported in China catches in the
FAO for years between 1973-1975. However, this species is an important fish in Northern China (FAO 2020a),
and no information was located to suggest the fishery had closed. Therefore, catches for A. japonicus were
interpolated between 1972 and 1976.
To reflect these changes, subsistence amount and discards were also readjusted accordingly (Pauly and Le
Manach 2015).

Figure 1. Reconstructed domestic marine fisheries for China for 1950-2018 by fishing sector.
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Domestic catch
The reported catch of ‘Marine fishes nei’ assigned to within China’s EEZ and the ratio of catch assigned to
jellyfish (Brotz et al. 2016a) were derived first; then, the remaining ‘Marine fishes nei’ were disaggregated to
taxa based on the assignment of taxa in the South Korean FAO data (Shon et al. 2014) and Taiwan’s FAO data
(Divovich et al. 2015). Thus, taxa in the catch of both Taiwan and South Korea were assumed to also occur in
Chinese waters and contribute the average of their percentage in Taiwanese and South Korean statistics. This
catch was then combined to create the final taxonomic breakdown of ‘Marine fishes nei’ caught within China’s
EEZ.
Manual corrections to select species
Bombay duck (Harpadon nehereus)
Despite the apparently large recent increase of Bombay duck (Harpadon nehereus) in the survey of Chinese
coastal waters (Lin 2009; Yang et al. 2013; Deng et al. 2018), catches of Bombay duck are not reported within
official Chinese catch statistics. To somehow account for this now important species, we assumed that catches
of Bombay duck by domestic bottom trawlers were equal to 0.25% of total domestic catch from 1950-2000.
For 2011-2018, we linearly interpolated catches between the estimated catch amount in 2000 and an arbitrary
figure of 100,000 tonnes in 2018. These placeholders will be replaced by real data as soon as possible.
Silver croaker (Pennahia argentata)
Reported catches of Pennahia argentata were detected in the original reconstruction (Le Manach and Pauly
2015) as reported beginning in 2003 with a high catch amount of over 20,000 tonnes. This species is an
important fishery in China and is likely captured in earlier years (Zhu et al. 1975, Han et al. 2008). Therefore,
we have readjusted the taxonomic disaggregation for miscellaneous marine fish in Chinese domestic catch
between 1950 – 2002 to included Pennahia argentata as part of the taxonomic breakdown. Following the
original methods by Pauly and Le Manach (2015), after assigning a portion of miscellaneous marine fish to
jellyfish, the remaining miscellaneous marine fish were divided 50/50 and disaggregated to different species
based on proportions from South Korea and Taiwan FAO data. The sectoral and gear type breakdown for each
species remain unchanged. Assignment of fishing sector for Pennahia argentata for 1950-2002 followed the
general ratio that was applied to species each year. The artisanal fishing gear breakdown of Atrobucca nibe
was applied to the artisanal catch of P. argentata for 1950-2002 as the same gear ratios were used for these
species after 2003. All industrial caches of P. argentata were assigned to bottom trawl.
We recalculated industrial discards for all the species that were disaggregated from miscellaneous marine
fishes for 1995-2002 at a rate of 0.5%. Subsistence catches were also recalculated for all the species
disaggregated from miscellaneous marine fishes at a 1% ratio.
Allocation of reported catch by sector
Once reported data were disaggregated to China’s claimed EEZ and waters outside of it and the taxonomic
resolution was improved as described above, the reported catch was allocated to fishing sector. All catches
deemed to have been taken outside the Chinese claimed EEZ were assigned to the industrial sector. Catches of
taxa within the EEZ were either solely caught by artisanal fisheries, industrial fisheries or by a combination of
the two sectors. A linear extrapolation was done using the original reconstruction’s existing percentages per
taxon assigned to each sector for 2011-2013, and the extrapolated ratio were then applied to reported taxa
from 2011-2014. For taxa assigned to a mixture of fishing sectors, the sector allocation per taxon from the
Korean (Shon et al. 2014) and Taiwanese (Divovich et al. 2015) reconstructions were used to derive sector
assignment, assuming that 2011-2014 period had the same percentages as 2010 because the trend has been
close to flat for these years.
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Discards
Discards were estimated using a rate of 0.5% for both artisanal and industrial catches inside China’s EEZ as
described by the original methods and were assigned to ‘Miscellaneous marine fish’.
Recreational catch
The recreational catch thought to be taken along China’s coast were reconstructed for 1985-2014. Recreational
catch was deemed to be zero in 1984 and interpolated to 50,600 tonnes in 2010 (Le Manach and Pauly 2015)
using an exponential trend line. This trend line was then extrapolated to 2014 to approximate the recreational
catch. Recreational landings were disaggregated, by taxa by assigning 50% of the catch to ‘Miscellaneous
marine fish’ and the remaining 50% in equal amounts to Epinephelus maculatus, Lateolabrax japonicas,
Nibea albiflora, Pargus pargus, Pseudoscianea crocea, Pseudoscianea polyactis, Sebastes schlegeli, Sparus
macrocephalus, and Pargus major.
Subsistence catches
The subsistence catches were reconstructed for 2011-2014 assuming this was equivalent to 1% of the reported
artisanal catch. This was assumed to have the same taxonomic breakdown as the artisanal catch.
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
However, the Chinese catch statistics will remain highly uncertain. This does not preclude, however, the
inference that China’s coastal stock are strongly overfished (Liang and Pauly 2017a; Zhai and Pauly 2019) and
suffer from massive ‘fishing down’ (Liang and Pauly 2017b, 2020; Pauly and Liang 2019). Additionally, the
impact of global warming can be detected in the South China Sea in the south (Pauly and Liang 2019) to the
Yellow Sea in the north (Liang et al. 2018). Chinese fisheries managers should intervene to reverse the strong
overfishing trend, which would also mitigate the effects of ocean warming on China’s diminished fish stocks.
Marine biodiversity protection
China has agreed to protect its biological diversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, Ramsar Convention on
Wetlands of International Importance and the World Heritage Convention. It is also part of the international
network of UNESCO Man and the Biosphere. China is a signatory to regional treaties and agreements such as
the Regional Seas Convention (Marine Conservation Institute 2020).
China has 57 MPAs and seven marine managed areas. The implemented MPAs jointly cover 1,646 km2
(Marine Conservation Institute 2020), which is minuscule (0.074%) compared to its giant claimed EEZ,
covering over 2,236,000 km2 (Pauly and Le Manach 2016), and even the huge biodiversity of its coastal areas
(Huang et al. 2010). “China has been working for nearly four decades to establish marine protected areas
(MPAs). After the 2018 institutional reform, all the protected areas were integrated into a unified management
by the Ministry of Natural Resources. […] A quick analysis showed that only 30% of MPAs were of good
effectiveness, suggesting the need for a better design and/or management of China’s MPA network” (Hu et al.
2020).
Decentralization or delegation of power and roles to the local government occurred in some protected areas,
such as in the Sanya Coral Reef National Marine Nature Reserve (SCR-NMNR). “However, this has led to the
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undermining of strategic conservation objectives by local economic development priorities, through the rapid
development of mass tourism involving both the private sector and the local government. This reliance on
economic incentives has provided alternative livelihoods and resources for the management of the MPA, but
has also incurred environmental and social costs” (Qiu 2013).
In some case, mass tourism is eventually transformed into ecotourism. However, a study carried out in the
Dongshan Island suggested that an obstacle to the island’s ecotourism development is the weak environmental
awareness of Dongshan Island residents. Chen et al. (2020) concluded that ecotourism development in a
certain protected area entails effective environmental management, environmental education and tourism
management measures and above all hinges not only on institutional but also societal capacity, perception and
understanding of the natural environment. An effective MPA system is necessary in China in order to conserve
marine biodiversity, but the lack of public involvement and will to educate the public, develop proper spatial
plans, design and management approaches are still massive impediments on the way to create ecologically
successful MPAs in this country (Hu et al. 2020).
It is a pity that the suggestion of MacManus (1992) to turn a large area of the South China Sea (SCS) into a
marine park was not picked up. Rather, the unilateral claim by China to an Exclusive Economic Zone
encompassing most of the South China Sea has made conservation of the living resource in the SCS a
politically difficult topic to broach, even though the critical state of China’s fisheries resources and biodiversity
in general requires their protection (Pauly and Liang 2019).
Hong Kong (China)
A reconstruction of Hong Kong’s marine fisheries catches was completed for 1950-2010 by Cheung (2015,
2016); this is updated here to 2014, then carried forward to 2018. Updated FAO reported landings were
divided between catches taken within Hong Kong’s Exclusive Economic Zone (EEZ) and outside of the EEZ,
and catches were disaggregated by sector within the EEZ based on the 2010 ratios. Artisanal unreported
landings were updated to 2014 using the 2010 ratio of unreported to reported artisanal landings. Similarly,
domestic unreported industrial landings were calculated for 2011-2014 based on the 2010 ratio between
unreported and reported landings by domestic industrial fisheries and then corrected for the trawl ban that
began on December 31, 201226. According to unpublished data produced by the AFCD Port Survey in 2001 and
2002 as described in Witter et al. (2015), trawl landings contributed 32% of total landings prior to the trawl
ban. As a result, total industrial landings were adjusted downward by 32% in 2013 and 2014, assuming the
ban was fully enforced. Although there are suggestions that the trawl ban has resulted in fishers converting
trawl vessels into distant water fishing vessels (Anon. 2016), a confirmation of this could not be found, and
this information was not used at this time.
Unreported discards and recreational fisheries
Discards were calculated for artisanal and industrial fisheries using the original methods.
Recreational landings were updated to 2014 using updated population information available from the World
Bank, the 2010 recreational participation rate and recreational catch rate. The taxonomic breakdowns of
unreported landings for each sector were held constant at the 2010 levels.
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Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Hong Kong has agreed to protect its local biological diversity through the international agreements of the
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, Ramsar
Convention on Wetlands of International Importance and the World Heritage Convention (Department of
Justice 2020).
Hong Kong’s dense population and small size, together with its location in one of the most quickly developing
regions of the world, have exerted severe pressure on its marine environment (Lay et al. 2016). Even though
there are some MPAs in these waters, “marine parks and reserves are collectively too small to have the
potential to significantly impact fisheries resources” (Wilson et al. 2002). Moreover, destructive fishing
techniques have deeply affected fishery resources and damaged marine benthic habitats over the last four
decades (Tao et al. 2018). Also, MPAs conservation benefits might be masked by their close proximity to
urbanized areas, while wastewater discharges work against the recovery and conservation of marine
biodiversity (Xu et al. 2016).
For example, “the Chinese white dolphin population (Sousa chinensis; one of the two resident marine
mammals in Hong Kong) is at a historic low and continues to decline due to habitat loss through land
reclamation, pollution, and intense marine traffic. Much of Hong Kong’s coastal water is degraded by both
substantial local and transboundary pollution from the Pearl River Delta, leading to eutrophication and
harmful algal blooms” (Lai et al. 2016).
Another example of the recovery difficulties present in the marine ecosystems of Hong Kong are the results
shown in a three year long monitoring study in the Tung Ping Chau Marine Park, where the low recruitment of
corals can be explained by the lack of arrival of competent coral larvae or low larval settlement. “[This might
be] due to high sedimentation or intense competition for space with fouling organisms, e.g., algae, oysters,
barnacles and bryozoans, which may negatively affect coral recruitment” (Chui and Ang 2017).
Japan (Main Islands)
The reconstruction of total marine catches in Japan’s EEZ from 1950 to 2010 was done by Swartz and
Ishimura (2014, 2016). Japan’s nationally reported catch data were used as the reported baseline to update
the original reconstruction to 2016, followed by a carry forward to 2018.
Taxonomic resolution of reported landings
Japan’s fisheries statistical yearbooks are published by two government entities: the Ministry of Agriculture,
Forestry and Fisheries (MAFF) and the Ministry of Internal Affairs and Communications (MIAF). The latter’s
yearbook had greater taxonomic resolution and was used here to update reported landings. Catches from
distant water fleets, East China Sea fisheries, as well as those of driftnet fleets were removed from the total
catch numbers for EEZ considerations following the method of Swartz and Ishimura (2014); the remaining
catch was accepted as representing catches from within the EEZ. For the taxonomic disaggregation, gears were
assigned to taxa that did not appear in official reporting based on their similarity to other taxa.

107

Updating to 2018 the 1950-2010 marine catch reconstructions of the Sea Around Us: Part IIThe Americas and Asia-Pacific

In this update, amounts of Coryphaena, Exocoetidae, Mugil cephalus, Muraenesox cinereus, Psenopsis
anomala, Sciaenidae, and Synodontidae were disaggregated from reported catches of ‘Marine fishes not
identified’ from 2007 onward. Footnotes within the national statistics27 specify that catches from these 7 taxa
were included within reported catches of Marine fish nei after 2007 whereas prior to 2007 they were reported
individually.
Using the national data, we calculated the 5-year average of species composition between the 7 taxa and
‘Marine fishes not identified’ in 2001-2006. The 5-year average ratio was then applied to disaggregate the 7
taxa out of “marine fish not identified” from 2007 onwards.
The 5-year average large-scale and small-scale sector breakdown from 2001-2006 for each taxon was carried
forward from 2007 onward instead. To assign artisanal gears, the gear ratios of Coryphaena, Mugil cephalus,
Muraenesox cinereus, Psenopsis anomala, and Sciaenidae were maintained from 2007 onward. Exocoetidae
and Synodontidae were maintained. To assign industrial gears, all of taxa, except for Coryphaena, followed
the gear breakdown that was applied to most species for that year prior to 2006. Hence, from 2007 onward
the general gear breakdown for each year was applied to the newly disaggregated catches too. For
Coryphaena, the gear breakdown of Scombridae of each year after 2007 was used to assign gears.
Snow crab (Chionoecetes opilio)
National reported catches of Chionoecetes opilio were missing from the original reconstruction between 19641973, and therefore we have updated the catch using the national landings. The sector and gear breakdown
were maintained for each year. The subsistence catch for the species was also updated with the difference in
catch.
Sector allocation
Depending on the gear assigned to the catches of each taxon, the reported landings were split between
artisanal and industrial sectors. The reported catch is also assumed to include subsistence catches. This
portion was estimated by multiplying the 2011-2016 per-capita fish consumption per day (Statistics Bureau
2016b; Statostocs Nireai 2019b) by the number of fisheries workers and associated household members for
those years (Statistics Bureau 2013; Statistics Bureau 2015; Statistics Bureau 2016a; Statistics Department
2018a; Statistics Department 2018b). This estimated subsistence amount was divided by the total reported
catch to obtain a subsistence fishing rate, which was applied to all reported taxa equally.
Fishing by foreign fleets
Quotas of foreign fishing entities with bilateral fishing agreements with Japan (China, Russia, South Korea)
were sourced from Swartz and Ishimura (2014) when available. In addition, two new anchor points provided
estimated values of fishing quotas for South Korea and Russia from articles published in the Japan Times28
and Under Current News29, respectively. The remaining years were estimated by linear interpolation and
extrapolation from these anchor points. It was assumed that the quotas were fully realized for each country.
The catches were taxonomically disaggregated following the 2008-2010 average for quota-associated catches
for each country.

https://www.e-stat.go.jp/
https://www.japantimes.co.jp/news/2015/01/12/national/new-pact-fewer-s-korean-fishing-boats-operate-japaneez/#.XbJp9ugza00
29 https://www.undercurrentnews.com/2017/11/23/russia-japan-set-2018-fishing-quotas-in-kuril-islands-zone/
27

28
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Current Japanese Coast Guard ‘White Papers’ are not available to estimate illegal fishing after 2010. For each
fishing entity, illegal catches were thus estimated by multiplying the 2008-2010 average ratio of illegal to
reported catches by the reported catch for 2011-2016. Recreational catches from 2010 were carried forward
unchanged to 2016. Foreign discards were calculated as a percentage of total catches which was unchanged
from the 2010 discard rate for each fishing entity.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Japan has agreed to protect biological diversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance, the International Coral Reef Initiative, and the World Heritage
Convention. Japan is also a signatory to regional treaties and agreements, such as the Regional Seas
Convention (Marine Conservation Institute 2020).
Japan has 474 MPAs and four marine managed areas. The implemented MPAs occupy 94,185 km2 (Marine
Conservation Institute 2020), i.e., 3.64% of the EEZ of 2,590,000 km2 (Swartz and Ishimura 2016).
The Fisheries Agency of Japan (JFA) and the Ministry of the Environment of Japan (MOE) manage MPAs,
which are ecologically or biologically significant areas (EBSAs). However, from the government’s point of
view, it is impossible to demarcate a no-take zone in coastal waters, even in national park areas, due to
traditional artisanal fisheries along the coast (Komatsu-Aoki 2020). An example of what an MPA is and how it
should be managed by the Japanese Government is the Tsushima Islands MPA. “In 2018, the Promotion
Council of Tsushima City for Setting Marine Protected Area established a plan named ‘Island Sea Management
Plan for Marine Protected areas of Tsushima’ to enforce management of marine ecosystem in the common
fishery right area from 2018 to 2027 (Tsushima City 2018). They established two principles: [1] An MPA is not
an area that prohibits fishing activities for environmental protection, but an area that is appropriately
managed to utilize fishery resources sustainably. [2] An MPA is not an area where the purse seine and bottom
trawl are prohibited, but an area where parties concerned discuss and comanage resources for their
sustainable exploitation” (Komatsu-Aoki 2020).
Threats to Japanese marine biodiversity are fishing, river channeling and tourism, which cause pollution and
various other stresses (Claudino-Sales 2019). Sustainable tourism has been encouraged in some parts of Japan
as part of a “quest for a tourism that would benefit the local population (rather than outside interests) allowing
not only the preservation of local values and institutions, but also the potential to negotiate adjustments to
contemporary moving realities. [However,] ecotourism is not a solution for all economic and social needs
faced by peripheral areas. […]
Yakushima Island in Kagoshima Prefecture was the first natural World Heritage site, and since its registration
in 1993, it has developed into one of Japan’s most famous ecotourism locations. In 2004, Yakushima was
chosen as a model district for the promotion of ecotourism by the Ministry of the Environment” (d'Hauteserre
and Funck 2016). In the Shiretoko National Park, established in 1964 by the Japanese Government and also a
World Heritage site since 2005, the growth of tourism has become a concern (Claudino-Sales 2019), even
under a joint management, i.e., the sharing of authority and responsibility among stakeholders (Komatsu and
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Aoki 2020). The IUCN World Heritage Conservation Outlook in 2014 and 2017 classified the state of
conservation of the site as being “good with concerns” (Claudino-Sales 2019).
Japan Outer Islands (Daito Island and Ogasawara Islands)
The original reconstruction of total marine catches for the Ogasawara and Daito Islands of Japan from 1950 to
2010 was completed by Swartz (2015, 2016a, 2016b). This reconstruction consisted solely of data reported by
various statistical institutions of Japan. For the Ogasawara Islands, data available from the Tokyo
Metropolitan Government’s Annual Statistical Yearbook (Bureau of Industrial and Labor Affairs 2019) were
used as the reported baseline for years 2011-2016. However, these yearbooks contain fewer taxonomic details
than the ones used by Swartz (2015). Certain broad taxonomic groups featured in the yearbooks, such as
‘tunas’ and ‘marine fishes’, were disaggregated to more detailed taxa, as in the 1950-2010 reconstruction,
using the 2008-2010 average percent distributions of taxa from the original reconstruction.
Publicly available catch data for the Daito Islands could not be sourced from the Okinawa General Bureau for
2011-2016. In the interest of time and to ensure a reconstruction that would provide some form of catch
estimates for the Daito Islands, the catch was reconstructed at 2008-2010 averages for all taxa for those years.
When better data become available in future years, these catches will be replaced with data from the Okinawa
General Bureau.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018 using the semi-automated procedures outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Daito Island and the Ogasawara Islands are administered as part of Japan, which has agreed to protect its
biological diversity through the international agreements of the Convention on Biological Diversity (Aichi), the
United Nations Convention on the Law of the Sea, the Ramsar Convention on Wetlands of International
Importance, the International Coral Reef Initiative, and the World Heritage Convention. Japan is also a
signatory to regional treaties and agreements such as the Regional Seas Convention (Marine Conservation
Institute 2020).
In the Daito Island and Ogasawara Islands there are four main MPAs: the Daitoshoto National Wildlife
Protection Area (designated in 2004 with a reported area of 42 km2), the Ogasawara National Park
(designated in 1972 with a reported area of 1213 km2), the Ogasawara gunto National Wildlife Protection Area
(designated in 1980 with a reported area of 138 km2) and the Ogasawara Islands Forest Ecosystem Reserve
(designated in 2007 with a reported area of 55 km2).
Jointly, these MPAs occupy 1448 km2, i.e., 0.078% of the Daito Island and Ogasawara Islands’ EEZ of
1,874,884 km2 (Swartz 2016a, 2016b). The Ogasawara Islands became a World Heritage site in 2011, but the
conservation efforts date back to 1969, based on the Act on Special Measures for the Ogasawara Islands
Reconstruction, from the Japanese Government (Claudino-Sales 2019). However, the MPA in Ogasawara
“allows for sand extraction, mining, land reclamation, coastal development and commercial extraction” (AlAbdulrazzak and Trombulak 2012).
“In a report about the state of conservation of the World Heritage sites published in 2014 by the International
Union for Conservation of Nature (2014), the state of conservation on this site was found to be good but
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presenting some concerns. The concerns were linked especially to the increase of construction of tourism
infrastructures and tourism impact, as well as logging (IUCN 2014). The new conservation outlook published
in 2017 (IUCN 2017) found that the situation remains the same, though with a new high threat situation,
related to the presence of invasive species, which represent by far the most serious threat to the ongoing
ecological processes on the islands (IUCN 2017; Osipova et al. 2017)” (Claudino-Sales 2019).
North Korea (East Sea/Sea of Japan and Yellow Sea)
The reconstruction of North Korea’s marine fisheries catches was completed for 1950-2010 by Shon et al.
(2014, 2016) and covered its entire Exclusive Economic Zone (EEZ). Since this initial reconstruction, the Sea
Around Us presented the reconstructed catches of North Korea separately for the eastern part of the EEZ in
the East Sea/Japan Sea and the western part of the EEZ in the Yellow Sea (see www.seaaroundus.org).
Here, the reconstructed catches for both parts of the North Korean EEZ were updated to 2014, allocated
between the two coasts and then carried forward separately to 2018.
Reported landings
The 2014 version of FAO data were used to update the reported baseline from 2011-2014 and were allocated to
fishing sector by assuming 80% of reported catch came from artisanal and 20% from industrial fisheries.
A total of 7,800 tonnes of catch reported by North Korea for the industrial fishery was assumed to be taken
within Russia’s Far East Exclusive Economic Zone (EEZ) per year for 2011-2014 (see e.g., Park et al. 2020).
Remaining reported industrial catch was assumed to have been caught within North Korea’s EEZ.
Fishing inside and outside of the North Korean EEZ
The total industrial catch reassigned to the Russia Far East EEZ was assigned to the taxonomic category
‘Marine fishes not identified’. All commercial reported catch allocated to the home EEZ was further
disaggregated using the 2010 taxonomic breakdown per FAO taxon as described by Shon et al. (2014).
Discards were reconstructed for landings within North Korea’s EEZ by applying a discard rate of 0.5% to
artisanal and industrial landings. These calculated discards were assigned to ‘Marine fishes not identified’.
In the absence of updated information, the 2010 subsistence catches were carried forward to 2014. However,
we know that North Korea has been focused on developing fisheries to produce food and revenue through
fishing operations run by military personnel (Winstanley-Chesters 2020a). Due to the environmental issues in
its ‘West Sea,’ i.e., the Yellow Sea, North Korea has sold its right to fish in the Western part of its EEZ to
Chinese fishing companies; this has resulted in North Korean vessels struggling to fish further afield, and they
are increasingly turning to illegal fishing in Russia’s (Park et al. 2020) and Japan’s EEZ (Winstanley-Chesters
2020a). The combination of military control of fishing rights and infrastructure and lack of access to
nearshore resources has made it difficult for small-scale fishers in North Korea (Winstanley-Chesters 2020a).
Splitting catch between the Yellow Sea and the East Sea/Sea of Japan
The catch of species taken by bottom trawl was allocated as 40% Yellow Sea and 60% to the East Sea/Sea of
Japan assuming most industrial catch was taken from the Sea of Japan (Shinn et al. 1969), except for species
specific information (Table 1). Artisanal catch was allocated between the Yellow Sea and the East Sea/Sea of
Japan by assuming 50% of catch was taken from each coast unless species-specific information was available
to allocated species catch per coast (Table 1). Species that occur most frequently within the Yellow Sea or the
East Sea/Sea of Japan had their catch allocated to the coast based on the distribution data (Table 1).
Subsistence catch was separated, by coast, by assuming 60% of catch was taken from the Yellow Sea and 40%
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from the East Sea/Sea of Japan since more people live on the West Coast than the East Coast, according to
population demographics of North Korea.
Table 1. Species-specific catch splits. Species distributions were assessed
using FishBase, the IUCN Redlist, Zhang et al. (2019) and Wikipedia and were
split using the most appropriate ratio for eastern or western North Korean EEZ
waters.
Species
Anadara spp.
Chionoecetes opilio
Clupea pallasii pallasii
Cololabis saira
Engraulis japonicus
Enoplolambrus validus
Erimacrus isenbeckii
Larimichthys polyactis
Oncorhynchus masou
Pampus spp.
Pleurogrammus azonus
Pleuronectidae
Sardinops sagax
Scomber japonicus
Theragra chalcogramma
Todarodes pacificus
Trichiurus lepturus

% Yellow Sea
(West)
70
0
20
0
20
20
60
100
0
80
20
60
20
60
0
40
60

% Japan Sea
(East)
30
100
80
100
80
80
40
0
100
20
80
40
80
40
100
60
40

Transition from 2014 to 2018
The catches reconstructed to 2014 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Marine Conservation Institute (2020) suggests that North Korea has implemented MPAs occupying 3.6
km2 (0.0032%), which is negligible when compared to an EEZ whose two parts in the Yellow Sea and East
Sea/Sea of Japan cover 113,900 km2 (Shon et al. 2016).
During the 1980s and 1990s, North Korea, “saw the importation of ideas of conservation and sustainability
[…], which focused on the sea and on fishing resources. There is an anecdote about one of the first UNEP
meetings in North Korea which touched on the sea, in which having had the idea of maritime conservation
explained to him by the official from the United Nations, the Minister of Fisheries exclaimed that this was
fantastic as there would now simply be many more useful fish for their boats to catch (Winstanley-Chesters
2016). Fish, for North Korea, following the difficulties of the 1990s, were not something to conserve or leave
alone, they were a useful, if not vital, free resource, a common good to exploit with little complicated effort
involved in their capture. While North Korea has continued to talk about notions of conservation and
environmental protection at sea, and the mitigation or reduction of harms in the water, little sense has been
gained of any movement on the institutions of the nation’s idea of what such notions actually are, other than
intrinsically connected to the needs and hopes of man, rather than the interests of fish” (Winstanley-Chesters
2020b).
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Nevertheless, North Korea has agreed to protect biological diversity through the Ramsar Convention on
Wetlands of International Importance (Marine Conservation Institute 2020). The Ramsar website indicates
the existence of the Mundok Migratory Bird Reserve (designated in 2018 with 37 km2; Ramsar sites
information service 2020a) and the Rason Migratory Bird Reserve (designated in 2018 with 35 km2; Ramsar
sites information service 2020b). Moreover, in 2018 North Korea became the 36th partner of the East Asian –
Australasian Flyway Partnership (EAAFP), a network of partners targeting the protection of migratory
waterbirds, including their habitats (EAAFP 2020). The two EAAFP sites are Kumya Wetland Reserve and
Mundok Migratory Bird Reserve. Some of their important species are Greater white-fronted goose (Anser
albifrons), Red-crowned crane (Grus japonensis), White-naped crane (Grus vipio), Hooded crane (Grus
monacha) and Far eastern curlew (Numenius madgascariensis).
South Korea
The reconstruction of South Korea’s marine fisheries catches was completed for 1950-2010 by Shon et al.
(2014, 2016). Since the initial reconstruction, updated FAO data have become available to 2018 and were used
to update reported landings to 2017; we then performed a carry-forward to 2018.
Baseline data
Retroactive changes between different versions of FAO data were found upon comparison, the most significant
of which include the removal of ‘Sea squirts nei’ from the Northwest Pacific catch and the relocation of a large
catch of Pacific saury (Cololabis saira) from the Northwest to the Eastern Central Pacific to match data
reported by the FAO.
The sector breakdown of reported landings per taxonomic category for 2011-2017 was held constant at 2010
levels. According to national fishery statistics, the slight decline in fish catches in 2013 was due to the
occurrence of red tide and a strengthening of fishery regulations (Anon. 2014). Illegal fishing by small
Danish seines was reported to occur in South Korea’s EEZ in 2012 and their catch were assumed to remain,
for 2013-2017, at the 2010 level (Kang 2012). As a result, discards from illegal fishing by small Danish seines
also remained constant at the 2010 amount.
Discards by gear
Discards from funnel, shrimp beam and trap gears were estimated for 2011-2017 based on the 2010 discard
ratio of each gear to the reported artisanal landings. Similarly, discards from non-shrimp beam trawling were
determined for 2011-2017 based on the ratio between discards and reported industrial landings in 2010.
Subsistence and recreational fisheries
Subsistence catches were updated for 2011-2017 using updated Korean census data (Statistics Korea 2019)
and from 2008-2017 with an updated average per capita seafood consumption rate from Kwak (2013).
Recreational landings were updated for 2011-2017 based on the updated recreational fishing participation
number reported by the Ministry of Ocean and Fisheries in 2016 (Anon. 2017). The marked increase in
recreational fishing participation (which in turn increases the total recreational catch) may be attributed to
the lack of regulation (no permits needed for recreational fishing, minimal fees needed to be paid), lack of
catch limitations (no limit on the number/weight of fish that can be caught; no limit to the number of fishing
rods a person can use at once), and the rising popularity of recreational fishing in South Korea30.
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If participant numbers continue to increase at the current rate without regulation or intervention from the
government, catches from recreational fishing may have a more significant impact on the annual total
marine landings. Recreational catches were reconstructed for 2011-2017 using the original methods (Shon et
al. 2014), including interpolation from 2009 to an anchor of an estimated 3.43 million marine recreational
fishers in 201631 and extrapolated to 2017 multiplied by the 2010 catch per trip and trips per fisher for
marine recreational fishers. The portion of recreational catch from mudflat gleaning was carried forward to
2017 using the original reconstruction methods (Shon et al. 2014)

Figure 1. Reconstructed domestic catch within South Korea’s EEZ by fishing sector for 1950-2018.

Transition from 2017 to 2018
The catches reconstructed to 2017 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
In 2013, South Korea’s distant water fisheries received a ‘yellow card’ from the European Union as a warning
to reform laws regarding illegal fishing to have continued access to European markets (Anon. 2015). As a
result of its response to the warning, South Korea was cleared of its yellow card status as of 2015 (Anon. 2015).
To deter further illegal, unreported and unregulated fishing, South Korea has signed the legally binding UN
Agreement on Port State Measures to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated
Fishing (FAO 2016). The agreement came into effect in June 2016 and requires vessels to request permission
for entry into ports and to provide information to authorities on their catch and activities (Anon. 2016). In
2016, disputes between South Korea and China regarding China fishing illegally in South Korea’s EEZ resulted
in South Korea stating that it was using greater force against illegal fishing vessels (Park 2016).
The next update should not only replace the carried-forward catch by reconstructed catches, but also
examine whether the behavior of South Korean fleet has really improved.
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Marine biodiversity protection
South Korea has agreed to protect its biological diversity through the international agreements of the United
Nations Convention on the Law of the Sea and the Ramsar Convention on Wetlands of International
Importance. South Korea is part of the international network of UNESCO Man and the Biosphere and it is a
signatory to regional treaties and agreements such as the Regional Seas Convention (Marine Conservation
Institute 2020).
South Korea has 375 MPAs and seven marine managed areas. The implemented MPAs occupy 5,241 km2
(Marine Conservation Institute 2020), i.e., 1.11% of the EEZ of 473,280 km2 (Shon et al. 2016).
These MPAs, designated in 1968, are now managed by several governmental agencies. “However, most of
these [South] Korean MPAs remained ‘paper parks’ because of the lack of follow-up actions after the
designation. Compliance on the part of resource users, and monitoring and enforcement on the part of
managing agencies were seriously needed. In the mid-1990s, coastal wetlands (or tidal flats) started to receive
public attention in Korea due to two environmental disasters [(creation of freshwater Lake Sihwa from a tidal
flat and filling in a tidal flat by Saemangeum reclamation project.)]” (Nam et al., 2010).
South Korea has tried to achieve the Aichi Target 11 (Park and Lee 2020). However, MPA mismanagement still
needs to be overcome. Examples of mismanagement include: “lack of budget, lack of understanding among
local residents and communities, vague jurisdictional boundaries between the regional office of the central
government and the local governments, shortage of experts, etc. Therefore, the immediate and primary task
for the government is to establish more effective management systems rather than increase the number and
areas of the MPAs” (Park and Lee 2020). These ‘protected’ areas suffer from pollution and coastal
development. A study carried out along the coast of South Korea found that 81% of the microplastics are
smaller than 300 mm and that they are “related to population, precipitation, proximity to a river mouth and
abundance of macroplastic debris on beach” (Eo et al. 2018).
Taiwan
A reconstruction of Taiwan’s marine fisheries catches for the years 1950 to 2007 was completed by Kuo and
Booth (2011) and updated to 2010 by Divovich et al. (2015, see also Kuo et al. 2016). The latest version of FAO
data (1950-2018) and Taiwanese data (2011-2017) were used to update the reconstructed catch to 2017,
followed by a carry-forward to 2018.
Reporting baseline
Landings of tuna and other large pelagics by industrial fisheries were excluded from the reported catch data
considered here because they are addressed in Coulter et al. (2020). Reported landings were assigned to
artisanal and industrial sectors for 2011-2017 based on reported landings from the Taiwan Fisheries
Yearbook32 summaries in which ‘coastal’ catches were considered artisanal and ‘offshore’ catch was assumed
caught by industrial vessels fishing within Taiwan’s Exclusive Economic Zone (EEZ). When compared with the
reported landings of FAO, the excess catch reported in the FAO data was assumed to have originated from
industrial vessels fishing outside of Taiwan’s EEZ. The 2011-2017 taxonomic breakdown for each sector was
derived from the ratio of total catches landed outside and within Taiwan’s EEZ for 2010.
Unreported landings from commercial fisheries were calculated for 2011-2017 using the unreported catch
rates described in the original reconstruction from 2007 to 2010 (Divovich et al. 2015). In the absence of
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updated discard information in the literature, the discard rates determined for 2010 in the original
reconstruction (Divovich et al. 2015) were held constant for 2011-2017.
Recreational and subsistence catches
Recreational landings were updated to 2017 based on the updated population statistics from Taiwan’s
National Statistical Bureau33 multiplied in a participation rate of 0.31% and a per capita catch rate of 12
kg·year-1 as described by the original reconstruction (Divovich et al. 2015). Subsistence catches were held
constant at the 2010 amount for 2011-2017 in the absence of updated information. The taxonomic breakdown
from 2010 was held constant to 2017 for each reconstructed component.
Transition from 2017 to 2018
The catches reconstructed to 2017 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Taiwan has agreed to protect it biological diversity through the international agreements of the Convention on
Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Taiwan has 27 MPAs and two marine managed areas. The implemented MPAs occupy 3,800 km2 (Marine
Conservation Institute 2020), i.e., 0.33% of an EEZ of 1,148,485 km2 (Kuo et al. 2016).
According to a survey carried out in Taiwan (Lotze et al. 2018), the Taiwanese public considered the greatest
environmental issues and marine threats to be oil spills, habitat degradation, acidification, shark finning,
aquaculture, and marine debris. In a similar study carried out Taiwan’s Green Island, different stakeholders
identified what they perceived as the important factor for the success of the island’s MPAs. The results
suggested that the most important factors were ‘completeness of ecosystems’, ‘processing of wastes and
pollutants’ and ‘integrated management’, while legal prohibitions were considered the most unfavorable
factors (Yang and Chiang 2011). “These results provide insight into the varying perspectives held by individual
groups, accelerating the integration of different opinions in order to facilitate appropriate solutions and
smooth negotiations” (Yang and Chiang 2011).
However, ocean governance in Taiwan still faces some challenges on its way toward inclusive and integrated
marine protection. “Three obstacles which may hinder the future of the ABMP [(area-based management
protection)] modernization process in Taiwan: [1] lack of international and regional cooperation, [2] lack of
legal enforcement transparency and [3] the absence of comprehensive/coherent ocean governance principles.
Therefore, how Taiwan could contribute to the global and regional maritime conservation in the future,
depends on these three obstacles being tackled in the long-term marine policies agenda” (Tsai and Hu 2020).

Discussion
The countries covered here all have the bulk of their EEZs in FAO Statistical Area 61, i.e., the Northwest
Pacific. Catches in this area peaked in the 1990s and have declined since. Thus, the countries of this region,
which are all industrialized, maintain huge fleets fishing outside of their EEZs. This makes the estimation of
the catch originating in their own EEZ difficult, and we are aware of the possibility of errors. Therefore, we
welcome feedback on these reconstructions as we seek to provide the best spatialized catch data possible.
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North American countries catch reconstruction updates
This group contribution of North American countries includes four country-level chapters dealing with Mexico
(both coasts); USA (contiguous states, i.e., Pacific, Atlantic and Gulf of Mexico mainland coasts), Alaska
(subarctic and Arctic); Canada (East, West, and Arctic coasts); and St. Pierre and Miquelon (France).
The state of Hawaii and the US flag-associated territories in the Pacific Ocean are not dealt with here. Instead,
these areas are included in the chapter for Oceania (White et al. 2020).
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Canada (East, West and Arctic Coasts):
Updated catch reconstruction for 2011-2018*
Rebecca Schijns
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Mall, Vancouver, BC, V6T 1Z4, Canada

Abstract
The reconstruction of Canada’s marine fisheries catches from its Arctic, Atlantic, and Pacific coasts were
updated for 2011-2017, then carried forward to 2018. The major difficulty in updating catch from the Atlantic
fisheries was aligning the reported catch data available from FAO with data from the Northwest Atlantic
Fisheries Organization (NAFO), which is presented at a finer spatial resolution than the FAO data. Species
matching between data sources were used to assign FAO catch data to NAFO areas. Another challenge in
updating these fisheries data was comparison of data reported by the FAO on behalf of Canada and the
national Fisheries and Oceans Canada (DFO) data, and correcting for a potential double-counting of reported
landings within the original reconstruction. Catch per taxon were compared between the data sources to
identify and remove potential double counts of catch. Detailed methods for the updated catch reconstruction
are presented below.

Introduction
The reconstruction of Canada’s (East Coast) marine fisheries catches was completed for 1950-2010 by
Divovich et al. (2015, 2016). Since the original reconstruction, updated FAO and NAFO data have become
available, which allowed this reconstruction to be updated to 2017 (see Schijns 2020), then carried forward to
2018. A similar update/carry-forward was done for the catch of fisheries along Canada’s West (or Pacific)
Coast, initially reconstructed by Ainsworth (2015, 2016a, see also 2016b), but building on Ainsworth and
Pitcher (2005), Pauly et al. (2001) and Wallace (1999). The predominantly subsistence catch of marine (and
estuarine) fisheries in the Canadian Arctic was originally reconstructed from 1950-2005 by Booth and Watts
(2007) and was updated to 2006 by Zeller et al. (2011) and to 2010 by Teh et al. (2015, see also Booth et al.
2016).

Materials and Methods
Canada (Arctic)
This account presents an update to 2017, followed by a carry forward to 2018. Note that Canada does not
report catches from its Arctic coast (FAO area 18) to the FAO, a sign of a neglect of Arctic communities (Zeller
et al. 2011), which adds to other issues (Bennett et al. 2015). Thus, all catches from the Canadian Arctic are
here considered unreported.
Baseline population data and consumption rates
In the original reconstruction, Booth and Watts (2007) used four main community-based studies detailing
small-scale catches, by species, for certain years. Once catches were converted to wet weight, the data were
transformed into per capita rates (kg·person-1·year-1) using the estimated population size for the year of the
community in question.

Cite as: Schijns R. 2020. Canada (Arctic, East and Pacific Coasts): Updated catch reconstructions for 2011-2018, p. 123135. 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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To update these data to 2010, Teh et al. (2015) used per capita fish consumption rates from Booth and Watts
(2007) for three Arctic communities for various years between 1950 and 2001 and multiplied these rates by
population data for 43 of 51 communities from Statistics Canada and Library of Parliament data.
Figure 1 presents the reconstructed time series for the Canadian Arctic from 1950 to 2018.

Figure 1. Reconstructed domestic catch for Canada’s Arctic EEZ by fishing sector for 1950-2018. The large quantities of catch in the early
period were mainly Arctic char (Salvelinus alpinus) used as food for sled dogs.

For the 2017 update, 2016 census data were acquired for all 51 communities. Gaps were addressed from 2006
and 2011 census records and counted as zero if the community no longer existed. For communities with
population estimates of zero for some census years but for which non-zero 2001 census data were available,
the missing population numbers were linearly interpolated between 2001 and 2016.
To estimate the population of each Arctic community in 2017, we carried forward the population growth rate
of the previous year to 2017. The population increased by around 3% every census period (every five years).
Therefore, total catches were adjusted with the updated population data for 1996, 2001, 2006, 2011 and 2016
and extended to 2017. From 2002 to 2017, the per capita fish-use rate was calculated based on the three-year
running average of the average rate of the three Arctic communities.
Transition from 2017 to 2018
The update to 2017 was extrapolated to 2018 based on the assumption that the trend for the last three years
continued using the semi-automated procedures outlined in Noël (2020).
In the absence of newly available information, the sector and taxonomic breakdown for reconstructed catch
followed the same ratios as 2010, with Arctic char (Salvelinus alpinus) dominating. However, some catches of
the newly established climate-change migrant Pacific salmon (Oncorhynchus tshawytscha) were added, as
reported by Stephensen (2006). Catches in numbers of fish were converted to wet weight as described in table
5 of Doherty et al. 2015).
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Marine biodiversity protection
Canada has agreed to protect biodiversity, including in the Canadian Arctic through the international
agreements of the Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of
the Sea, the Ramsar Convention on Wetlands of International Importance and the World Heritage
Convention. Canada is a signatory to regional treaties and agreements such as the Regional Seas Convention.
Its commitments extend to NGOs and/or public bodies like the North American MPA Network (NAMPAN). It
is also part of the international network of UNESCO Man and the Biosphere (Marine Conservation Institute
2020).
Canada has three MPAs In the Arctic: Anguniaqvia niqiqyuam (Ung-u-niak-via Ni-kig-e-um, designated in
2016), Tarium Niryutait (designated in 2010) and Tuvaijuittuq (designated in 2019). Together, these areas
cover 323,519 km2 (Marine Conservation Institute 2020), corresponding to 10.7% of the Canadian EEZ in the
Arctic, which covers 3,021,355 km2 (Booth et al. 2016).
The largest MPA in these waters is the recently established ‘Tuvaijuittuq’, which contributes 5.5% to the
national marine conservation targets and was designated for interim protection by a ministerial order under
the Oceans Act. This order prohibits any new human activities in the area for up to five years while scientific
analysis and consultations continue between the Qikiqtani Inuit Association, the Government of Nunavut and
the Government of Canada to assess the viability of longer-term protection for this area. (Fisheries and Oceans
Canada 2020).
“[The objective of this MPA] is to contribute to the conservation, protection and understanding of the natural
diversity, productivity and dynamism of the High Arctic sea ice ecosystem. […] The Tuvaijuittuq MPA includes
the marine waters off northern Ellesmere Island starting from the low water mark and extending to the
outward boundary of Canada’s Exclusive Economic Zone. This remote region has the oldest and thickest sea
ice in the Arctic Ocean. As sea ice continues to decline in the Arctic, the ice in this region is expected to last the
longest. This makes the area a unique and potentially important future summer habitat for ice-dependent
species, including walrus, seals and polar bears” (Fisheries and Oceans Canada 2020).
Canada (East Coast)
NAFO data were obtained up to 2016, and regional NAFO spatial area disaggregations were applied to the
2017 FAO data for 2010-2017. Because the annual NAFO total catch was not greater than the FAO total catch,
NAFO taxon names were matched with FAO taxonomic categories. If there was no match at the species level,
they were matched under higher categories (i.e., Genus, Family, Order). Retroactive changes were detected
between versions of the FAO data; therefore, reported landings were updated from 2010 to 2017 to match the
most recent version of the FAO data (Figure 2).
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Figure 2. Reconstructed domestic catch for Canada’s East Coast by fishing sector for 1950-2018.

For foreign countries fishing in the Northwest Atlantic, catches were cross-referenced with NAFO reports. If
NAFO catches occurred in area for which FAO had none, these catches were considered unreported and
tagged as ‘NAFO only’ (i.e., Cuba). Where an FAO catch occurred that was not reported by NAFO from any of
its zones, the next closest year breakdown for NAFO categories was applied. For catch in an ‘unknown’ zone,
the amount was split proportionally across the rest of the known catch. Tunas and large pelagic species
reported by NAFO and not by FAO were assumed caught by industrial fisheries and are addressed in a
separate study (Coulter et al. 2020). Catches in Greenland and the US Exclusive Economic Zones are
addressed in the reconstruction accounts for these countries.
Exclusive Economic Zone assignment
Since some NAFO zones overlap with more than one EEZ, rules were developed to determine whether catches
were taking place within the Canadian EEZ, outside the Canadian EEZ, or inside the EEZs of Greenland or the
USA (after establishment in 1977; Table 1).
Table 1. NAFO zone assignment within and outside of Canada’s East Coast EEZ
Location

Prior to EEZ

EEZs established

establishment

1977-onwards

(1950-1976)
EEZ equivalent

Outside

Inside EEZ

EEZ
Domestic

Foreign

Outside EEZ

Greenland

US (East

(High Seas)

(Denmark)

Coast)

1ABCD

5Zeuw,

0, 2, 3 (except

1, 3M,

0, 2, 3 (except

3M, 1EF,

3M), 4, 5Zc, 5Z,

5Zeuw,

3M), 4, 5Zc, 5Z,

6DEFGH

5Y

6

5Y

0, 2, 3 (except

1, 3M,

0, 4RST, 4Vn,

2, 3, 4, 1EF,

3M), 4, 5Zc, 5Z,

5Zeuw,

3P 5Zc, 5Z

6DEFGH

5Y

6

6ABC
1ABCD

5YZeuw,
6ABC

Sector and gear disaggregation
Fishing gear types used to target capelin (Mallotus villosus), herring (Clupea harengus), and mackerel
(Scomber scombrus) indicate an artisanal sector rather than 100% industrial, as previously assigned in the
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original reconstruction (Divovich et al. 2015). Gear and sector allocations were corrected for these species for
the entire reconstruction. Previous gear types were adjusted to match the current gear code. Gear types
missing from reported catch data or previously assigned to unknown in the original reconstruction were
assigned using DFO sources to verify.
Domestic unreported landings
Atlantic herring, mackerel, capelin, Greenland halibut (Reinhardtius hippoglossoides), and redfish (Sebastes
spp.) were reconstructed with 10% unreported catch to reported catch for 2010-2017. Atlantic cod (Gadus
morhua) was reconstructed with 43% unreported catch. American lobster (Homarus americanus) poaching
linearly decreased from 9% to 6.6% over 2010-2017, i.e., a 0.35% decrease per year. The artisanal fishery for
hagfish (Myxine glutinosa) is reported by DFO and not by FAO, and was therefore added for the years 19892017 exclusively within NAFO zone 4X using trap gear.
Subsistence catches
Subsistence catches from coastal aboriginal communities and rural fishing villages were calculated from
consumption rates per capita for 2011-2017. The previous reconstruction by Divovich et al. (2015) assumed a
7.5% annual increase in population. Instead, national statistics provided by the 2011 (some communities
missing data) and 2016 (all communities available) Statistics Canada Census34 profiles were used to estimate
the size of aboriginal populations. Years in between census years were linearly interpolated. Forty
communities were included because some have become abandoned since the original reconstruction (Divovich
et al. 2015). In recent years, some community names have changed; therefore, these were corrected for the
whole time series. Rural, non-indigenous communities were updated for years 2015-2017 using provincial
population data and applying a percentage (Parsons 1993) to determine rural population and per capita rate.
Species and zone breakdown were carried forward at the 2010 levels (Divovich et al. 2015).
Recreational catch
The Survey of Recreational Fishing 201535 was released, and a supplemental table detailing the fish catch by
taxon and province was obtained from DFO (Fisheries and Oceans Canada 2019). After excluding catches of
freshwater taxa, the number of fishes was translated to wet weight using species-specific length-weight
relationships provided in FishBase (www.fishbase.org). The catch rate was determined from catch, percent of
active angler participation from the 2015 DFO survey, and the general provincial populations (Statistics
Canada 2017). This catch rate was applied to the 2016-2017 population data to determine the marine
recreational catch in each Atlantic province/territory. The new taxonomic breakdown was carried forward
from 2015.
Foreign unreported landings
After establishment of the Canadian EEZ, Spain was considered to be illegally obtaining 2% of their total catch
from Canadian waters (Divovich et al. 2015). No new data could be found on other countries’ illegal activity in
this area.
Discards
The conservative gear-based discard approach by Divovich et al. (2015) was applied to each gear for both
domestic and foreign catch. The following gear types have a corresponding discard rate: groundfish gillnet,
groundfish trawl, groundfish handline, groundfish longline, shrimp trawl, scallop dredge, lobster trap,
swordfish longline, and clam dredge. The total discard amount was disaggregated by bycatch species and the
34
35

https://www12.statcan.gc.ca
https://www.dfo-mpo.gc.ca/stats/rec/can/2015/index-eng.html
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NAFO zone from which the catch came. For foreign discards, ‘unknown class’ gear types in the original
reconstruction were updated (1955-2017) to match the domestic industrial gear assigned to such taxa (for
example, skates, dogfish were assigned to à bottom trawl), allowing discards to be calculated for all foreign
catches. There does not seem to be a discard rate for pelagic trawl or purse seine, but upon investigation, FAO
claims that discards are minimal for these gear types because most bycatch is used for fishmeal.
Discards by Canadian vessels fishing outside the EEZ in 1964-1966 were adjusted to avoid unlikely
magnification of the spike in reported catch. Instead of multiplying reported landings by the original discard
rate, discards were interpolated between 1963 and 1967.
Transition from 2017 to 2018
The catches reconstructed to 2017 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Canada has agreed to protect biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance and the World Heritage Convention. Canada is a signatory to regional
treaties and agreements such as the Regional Seas Convention. Its commitments extend to NGOs and/or
public bodies like the North American MPA Network (NAMPAN). It is also part of the international network of
UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
Canada’s East Coast has eight MPAs: Banc-des-Américains (designated in 2019), Basin Head (designated in
2019), Eastport (designated in 2005), Gilbert Bay (designated in 2005), the Gully (designated in 2005),
Laurentian Channel (designated in 2019), Musquash Estuary (designated in 2006) and St. Anns Bank
(designated in 2006) (Fisheries and Oceans Canada 2020). Together, these areas cover 19,385 km2 (Marine
Conservation Institute 2020), which corresponds to 0.85% of the Atlantic Canadian EEZ of 2,276,594 km2
(Divovich et al. 2016).
Laurentian Channel Marine Protected Area is the largest and most recent MPA in these waters with 11,580
km2. “The primary objective of the Laurentian Channel MPA is to conserve biodiversity through the protection
of key species and their habitats, ecosystem structure and function, and through scientific research. The most
effective way to preserve biodiversity and ensure the survival of species is through long-term habitat
protection. The MPA regulations foster biodiversity conservation in the Laurentian Channel through the
reduction of risk and harm posed by human activities. […] The Regulations prohibit any activity that disturbs,
damages, destroys or removes a living marine organism or any part of its habitat in the Laurentian Channel
MPA. This includes a prohibition on recreational and commercial fishing, oil and gas exploration and
exploitation throughout the MPA” (Fisheries and Oceans Canada 2020). The Department of Fisheries and
Oceans (DFO) is the lead federal authority for the MPA and is responsible for ensuring compliance with, and
enforcement of the regulations (Fisheries and Oceans Canada 2020).
Canada (Pacific)
The reconstruction of Canada’s West Coast catches was completed for 1950-2010 by Ainsworth (2015, 2016a).
Since the initial reconstruction, preliminary updates (e.g., to 2014) and corrections were made to account for
potential double-counting of reported landings in the initial reconstruction from 1950-1997 because FAO data
had not been subtracted from the DFO data. Therefore, in the new reconstruction, FAO data were taken as the
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baseline, with DFO catches exceeding FAO data assigned as unreported catch (Figure 3). DFO summary
reports were used to disaggregate gear and taxa.
Retroactive changes were made to reported landings for taxa exceeding 10% difference between FAO 2017
data and the earlier version of FAO reported landings. Significant differences occurred in the 2010-2017 time
period (e.g., for salmon species, ‘Marine fishes nei’, ‘Natantian decapods nei’) and were accounted for in the
most recent update. Artisanal fisheries for butter clam and horse clam (Bivalvia), lingcod (Ophiodon
elongatus) caught by handlines and other gears, and abalone (Haliotis) are defined by FAO catch statistics36.

Figure 3. Reconstructed domestic catch for Canada’s Pacific coast by fishing sector for 1950-2018.

Subsistence catches
Subsistence fisheries are documented for five species of salmon (Wallace 1999), halibut (Hare 2011) and
herring roe (DFO 2012a), some of which is reported. Small catches of eulachon (Thaleichthys pacificus) by
First Nations from the mouth of the Nass River were added based on Moody (2008). Catches of the Dungeness
crab (Metacarcinus magister) fishery by the Tsawwassen First Nations were added. Subsistence fishing for
salmon was carried forward according to the original reconstruction methods as a ratio of reported catch
(Ainsworth 2015, 2016a).
Recreational catches
Recreational fisheries catch of salmon, dogfish (Squalus suckleyi), rockfish (Sebastidae), lingcod, and halibut
are compiled from DFO creel and logbook surveys, and from Wallace (1999) and Hare (2011). DFO data were
available only to 2009. We derived a recreational catch rate which uses the population of British Columbia and
the number of tidal fishers in 2009. The taxonomic composition was estimated by using the average taxon
ratios from 2006-2010 (Ainsworth 2016a). Since there are no new DFO recreational statistics, this catch rate
was carried forward to 2017.
Unreported discards
Ainsworth (2016a) calculated discards for halibut, salmon, and groundfish fisheries up to 2010. We applied
the same discard rates for various gear types. For 2011-2017, the discards of the groundfish fishery were
calculated as 8.8% of bottom trawl landings. Halibut discards were estimated as 17.1% of industrial halibut
36

http://www.fao.org/fishery/statistics/en
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landings for 2011-2017, and the remainder was labeled as marine groundfish discards. Salmon discards were
calculated as 0.27% of landings for 2011-2017.
Taxon-specific notes
Pacific spiny dogfish (Squalus acanthias)
Previously, Pacific spiny dogfish were considered the same species as Atlantic spiny dogfish, under the name
Squalus acanthias. They are now recognized as distinct species based on significant morphological and
genetic differences. Picked dogfish (Squalus acanthias), as named by FAO, and used in the previous
reconstruction, was changed to Pacific spiny dogfish (Squalus suckleyi); this was made necessary by the
resurrection of the name Squalus suckleyi (Girard, 1855) by Ebert et al. (2010) in the North Pacific where it
replaces Squalus acanthias (Linnaeus, 1758).
Pacific halibut (Hippoglossus stenolepis)
Data from 1951 onwards are taken from the International Pacific Halibut Commission (IPHC) based on Hare
(2011). However, these data represent ‘head-off’ and ‘gutted’ fish, so a 25% wet-weight correction factor was
applied based on PFMC (2010). FAO halibut catches were compared with IPHC reports, and if the differences
were greater than FAO, then the additional IPHC data were added as unreported catches.
Oyster (Crassostrea virginica)
Catches of oyster were extracted from Quayle (1988) for 1950-1985 and DFO from 1985 onward, as these
values represent the in-shell (un-shucked) wet weight of oysters. FAO values and DFO reports (previous to
1985) were inconsistent with reported shucked and un-shucked tonnages.
Lingcod, sablefish, Pacific cod
These taxa were reported as round weight (wet weight) from 1982 onward but were previously reported as
dressed weight with heads off. To convert earlier data from 1950 to 1981 to round weight37, conversion factors
were used as follows: lingcod 0.72, sablefish 0.7, and Pacific cod 0.8.
Hake (Merluccius productus)
Foreign hake catches were documented starting in 1967; FAO catches include the tonnage of hake delivered to
foreign vessels through cooperative fishing arrangements (Helser et al. 2006).
The foreign hake catches were mainly made by Russia (75%), with Japan and Poland at 12.5% each. Russian
catches of hake, which are already accounted for by other reconstructions in the Sea Around Us database,
were subtracted from Russian total catches. To prevent double counting of catch between reconstructions,
only the remainder was included in this reconstruction.
Tuna and mackerel
Nationally reported “Tuna” and “Mackerel” were added to the data as Scombridae and Scomber japonicus and
considered in the FAO category ‘Marine fishes nei’. No record was found of mackerel being caught by Canada
in the FAO data for the Northeast Pacific or DFO disaggregating tuna catches records prior to 1992. Therefore,
nationally reported mackerel data were not adjusted. National tuna catches were compared with IATTC
Canadian catches. IATTC began reporting tuna for Canada in 1962. Therefore, between 1950 and 1962, the
DFO catches were retained as unreported catches. Any differences remaining when comparing IATTC to DFO
data were added as national category ‘Scombridae’. The DFO/FAO catches accounted for in IATTC reports

37
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were listed as industrial catches of tuna, and other large pelagic species and were removed from the database
to avoid double counting (albacore and bigeye tuna) because industrial catches of tunas and other large
pelagic species are addressed in a separate study (Coulter et al. 2020).
Sea urchins
DFO disaggregates red (Mesocentrotus franciscanus) and green urchins (Strongylocentrotus droebachiensis),
which are combined by FAO as ‘Urchins nei’. The average ratio of red and green urchins for the last 5 years
was used to back-calculate and disaggregate ‘urchins nei’ into their respective species.
Pacific sardine (Sardinops sagax)
The 2002-2012 landings of the sardine fishery were added.
Lingcod (Ophiodon elongatus)
Lingcod is caught by the artisanal sector, mainly by hand and line in the Strait of Georgia, but some trawling
does occur. There was a mixture of artisanal and industrial commercial catch of lingcod reported by DFO by
different gear types, yet FAO reports did not convert all catches to wet weight after 1982. The hand line and
other (traps) catches were categorized as artisanal and the rest of the gear types as industrial. Trawl catches
rose in the 1950s and 1960s, and handline catches decreased. At present, trawl dominates the commercial
fishery for lingcod in all areas outside the Strait of Georgia (where the fishery is prohibited). Catches of lingcod
have been declining in recent years. Regulations implemented in the groundfish trawl fishery have resulted in
reduced targeting of lingcod. Offshore lingcod are thought to be at moderate level of abundance38.
Eulachon (Taleichthys pacificus)
The original reconstruction assigned FAO catches of eulachon to subsistence (as in Moody 2008), but catch
amounts matched industrial DFO catches. Therefore, only industrial catches (bottom trawl and other nets) are
included here, and the subsistence catch in the original reconstruction was assumed doubled. Wallace (1999)
explains that estimates are highly uncertain, and therefore no values were available to estimate subsistence
eulachon catches.
Rockfish disaggregation
Rockfish, with the exception of Pacific Ocean perch (Sebastes alutus), are reported under FAO as
“Scorpionfishes, redfishes nei” (Sebastidae). National reports were used to disaggregate catches into six main
species: rougheye (Sebastes aleutianus), quillback (Sebastes maliger), bocaccio (Sebastes paucispinis), canary
(Sebastes pinniger), and yellowmouth (Sebastes reedi) for 1950-2017 (Anderson et al. 2019). Any amount that
exceeded FAO catches was considered unreported. Gear for each species were disaggregated according to
figures in Anderson et al. (2019).
Domestic catches of Sebastes reedi were separated from foreign catch between 1965-1971 based on DFO
(2012b).
Pacific Ocean perch (Sebastes alutus)
Catches of Sebastes alutus were reconstructed for 1950-1986, prior to when species specific catches began to
be reported in 1987. Domestic catches were reconstructed using the combined Canada and U.S.A. catches
reported by Edwards et al. (2011) for 1950-1953 and 1976-1986 minus US-specific catches for years data was
available. U.S.A. catches and Canadian domestic catches for 1950-1975 were estimated by Haigh et al. (2011).

38
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Japanese catches were estimated for 1966-1977 by Westrheim (1980). Russian catches were included within
the Russian Far East reconstruction (Sobolevskaya and Divovich 2015) and were not addressed here.
Gear disaggregation
Catch was allocated to gear using the same ratios as in the previous reconstruction (Ainsworth et al. 2016a)
and interpolated for years when data was unavailable. The last catch data disaggregated by gear is provided by
DFO commercial catch statistics in 2015. Therefore, 2016-2017 used the last year’s ratios to carry-forward gear
disaggregation.
Transition from 2017 to 2018
The catches reconstructed to 2017 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Canada has agreed to protect biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance and the World Heritage Convention. Canada is a signatory to regional
treaties and agreements such as the Regional Seas Convention. Its commitments extend to NGOs and/or
public bodies like the North American MPA Network (NAMPAN). It is also part of the international network of
UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
Canada (Pacific) has three MPAs: Endeavour Hydrothermal Vents (designated in 2003), Hecate Strait &
Queen Charlotte Sound Glass Sponge Reefs (designated in 2017) and SGaan Kinghlas-Bowie Seamount
(designated in 2008) (Fisheries and Oceans Canada, 2020). Together, these areas cover 8,610 km2 (Marine
Conservation Institute 2020), which is equal to 2% of the Pacific Canadian EEZ of 470,238 km2 (Ainsworth
2016b).
Even though the SGaan Kinghlas-Bowie Seamount Marine protected area (SK-B MPA) is the largest among
the MPAs in the Pacific waters, it contributes only 0.1% to Marine Conservation Targets. “The Memorandum
of Understanding (MOU) between the Haida Nation, as represented by the Council of the Haida Nation
(CHN), and Canada, as represented by the Minister of Fisheries and Oceans, confirms a commitment to a
relationship based on mutual respect and understanding and facilitates the cooperative planning and
management of the SK-B MPA, including an adaptive co-management approach. […] [It prohibits] activities
that disturb, damage, destroy or remove from this area, living marine organisms or any part of their habitat or
the seabed. Similarly, any activity that deposits, discharges or dumps substances that are likely to result in the
disturbance, damage, destruction or removal of living marine organisms or any part of their habitat is also
prohibited” (Fisheries and Oceans Canada 2020).

Discussion
The updated catch reconstructions for Canada’s three coasts (Arctic, Atlantic and Pacific) sought to address
differences between reported data sources. Data transfer between national fisheries statistics and
international reporting bodies of FAO and NAFO was evaluated on a species level basis to reconstruct the full
catch time series for each coast.
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Abstract
The update to the catch reconstruction for Mexico was completed for 2011-2018. One of the challenges in
updating the catch reconstruction was adding resolution to the reported catch data by comparison with
national statistics, which made it possible to add taxonomic resolution and assign catch to fishing sectors.

Introduction
The unreported portion of Mexico’s marine fisheries catches was reconstructed for the period from 1950 to
2010 by Cisneros-Montemayor et al. (2013), covering both the Atlantic and Pacific coasts (see also CisnerosMontemayor et al. 2016a, 2016b). Here, we briefly document how these reconstructions were updated to 2017,
and carried forward to 2018.
Understanding unreported catches and the historical fisheries catch are both important to contextualize the
current challenges facing ecosystems and fisheries in Mexico (Sáenz-Arroyo and Revollo-Fernández 2016).

Materials and Methods
Unreported catch from Mexico’s Atlantic and Pacific coasts
Mexico’s fisheries occur on both their Pacific and Atlantic coasts, and continue to exhibit large heterogeneity.
It is therefore important to supplement FAO reported catch with national data (SAGARPA 2013) and to
reconstruct missing elements, including discards. This improves the quality of these data through better
species and sector resolution where possible, in addition to accounting for all marine fisheries catch.
The sectoral assignment of reported data was done based on Mexico’s reporting of its industrial and artisanal
sectors for 2011-2017. The taxonomic breakdowns were carried forward from 2010 values based on FAO data
for 2017; national data were used when a greater geographic resolution was necessary, such as sardines and
crabs caught in Baja California.
Mexico’s recreational fishery is still driven largely by tourism. International arrivals to Los Cabos airport39
were used to update recreational catches to 2017.
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A)

B)

Figure 1 – Reconstructed domestic catches within Mexico’s Exclusive Economic Zone in the Atlantic (a) and Pacific (b) oceans for 19502018 by fishing sector. Recreational and subsistence catches are included, but are too small to be visible separately.

Transition from 2017 to 2018
The catches reconstructed to 2017 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.

Discussion
Mexico’s catch data were reconstructed for 1950 to 2018. National data continued to be used to improve the
quality of the data reported by Mexico to the FAO and to increase the taxonomic resolution and assigned catch
to fishing sectors. Reconstruction remains necessary to account for the impact of fishing sectors not covered
by reporting statistics, including recreational data.
Marine biodiversity protection
Mexico (Atlantic and Pacific) has agreed to protect biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar
Convention on Wetlands of International Importance, and the International Coral Reef Initiative and the
World Heritage Convention. Mexico is a signatory to regional treaties and agreements such as the Regional
Seas Convention. Its commitments extend to NGOs and/or public bodies like the Caribbean MPA Network
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(CaMPAM) and the North American MPA Network, or NAMPAN. It is also part of the international network of
UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
Mexico has 69 MPAs and 74 marine managed areas, which jointly cover 628,984 km2 (Marine Conservation
Institute 2020) and contribute to 19% of the EEZ of 3,273,549 km2 (Cisneros-Montemayor et al. 2016a,
2016b). These MPAs and marine managed areas are in the shape of “Biosphere Reserves, National Parks,
Natural Monuments, Natural Resources Protection Areas, Flora and Fauna Protection Areas, Sanctuaries,
State Reserves and Parks, Municipal Ecological Conservation Zones and Voluntary Reserves (LGEEPA 1988).
Of these, the first six categories are managed by the National Commission of Natural Protected Areas (Spanish
acronym: CONANP). […] The country has a comprehensive legal framework that regulates the use,
conservation, protection, and restoration strategies of natural resources. However, its enforcement is still
limited. The main legal instrument, at a federal level in the country, is the General Law for the Ecological
Equilibrium and Protection of the Environment. Other instruments such as the National Strategy for the
Biodiversity of Mexico, the General Law of Wildlife, the General Program for Ecological Zoning, and the
National Mexican Norm for the Environmental Protection, and Native Species of Flora and Fauna of Mexico
(NOM 059-SEMARNAT-2010) are also important” (Rioja-Nieto et al. 2019).
Some of these marine managed areas are the UNESCO-MAB Biosphere Reserve of: Arrecife Alacranes
(designated in 2006 with a reported marine extent of 3,337 km2), Banco Chinchorro (designated in 2003 with
a reported marine extent of 1,437 km2), Chamela-Cuixmala (designated in 2006 with a reported marine extent
of 207 km2), El Vizcaíno (designated in 1993 with a reported marine extent of 3,250 km2 and a no-take area of
46 km2), Huatulco (designated in 2006 with a reported marine extent of 55 km2), Islas Marietas (designated in
2008 with a reported marine extent of 13 km2), Ría Celestún (designated in 2004 with a reported marine
extent of 227 km2) and Sistema Arrecifal Veracruzano (designated in 2006 with a reported marine extent of
401 km2) (Marine Conservation Institute 2020).
The above-mentioned reserves not only reflect environmental conservation goals, but also socio-economic
development toward sustainability. This is in contrast to Mexico’s goals for its National Parks’, which are often
use-oriented (e.g., tourism). In the 1930s, the Mexican government sought to protect marine and coastal areas
by establishing these national parks, and national parks became the most common category for protection
(Chiappa-Carrara et al. 2019). “Conflicts are found within government institutions, in such a way that
government conservation and development institutions may work in opposite directions. Several federal
institutions foster regional economic development within, or close to, the protected areas, which sometimes
lead to land-use transformation. This is the case of El Vizcaíno Reserve, one of the largest and oldest Latin
American reserves, aiming to protect the arid and semiarid biomes and the Nearctic maritime and avian
fauna. The Ley General de Biodiversidad (General Law on Biodiversity) approved on December 15, 2017 by the
Mexican Congress does not explicitly forbid mining or hydrocarbon extraction in natural protected areas. This
is especially important in a country with such a large marine mining and oil extraction potential (e.g.,
phosphate rock deposits in Baja California (Harben 2006)” (Chiappa-Carrara et al. 2019).
The Revillagigedo National Park was established in 2017 as the largest no-take MPA in North America,
covering approximately 150,000 km2. “The greatest problem in the islands is related to the presence of
introduced [terrestrial] species (UNESCO WHC 2017). […] To date, tourism has been restricted by the
Mexican government to a set number of diving boats, and no people are allowed onshore without a permit.
Fishing is restricted through the marine area zoning system (though there are concerns regarding policing and
instances of sport fishing) (UNESCO WHC 2017)” (Claudino-Sales 2019).
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Abstract
The reconstruction of marine fisheries catches by Saint-Pierre et Miquelon within and outside of its
Exclusive Economic Zone (EEZ) was completed from 1950 to 2010. This original reconstruction has been
updated to 2018. Reported landings from the Northwest Atlantic Fisheries Organization (NAFO) were used
to update reported landings with unreported catches reconstructed from available information. The fishing
industry of Saint-Pierre et Miquelon continues to struggle to recover in response to the cod (Gadus morhua)
fishery moratorium and loss of much of their traditional fishing grounds. Thus, France remains interested in
rebuilding Saint-Pierre et Miquelon’s fisheries.

Introduction
Saint Pierre et Miquelon is a self-governing territorial overseas collectivity of France located off the Canadian
east coast, south of the Canadian province of Newfoundland and Labrador. The initial reconstruction of
marine fisheries catches by Saint-Pierre et Miquelon within and outside of its Exclusive Economic Zone (EEZ)
was completed from 1950 to 2010 by Bultel and Zylich (2015, 2016). Here the reconstruction is extended to
2017, then carried forward to 2018.

Materials and Methods
Reported landings
Data reported for Saint Pierre et Miquelon by the Northwest Atlantic Fisheries Organization (NAFO) were
accepted as the baseline reported catch for 2011-2017, with FAO data used to supplement catches of certain
taxa in years when reported FAO catches were higher than the NAFO reported catches. Catches for taxa that
were present in the FAO dataset but not in the NAFO data were added to the baseline for 2011-2017. Landings
of each taxon from NAFO division 3PS (which includes the EEZ of Saint Pierre et Miquelon) were allocated to
the artisanal and industrial sectors in the same ratios as in 2010, with industrial catches additionally allocated
between the Saint Pierre et Miquelon and eastern Canadian EEZs. Catches from other NAFO divisions were
only allocated to the industrial sector and the High Seas category.
The original methods used to reconstruct artisanal landings and industrial discards in 2010 (Bultel and
Zylich 2015) were extended to 2017.
Recreational catches
Recreational catches of Atlantic salmon (Salmo salar) and the number of recreational salmon fishing licenses
issued from 2011 to 2014 were extracted from a NASCO report (de Guillebon 2015). The average recreational
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catch per license of 2011-2014 was used to estimate the recreational catch of salmon in 2015 (de Guillebon
2015). In the 2016-2017 reconstruction, the recreational salmon catch was updated back to 1987. However, the
initial report reported the catch in kilograms, which was mistakenly not converted into the Sea Around Us
standard of tonnes. This has now been corrected back to the start of recreational fishing in Saint Pierre et
Miquelon.

Figure 1. Reconstructed domestic catch within Saint-Pierre et Miquelon by fishing sector for 1950-2018. Recreational and subsistence
catches are included, but are too small to be visible separately.

New information regarding the recreational fishery for American lobster (Homarus americanus) prompted
its complete reconstruction from 1987 to 2018 (Figure 1). The recreational lobster fishery is poorly
documented in official sources (if at all), which mainly focus on regulations controlling the lobster fishery
and provide only rough estimates of fishing activity around the Saint Pierre et Miquelon Archipelago
(d'Aboville 2007; Lebrun 2009). However, it is estimated that some individual fishers, of which there might
be hundreds across the archipelago during summer and early fall, could account for some of the catch, up to
400 kg of lobster per year, especially over the last twenty years (Fabrice Teletchea 2020, Université de
Lorraine, personal observations).
Fishing activity in this sector is likely to have occurred before 1987, when the first regulations on lobster
fishing were put into place (Guellec 1987), but there are no data available on the number of fishers, fishing
effort, or even catches of lobster from that time. To better reconstruct this fishery, it was assumed that the
number of recreational lobster fishers climbed from 0 to 5% of the total population of the archipelago from
1986 to 1992 and remained at this percentage onward, although more recreational fishers may have targeted
lobster after the collapse of the cod fishery in the late 1980s-early 1990. The average annual catch rate of 50
kg per year, per fisher was multiplied by the estimated number of recreational fishers to reconstruct
recreational lobster catches. This would correspond to about 15 tonnes per year, which is half the official
quota of 30 tonnes. Clearly, this reconstruction is highly conservative and uncertain and should be updated
with better data when they become available.
A few other species are fished recreationally during the spring and summer: northern shortfin squid (Illex
illecebrosus), blue mussel (Mytilus edulis), whelk (Buccinum undatum), common periwinkle (Littorina
littorea), common rock crab (Cancer irroratus), Atlantic mackerel (Scomber scombrus), Atlantic herring
(Clupea harengus), brook trout (Salvelinus alpinus), and, during the winter, green sea urchin
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(Strongylocentrotus droehbachiensis). There are no official statistics or secondary sources for any of these
species. Jointly, the catch of these species, which varies between years, might represent an additional 2
tonnes per year. These catches will be included in future updates after further evaluation.
Subsistence catches
The catches of capelin (Mallotus villosus) for subsistence purposes appears to have strongly declined in recent
years. To take account of this, the catch of capelin for subsistence purposes was assumed to have declined in
2017 to 20% of its 2010 value. This may still be an overestimate, and this assumption will be revisited in the
next update.
Transition from 2017 to 2018
The catches reconstructed to 2017 were carried forward to 2018 using the semi-automated procedures
outlined in Noël (2020), based on FAO and NAFO landings data to 2018 (Figure 1). Semi-automated
reconstructed catch data will later be replaced by a more detailed, research-intensive update.

Discussion
Saint Pierre et Miquelon continues to be deeply affected by the loss of a large portion of its traditional fishing
grounds and the moratorium on its cod fishery. Despite support from the French government, including
fisheries subsidies, the fishing industry in the region has struggled to recover (Anon. 2016) and focuses today
mostly on sea cucumber Cucumaria frondosa (> 80% of the volume fished). In view of this situation, France
has expressed a strong interest in rebuilding the fisheries sector of Saint Pierre et Miquelon, and many studies
have attempted to offer roadmaps to this effect (Ifremer 2012; Anon. 2016).
The plan to hold a first “France-Canada Congress on Aquatic Sciences”, initially scheduled for late 2020, was
postponed to October 1-5, 2021 due to the COVID-19 pandemic (https://en.aquatic-sciences-congress.com/).
Co-organized by Fabrice Teletchea (born in Saint Pierre et Miquelon) and Daniel Pauly, the France-Canada
Congress on Aquatic Sciences aims to build new or strengthen existing collaborations among colleagues from
around the North Atlantic region around Saint Pierre et Miquelon. Four main themes were selected: Fisheries,
Aquaculture, Citizen Science & Education, and Aquatic Biodiversity. This congress should encourage the
development of sustainable fisheries and aquaculture industries in Saint Pierre et Miquelon, while improving
the understanding and protection of the surrounding marine ecosystems.
One follow-up to this congress will be a detailed re-examination of the present reconstruction of fisheries
catches in light of archival and current documents not available for this update, and direct input from
participating regional experts.
Marine biodiversity protection
France has agreed to protect the biodiversity of Saint-Pierre et Miquelon through the international agreements
of the Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Saint-Pierre et Miquelon has one MPA, Isthme de Miquelon-Langlade, which was designated in 2005, covers
9.6 km2 (Marine Conservation Institute 2020) and protects 0.1% of the EEZ of 12,353 km2 (Bultel and Zylich
2016). This MPA has an IUCN category of IV (UNEP-WCMC and IUCN 2020) and includes the lagoon of the
Grand Barachois, which is of key importance for biodiversity conservation of the area.
The MPA includes seal colonies and seal calving areas, and has additional biodiversity benefits for seabirds
and nearby freshwater habitats (Conservatoire du littoral 2020). Unfortunately, the area is also being
impacted by rising sea levels due to climate change (Conservatoire du littoral 2020).
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Abstract
The catches of the fisheries in the different parts of the Exclusive Economic Zones (EEZs) of the continental
USA, i.e., the Subarctic and Arctic coasts of Alaska, the East Coast, the US Gulf of Mexico coast, and the West
Coast, which had been initially reconstructed for the years 1950 to 2010, were updated to either 2016 (East
Coast, Gulf of Mexico) or 2017 (West Coast, Alaska Subarctic), or directly updated to 2018 (Alaska Arctic).
Where applicable, data were then carried forward to 2018. Since the original reconstruction, the Marine
Recreational Information Program (MRIP) has revised recreational fisheries catch data from 1981 to 2017 due
to changes in their methods of estimating recreational catch. Thus, the revised MRIP data was used to
retroactively correct and update the original reconstructions of recreational catches.

Introduction
The catches of the fisheries in the different parts of the Exclusive Economic Zones (EEZs) of the continental
USA, i.e., the Subarctic and Arctic coasts of Alaska, the East Coast, the US Gulf of Mexico coast, and the West
Coast, which had been reconstructed for the years 1950 to 2010 in several separate studies were updated to
either 2016 (East Coast, Gulf of Mexico) or 2017 (West Coast, Alaska Subarctic), or directly updated to 2018
(Alaska Arctic). Where applicable, data were, then carried forward to 2018. Note that updates of the catch
reconstruction for the State of Hawai’i and the US flag-associated island territories in the Pacific are presented
in White et al. (2020).

Materials and Methods
Alaska (Arctic)
The initial Alaskan (Arctic) catch reconstruction for 1950-2006 was completed by Booth and Zeller (2008),
and embedded in an Arctic-wide context by Zeller et al. (2011). It was subsequently updated to 2010 by Teh et
al. (2015); see also Booth et al. (2016).
For this update, population data for 2011-2018 from the 15 Alaskan communities were obtained from the
Alaska Department of Labor and Workforce Development40. The per capita fish use rate was extrapolated to
2018 using a three-year running average from the previous years (2008-2010). The annual total catch was
estimated by multiplying the total population by the derived per capita fish-use rate for 2011-2018. The sector
and taxonomic breakdowns were applied to the catch using the average of the ratios in 2005-2007 and applied
to catches for 2008-2018.

Cite as: Dunstan, D., G. Tsui, E. Chu, T. Cashion, B. Derrick, B. Doherty, H. Harguth, A. McCrea Strub, W. Figueira L.D.
Jenkins and V. Relano. 2020. Marine fisheries catch reconstructions for the continental USA: update to 2018, p. 144-158.
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).
40 http://live.laborstats.alaska.gov/pop/index.cfm
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Marine biodiversity protection
The USA is a signatory to regional agreements such as the Regional Seas Convention, which also covers Arctic
Alaska. These commitments extend to NGOs and/or public bodies such as the North American MPA Network,
or NAMPAN (Marine Conservation Institute 2020).
Arctic Alaska has one main MPA, the Arctic National Wildlife Refuge, which was designated in 1960 and is
IUCN category IV. Its marine area covers 407 km2 (NOAA 2020), accounting for only 0.08% of the Artic EEZ
of Alaska of 508,814 km2 (Booth et al. 2016).
“With the lack of a comprehensive agreement for marine environmental protection of the marine Arctic, the
cooperation between States under the Arctic Council becomes especially important (Jakobsen 2013). The
marine ecosystems are large and species migrate across maritime zones of different States; and threats to
marine biodiversity and the marine environment are transboundary in nature. This requires that States
cooperate with each other when implementing integrated ocean management to ensure marine environmental
protection. The importance of regional cooperation for protecting the oceans is emphasized in global legal and
political instrument. The Arctic Marine Strategic Plan (2015–2025), which was adopted in 2015, includes
ecosystem-based management as a basic principle (Artic Council 2015). To ensure conservation and
protection of ecosystems and biological diversity, the Arctic Marine Strategic Plan sets out as a strategic action
to develop a pan-Arctic network of MPAs. Following this, the Framework for a Pan-Arctic Network of MPAs
was drafted by an expert group and adopted in 2015” (Jakobsen 2018).
Alaska (Subarctic)
The initial reconstruction of Subarctic Alaska’s marine fisheries catches was completed for 1950 – 2010 by
Doherty et al. (2015) and summarized by Doherty et al. (2016). Since legal foreign fishing was phased out
from Alaska’s EEZ by the Magnuson-Stevens Fishery Conservation and Management Act of 1976, most
recently amended and re-authorized in 2006, only US domestic catches were reconstructed to 2017, then
carried forward to 2018.
Alaska’s subarctic marine waters continue to support large commercial fisheries and important local
subsistence fisheries (Fall et al. 2013; Haynie and Huntington 2016; Okey et al. 1999, 2000). Specifically,
Alaska is home to the largest single-species fishery in the world – a fishery for Alaska pollock (Gadus
chalcogrammus; FAO 2016). Therefore, it is important to understand the marine fisheries removals from this
ecosystem, especially given the rapidly increasing temperatures in the eastern North Pacific (Cheung et al.
2015).
Commercial landings
Alaska’s commercial fisheries landings data were obtained from the National Oceanic and Atmospheric
Administration’s (NOAA) commercial fisheries statistics41. Alaska previously reported their landing by gear
type directly to NOAA, and these data were used to distinguish artisanal sector catches from industrial sector
catches in the original reconstruction. However, information that disaggregated catch by gear type was no
longer available from the NOAA for the 2011-2017 time period. As a result, the average ratio of each species
caught by each sector from 2006-2010 was used to allocate catch of each species to sectors for 2011-2017.

41

https://www.st.nmfs.noaa.gov/commercial-fisheries/commercial-landings/landings-by-gear/index
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Updated reconstruction of select taxa
Rex sole (Glyptocephalus zachirus)
In the original reconstruction (Doherty et al. 2016), catches of Rex sole (Glyptocephalus zachirus) only began
in 1982 and catches were missing between 1998 and 2004. This matched the information that is recorded in
NOAA, which was the basis for the reconstructed catches. However, in the stock assessments of Rex sole in the
Gulf of Alaska (McGilliard and Palsson 2017) and Bering Sea and Aleutian Islands (Wilderbuer and Nichol
2015) published by NOAA, catches from 1982 – 2017 were available. The combined catch from the 2 stock
assessments matches the NOAA reported catch in recent years and have similar trends in catch changes
throughout the time series, but there were major differences in earlier years. These differences in Rex sole
catch between the stock assessments and the NOAA numbers were added to the reconstruction as unreported
landings between 1982–2006 and 2009.
In the stock assessments it was also mentioned that prior to 1994 reported catches of Rex sole were
incorporated in the other flatfish complex instead of as a separate species. The catch presented between 1982
and 1994 in the stock assessments was also based on a ratio taken out of the “other flatfishes” catch that year.
Therefore, the catch of Rex sole was extended to start from 1950 by using the 5-year average ratio (1982 to
1986) of Rex sole in the stock assessment against the reported landings of Pleuronectiformes in the
reconstructions to disaggregate the yellowfin sole catch from catches of Pleuronectiformes between 1950 –
1981.
Yellowfin sole (Limanda aspera)
The amount of Yellowfin sole (Limanda aspera) caught by joint ventures between 1980 to 1990 was available
in the 2017 stock assessments from the Gulf of Alaska (GOA; Turnock et al. 2017a) and Bering Sea and
Aleutian Islands (BSAI; Wilderbeur et al. 2018). This amount of Yellowfin sole was disaggregated from the
Pleuronectiformes catch from the amount of joint venture catches in the original reconstruction.
In the original reconstruction (Doherty et al. 2016), Yellowfin sole catches start at close to 60,000 tonnes in
1978; however, the species has been caught in the Alaskan waters as far back as 1954 (Wilderbeur et al. 2018).
Catches of Yellowfin sole by foreign fleets prior to 1978 are available from the stock assessments. However, as
detailed by Doherty et al. (2016), the reliability of reported flatfish numbers from foreign fleets in early years
were questionable, and as such, catches were not disaggregated.
Flathead sole (Hippoglossoides elassadon)
In the original reconstruction (Doherty et al. 2016), the catch of Flathead sole (Hippoglossoides elassadon)
started in 1991. In the stock assessments from GOA and BSAI, catch amounts of Flathead sole with details on
retention and discard ratios were available since 1964 (Turnock et al. 2017b, McGilliard et al. 2018). However,
as mentioned in the notes on Yellowfin sole above, catches from foreign fleet in the early years were
questionable and were not used. Furthermore, Flathead flounder catches from foreign fleets and joint venture
fisheries are not available separately. Therefore, corrections were made only to domestic catches starting from
1988, when catches were only domestic catches (McGilliard et al. 2018).
The landings and discards of Flathead sole between 1988 and 1990 from the stock assessments were added as
unreported landings and discards to the catch. When comparing the catch in the stock assessments with the
amounts in the original reconstruction, the two catches match, except between 1991 and 1994. To incorporate
this difference, unreported landing and discards were added to the catch series between 1991 and 1994.
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Recreational catches
The number of recreationally caught fishes from the Alaska Department of Fish and Game (ADFG) and
International Pacific Halibut Commission (IPHC) were used to calculate the recreational catch of 2011 – 2017.
The number to weight conversion factors from the original study (Doherty et al. 2015) were used to estimate
live wet weight of the catches per species.
Subsistence catches
Alaska’s subsistence fisheries catches for non-salmon and invertebrate taxa were derived based on the
population of 124 coastal communities and their respective catch rates. Because no census data have become
available since 2010, it was assumed that the trend of population change per community for the 2006-2010
period continued, and this was used to extrapolate the population to 2017. Catch rates were carried forward to
2017 from the 2010 unchanged. For Pacific halibut, subsistence catches from the IPHC for 2011-2017 were
used after conversion to wet (round) weights (Goen and Erikson 2017). Subsistence catch data from the ADFG
(Falls et al. 2019) were used for the salmon taxa for 2011-2016 period. The conversion factors described in the
original study (Doherty et al. 2015) were used to convert the number of salmon caught per year to wet weight.
Data for salmon subsistence catch were not available for 2017 at the time this was written; therefore, in 2017,
the same catch was assumed to have been made as in 2016.
Discards
Discard data were obtained from NOAA’s Alaska regional office for 2011-2017 and was sourced for the
groundfish fishery42. Salmon discard data for 2011-2017 were obtained through a data request to the ADFG.
Although these discards are reported by agencies at the state level, they are not included in the data reported
by the USA to FAO (Garibaldi 2012); hence, they are labelled as internationally unreported data.
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 NOAA landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The USA is a signatory to regional treaties and agreements such as the Regional Seas Convention, which thus
also cover Subarctic Alaska. These commitments extend to NGOs and/or public bodies such as the North
American MPA Network, or NAMPAN (Marine Conservation Institute 2020).
Subarctic Alaska has one MPA and 17 marine managed areas (Table 1). Together, these areas cover 1,329,839
km2 (Marine Conservation Institute 2020), which accounts for 42% of the Subarctic EEZ of Alaska (3,192,294
km2; Doherty et al. 2016).

42
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Table 1. Marine managed areas in Alaska, with areas protected and
designation year.

1

Alaska Maritime National Wildlife Refuge (AMNWR) a)

2

Alaska Seamount

3

Demersal Shelf Rockfish Closed Area - Southeast Alaska

4

Gulf of Alaska Coral (Habitat Protected Area)

5

Gulf of Alaska - Groundfish, Pollock, and Pacific Cod

6

Gulf of Alaska Slope (Habitat Conservation Areas)

Closures b)

Size (km2)

Design.

26,378

1980

18,238

2006

2,257

1997

46

2006

83,741

2000

7,224

2006

17,488

1986

28,199

1986

2,482

1986

11,702

1989

31,040

1981

2,238

1997

2,461

1997

11

Non-Pelagic Trawl Gear Restriction Area - Alaska
Peninsula (Restricted Area)
Non-Pelagic Trawl Gear Restriction Area - Central Gulf of
Alaska (Restricted Area)
Non-Pelagic Trawl Gear Restriction Area - Eastern Aleutian
Islands (Restricted Area)
Non-Pelagic Trawl Gear Restriction Area - Westward Gulf of
Alaska (Restricted Area)
Scallop Closed Areas - Westward Gulf, South Alaska
Peninsula (Closed Area)

12

Shrimp Trawl Fishery Closure - Southeast Alaska (Closure Area)

13

Shrimp Trawl Fishery Closure - Western and Central Gulf of
Alaska (Closure Area)

15

Southeast Alaska Trawl Closure (Closure Area)

180,354

1998

16

Steller Sea Lion Protection Areas, Gulf of Alaska - Atka Mackerel
Closure (SSLPA)

866,191

2002

17

Unalaska Bay Commercial Trawl Closure

n.a.

2016

--

Total area (excluding # 17)

1,283,485

--

7
8
9
10

a)
b)

A small portion of this MPA is within the Arctic’s EEZ
Also known as ‘Steller Sea Lion Protection Areas’

“Although five management categories, ranging from Intensive Management to designated Wilderness, are
used to describe management levels on National Wildlife Refuges in Alaska, only three management
categories; Moderate Management, Minimal Management, and Wilderness are used to describe management
levels on the Alaska Peninsula and Becharof Refuges. A management category is used to define the level of
human activity appropriate to a specific area on a refuge. Management of the Refuges is governed by federal
laws such as the National Wildlife Refuge System Administration Act of 1966 (Refuge Administration Act; 16
U.S.C. 668dd), as amended by the National Wildlife Refuge System Improvement Act of 1997 (Refuge
Improvement Act; P.L. 105-57), and ANILCA [(Alaska National Interest Lands Conservation Act)]; by
regulations implementing these laws; by treaties; by Service policy; and by principles of sound resource
management—which establish standards for resource management or limit the range of potential activities
that may be allowed on the Refuges. The Alaska Coastal Zone Management Act of 1977, as amended, and the
subsequent Alaska Coastal Management Program, as amended, and Final Environmental Impact Statement
(1979) establish policy guidance and standards for the review of projects within or potentially affecting
Alaska’s coastal zone” (US Fish and Wildlife Service 2004).
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East Coast and Gulf of Mexico
The marine fisheries catches of the United States of America’s east coast and Gulf of Mexico were first
reconstructed from 1950 to 2010 by McCrea-Strub (2015) and summarized in McCrea-Strub (2016a, 2016b).
Updated national data from the National Marine Fisheries Service (NMFS-NOAA) has become available and
was accepted as the reported data baseline for 2011-2016.
Commercial landings
The NMFS catch data are disaggregated by state, region and specific gear. NMFS data are assumed to report
both industrial and artisanal landings; therefore, these two sectors were assigned to these catches by matching
gear types with sector. It is important to note that the NMFS reports only non-confidential landings; where
confidential landings occur, they are combined with broader categories such as “finfishes, unc” (unclassified),
and “shellfishes, unc” (NOAA 2009). This became most obvious when approximately 190,000 tonnes of
Atlantic menhaden (Brevoortia tyrannus) appeared to be missing for 2007. The missing tonnage was
retroactively added back in, and the corresponding tonnage of “finfish, unc” was removed to avoid double
counting. Shellfish and bivalves are reported by the NMFS as ‘meat weight’ excluding the shell, and these
landings were converted to live weight including the shell using the standard NMFS conversion factors for
2011-2016.
Unreported landings
The original reconstruction by McCrea-Strub (2015) assumed a 5% ratio of illegal landings in 1980 that
increased to 15% by 2007 because of fishery management plans becoming a requirement and creating a more
restrictive environment. This linear increase in unreported landings was continued forward until 2014, then
held constant at 17% for 2015-2016 for all reported taxa except select species of groundfish, such as Atlantic
cod, which was held constant at 20% for 2015-2016.
Commercial discards
Following the original methods of McCrea-Strub (2015), discards were calculated for 2011-2016 using discard
per reported landings ratio for each taxon and region described by Harrington et al. (2005). The shrimp trawl
discard rates for the Gulf of Mexico and South Atlantic were derived from Harrington et al. (2005) and
applied to the total reported landings of the shrimp trawl gear type. Data from the Transboundary Resource
Assessment Centre (TRAC) were originally used to estimate discards of picked dogfish (Squalus acanthias) in
the Northeast and Middle Atlantic; however, since no recent data were found, a linear interpolation was used
to estimate discard rates from 2010-2016. Stock assessments for butterfish (Peprilus triacanthus) by the
Northeast Fisheries Science Centre (NEFSC) provided detailed discard amounts by year in the Northeast and
Middle Atlantic regions for 2011-2016 (Adams 2018).
Recreational landings
In 2018, the Marine Recreational Information Program (MRIP) completely revised their dataset from 1981 to
2017, which resulted in estimates several times higher than originally presented (NOAA 2018). The revision
was due to the recent transition from the Coastal Household Telephone Survey to the new, mail-based Fishing
Effort Survey, which is considered to be a more accurate method of collecting recreational fishing data.
Because of this revision, reconstructed recreational catch has been completely replaced by the revised MRIP
data from 1981 to 2017. Since an interpolation was done from the last anchor point in 1975 to the first year for
which MRIP reports their data in 1981, a new interpolation was done for the new 1981 estimate.
Some of the data from MRIP provide estimates in numbers of fish rather than by weight; therefore, the
average ratio between weight and individual fish was calculated for each species reported as number of
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individuals caught. This conversion was estimated by taking the sum of the known weights and dividing it by
the sum of the known numbers of fish for each taxon. For taxa without any known weights, the average weight
per fish ratio for the corresponding genus or family was used.

A)

B)

Figure 1. Reconstructed total domestic catch for the USA East Coast (a) and Gulf of Mexico (b) for 1950-2018 by fishing sector.

Recreational discards
The recreational discards were derived from the number of fishes released, as reported by MRIP. Following
the methods of McCrea-Strub (2015), 23 taxa had calculated discards and the remaining taxa were grouped
into ‘marine fishes nei’. Of these 23 taxa with discards, post-release mortality rates were found for many of the
species from Bartholemoew (2005) and Muoneke (1994). An average was taken of these known mortality rates
and applied to the remaining taxa without mortality rates. Since the released fish are assumed smaller than
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those retained (released fish were assumed to be too small to legally keep), a new release weight per fish
species was needed for these 23 taxa. This was determined by using the total discarded weight from
Harrington (2005) and dividing it by the total number of released fishes for each species. The discard amounts
can be calculated using the equation:
Discard amount = (number of fish released)**(weight/fish)*(mortality rate)
The recreational discards of the remaining taxa (all fish species minus the 23 taxa above) used the same
equation and were grouped together as ‘miscellaneous marine fishes’. The mortality rate used for the
miscellaneous marine fish discards was conservatively estimated at half the average mortality rate of the 23
species (7.5%). The release weight per fish species for miscellaneous marine fishes was averaged by region and
year. Only discard tonnages after accounting for post-release survival was used in the reconstructed catch
data.
Transition from 2016 or 2017 to 2018
The catch reconstructed to 2016 or 2017 was carried forward to 2018 using the semi-automated procedure
outlined in Noël (2020), based on NMFS-NOAA landings data to 2018 (Figure 1). Semi-automated
reconstructed catch data will later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The United States of America has agreed to protect biodiversity through the international agreements of the
Ramsar Convention on Wetlands of International Importance, the International Coral Reef Initiative, and the
World Heritage Convention. It is also part of the international network of UNESCO Man and the Biosphere.
The United States of America is a signatory to regional treaties and agreements such as the Regional Seas
Convention. The country’s commitments extend to NGOs and/or public bodies such as the Caribbean MPA
Network (CaMPAM) and the North American MPA Network, or NAMPAN (Marine Conservation Institute
2020).
The regional waters corresponding to the Northeast, the Southeast and the Gulf of Mexico have 5.1%, 1.9% and
2.1% of their respective areas protected by MPAs (Wenzel et al. 2020). “MPAs are not ‘islands’ operating in
isolation from their surroundings. Instead, many are integral components of a complex and dynamic seascape
of physical and ecological processes and management jurisdictions supporting an expanding suite of ocean
uses. […] As a result, MPAs in the U.S. and worldwide are integrated into the fabric of ocean management on
geographic scales that reach beyond their individual local physical footprints, management priorities, or
authorities” (Wenzel et al. 2020).
West Coast
The initial catch reconstruction for the west coast of the United States of America, i.e., the States of California,
Oregon and Washington, covering 1950 to 2010 was performed by Doherty et al. (2015, 2016).
Baseline data
The reported catch component of the reconstruction was taken from the National Marine Fisheries Service
(NMFS-NOAA) online database43 for the states of Washington, Oregon and California for 1950-2017, and
represents the reported data baseline.

43

www.st.nmfs.noaa.gov
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The NMFS also reports at-sea processing for the Pacific hake (Merluccius productus) fishery that was
assumed to take place in the water of Washington and Oregon. The NMFS reports catches by taxa by gear and
these gears were used to assign reported catch by taxon to industrial or artisanal sectors. However, the NMFS
did not provide catch by taxa by gear for 2016 and 2017; thus, to allocate catch to sectors for these years, the
gear ratios of each taxon in 2015 were applied to 2016 and 2017. Shellfish are reported by the NMFS by the
weight of meat (excluding shells), so species-specific conversion factors were applied to shellfish meat to
calculate wet whole weights as described by Doherty et al. (2015). The unreported component of the
reconstruction consists of recreational and discarded catch.

Figure 2. Reconstructed domestic catch within USA’s West Coast by fishing sector for 1950-2018.

Recreational
Recreational catch data were mainly compiled from the Recreational Fisheries Information Network (RecFIN)
database44. Since the original reconstruction was completed, the RecFIN database has been updated for earlier
years; therefore, retroactive changes were made to reconstructed recreational catch for Washington for 2004
onward, Oregon for 2001 onward, and California for 2005 onward. RecFIN data reports by recreational catch
by weight and number of fishes; thus, weights per fish were used to convert numbers of fish to weight in
tonnes for 2011-2017. Additional recreational data were gathered from each state’s Department of Fisheries
and Wildlife and the number of recreational fishing licenses by state available from the US Fish and Wildlife
Service45.
Average catch-per-license was used to reconstruct catch for shellfish species in Washington and Oregon and
red rock crab (Cancer productus) in Washington. Data from the Washington Department of Fisheries and
Wildlife (WDFW) sport catch reports46 and the Oregon Department of Fish and Wildlife47 were used to
estimate salmon catches from the ocean and river systems for 2011-2017, but only the marine component was
used here. The California salmon catch was derived from the Pacific Fisheries Management Council48 for
www.recfin.org
https://wsfrprograms.fws.gov/Subpages/LicenseInfo/Fishing.htm
46 https://wdfw.wa.gov/fishing/reports
47 https://www.dfw.state.or.us/resources/fishing/sportcatch.asp
48 www.pcouncil.org
44
45
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chinook (Oncorhynchus tshawytscha) and Coho salmon (O. kisutch) for 2011-2017. Recreational catch for
Pacific halibut (Hippoglossus stenolepis) was taken from the International Pacific Halibut Commission
(IPHC)49 for 2011-2017. RecFIN presents data on fish that have been released alive; therefore, to calculate how
many fish have died after being released, a species-specific post-release mortality rate was applied for 20112017. The amount of each taxon estimated to have died after release were considered recreational discards for
2011-2017.
Discards
Commercial discards were updated to 2017 using the Northwest Fisheries Science Center’s (NWFSC) report on
discards on the US west coast (Somers et al, 2017). Discarded taxa mainly consisted of rockfishes (Sebastes
spp.) and skates (Raja spp.). Discards from the Pacific hake (Merluccius productus) and Pacific halibut
(Hippoglossus stenolepis) fisheries were calculated based on the ratio of discards to landings determined by
Doherty et al. (2015) and applied to the reported landings of each species for 2011-2017. Discards of Pacific
halibut itself were taken from the IPHC for 2011-2017.
Updated reconstruction for select taxa
Pacific hake (Merluccius productus)
Differences between reconstructed catches of Pacific hake (Merluccius productus) and catches presented for
stock assessment by Edwards et al. (2018) were detected, and missing landings were added to the catch
reconstruction as unreported industrial landings. Gear and state breakdown were maintained at proportions
per year from reported landings.
Pacific Ocean perch (Sebastes alutus)
Reported catches by NOAA and catches from the stock assessment by Hamel and Ono (2011) of Pacific Ocean
perch (Sebastes alutus) matched but were offset by a single year. We have assumed reported catches of this
species were correctly reported by year and added reported catch from Hamel and Ono (2011) for 1949 to
reconstructed data for 1950 to complete the time series. Differences were also detected for 1968 and identified
missing catch were added to the reconstruction.
Yellowtail rockfish (Sebastes flavidus)
Differences were detected between reconstructed landings of Yellowtail rockfish (Sebastes flavidus) and
catches used for stock assessment by Stephens and Taylor (2018). Missing landings and discards were added
to the reconstruction for industrial and recreational catches (Stephens and Taylor 2018). The original gear
breakdown and state breakdown were applied to the additional catches.
Black rockfish (Sebastes melanops)
Unreported landings of Black rockfish (Sebastes melanops) were added based on differences between
reconstructed totals and catches used for stock assessment by Cope et al. (2015). The original gear breakdown
was applied to new landings.
Canary rockfish (Sebastes pinniger)
Unreported landings of Canary rockfish (Sebastes pinniger) by recreational, industrial, and artisanal fisheries
are not reported within the NFMS. In order to include these catches, we subtracted the total amounts per
sector and state in the original reconstruction (Doherty et al. 2015) from the totals reported in table 6 by
Thorson and Wetzel (2016).

49
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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 NMFS-NOAA landings data to 2018 (Figure 2). Semi-automated reconstructed. The
catch data thus updated will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The United States of America has agreed to protect biodiversity through the international agreements of the
Ramsar Convention on Wetlands of International Importance, and the World Heritage Convention. It is also
part of the international network of UNESCO Man and the Biosphere. The United States of America is a
signatory to regional treaties and agreements such as the Regional Seas Convention. Their commitments
extend to NGOs and/or public bodies such as the North American MPA Network, or NAMPAN (Marine
Conservation Institute 2020).
The US West Coast has 5.2% of its waters protected by MPAs (Wenzel et al. 2020). “Most MPAs in the U.S.
have management plans with goals and objectives. However, the diverse range of federal, state, territorial,
tribal, and local MPAs and programs each measure effectiveness differently, making it difficult to derive a
regional or national picture of MPA effectiveness. For example, even within the federal government, MPA
programs use different mechanisms to measure management effectiveness and adapt their management to
environmental, policy, and socioeconomic changes” (Wenzel et al. 2020).
“The U.S. West Coast hosts 293 federal and state MPAs located in some of the nation’s most productive and
heavily used waters. The confluence of whale feeding habitats and heavy shipping traffic led NOAA’s Office of
National Marine Sanctuaries to collaborate with the shipping industry and the U.S. Coast Guard to develop
voluntary vessel speed reductions to limit ship strikes on blue, humpback, and fin whales in seasons of peak
abundance. Additionally, slower speeds reduce ocean noise and decrease greenhouse gas emissions. Managers
of Greater Farallones, Cordell Bank, Monterey Bay, and Channel Islands national marine sanctuaries used
outreach to the shipping industry, annual report cards, and public recognition of successes to generate and
celebrate cooperation among participating shipping companies. A related program, Blue Skies/Blue Whales,
provided modest monetary incentives to companies to reduce vessel speeds, leading to higher levels of
cooperation. This innovative initiative highlights how MPAs can leverage public-private partnerships with key
user groups to enhance the conservation of important natural resources both within and beyond their
boundaries” (Wenzel et al. 2020).

Discussion
Update to the catch reconstruction for the continental USA involved revision of the recreational catch data due
to retroactive changes in the reported recreational catch data. Due to improvements in reporting by national
reporting bodies, we commend the revision in recreational catch data. Retroactive changes to catch data help
to avoid the ‘presentist bias’ caused by improved reporting, which masks the true trend in catches over time
(Zeller and Pauly 2018).
The areas listed above have many similar features. One of the challenges that is shared among most of those
areas is converting the number of fish caught recreationally to catch in live weight. While it is certainly better
to report recreational fisheries rather than assume unreported catch is equal to zero catch (Pauly 2016),
number of fish as a metric of recreational catch prevents this sector from being readily included in catch
statistics by species and hence hampers integration into the data being reported by the USA to FAO, despite
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calls from FAO to include recreational catches (Garibaldi 2012). We have addressed the ‘number of fish issue’
by converting all recreational catches to live whole weight.
Finally, as clearly stated in McCrea-Strub (2016a), the catch database of NOAA is very detailed and extensive,
and the USA is to be recognized for their transparency and public availability of fisheries data in great detail.
This is in stark contrast to data from some other developed countries. Along with the prudent management
and the stock rebuilding policy that are mandated by the Magnuson-Stevens Act, and actually implemented
and enforced, this may enable U.S. fisheries to face the challenge of global warming better than other
countries.
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Catch reconstruction updates for the countries and territories
of Oceania
This group of contributions includes updates to the catch reconstructions of Oceania. Two individual chapters
cover Australia (including Christmas Island and Cocos (Keeling) Island) and New Zealand (including
Kermadec Islands).
Also, this group of contributions includes three regional chapters. The first chapter is titled “Updated catch
reconstructions of Melanesia to 2018” and covers Fiji, New Caledonia, Palau, and Papua New Guinea,
Solomon Islands, and Vanuatu.
The second chapter is titled “Marine catch reconstruction of Polynesia: Update for 2011 to 2018” and includes
the Cook Islands, Federated States of Micronesia, French Polynesia, Kiribati Islands (Line Island, Gilbert
Island, Phoenix Islands), Nauru, Niue, Samoa, Tonga, Tuvalu, and Wallis and Futuna.
The third, titled “Updated catch reconstructions for U.S.-flag associated island areas in the Pacific Ocean to
2018,” covers American Samoa, Guam, Hawaii, Howland and Baker Islands, Jarvis Islands, Johnston Atoll,
Commonwealth of the Northern Marianas Islands, Palmyra Atoll and Kingman Reef, and Wake Island.
Countries of Oceania or territories not included here are the Marshall Islands (covered in Vianna et al. 2020),
Pitcairn Island (covered in Coghlan et al. 2017), Tokelau (covered in White et al. 2018), and Easter Island
covered in Page et al. (2020).
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Abstract
Australia’s marine fisheries catches were originally reconstructed from 1950 to 2010 by mainland
state/territory (including Tasmania), Torres Strait, Christmas Island, Cocos (Keeling) Islands, Heard &
McDonald Islands, Macquarie Island, Lord Howe Island and Norfolk Island. These original reconstructions
have been updated to 2018. National (Commonwealth) and state-level data were utilized as the reported catch
data baseline for Australia, and this baseline was complemented with estimates for unreported catches for
subsistence (traditional) and recreational fisheries, industrial sector discards, and small-scale catches on Lord
Howe and Norfolk Islands. From the 1960s to 1990s, industrial discards were the main contributor to
unreported catches, whilst in recent years the main discrepancy between reported catches and total catches
was due to internationally unreported recreational catches.

Introduction
Australia has a high affinity to marine resources, both traditionally and economically. In 2014 and 2015,
Australia’s commercial marine fisheries generated a catch worth $1.57 billion and comprised 15,000 license
holders (Anon. 2016; Mazur and Curtis 2019). The present study reconstructed Australia’s domestic catches
by collating the reported data from the eight jurisdictions (the Commonwealth, states, and territories),
identifying the unreported components and deriving catch estimates for these unreported components.
Australia has six coastal states (Queensland, New South Wales, Tasmania, Victoria, South Australia and
Western Australia) and one coastal territory (Northern Territory) that are considered the ‘mainland’ in the
present study. Several islands fall under state jurisdiction: Lord Howe Island – New South Wales; Macquarie
Island - Tasmania; Torres Strait Islands – Queensland. There are also four external territories of the
Commonwealth of Australia: Norfolk Island – self-governed from 1979 to 2015; the Heard and Macdonald
Islands – Commonwealth managed; and Christmas Island and Cocos (Keeling) Islands – both of which have
management delegated to Western Australia. States/territories manage most of their fisheries independently;
however, there are several federally managed fisheries, called ‘Commonwealth fisheries,’ which operate in the
EEZ waters associated with one or multiple states/territories.
An initial reconstruction of Australia’s maritime capture fisheries was first undertaken for the 1950 to 2010
period by Kleisner et al. (2015) with several Australian co-authors; see also Kleisner et al. (2016). Kleisner et
al. (2015) did not include the Christmas Island and Cocos (Keeling) Islands which were examined separately
(Greer et al. 2012; Greer et al. 2014).
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The data as made available by individual state/territory or Commonwealth sources were used as the reported
data baseline for local catches in EEZ waters. Where possible, we tried to minimize or avoid the non-sharing of
catch data due to confidentiality rules, by requesting taxonomically or spatially pooled data sets. Emphasis
was thus on optimizing total reported catch amounts rather than optimal taxonomic or spatial details in the
data provided by the various sources. Catches of freshwater taxa, marine mammals, marine reptiles, aquatic
plants and polychaete worms were removed, as these taxa are not considered by the Sea Around Us marine
reconstructions. Commercial (industrial and artisanal) and some recreational fisheries catches were reported,
whilst discards and subsistence (indigenous) fisheries were entirely unreported. We recognize that
state/territory/Commonwealth authorities have access to better and more detailed data; however, as such
data are not publicly available, they cannot be used for the present purposes. We call on all Australian
jurisdictions to continue improving public transparency and open-access of all fisheries data.

Methods
Mainland (including Tasmania)
Subsistence fisheries
Indigenous fishing is here considered as Australia’s “subsistence” catches in global Sea Around Us data
terminology (Zeller et al. 2016). Kleisner et al. (2015) estimated these catches by utilizing a survey on
indigenous fishing in northern Australia that encompassed the states of Queensland, Western Australia, and
the Northern Territory (Coleman et al. 2003). Using the estimated weights of commonly caught taxa, Kleisner
et al. (2015) derived a northern region per capita consumption rate (40 kg·person-1·year-1) and multiplied this
by the northern coastal indigenous population. The coastal indigenous population in the southern regions
(Tasmania, New South Wales, Victoria, and South Australia) was multiplied by a more conservative 20
kg·person-1·year-1.
New state-specific indigenous population data (Anon. 2017) were available to update these catches, but were
not separated by location, i.e., coastal versus inland, and were thus compared to the existing state-specific
subsistence catch as derived by Kleisner et al. (2015) from 2000 to 2010. New state-specific subsistence to
total indigenous population catch rates were derived for each state, and these rates were carried forward with
the existing trends to 2018. The state-specific catch rates were then applied to the total indigenous population
in that state (Anon. 2017) to estimate subsistence catch from 2011 to 2018. Catches for the northern regions
covered by the survey of Coleman et al. (2003), were taxonomically accounted for using the 2010 taxonomic
ratios as per Kleisner et al. (2015), while the subsistence catches for the southern states were assigned entirely
to “marine fishes nei” (marine fishes not elsewhere included) due to an absence of taxonomic data on
indigenous catches in southern states.
Queensland
Reported catch data for Queensland were available by gear type and taxon. Catch amounts listed as “N/A”
were assumed to represent zero catch if the total catch for that year, taxon, and gear type matched the sum of
known catch (Table 1, row 1). However, if the total catch was greater than the sum of the listed catch per taxon,
then any value of “N/A” was assumed to represent “confidential data” and thus the difference between total
catch and sum of catch by taxon and gear (Table 1, row 2). If there were multiple taxa with “N/A” catch, the
catch differential was split equally between them (Table 1, row 3). Both marine and freshwater catches were
reported together, and thus the total reported catch reflected both taxonomic groups. Thus, freshwater catches
were retained in the calculation of “N/A” before being excluded from the final data.
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Table 1. Reported trap landings in Queensland as an example of how “N/A” data
entries were treated in different scenarios. As both marine and freshwater catches
were reported together, freshwater catches were retained in the calculation of “N/A”
before being excluded in the final data.
Calendar
year

Mud
–
crab

Eels

Glass

(freshwater)

eel

Unknown

Total

N/A =

1996

--

53.97

N/A

--

53.97

0

1997

N/A

34.64

0.13

--

35.27

0.5

2005

--

31.14

N/A

N/A

31.28

0.07

Because catches by trawling were frequently not reported at a taxonomic level, i.e., commonly listed as “N/A”,
these catches were reconstructed by subtracting the available taxonomically detailed catch data from the total
catch before the remaining non-taxonomically reported (“N/A”) trawl catch was disaggregated by taxon. All
taxa and catches reported under gear type “collection” were excluded from the reconstruction because these
were deemed to represent the aquarium collection trade, and such catches are not included in catch
reconstruction records at present, since they are not for direct or indirect human consumption (Zeller and
Pauly 2016). Gear disaggregation by taxon was interpolated between 1989 and 2010 and held constant to 2018
using the 2010 split from Kleisner et al. (2015). Future research should improve or revise this assumption.
Recreational fishing surveys were available for Queensland (Taylor et al. 2012; Webley et al. 2015) and
described the number of fish retained by year and taxon. The number of landed fish were converted to weight
using the taxon-specific average weight (available from FishBase; www.fishbase.org) for the “common length”.
If species-level data were not available, the information at genus or family level was used instead but limited to
genera and family members with known biological occurrence in Australian waters. When the “common
length” was not available, it was assumed to equal 0.5 the maximum length as reported in FishBase. The 2010
recreational survey for Queensland (Taylor et al. 2012) listed the taxonomic composition of fishes as
“miscellaneous marine fishes”, and thus the retained number of fish were converted to catch weight by using
the common length and weight information for the taxon with the highest catch amount during the survey,
i.e., barramundi (Lates calcarifer).
Participation rates were determined for Queensland by taking the total number of recreational fishers
recorded for surveys years (Taylor et al. 2012; Webley et al. 2015) divided by the state-level total population in
those years to derive recreational participation rates. The participation rate was then applied to state-level
total population data from 1950 to 2018 and interpolated between the anchor point years (2010 and 2013) to
derive estimates of the annual number of recreational fishers.
Recreational catch rates were determined for Queensland by dividing the total catch in survey years by the
number of recreational fishers recorded for surveyed years (Taylor et al. 2012; Webley et al. 2015). The
recreational catch rates were interpolated between the anchor point years, and the catch rate trend was
maintained for the years after the last survey. The annual number of recreational fishers from 1950 to 2018
were then multiplied by the derived recreational catch rates to estimate catch for years without surveys. The
taxonomic breakdown from the most recent survey (Webley et al. 2015) was adjusted to include 2%
“miscellaneous marine fishes”, with the remaining 98% of each year’s catch assigned to the taxonomic
composition throughout the time series. These data were all considered unreported.
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Western Australia
Western Australia reported data were available by year and to some taxonomic resolution, but were not
disaggregated by commercial sector or gear types. In order to assign catch to sectors, the original ratio from
Kleisner et al. (2015) were applied across the total commercial catch (36% artisanal and 64% industrial).
Future research should improve or revise this assumption. The taxonomic composition of the state data was
maintained when state data were available and applied to the catch tonnages from 1950 to 1999. There were
65 taxa reported with catch of “N/A”. As in the Queensland reported data, these “N/A” catches do not always
represent zero catch due to confidentiality rules. To estimate these catches, we re-proportioned the total catch
to account for these 65 taxa to a combined total of 2% of total catches. This was assumed to be very
conservative, because it includes some significant taxa such as shark and billfish. Future research should
improve or revise this assumption.
Tour (charter) operated recreational fishing trip catches were reported and reconstructed independently from
locally-based recreational catches. Of the catches by tour operators, 290 out of 592 taxa were reported as
catches being “N/A”. To estimate the “N/A” catches, we assumed these 290 taxa accounted for 10% of all fish
landed. Percentages were then re-ratioed to include the 10% of “N/A” taxa and applied to the total fish counts
for the year. Future research should improve or revise this assumption. Average weights for taxa were taken
directly from Smallwood et al. (2018) when possible and otherwise were derived via FishBase, as described
above for Queensland, to convert fish counts to weight. We conservatively assumed tour operations did not
start until 1998.
Locally-based recreational catches were calculated using the same methods as described above for
Queensland, and were retroactively updated back to 1950. Recreational fishing participation rates were
applied to updated population data to estimate the number of annual recreational fishers. The recreational
participation rates were interpolated between the anchor points of 19.5% in 1950-1970, to 34% in 1980, to
26.6% in 1989, to 28.5% in 2000 (Henry and Lyle 2003; Kleisner et al. 2015), to 32% from 2008 to 2012
(Ryan et al. 2013), to 29.6% in 2013 (Ryan et al. 2015), to 31.1% in 2015 (Ryan et al. 2017), and to 25.4% in
2018 (Ryan et al. 2019). Catch rates were applied to the number of recreational fishers to estimate recreational
catch. Catch rates from Kleisner et al. (2015) were used to reconstruct recreational catch for 1950-1989 due to
the later years of available surveys. The reported recreational catches available in surveys (Ryan et al. 2013;
Ryan et al. 2015, 2017; Ryan et al. 2019) were divided by the number of recreational fishers in those years to
calculate anchor point catch rates, which were then interpolated between known years. The first available
recreational survey was in 2011, and it represented lower catches than reconstructed for previous years (Ryan
et al. 2013). However, the Western Australia fisheries survey reports (Ryan et al. 2015, 2017) estimated that
the surveys covered 46% and 54% of all recreational catch. Thus, annual boat-based catches were doubled to
include shore-based fishing.
The taxonomic composition from the 2011/2012 recreational survey was carried back to 1950 (Ryan et al.
2017), and the taxonomic compositions from the 2013/2014 (Ryan et al. 2015), 2015/2016 (Ryan et al. 2017)
and 2017/2018 surveys (Ryan et al. 2019) were used for the corresponding years. Average taxon weights were
taken directly from Smallwood et al. (2018) when possible and otherwise were derived via FishBase, as
described above for Queensland, to convert fish counts to weight. All recreational catches were considered
unreported.
Northern Territories
Northern Territories commercial data were reported to 2018. The catch was disaggregated into sector and gear
type using the ratios from the original reconstruction (Kleisner et al. 2015). For catches of taxa not
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represented in Kleisner et al. (2015), we utilized the breakdown of taxa within the same taxonomic family. If a
given family was not represented at all in the data for the Northern Territories, then the family composition
from a neighboring state (Western Australia or Queensland) was utilized.
The Northern Territories also reported recreational data as number of fish caught in recreational charter
fisheries since 1994. These data were converted to catch weight following the methods described for
Queensland and Western Australia above. The average weight (available from FishBase) was converted to
common length, and weight was therefore estimated using the length-weight relationship. If species-level data
were not available, the information for genus or family level data were used instead. When a common length
was not available, the common length was assumed to equal half the maximum length reported in FishBase.
As barramundi (Lates calcarifer) is caught in both marine and freshwater environments, 25% of recreational
barramundi catches were assumed to have been caught in freshwater (Matthews et al. 2019) and were
excluded from current consideration. These reported recreational charter catches were considered as
additions to local non-charter recreational catches, which were estimated using the same recreational
participation methods as described above for Queensland using state-specific participation rates from West et
al. (2012) and Henry and Lyle (2003).
New South Wales
Catches for New South Wales were provided for commercial fisheries in fiscal years up to 2017/18. Thus, no
full calendar year 2018 data sets were available. Following the original reconstruction by Kleisner et al. (2015),
fiscal year reported data for New South Wales for the 2010-2017 period was divided equally between calendar
years. As reported data were available only to fiscal year 2017/18, the 2018 calendar year catches were
assumed to be the same as for the derived 2017 calendar year. Gear information was not available within the
New South Wales reported data. Thus, the gear breakdown from the original reconstruction (Kleisner et al.
2015) was used. Future research should improve or revise this assumption. Taxa that were not previously
accounted for in Kleisner et al. (2015) were assigned to gear type “unknown”. The sector disaggregation per
taxon was amended to account for more industrial catch because the original breakdown caused a sudden and
unrealistic drop in industrial reported landings with a shift in reported taxa.
Recreational fisheries catches for New South Wales were updated using the recreational participation method
as described above for Queensland, with state-specific participation rates (Henry and Lyle 2003; West et al.
2015). These data were considered unreported.
Tasmania
Tasmanian reported data were available for commercial fisheries from fiscal years 1987/88 to 2018/19.
Following the original reconstruction by Kleisner et al. (2015), the fiscal year data were divided equally into
calendar years for 1988-2018. Broad taxonomic groupings rather than species, genus or family level data were
reported, as such the groupings were disaggregated using the corresponding species, genus and families in
Kleisner et al. (2015) and associated sector and gear breakdowns. Tasmanian authorities should improve the
taxonomic composition of the publicly available data, to increase public transparency and accountability.
Recreational fisheries catches for Tasmania were carried forward using the same methods as described for
Queensland above, with state specific participation rates (Henry and Lyle 2003; Lyle et al. 2014). Recreational
catches for Tasmania were considered unreported data.
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Victoria
Reported commercial catch data for Victoria were not provided by gear type or sector. Thus, the 2010-2014
disaggregation between artisanal (19%) and industrial fisheries (81%) was used (Kleisner et al. 2015).
Interpolation between artisanal and industrial sectoral split was used to disaggregate catch by sector between
1999 and 2010. Existing gear breakdowns were also utilized (Kleisner et al. 2015). Future research should
improve or revise this assumption.
Recreational fisheries catches for Victoria were updated using the same methods as described for Queensland,
with state specific participation rates (Henry and Lyle 2003; Ernest and Young 2009). Recreational catches in
this state were considered unreported in the international context.
South Australia
Catches for South Australia were updated using data from the Australian Bureau of Agricultural and Resource
Economics and Sciences (Mobsby 2018), since no state-specific data were made available to us. The taxonomic
and sectoral disaggregations from the original reconstruction (Kleisner et al. 2015) were used to disaggregate
catch by sector and taxon. Future research should improve or revise this assumption. Due to the family-level
grouping in the reporting of South Australia’s sardine fishery, reported catches of South American pilchard
(Sardinops sagax) were hidden within Clupeidae. Thus, catches of Clupeidae within South Australia was
disaggregated into S. sagax and Clupeidae from 1992 onward using S. sagax catch statistics in Ward et al.
(2017). For any years where Ward et al. (2017) indicated a higher amount of S. sagax caught than South
Australian Clupeidae in the reconstruction, the excess S. sagax catch was considered unreported.
Recreational fisheries catches for South Australia were updated using the methods described above for
Queensland, with state specific participation rates (Henry and Lyle 2003; Giri and Hall 2015). Recreational
catches for South Australia were considered unreported.
We were given to understand that South Australian scientists are in the process of reconstructing their state’s
catches. We look forward to being able to use such data in the future for integration into the global Sea Around
Us database.
Commonwealth managed fisheries
Logbook data were used to update landings data for fisheries managed by the Commonwealth of Australia,
because these data covered a larger number of species and included information on gear type. It should be
noted that logbook data may have errors and inconsistencies in species identification, since logbook entries
are raw and unverified data, and are completed by fishers at sea.
Northern Prawn Fishery (NPF) catch data were available from Laird (2018) and Laird (2019). Data by state
were available for banana (Fenneropenaeus merguiensis), tiger (Penaeus spp.), endeavor (Metapenaeus spp.)
and king prawns (Melicertus spp.) from fiscal years 1994/1995 to 2016/2017 as presented by Laird (2018). In
the subsequent year, Laird (2019) presents total catches by family but not by state for 1970-2018. Following
the original methods in Kleisner et al. (2015), the state-specific fiscal year data by Laird (2018) was divided
equally between calendar years up to 2016. The Laird (2018) state breakdown per prawn family from 1995
onward was used to estimate the ratio of prawns caught in each state from 1970 to 1994, and the 2016 state
breakdown was applied unchanged to 2017-2018. The Laird (2018) state breakdown per prawn family were
applied to the totals presented in Laird (2019) from 1970 to 1994 and 2017 to 2018. The ratio and taxonomic
disaggregation of the NPF bycatch was maintained from Kleisner et al. (2015). This fishery was considered to
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be exclusively bottom trawlers and thus, in line with Sea Around Us gear/sector definitions (Zeller et al. 2016,
Martín 2012), was treated as industrial in nature.
The Coral Sea Fishery (CSF) based in Queensland has artisanal (set gillnets, pots and traps) and industrial
catches. New capture data with some taxonomic resolution were available to fiscal year 2017/18 (AFMA 2019).
Following the original methods in Kleisner et al. (2015), the fiscal year data were divided equally between
calendar years up to 2017. The reported taxonomic groups were disaggregated using the existing taxonomic,
gear and sectoral breakdown in Kleisner et al. (2015). Due to the absence of data for fiscal year 2018/19, the
2018 calendar year catches were assumed to be identical to the 2017 calendar year data. Future research
should improve or revise these assumptions.
The Bass Strait Central Zone Scallop Fishery (BSCZSF) was disaggregated as 70% by Victoria and 30% by
Tasmania and was considered to have minimal bycatch and negligible discards. New capture totals were
available to 2018 (Knuckey et al. 2018). These were incorporated, along with the existing catch breakdown
from Kleisner et al. (2015).
Catches by the North West Slope Trawl Fishery (NWSTF) primarily targeting deepwater prawns and scampi
were assigned to industrial bottom trawl and Western Australia. The Kleisner et al. (2015) discard rates and
taxonomic disaggregation of discarded catches from 2010 were maintained. Future research should improve
or revise this assumption.
The Small Pelagic Fishery (SPF) continues to target Jack mackerel (Trachurus spp.) and other small pelagic
fishes off southern and eastern Australia. The fishery extends south from the border area between Queensland
and New South Wales, along Victoria, Tasmania, South Australia and Western Australia, to just above Perth
on the west coast. Midwater trawl and purse seine were considered to be the primary gears. Catch was ratioed
by state, with 30% in Western Australia, 15% each in New South Wales, Victoria, Tasmania and South
Australia and 10% in Queensland.
The Southern Squid Jig Fishery (SSJF) targets Gould’s flying squid (Notodarus gouldi) with squid jig gear.
Catches were assigned to state, with 10.5% in New South Wales, 68.5% in Victoria, 7.5% in Tasmania, 9% in
South Australia, 4.45% in Western Australia and 0.05% in Queensland.
Western Deepwater Trawl Fishery (WDTF) continues to utilize mainly bottom trawl gears and was assigned
entirely to Western Australia. The Kleisner et al. (2015) discard rates and taxonomic disaggregation of
discarded catches from 2010 were maintained.
The Southern and Eastern Scalefish and Shark fishery (SESSF) has multiple sub-fisheries. The
Commonwealth Trawl Fishery (CTS), operates in the south-east and was split between South Australia (12%),
Victoria (35%), Tasmania (35%) and New South Wales (18%). This undocumented split was based on
abbreviated coastal length ratio available from the Australian Government Geoscience Australia website50.
Future research should determine a more realistic split between states for this fishery.
Another component of the SESSF is the East Coast Deepwater Trawl Fishery (ECDW) which is active near
Lord Howe Island, and was split 70% to New South Wales and 30% to Queensland. The Gillnet, Hook and
Trap fishery (GHAT) is also part of the SESSF. Catch by gillnet was disaggregated between South Australia,
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Tasmania, and Victoria, and catch by hook or pots and traps were split between South Australia, Victoria,
Tasmania, New South Wales, and Queensland. Scalefish and sharks were caught by hook, and only sharks
were caught by gillnet for this fishery. The Great Australian Bight Trawl Sector (GAB) comprises part of the
SESSF, and uses Danish seines, a form of bottom trawling. Catch was assigned 60% to Western Australia and
40% to South Australia.
Trawling on the South Tasman Rise (STR) within the Australian Fishing Zone (EEZ) uses mainly bottom trawl
gear. These catches were assigned 100% to Tasmania. All fishing ceased in this area after 2007 based on an
agreement between Australia and New Zealand.
Eastern Skipjack Tuna (ESTF), Eastern Tuna and Billfish (ETBF), Southern Tuna and Billfish (STBF), Western
Skipjack Tuna (WSTF) and Western Tuna and Billfish (WTBF) Fisheries were all industrial catches of tunas,
billfishes and other highly migratory large pelagic species, and were not considered here. Catches for all large
pelagic fisheries around the world are addressed separately in Coulter et al. (2020).
Offshore island fisheries
The waters around the sub-Antarctic Heard and McDonald Islands host exclusively industrial fisheries which
are managed by the Commission on the Conservation of Antarctic Marine Living Resources (CCAMLR).
National data were used to update the Heard and McDonald Islands reported baseline from 2011 to 2018. The
original baseline for Heard and McDonald Islands used FAO data for 1990-1999 and CCAMLR data from
2000 to 2010 (Kleisner et al. 2015). New CCAMLR data from the statistical bulletin 2019 for subarea 58.5.2 is
now being used as the baseline for the entire time series (CCAMLR 2019).
The main target species in the Heard and McDonald Islands fishery includes Patagonian toothfish
(Dissostichus eleginoides) and Mackerel icefish (Chamsocephalus gunnari) with all other catch considered to
be non-target bycatch. All bycatch is required to be retained by fishery according to the AFMA, but there are
some exceptions. Skates, sharks, jellyfish, and crabs are generally discarded, because they are thought to have
a high chance of survival, do not attract seabirds or marine mammals, or cannot be effectively processed
onboard (AFMA 2013).
The sub-Antarctic Macquarie Island hosts exclusively industrial fisheries, which are managed by the
Australian Fisheries Management Authority (AFMA). Australian boats have been venturing to Macquarie
Island since 1994, and reported data for the Macquarie Island toothfish (Dissostichus eleginoides) fishery
were available for 2011-2016. The CCAMLR data were utilized for 2017-2018 (CCAMLR 2019).
Lord Howe and Norfolk Islands host small populations and are thus home to small local fisheries that go
unreported. Lord Howe Island is home to approximately 400 people who fish for personal consumption (57
kg·person-1·year-1) and sale to tourists (0.5 kg·tourist-1·year-1), based on Environment Australia data (Anon.
2002). Population and tourist arrival numbers were available up to 2015 for Lord Howe Island. As the
numbers were constant from 2013 to 2015, the 2015 catch amounts were then held constant to 2018. Norfolk
Island is also home to a small population who fish for recreation, artisanal and subsistence purposes. These
sectors were split 50:25:25 (Leatherbarrow et al. 2010) and had a combined catch rate of 3 kg·person-1·year-1
(Anon. 2010; Kleisner et al. 2015). As updated population data were not available for Norfolk Island after
2014, the 2014 catch amounts have been kept constant to 2018.
The Torres Strait Islands host a population of approximately 4500 people, the majority of whom identify as
indigenous (ABS 2017). Traditional and commercial fisheries including a large-scale prawn fishery are present
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in these waters. Catches in the Torres Strait Islands are considered within the Queensland state; however, the
Protected Zone Joint Authority (PZJA) is responsible for the management and reporting of these fisheries. The
managed fisheries include the Torres Strait Prawn Fishery (TSPF), Tropical Rock Lobster Fishery (TSTRL),
Finfish Fishery (TSFF), Pearl Shell Fishery (TSPS), Crab Fishery (TSCF), Trochus Fishery (TSTF), Sea
Cucumber (bêche-de-mer) Fishery (TSSC) and the dugong and turtle fisheries. The traditional dugong and
turtle fisheries were not included in this reconstruction because these taxa are among those currently excluded
from the Sea Around Us marine reconstructions (Zeller et al. 2016). The remaining subsistence catches for the
Torres Strait Islands were assumed to be encompassed in the national indigenous subsistence calculations as
described above.
The commercially managed TSPF began in 1974 (TSRA 2020). However, PJZA annual reports reported only
catches by taxon back to 1989 (AFMA 2007). To determine the catches from 1974 to 1988, a time series of the
number of annual licences was determined using license numbers from the annual reports (AFMA 2007,
2008, 2009a, 2009b, 2012, 2014, 2015, 2017a, 2017b) and TSRA (2020). Total catch (t) per license in 1989
was determined and held constant back to 1974. The catch per license was multiplied by the number of
licenses from 1974 to 1988 to determine annual prawn catches, and the 2005 taxonomic breakdown was held
constant from 1974 to 2005. In addition, the TSPF had catch data up to 2018 presented in Turnbull and
Cocking (2019) which were also included. All catches were assumed to be industrial. A discard rate of 39.6%
(Kleisner et al. 2015) was applied to annual catches because no new information on discarding was available.
The taxonomic composition from Kleisner et al. (2015) was forward-carried to 2018.
Annual catches for the TSTRL fishery were available for 1978 – 2018 from PJZA annual reports (AFMA 2007,
2008, 2009a, 2009b, 2012, 2014, 2015, 2017a, 2017b), Plagányi et al. (2010) and Plagányi et al. (2019). The
TSTRL fishery began in 1967 with 3 licenses (Pitcher et al. 1997), increasing to 164 licenses in 1982. Similar to
the TSPF, the annual catch per license in 1982 was determined. It was held constant back to 1967 and
multiplied by the number of vessels each year to estimate the TSTRL fishery catch from 1967 to 1982. During
1980-1986 TSTRL was caught from trawls as well as hand collection or diving. Catches from the trawls were
considered reported industrial and all catches from hand collection or diving were considered reported
artisanal.
The TSFF is comprised of two components: the reef line fishery and the Spanish mackerel (Scomberomorus
commerson) fishery. The reef line fishery mainly targets coral trout (Plectropomus spp.) due to their high
value, although they catch small numbers of other species (AFMA 2017a, 2017b). Due to limited catch
information of these other species, only catches of coral trout were considered in this reconstruction. The reef
line fishery began in 1966, and the coral trout species targeted included P. leopardus, P. maculatus, P.
areolatus, and P. laevis (Williams et al. 2007). Annual catches from 1966 to 2000 were available from
Williams et al. (2007), 2001-2014 from PJZA annual reports (AFMA 2007, 2017a, 2017b) and 2015-2018 from
Patterson et al. (2016; 2018; 2019). Industrial Spanish mackerel catches from 1989 to 2017 were available
from the Queensland Government’s 2017-2018 stock assessment (Anon. 2018) and 2017 catches were held
constant to 2018.
According to TSRA (2020), fishing for bêche-de-mer, sea cucumber, has occurred since 1860. However, there
was limited information on commercial sea cucumber fisheries until 1996. Sea cucumber fisheries often occur
in boom-and-bust cycles (AFMA 2017b). Therefore, to remain conservative, sea cucumber catches in this
reconstruction were assumed to begin in 1996, when commercial fishing data are available. Catches from 1996
to 2001 were provided by Skewes et al. (2004), 2002 to 2011 by PJZA annual reports (AFMA 2007, 2008,
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2009a, 2009b, 2012) and 2012 to 2018 by Patterson et al. (2016; 2018; 2019). All catches were considered
artisanal and reported.
The Pearl Shell Fishery has been operating in the Torres Strait since the 1900s, primarily targeting pearly
oyster, Pinctada maxima (O’Brien and Colgan 1995). Although there was limited information on the fishery,
numbers of shells caught were reported for 1950-1967, 1969, 1971, 1972-1985, 1990 and 1992 from O’Brien
and Colgan (1995) and from the PJZA annual reports from 2005 to 2018 (AFMA 2007, 2008, 2009a, 2009b,
2012, 2014, 2015, 2017a, 2017b). Catches between known years were interpolated. However, this can be
considered a rough estimate, because the pearl fishery has often followed a boom-and-bust cycle and thus
should be investigated further. To convert the number of shells to whole weight in tonnes, the common length
of P. maxima from SeaLifeBase (www.sealifebase.org) was determined. Information on the length-weight
relationship for P. maxima was unavailable, so the length-weight relationship for P. margaritifera, a species
with similar distribution, was used from Galtsoff (1931). All catches were considered artisanal and reported.
The Crab Fishery (TSCF) and Trochus Fishery (TSTF) catches were available from PZJA annual reports
(AFMA 2007, 2008, 2009a, 2009b, 2012, 2014, 2015, 2017a, 2017b).
Discards
Discards were updated for the industrial sector only for all states and fisheries from 2010 to 2018. The
Kleisner et al. (2015) discard rates and taxonomic disaggregation of discarded catches for 2010 for each
industrial state and industrial commonwealth fisheries were maintained. Since completing the update, new
data sources for state-specific discards, e.g., Western Australia’s Kimberley Prawn Managed Fishery, were
shared with us from collaborators. This new discard information will be incorporated into the next catch
reconstruction update. Heard and Macdonald, Lord Howe, and Macquarie Islands did not have any associated
mortality-causing discards throughout the entire time period.
Marine biodiversity protection
Australia (including Tasmania) has agreed to protect its biodiversity through the international agreements of
the Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the
Ramsar Convention on Wetlands of International Importance, the International Coral Reef Initiative and the
World Heritage Convention. Australia is a signatory to regional treaties and agreements such as the Regional
Seas Convention. It is also part of the international network of UNESCO Man and the Biosphere (Marine
Conservation Institute 2020).
“The Australian Government has power to pass legislation to implement those treaties and has done so
through the Environment Protection and Biodiversity Conservation Act 1999 (EPBCA). […] Multiple
provisions protect the Great Barrier Reef and link the EPBCA to the Great Barrier Reef Marine Park Act 1975.
The object of the Great Barrier Reef Marine Park Act 1975 is to provide for the conservation and protection of
the Great Barrier Reef Region. The Act establishes the Great Barrier Reef Marine Park and the Great Barrier
Reef Marine Park Authority whose functions include making recommendations and providing advice to the
relevant Minister, undertaking investigations and making zoning and management plans. […] In Tasmania,
the National Parks and Reserves Management Act 2002 (NPRMA) provides for the declaration of protected
areas on land, defined as including land under the sea” (Wescott and Fitzsimons 2016).
Australia has 1,357 MPAs and 51 marine managed areas, which jointly cover 3,248,400 km2 (Marine
Conservation Institute 2020), corresponding to 51% of the EEZ of 6,369,270 km2 (Kleisner et al. 2016).
“Although Indigenous people have applied traditional marine management and customary laws since ancient
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times […], contemporary marine protected area (MPA) legislation first emerged in Australia just over 50 years
ago” (Wescott and Fitzsimons 2016).
“Australia has an advanced marine protected area legislative framework, however, with the evolving threats to
the ocean environment, effectiveness of current laws must continually be examined. One of the regulatory
challenges, in a federation such as Australia, is the fragmentation of the legal landscape across the eight states
and territories. This is in part an historical legacy and can allow different jurisdictions to address localized
issues. However, given the interconnectedness of the marine environment and many activities within it, it is
important that legal protections and management approaches do not differ unnecessarily across
anthropocentric politico-legal boundaries. […] Promoting the harmonization of statutes, where appropriate, is
one way to enhance the quality of conservation and management of Australia’s overall marine environment”
(Yin and Techera 2020). “[…] marine protection may be achieved through a combination of tools in different
pieces of legislation. Given the existing web of laws and policies, the way forward perhaps lies in better
integration: ensuring there is a more comprehensive and coordinated approach. What is needed is a coherent
framework if both fisheries resources and biodiversity outcomes are to be achieved for the benefit of overall
marine health” (Wescott and Fitzsimons 2016).
Catches outside the Australian EEZ
The total reported catches for Australia’s EEZ as assembled here were compared to the total catches as
reported by the FAO on behalf of Australia for FAO areas 81(Southwest Pacific), 71 (Western Central Pacific)
and 57 (Eastern Indian Ocean). Any excess FAO reported catch, i.e., reported catch not included in state or
Commonwealth reporting statistics as outlined and summarized in this report, was assumed to occur outside
of Australia’s EEZ (Zeller et al. 2016), and was assigned to “marine fishes not elsewhere included” (Figure 1).

Figure 1. Australia’s marine fisheries 1950-2018, by fishing area. “Islands” consists of two islands under state jurisdiction; Lord Howe
Island – New South Wales and Macquarie Island – Tasmania, and two external territories of the Commonwealth of Australia, Norfolk
Island and the Heard and Macdonald Islands.

Christmas Island
Since completing the original reconstruction to 2010 (Greer et al. 2012; Greer et al. 2014), see also Greer et al.
(2016a), new census data were released by the Australian Bureau for Statistics (ABS) and were utilized to
update the catches presented here. To update catches in the Christmas Island EEZ, new information on the
number of boats operating in the Christmas Island Line Fishery (CILF) was used to re-estimate industrial
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catch in the late 2000s. We maintained the assumption that individual boats were active for 100 days per year
with a catch rate of 30 kg·day-1 (Greer et al. 2012). Christmas Island population data from the 2011 Australian
Census (ABS 2011) were used to carry forward small-scale catch. We maintained the conservative assumption
that 60% of the population were engaged in small-scale fishing and interpolated the 2000 consumption rate of
25 kg·person-1·year-1 forward to 21 kg·person-1·year-1 in 2017, assuming the decline in fresh fish in mainland
Australia was representative of a decline in Christmas Island.
The small-scale sector breakdown of artisanal (25%) was maintained, whilst recreational catches continued to
increase from 20% in 2010 to 22% in 2018, and subsistence sector catches declined the reciprocal amount.
The small-scale taxonomic breakdowns were conserved from Greer et al. (2012) (Figure 2). The large-scale
taxonomic breakdown was changed to 94% pelagic species, with 80% of that being wahoo (Acanthocybium
solandri), 10% Yellowfin tuna (Thunnus albacares), 5% Scombridae and 5% Common dolphinfish
(Coryphaena hippurus). The remaining 6% of the total industrial catch was assigned to Deepwater longtail
red snapper (Etelis coruscans) (Newman et al. 2015). However, large-scale pelagic catches are now covered in
Coulter et al. (2020).

Figure 2. Domestic marine fisheries catches in the Christmas Island EEZ waters from 1950-2018 by fishing sector.

Marine biodiversity protection
Australia has agreed to protect the biodiversity of the Christmas Islands through the international agreements
of the Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Most of the land in Christmas Island is dedicated to the National Park (63%) and the mine lease (14%)
(Director of National Parks 2014). The Christmas Island National Park is a commonwealth reserve managed
by the Director of National Parks under the Environment Protection and Biodiversity Conservation act 1999
(Director of National Parks 2014). The marine part of this reserve (from coast to 3 nm) covers 2.1 km2
(Director of National Parks, 2014), corresponding to 0.0007% of the EEZ of 327,992 km2 (Greer et al. 2016).
“The Territory’s waters (to 12 nautical miles) are managed in accordance with any applied Western Australian
Fisheries laws, which may be applied in the marine part of the park by the Director to the extent they can
operate concurrently with the EPBC Act, Regulations and this plan. The Department of Fisheries undertook
extensive community consultation from 2006 to 2011 and (at the time this plan was prepared) Christmas
Island specific recreational fishing rules were being progressed to legislation. The fishing rules aim to
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recognize the island’s unique nature and the strong cultural links and subsistence reliance of the community
on the marine resources, whilst raising awareness of the need for sustainable fishing. As part of the
Department of Fisheries management arrangements, two commercial fishing operators are permitted to fish
in Christmas Island’s Territorial waters (excluding the park’s waters as commercial fishing is not permitted
[…]). These operators primarily target a range of pelagic finfish species including tuna (Thunnus spp.) and
wahoo (Acanthocybium solandri), and some demersal species such as ruby snapper (Etelis carbunculus)”
(Director of National Parks 2014).
“The multitude of governance arrangements in the Christmas and Cocos provinces may make it difficult to
plan and implement marine reserve protection, however it increases the risk of biodiversity loss. Following an
investigation into the extinction crisis occurring in the terrestrial environment at Christmas Island, a
government-assigned expert working group identified that both the level and complexity of governance
arrangements was a major hindrance to management actions aimed at conserving biodiversity (Beeton et al.
2010). The expert group made a high priority recommendation that environmental governance be changed to
a single authority. The Australian Government rejected this recommendation” (Hobbs 2014).
“The shallow marine environment surrounding Christmas Island is extremely limited due to the steep
submarine topography and, this combined with its geographic isolation and small size, limits the diversity of
the shallow marine species present. […] Further development on Christmas Island is likely to increase fishing
pressure on pelagic species, increase the risk of eutrophication, and may lead to physical alteration of the
coastal environment to accommodate increased vessel activity. In addition, increased vessel traffic increases
the risk of marine pollution including the introduction of exotic marine species from release of ballast water,
which again highlights the need for enhanced quarantine protection for both marine and terrestrial
environments” (Beeton et al. 2010).
Cocos (Keeling) Islands
Since completing the original reconstruction to 2010 (Greer et al. 2012; Greer et al. 2014), see also Greer et al.
(2016b), new census data were released by the Australian Bureau for Statistics (ABS) and were utilized to
update the catches presented here. For small-scale fisheries, the population size of Cocos (Keeling) Island was
obtained from the 2011 Census (ABS 2011). The original population trend was replaced for 2007-2011 by a
new linear interpolation between the 2006 and 2011 census anchor points. The population size was
extrapolated forward to 2018 using the same rate as for 2011-2016. The small-scale catch was estimated using
the same assumption of 115 kg·person-1·year-1 as in the original reconstruction, and the sector breakdown was
maintained at 90% subsistence and 10% artisanal (Greer et al. 2012) (Figure 3). Future research should
improve or revise these assumptions.
Recreational catches were estimated using the same methods as in Greer et al. (2012). The annual average
hotel occupancy rates were obtained from ABS to determine the weekly number of tourists, and each tourist
was associated with 25 kg of recreationally caught fish during his/her stay. Since annual average hotel
occupancy rates were unable to be obtained from 2015 forward, the number of weekly tourists were
interpolated from 5130 in 2014 to 7502 in 2018, based on the 40% increase indicated in Anon (2019). Future
research should improve or revise this assumption.
Industrial catch was assumed to equal 20 tonnes per fishing license issued, and the number of fishing licenses
were retroactively changed to 1 for 2008-2010 due to new information from the State of the Fisheries reports
by Newman et al. (2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015). Following Sea Around Us conventions
regarding aquarium fisheries, we continued to exclude catches of fish taken for the aquarium trade.
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Figure 3. Domestic fisheries catches in Cocos (Keeling) Island EEZ waters from 1950-2018 by fishing sector.

Marine biodiversity protection
Australia has agreed to protect the biodiversity of the Cocos (Keeling) Islands through the international
agreements of the Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
The Cocos (Keeling) Islands’ MPAs cover 26 km2 (UNEP-WCMC and IUCN 2020), contributing to 0.0056% of
the EEZ of 467,229 km2 (Greer et al. 2016). The main MPA present in these waters is the Pulu Keeling
National Park (North Keeling Island which is remote from the main atoll), designated in 1995 and the
Commonwealth's smallest National Park; (Department of Agriculture, Water and the Environment 2014). “[It]
has a number of unique features, including an internationally significant seabird rookery and an historic ship
wreck. North Keeling Island is significant to studies of island biogeography because of its evolution in isolation
and it continues to be a site of scientific research” (Marine Conservation Institute 2020). The 2004
Management Plan states that “for the next seven years, Pulu Keeling National Park will be managed to
preserve its flora, fauna and marine environment, whilst providing controlled visitor access. Although tourism
infrastructure may develop on the southern atoll outside the National Park, this Management Plan will ensure
that the park's pristine condition is maintained” (Department of Agriculture, Water and the Environment
2014).
“The reason why the Christmas and Cocos provinces have the least protection is because they have been
omitted from the NRSMPA [(Australia’s National Representative System of Marine Protected Areas)]
planning process. This begs the question as to why these two provinces are not part of the Australian
Government’s management plans for conserving marine biodiversity” (Hobbs 2014).
The little protection found in these Australian Islands stems from different ecological and conservation issues
in the islands, such as the accumulation and lack of management of the large quantities of plastic found along
their coastlines. From a survey in the islands, “debris on the beach surface, buried, and beach-back vegetation,
[was estimated] 414 million anthropogenic debris items, weighing 238 tonnes, currently deposited on the
Cocos (Keeling) Island group. Of the identifiable items, ~25% were classified as disposable plastics, including
straws, bags, and toothbrushes. Debris buried up to 10 cm below the surface is estimated to account for 93%
(~383 million items) of all debris present on Cocos, the majority of which (~60%) is comprised of microdebris (2–5 mm)” (Lavers et al. 2019).
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Results and Discussion
The update of Australia’s marine fisheries catch reconstructions encompassed data from 1950 to 2018 for the
mainland states/territory (Queensland, Northern Territory, Western Australia, New South Wales, Tasmania,
Victoria and South Australia), islands under state jurisdiction (Lord Howe Island, Macquarie Island and the
Torres Strait Islands, Christmas Island and Cocos (Keeling) Islands), and island territories (Norfolk Island
and the Heard and Macdonald Islands). With the availability of new reported and secondary sources of data,
the original reconstructions for Australia, Christmas Island and Cocos (Keeling) Islands were updated to 2018,
and partially replaced back to 1950 where possible.
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Abstract
The marine fisheries catches for New Zealand and the Kermadec Islands were originally reconstructed from
1950 to 2010, and have since been updated to 2018. National data were utilized as the reported catch data
baseline, and this baseline was complemented with estimates of unreported landings and discards. The
artisanal sector was the main contributor to unreported catches until 1968, after which the industrial sector
started contributing more to the unreported catches from both landings and discards.

Introduction
An initial, preliminary reconstruction of fisheries catches within the EEZ of New Zealand was completed to
2010 by Simmons et al. (2015); see also Simmons et al. (2016). Tilney et al. (2017) raised concerns about this
preliminary reconstruction, and we investigate these concerns in the present update to 2018.
The New Zealand Ministry of Primary Industries (MPI) established a Quota Management System (QMS) in
1986, with a stated aim to better manage and report on fisheries, especially common target and bycatch
species within New Zealand’s EEZ. Legally, fishers must report all catches (landed or discarded) of QMS
species and estimate the discarded amount of non-QMS species.
Monitoring of fishing vessels occurs via a subset of in-person on-board observers and cameras. Due to these
legal requirements, Tilney et al. (2017) assumed that the reports produced by MPI are accurate. However, we
emphasize that the anonymous informants who provided personal communications to the investigations
undertaken by Simmons et al. (2015) provided strong evidence for estimates of catches that were hidden from
monitoring, including high grading, and extensive discarding that was never reported, and thus would be
considered illegal.
Due to the sensitivity surrounding hidden catch, under-reporting, and high grading, Simmons et al. (2015)
followed the internationally well-established journalistic protocol to protect the identity of these sources, all of
whom were directly and intimately familiar with the issues they provided information on. In these cases, this
was viewed as potential “whistle-blower” situations. Similar confidentiality measures also had to be taken in
the case of Baltic Sea fisheries (Rossing et al. 2010; Zeller et al. 2011). Thus, although Simmons et al. (2015)
cannot publicly identify these sources, the consistency of the information provided by several independent
sources is extremely valuable and should be viewed as credible. This does not negate the existence of
uncertainty in associated estimates.
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Methods
New Zealand main islands
With national data available to the first quarter of 2019, we updated the reconstruction of New Zealand’s
catches to the end of calendar year 2018. As New Zealand reports fisheries data by financial year (1-October to
30-September), we applied an adjustment factor to adjust the catch amounts to calendar year. As monthly
catch amounts were not available to us, we assumed equal catch spread per calendar quarter, and thus
adjusted catch per annum by 25% of the previous year’s catch and 75% of the listed year. This assumption does
not consider seasonality of fishing, but can be corrected in the future with public release of monthly data or a
clear summary of monthly or quarterly percentage catches by MPI.
We cross-checked the taxonomic names previously utilized in the reconstruction and aligned the new dataset.
The adjusted national data were compared to the reported FAO data, and for years where the FAO data were
higher, we added a reported invisible ratio as per Simmons et al. (2015) original methods. These invisible
reported landing ratios were 1.3% in 2016 and 1.7% in 2017.
As per Simmons et al. (2015), we assumed that 70% of large tunas and billfishes (albacore, bigeye, Pacific
bluefin, Southern bluefin, skipjack, yellowfin tunas, and swordfish) were caught by industrial large pelagic
fisheries. These data were excluded here, as all industrial catches for large pelagic taxa are addressed
separately in Coulter et al. (2020). The remaining 30% of large pelagic taxa were assumed to be taken by
domestic small-scale fisheries, and retained in the present data.
Since 2016, due largely to Simmons and Stringer (2014) and Stringer et al. (2014; 2016a; 2016b) and the
associated public response, to fish legally in New Zealand waters, vessels must be New Zealand flagged,
registered in the New Zealand Fishing Vessel Register and follow New Zealand rules and laws51. However, we
considered some leniency in the implementation, and estimated some continued foreign catch from foreign
charter vessels during this time. We interpolated between the 2013 values for foreign fishing with a 90%
reduction by 2016. We further reduced foreign catch to 5% of 2013 values for 2018. From 2016, we treated all
foreign catch as unreported catch within New Zealand’s EEZ. Future investigations should review and
reconsider this assumption.
We maintained the taxonomic composition of unreported landings from Simmons et al. (2015) for commercial
sectors (artisanal, industrial); however, we reduced the ratio of unreported landings since 2016 under the
assumptions that the reduction in foreign vessels due to the ban may have reduced the under- or nonreporting rate identified by Simmons et al. (2015), and that there were additional resources applied to
monitoring domestic vessels. We calculated discards on the total landed catch (reported plus unreported) for
both the domestic and the substantially reduced foreign commercial fisheries. We maintained the Simmons et
al. (2015) discard rates as 46% for foreign industrial fisheries, 20% for domestic industrial fisheries and 5%
for artisanal fisheries. Note the discard rate is higher than that reported by the MPI, as it includes estimates of
illegal and unreported discards not captured by the MPI monitoring system.
Simmons et al. (2015) estimated recreational catch as a ratio of the commercial snapper and kahawai
(Australian salmon, Arripis trutta) catch in Quota Management Area 1 (QMA1). We interpolated between the
2012 anchor point value in Simmons et al. (2015) to the same ratio of reported commercial snapper and
kahawai catch in QMA1 for 2018.
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We maintained the assumptions in Simmons et al. (2015) that the subsistence catch was equivalent to 4% of
the estimated recreational catch for Māori customary fishers, plus a small amount (1% of the estimated
recreational catch) for take-home or amateur catch. These fisheries we maintained as fully unreported. We
continued the existing taxonomic breakdown from Simmons et al. (2015), but with the exclusion of orange
roughy (Hoplostethus atlanticus) as suggested by Tilney et al. (2017).
Retroactive corrections
In this update, we adjusted the New Zealand unreported commercial catch for 1972-1982, where a large spike
was present in the original reconstruction and unreported landings reached up to 84% of reported New
Zealand catches. Because Simmons et al. (2015) did not specifically address this, we linearly interpolated the
unreported ratio for both New Zealand commercial sectors (artisanal and industrial) between 1971 and 1983 to
eliminate this likely artificial data spike. We also adjusted the discards accordingly.
Furthermore, we found evidence that three species occurred in catches earlier than the existing reconstruction
suggested. Catches have been reported for ribaldo (Mora moro) since 1975, rather than the reconstructed start
in 1983; cosmopolitan rubyfish (Plagiogeneion rubiginosum) since 1983, rather than 1991; and white warehou
(Seriolella caerulea) since 1970, rather than 1979 (MPI 2006a, 2006b, 2008). We interpolated these catches
from zero in their respective new ‘start’ year (1975, 1983, 1970) to the existing reconstructed catches in 1983
for ribaldo, 1991 for cosmopolitan rubyfish, and 1979 for white warehou, respectively. Since bycatch species
were unlikely to drop to zero within a catch time series, we interpolated the gaps for these. Gap interpolations
were estimated for southern hake (Merluccius australis) from 1955-1958 and 1967-1972 and for white
warehou in 1981.
Marine biodiversity protection
New Zealand has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance and the World Heritage Convention. New Zealand is a signatory to
regional treaties and agreements such as the Regional Seas Convention and Natura 2000 (Marine
Conservation Institute 2020).
New Zealand has 541 MPAs and 50 marine managed areas, which jointly cover 17,622 km2 (Marine
Conservation Institute 2020), i.e. 0.5% of the EEZ of 3,479,752 km2 (Simmons et al. 2016).
There are four types of MPAs in New Zealand and territories: type 1, which are no-take areas; type 2, which
offer benthic protection restricting all commercial and recreational fishing activities that potentially impact
benthic habitats; special Management Areas (SMA), where no commercial fishing but certain recreational
fishing is allowed); and community co-management areas like the Ahu Moana or Mana Whenua (Marine
Conservation Institute 2020). Moreover, there are also tools traditionally used in New Zealand to conserve
and manage marine resources such as Taiāpure-local fisheries (area of special significance to an iwi or hapū
because of source of food or for spiritual or cultural reasons), Mātaitai (where commercial fishing is
prohibited) and rāhui (a temporary closure of an area) (Marine Conservation Institute 2020). “Māori play an
important role in the establishment and management of many of these areas. However, in general the
legislation that addresses marine protection is disjointed and there are important gaps in coverage. Attempts
to reform the legislation have not yet succeeded” (Mossop 2020).
“In 2011, an assessment was made of the areas managed by all tools in New Zealand's Territorial Sea, to
inventory the existing marine reserves (Type 1 MPAs) and also determine which other tools met the MPA
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protection standard and could be considered to be Type 2 MPAs (Department of Conservation and Ministry of
Fisheries 2011)” (Department of Conservation. 2012).
“Aotearoa NZ's first no-take marine reserve was established in 1975 at a site adjacent to the University of
Auckland's Leigh Marine Laboratory. The reserve was established under the Marine Reserves Act 1971 to
preserve marine life for scientific study. The decision to establish a marine reserve under the Marine Reserves
Act 1971 is made by the Minister of Conservation with concurrence from Ministers of Transport and Primary
Industries. Historically, many of New Zealand's marine reserves resulted from single applications, with little
consideration of alternative sites or management measures to provide for marine biodiversity protection or
tangata whenua and/or community aspirations for marine protection. Although the Marine Reserves Act has
remained largely unchanged since 1971, the purpose of marine reserves and other MPAs has evolved both
socially and politically since that time” (Davies et al. 2018). An example of this type of planning is the
Aotearoa marine reserve, which has developed into a more collaborative MPA implementation, partly due to
the instrumental support provided by the MPA Policy in 2005 and the associated implementation guidelines
in 2008 (Davies et al. 2018).

Figure 1. The marine fisheries catches of the New Zealand main islands for 1950-2018, by fishing sector, with discarded catches by all
sectors presented separately. Discards occur in both artisanal and industrial sectors, while no discards were estimated here for the noncommercial sectors. The non-commercial sectors consist of both recreational and subsistence catches, but were too small to show
separately. The overlaid black line refers to the officially reported data.

Kermadec Islands
The uninhabited Kermadec Islands are located 800 km north of New Zealand’s North Island. There is
relatively little fishing in the waters around the Kermadec Islands, as documented in a catch reconstruction
which covered 1950 to 2010 (Zylich et al. 2012, 2016). This documents how the domestic catch data were
updated to 2019 (Figure 2).
Baseline data
Domestic reported catch data were obtained from the New Zealand Ministry of Fisheries website for fishing
operations within the Kermadec Islands fisheries management area (FMA10) for fiscal years 2011-2012 and
2015-2019. Fiscal years in New Zealand run from October 1st to September 30th. Thus, fiscal year catch data
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were converted into calendar year by combining 75% of the listed year and 25% of the following year for each
reported taxon. This assumption does not consider seasonality of fishing, but can be corrected in the future
with release of monthly data or a clear summary of monthly or quarterly percentage catches by MPI.
New Zealand used both industrial longlines and pelagic trawls in Kermadec waters. However, based on Zylich
et al. (2012), all catches in this update were assumed to be from pelagic trawlers. In the absence of data for
2013 and 2014, these years were assumed to have the same very low catch as the year 2012; however, this
needs to be confirmed in future updates. Given the remoteness and uninhabited nature of the Kermadec
Islands, undocumented fishing by foreign fleets may be a possibility. Future research should investigate this
possibility carefully.
Marine biodiversity protection
In 2015, the Kermadec Islands EEZ was proposed as an ocean sanctuary (MfE 2015) on the basis of
biodiversity information to which the Sea Around Us contributed (Palomares et al. 2012). However, these
plans have been delayed.
The Kermadec Islands are part of New Zealand, which has agreed to protect biodiversity through the
international agreements of the Convention on Biological Diversity (Aichi), the United Nations Convention on
the Law of the Sea, the Ramsar Convention on Wetlands of International Importance and the World Heritage
Convention. New Zealand is a signatory to regional treaties and agreements such as the Regional Seas
Convention and Natura 2000 (Marine Conservation Institute 2020).
Kermadec has two MPAs: Kermadec Islands Marine Reserve (a no-take area designated in 1990) and the
Kermadec Benthic Protection Area (prohibiting trawling of the sea floor, but not offering protection in the
water column; this was designated in 2007). These areas jointly cover 476,950 km2 (Marine Conservation
Institute 2020), contributing to nearly 77% of the EEZ around Kermadec, which covers 621,764 km2 (Zylich et
al. 2016). There is an Ocean Sanctuary proposed in 2016. Approval for the sanctuary awaits a second reading
in the N.Z. Parliament. If it were established, it would cover the entire EZZ. “It includes the world’s longest
chain of underwater volcanoes and the world’s second deepest ocean trench at over 10 kilometres” (Ministry
for the Environment 2019).
The sanctuary will have the same category of protection as the Kermadec Islands Marine Reserve (IUCN Ia).
However, the following activities might be allowed (subject to regulation): exchanging ballast and marine
discharges from ships, yachts and submarine cables (Ministry for the Environment 2019). “During the select
committee process, submissions for and against the creation of the sanctuary came from three main interest
groups: conservation groups, iwi and fisheries companies. Among these groups three main issues were
identified. These were: whether the proposal extinguished property rights; whether the proposal was a
sustainability measure; and the inability to claim compensation. […] However, there was in fact no
consultation with industry stakeholders or iwi on the proposal to establish the sanctuary (Fisheries Inshore
New Zealand 2016, p.26). The government only engaged with iwi after Cabinet had made the decision. Te Ohu
Kaimoana, who manage Mäori fishing quotas, were advised by telephone the evening before the government’s
announcement of the intention to establish the sanctuary (Te Ohu Kaimoana Trustee Limited 2016, p. 16).
Attempts to engage with government following the announcement were unsuccessful. A letter sent to the
prime minister seeking the opportunity to work towards a marine protection initiative that would meet the
needs of government, iwi and the seafood industry was declined by the minister for the environment
(Fisheries Inshore New Zealand 2016, p. 30)” (Love 2017).
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Figure 2. Domestic (New Zealand) fisheries catch in the Kermadec Islands EEZ from 1990 to 2019 by major taxa, with ‘others’
accounting for 84 additional taxa.
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Results and Discussion
The reconstruction update of New Zealand’s marine fisheries catches encompassed catch from 1950 to 2018,
and also included some modifications and corrections of earlier data. With the availability of new reported
data and secondary sources of data, the original reconstruction was corrected back to 1971. Discards peaked in
1990 and seem to have declined considerably since (Figure 1).
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Figure 1. New Zealand’s marine fisheries catches for 1950-2018, by fishing sector landings and sector combined discards.
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Discards occur in both artisanal and industrial sectors, while no discards are associated with the noncommercial sector. The non-commercial sector consists of both recreational and subsistence catches, but they
were too small to show separately here. The overlaid dashed line refers to the officially reported data.
Landed catches seemed to also have peaked in the 1990s, with industrial catches declining more strongly
thereafter, while recreational and subsistence catches were dwarfed by the large artisanal and industrial
fisheries (Figure 1).
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Abstract
The initial marine catch reconstructions for island entities in Melanesia were completed independently and
covered the years 1950 to 2010. As documented in this contribution, these reconstructions were updated to
2018 for Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, New Caledonia, Palau, Papua New Guinea,
Solomon Islands, and Vanuatu. Domestic fisheries in the Melanesian region play a vital role in local food
security. However, as they are primarily small-scale fisheries, their catches have tended to be underestimated
in most official statistics. Data from governmental and independent studies were applied to complement those
reported by the Food and Agriculture Organization of the United Nations (FAO), and allowed us to
conservatively account for unreported domestic fishing in Melanesia. Descriptions of the methods used to
reconstruct catches are presented in EEZ-specific sections.

Introduction
Small-scale fisheries, such as those generating the domestic catches of islands in Melanesia, are generally
difficult to monitor and therefore often underrepresented in catch statistics (Zeller et al. 2015). The underestimation of small-scale fisheries, which play a vital role in food security and tradition in Melanesia, is slowly
being addressed (Pauly and Charles 2015) through studies and catch reconstructions such as those presented
here. The original marine catch reconstructions for the Exclusive Economic Zones (EEZs) of island entities in
Melanesia, including Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, New Caledonia, Palau, Papua New
Guinea, Solomon Islands, and Vanuatu were completed independently by a variety of authors and covered the
years 1950 to 2010; here, they are updated to 2018, based on data published by the Food and Agriculture
Organization of the United Nations (FAO) and other secondary data sources.
Industrial fisheries for large pelagic species in these waters, mainly managed by the Western and Central
Pacific Fisheries Commission (WCPFC), were addressed in a separate study by Coulter et al. (2020), and are
excluded here. Descriptions of the methods used to reconstruct catches are presented in country-specific
sections.

Materials and Methods
Federated States of Micronesia
The marine fisheries of the Federated States of Micronesia were reconstructed for 1950-2010 by Vali et al.
(2014, 2016); here, we document how this reconstructed catch was updated to 2018.
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Fisheries in Micronesia were divided into large- and small-scale fishing sectors. Large-scale industrial fishing
largely targets tuna and other large pelagic species and was excluded from this reconstruction, because it is
addressed in a separate study (Coulter et al. 2020).
Human population data
Subsistence and artisanal per capita catch rates were determined by interpolating between the 1950 anchor
point from Vali et al. (2014), the 1999 and 2014 anchor points from Gillett (2016) and discussions with incountry experts. The per capita catch rate was extrapolated to 2017 based on the interpolated rate between
1999 and 2014. These per capita catch rates by sector were applied to population data for the Federated States
of Micronesia. Population data was taken from the World Bank52 for Micronesia and compared to population
data from national censuses. Since the national censuses weren’t performed every year, the annual population
numbers were linearly interpolated between census years. After comparing the World Bank and national
census population data, the World Bank data was used because it was more conservative. The per capita catch
rates for each sector were applied to the population data to calculate total annual artisanal and subsistence
catches independently of FAO data.
FAO baseline data
This reconstruction was concerned only with the small-scale fisheries sectors in Micronesia. Therefore, taxa
identified as large pelagics, including tuna (Katsuwonus pelamis, Thunnus albacares, T. obesus and T.
alalunga), blue marlin (Makaira mazara), black marlin (Istiompax indica), striped marlin (Tetrapturus
audax) and swordfish (Xiphias gladius) were removed from the FAO baseline data prior to use here as the
reported data baseline. These large pelagic catches are addressed separately in Coulter et al. (2020). The FAO
reported catch data for the taxonomic categories ‘Indo-pacific swamp crabs,’ ‘Tropical spiny lobsters,’
‘Octopuses, etc., nei,’ ‘Trochus shells,’ and ‘Natantian decapods’ were assumed to be all subsistence catch. The
annual totals for each category were subtracted from the calculated annual subsistence catches. The FAO taxa
‘Marine fishes nei’ was assumed to be artisanal and annual catches were subtracted from the annual artisanal
catches. However, when FAO catches for ‘Marine fishes nei’ were greater than the calculated artisanal catches,
the remainder was assumed to be reported subsistence catches and subtracted from the remaining calculated
subsistence catches. From 2007 - 2018 the ‘Marine fishes nei’ catches were higher than our total catch
estimates. Therefore, following previous work by the Sea Around Us, we assumed that the remainder of the
‘Marine fishes nei’ catches were from distant water fleets, and they were not considered in this catch
reconstruction. Future research will need to carefully reconsider these assumptions.
State breakdown
The Household Income and Expenditure Survey (HIES) (FSM Office of Statistics 2014) determined the
number of people involved in fishing labour as either a main or secondary activity in each state. This was
divided by the total number of people participating in fishing as a main and/or secondary activity. This
proportional state breakdown was applied to the artisanal and subsistence catch estimates to determine
catches in each state.
Taxonomic breakdowns
Subsistence sector
Since there was no new information available on changes in the taxonomic composition of subsistence catches
by state or over time, the subsistence taxonomic breakdown from Cuetos-Bueno et al. (2012) was held
constant for the subsistence sector.
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Artisanal sector
In the state of Pohnpei, Rhodes et al. (2018) determined the taxonomic breakdown in 2006 and again in 2015.
We interpolated the proportion of each taxa between these anchor points and then held the 2015 composition
constant to 2018. Houk et al. (2018) examined the artisanal fishery changes in Guam from 1985 - 2012. Since
no taxonomic information was available for FSM as far back as 1985, we applied the taxonomic composition in
Guam in 1985 as an anchor point and interpolated between 1985 and 2006. No taxonomic information was
available prior to 1985 so that taxonomic breakdown was held constant from 1950-1985.
Houk et al. (2011) found the state of Yap had no significant difference in catch composition from Pohnpei so
the same taxonomic breakdown as Pohnpei was applied to Yap.
Houk et al. (2017) determined the taxonomic composition for Kosrae in 2014, which was held constant to
2018. Since this was the only taxonomic information specifically for Kosrae, Houk et al.’s (2018) breakdown
for Guam in 1985 was applied and held constant back to 1950, and Rhodes et al.’s (2018) breakdown for 2006
was used as an anchor point. Interpolation between these anchor points in 1985, 2006 and 2014 was used to
determine the taxonomic breakdown over time in Kosrae.
Cuetos-Bueno et al. (2018) determined the taxonomic composition for Chuuk in 2012, which was held
constant to 2018. Since this was the only taxonomic information specifically for Chuuk, Houk et al.’s (2018)
breakdown for Guam in 1985 was applied and held constant back to 1950, and Rhodes et al.’s (2018)
breakdown for 2006 was used as an anchor point. Interpolation between these anchor points in 1985, 2006
and 2012 was used to determine the taxonomic breakdown over time in Chuuk.
Artisanal gear
Artisanal gear breakdowns by state were taken for Pohnpei and Yap from Houk et al. (2011), from Houk et al.
(2017) for Kosrae, and from Cuteos-Bueno et al. (2018) for Chuuk. These gear breakdowns are summarized in
Table 1.
Table 1. Proportion of each gear type applied to artisanal catches by state for the Federated States of Micronesia.
Sea Around Us

Reference gear type

gear type

Proportion of catch by gear type in each state
Pohnpei

Yap

Kosrae

Chuuk

Hand or tools

Night-time spearfishing

0.75

0.8

0.65

0.86

Gillnet

Gillnet fishing

0.05

0.1

0.15

0.03

Artisanal gear

Shallow bottom fishing

Small-scale lines

Hook and line

Unknown

Unknown

0

0

0.11

0.11

0.2

0.1

0

0

0

0

0.09

0

Marine biodiversity protection
The Federated States of Micronesia have agreed to protect their biodiversity through the international
agreements of the Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of
the Sea, and the World Heritage Convention. They are also a signatory to regional treaties and agreements,
such as the Regional Seas Convention, and are part of the international network of UNESCO Man and the
Biosphere (Marine Conservation Institute 2020).
“Both the Micronesian Fisheries Authority and the national Fisheries Section of DEA maintain direct contact
on technical issues with regional and international organizations dealing in fisheries. Policy and other matters
are managed in the first instance through the Department of External Affairs. FSM is a member of the
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Secretariat of the Pacific Community (SPC), the South Pacific Forum Fisheries Agency (FFA) and the South
Pacific Regional Environmental Programme (SPREP)” (FAO 2002).
The Federated States of Micronesia have four MPAs and three marine managed areas. The MPAs are the
Nahmwen Na Stingray Sanctuary, the Orloluk Sanctuary Rumung Marine Conservation Area and the Federal
States of Micronesia Marine Protected Area. The marine managed areas are: The Atoll UNESCO-MAB
Biosphere Reserve, the Federated States of Micronesia Shark Sanctuary and the Utwe UNESCO-MAB
Biosphere Reserve.
These areas cover 81,086 km2 (Marine Conservation Institute 2020), corresponding to 2.71% of the EEZ of
2,992,415 km2 (Vali et al. 2016). In 2014, the Federated States of Micronesia passed legislation to protect
sharks and become part of the Micronesia Regional Shark Sanctuary together with the Northern Mariana
Islands, FSM, Guam, Kiribati, Nauru, Palau, and the Marshall Islands. This sanctuary is nearly the size of the
European Union (Marine Conservation Institute 2020). Clearly, enforcement remains a major challenge.
Fiji
Fiji’s marine fisheries catches were reconstructed for 1950-2010 by Zylich et al. (2012), see also Zylich et al.
(2016). Here, we document how this reconstructed catch was updated to 2017, then carried forward to 2018.
Subsistence and artisanal fisheries
Gillett (2016) estimated that in 2014, 16,000 tonnes were landed from the subsistence fisheries and 11,000
tonnes were landed from the artisanal fisheries. These estimates by Gillett (2016) were divided by population
data from the World Bank (2018) to estimate a subsistence catch rates of 18.1 kg ·person-1·year-1 and an
artisanal catch rate of 12.4 kg·person-1·year-1. The catch rates derived by Zylich et al. (2012) for 2007 were
interpolated to the catch rates derived for 2014 and the 2014 catch rate was carried forward to 2017. The catch
rate time series was then multiplied by the population (World Bank 2018) to estimate catches from the
subsistence and artisanal fisheries from 2008 to 2017. In cases where the reconstructed catch totals were
higher than the totals reported by the FAO, the differences were assumed to be unreported catches. The
unreported landings were disaggregated into the taxonomic composition outlined in Zylich et al. (2012).
Shark fisheries
Reported shark landings commenced in 2011, and, given that these landings were also included in WCPFC
(2018), we assumed these relate to the industrial large pelagic fisheries which is covered in Coulter et al.
(2020). Thus, these catches were excluded here.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Fiji has agreed to protect its biodiversity through the international agreements of the Convention on Biological
Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on Wetlands
of International Importance, the International Coral Reef Initiative and the World Heritage Convention. It is
also a signatory to regional treaties and agreements such as the Regional Seas Convention (Marine
Conservation Institute 2020).
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Fiji has 138 MPAs, which jointly cover 12,007 km2 (Marine Conservation Institute 2020), i.e., less than 1% of
the EEZ of 1,281,700 km2 (Zylich et al. 2016). Fiji has no marine managed areas, although it has ‘locally
managed marine areas’ (FLMMAs). “The unique nature of marine resources in the iqoliqoli [(inshore marine
area)] contributed to the formation of Fiji Locally Managed Marine Areas (FLMMAs) (FLMMA 2015).
FLMMA is a network of government, non-government and community partners linking villages with formal
and informal marine management efforts (Govan et al. 2009; Aalbersberg et al. 2005). Accordingly, success of
FLMMAs pays close attention to resource users being involved in MPA design, implementation and
enforcement (Chirico et al. 2017). In line with MMAs, Fiji's National Green Growth Framework and the
National Biodiversity Strategies and Action Plan (NBSAP) (Ministry of Environment 2007) provide key
linkages between national policy objectives and strategies to support an MPA network (Yap et al., 2016)” (Ison
et al. 2018).
“The marine ecosystem and fisheries play a central economic and social role in Fiji (Gillett 2016) worth more
than FJD2.6 bill (USD $13.04 bill) per year (Yap et al., 2016)” (Ison et al. 2018). A study from March to
October 2017 documented the extent and scale to which ‘Marine Conservation Agreements’ (MCAs) between
tourism operators and indigenous, resource owning communities are used in Fiji, and their contribution to
biodiversity conservation and fisheries management. More than half of operators (69.1%) interviewed had
been involved, were involved, or were becoming involved, in some form of MCA, focused on temporary or
permanent no-take Marine Protected Areas (MPAs). MCAs are in place in Fiji with implied and not formal or
explicit conditionality, they contribute to natural resource management and should be counted in global
biodiversity targets” (Mangubhai et al. 2020).
Republic of Kiribati (Gilbert, Phoenix, and Line Islands groups)
The reconstruction of Kiribati’s marine catches was completed for 1950-2010 by Zylich et al. (2014); see also
(Zylich et al. 2016a, 2016b, 2016c). The update of these reconstructions to 2017 are documented, along with
their carry forward to 2018. Landings data from the FAO were utilized as the reported data baseline.
Tuna and associated fisheries
Although the Western and Central Pacific Fisheries Commission (WCPFC) releases annual reports on the
status of tuna catches in Kiribati, artisanal catches have not been estimated since 2010. Since the
reconstructed estimate of artisanal tuna catch in 2010 was lower than the artisanal estimate by the WCPFC,
the reconstructed value was accepted to remain conservative, and artisanal tuna catch values were carried
forward from 2010 to 2017. Despite not addressing industrial tuna fisheries in this update (see Coulter et al.
2020), pole and line tuna landings data from the WCPFC (2016) Statistical Yearbook for 2015 were used to
estimate the amount of baitfish used. The amount of baitfish was estimated for 2011-2017 using the tuna to
baitfish ratio of 20.23:1 determined by the original reconstruction (Zylich et al. 2014).
Coastal fisheries
Artisanal export fisheries were reconstructed for 2011-2017 using the original method of Zylich et al. (2014).
Retroactive changes were made to the reported marine molluscs for 2008-2010, because these were
retroactively changed in more recent FAO data. Since the completion of the reconstruction by Zylich et al.
(2014), a new estimate of coastal catch in Kiribati’s waters has been released by Gillett (2016). Using these
new data, along with population data from the World Bank (2018), a new consumption rate of 172 kg per
person per year was calculated for 2014. The consumption rate was derived from an estimate of coastal catch
in 2007 (Gillett 2009) in Zylich et al. (2014) and was linearly interpolated to the new consumption rate in
2014. Landings were updated for 2008-2017 by multiplying the new consumption rates by the updated
population data. Tuna landings and artisanal exports were subtracted from the total estimated catch
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consumed by Kiribati’s population to calculate remaining small-scale landings for domestic use. The 2010
ratio of Island EEZ, sector and taxa were held constant and assigned to reported landings.
Unreported landings
Because updated population data for the Phoenix Islands group was unavailable, the population was assumed
to remain stable at 24 persons for 2010-2017. The calculated consumption rates for 2008-2017 as described
above were applied to this population to estimate the subsistence catch of the Phoenix Islands. This catch was
subtracted from the total estimated unreported catch, and the remaining catch was divided between the
Gilbert Islands and Line Islands groups. The ratio split of catch between each island group and between
fishing sectors was conserved from the original reconstruction (Zylich et al. 2014). Catch composition for the
unreported landings from 2008 to 2017 was calculated by averaging the FAO reported catch from 2008 to
2014.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Republic of Kiribati (Gilbert, Phoenix, and Line Islands groups) has agreed to protect its biodiversity
through the international agreements of the Convention on Biological Diversity (Aichi), the United Nations
Convention on the Law of the Sea, the Ramsar Convention on Wetlands of International Importance and the
World Heritage Convention. It is also a signatory to regional treaties and agreements such as the Regional
Seas Convention (Marine Conservation Institute 2020).
The Republic of Kiribati has 21 MPAs and two marine managed areas which jointly cover more than 400,000
km2 (Marine Conservation Institute 2020) and correspond to 11.6% of the combined EEZ of 3,437,130 km2
(Zylich et al. 2016a, 2016b, 2016c). One of the largest MPAs in these waters is the remote Phoenix Islands
Protected Area, which was designated in 2006 with 99% of this EEZ as a no-take area, specifically to protect
sharks and coconut crabs (Marine Conservation Institute 2020).
Even though “local community members are overall aware of the significance of resource conservation, they
do not always support or participate in conservation projects. Indeed, the local community members’
motivation to participate in such projects are influenced by various factors, including their status in a
household or community, village practices, the quality of community leadership, and their past experiences
with similar projects. Our research also finds that community members become unsupportive with
conservation projects when their daily livelihood activities are restricted by the projects” (Teuea and
Nakamura 2020).
There are some other indirect activities, apart from wastewater discharges or coastal development, that boost
marine ecosystems degradation and activities such as fishing. An example is “the 30% increase in the price of
copra, which resulted in a 32% increase in copra labor and a 38% increase in fishing labor. Households with
the largest amount of land in coconut production increased copra labor the most and households with the
smallest amount of land in coconut production increased fishing the most. Our ecological data suggests that
increased fishing labor may result in a 20% decrease in fish stocks and 4% decrease in coral reef-builders”
(Reddy et al. 2014).
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Marshall Islands
The Marshall Islands marine fisheries catches were first reconstructed to 2010 by Haas et al. (2014, 2016).
These catches were updated to 2017 by Vianna et al. (2020), and carried forward using the method of Noël
(2020) and FAO data to 2018. Artisanal catches were reconstructed using anchor points from Gillett (2009,
2016), while trochus and sea cucumber catches were reconstructed independently using FAO (2019)
commodity trade and MIMRA (2014) production data and conversion factors. Subsistence catches were
estimated by per capita demand and human population data, and recreational catches by tourist catch rates
and number of tourists.
Marine biodiversity protection
The Marshall Islands have agreed to protect biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar
Convention on Wetlands of International Importance and the World Heritage Convention. They are also a
signatory to regional treaties and agreements such as the Regional Seas Convention (Marine Conservation
Institute 2020).
The Marshall Islands have 16 MPAs and three marine managed areas, which jointly cover 8,047 km2 (Marine
Conservation Institute 2020), corresponding to 0.4% of the EEZ of 1,992,020 km2 (Haas et al. 2016).
Some of the MPAs with the largest no-take areas in these waters are the Rongelap (designated in 2002 with
2,787 km2 of no-take area), the Bikini conservation area (designated in 2006 with 2,032 km2 of no-take area),
the Ailinginae (designated in 2002 with 1,024 km2 of no-take area) and the Rongerik (designated in 2006 with
1,002 km2 of no-take area) (Marine Conservation Institute 2020). On the other hand, it seems that most of the
marine managed areas lack a management plan (Kobayashi 2018).
“The fisheries management has changed dramatically over the years. In the past it was managed by traditional
means, directed by chiefs in the form of ‘Mo’ areas. ‘Mo’s’, or taboo areas were set apart as reserves for
harvesting food, while conserving a food resource, as a way of living in harmony with the environment
(RMIBiodiversityProject 2000). This tradition has been lost but recently local people started asking the
support of the national agencies – such as the Environmental Protection Agency and the Marshall Islands
Marine Resource Authority – in order to regulate harvesting of resources in their atolls through reintroduction of the traditional fishing restriction zones. The Marshallese people believe the reactivation of a
‘mo’ would ensure natural resources not to be depleted while at the same time create a necessary sanctuary to
safe guard areas for future generations (RMIBiodiversityProject 2000).
Nauru
The original reconstruction of Nauru’s marine catches was completed for 1950-2008 by Trujillo et al. (2011),
see also Trujillo et al. (2016), and updated to 2010 by Zeller et al. (2015). Here it was corrected back to 1999
and updated to 2018 by utilizing new secondary data and information sources. Nauru’s fisheries are mainly
subsistence in nature, with a few commercial activities which are active mostly on a part-time basis and with
fish catches sold only if there is a surplus after subsistence needs (Gillett and Tauati 2018).
Estimates of total subsistence and artisanal catch for 1999, 2007, and 2014 by Gillett (2016) were accepted as
total catch and were interpolated for each sector between each anchor point year. These catches were then
extrapolated to 2017 using existing trends and updated population data (IMF 2017; Nauru Bureau of Statistics
2017).
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Unreported catch components were derived by subtracting the values as reported by the FAO from the total
catch estimated for artisanal and subsistence. Nauru’s two known longliners have not operated since the mid2000s (FAO 2019); thus, it was assumed that there have been no domestic industrial catches since that time.
The catch reconstructed to 2017 was carried forward to 2018 using the semi-automated procedure outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Nauru has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi). However, there are no MPAs reported in its EEZ of 308,500 km2 (Trujillo et al.
2016), and it seems there are no protected areas in Nauru, neither on land, nor in the sea (UNEP-WCMC and
IUCN 2020).
“The state of Nauru has a very negative history of socio-ecological impacts of phosphate mining” (Clifford et
al. 2019). “By the beginning of the twenty-first century, phosphate deposits on Nauru had been exhausted, and
the lack of viable economic alternatives led to the nation agreeing to Australia’s ‘Pacific Solution’ deal”
(Edisson-Cogan and Allon 2019). This deal made Nauru, as one commentator put it, “Australia’s dumping
ground for refugees” (Doherty 2016). “For most of the 20th century, the resources of Nauru were depleted to
support the economic growth of Australia and New Zealand” (Gale 2019). There have been huge ecological
consequences affecting Nauruans and refugees, the latest also being in direct contact with harmful materials
such as asbestos. Asbestos, now considered a threat to human health with short-term effects of immediate
toxicity and the long durée of epigenetic change, was extracted in Nauru for decades because of Australian
interest fueled by their housing boom (Eddison-Cogan and Allon 2019).
The long history of resources exploitation, colonialism and human rights violations in Nauru may be the cause
for the absence of biodiversity protection.
New Caledonia
The reconstruction of marine fisheries catches for New Caledonia from 1950 to 2007 was completed by Harper
et al. (2009), and was updated to 2010 by Harper et al. (2016). Here, we describe how these catches were
updated to 2017, then carried forward to 2018.
Data reported by the FAO were utilized as the reported data baseline, and retroactive changes made to the
FAO baseline data are reflected in the update.
Subsistence and artisanal fisheries
No recent population estimates by province were available. Therefore, total population estimates for 2016
from the Secretariat of the Pacific Community (SPC), Statistics for Development Division (Anon. 2016) were
divided into province population numbers based on the last year of province population estimates from the
2011 annual report, which was based partly on data from the national statistics body (ISEE 2012). Estimates
for 2010 were re-calculated based on these anchor points. The 2015 statistics for the declared commercial
production compiled by the Direction des Affaires Maritimes (DAM 2015) included various reef-lagoon fishes
which came directly from the provinces from the reports of the professional fishers; however, no data were
found for updating the catches of coastal subsistence and recreational fisheries. Thus, the 2010 catch rates for
subsistence and recreational fisheries were applied to population per year for 2011-2017.
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Since the Dupont et al. (2004) study, fisheries officials have not observed substantial changes in coastal
fisheries catches, but the total value of the declared reef and lagoon catches has increased (Gillett 2016).
Subsistence catches were updated for each province by multiplying the interpolated population of North
Province, South Province, and Loyalty Islands for each year by the 2014 subsistence catch rate for each
province as described for 1991-2007 in the original reconstruction (Harper et al. 2009). Eighteen tuna
longline vessels had license to fish in 2018, catching up to 3000 tonnes (WCPFC 2019). However, these data
are not included here, since industrial tuna catches are covered in Coulter et al. (2020).
Sea cucumber fishery
A large difference in reported catches of sea cucumbers (145%) between FAO data versions 2014 and 2016 was
observed for the year 1983; thus, the artisanal catches for this year were updated. One domestic vessel was
reported to fish sea cucumbers from 2004-2018, catching between 4.5 and 16.5 tonnes annually (Léa Carron,
Service de la pêche et de l'environnement marin, New Caledonia, pers. comm. May 2020). Sea cucumbers
were also targeted by up to 37 illegal foreign vessels between 2016 and 2018, but most of these illegal fishing
vessels have been seized (Léa Carron, pers. comm.).
Recreational fishing
Data collected and published by the Institute of Statistics and Economic Studies (ISEE) of New Caledonia
(ISEE 2017) showed an increase in tourist arrivals in 2015 (114,000 visitors compared to 107,000 visitors in
2014); however, no published data were available to determine its impact on recreational fishing in the
country (McNeil 2014). In addition, the government of New Caledonia established four new Marine Protected
Areas in 2018 (Marine Conservation Institute 2019).
The 2009-2010 average per capita rate of recreational fishing in tonnes per person per year calculated by
Harper et al. (2016) was applied to 2011-2016.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The government of France and New Caledonia have agreed to protect the biodiversity of New Caledonia
through the international agreements of the Convention on Biological Diversity (Aichi), the United Nations
Convention on the Law of the Sea, the Ramsar Convention on Wetlands of International Importance and the
World Heritage Convention. It is also a signatory to regional treaties and agreements such as the Regional
Seas Convention (Marine Conservation Institute 2020).
New Caledonia has six MPAs which jointly cover 91% of the EEZ of 1,422,596 km2 (Harper et al. 2016). Efforts
to protect New Caledonian waters date back to 1970, when a lagoon area was declared a marine reserve
(Claudino-Sales 2019). In 2008, some marine sites/clusters were designated as World Heritage Sites. In 2014,
when the governments of France and of New Caledonia decreed the creation of a ‘Coral Sea Natural Park’,
which encompasses the entire EEZ of New Caledonia, they aimed at the protection of its of ecosystems and
preservation of cultural heritage that they represent (Marine Conservation Institute 2020).
Within the waters of this Natural Park, the president of New Caledonia, through the approval of the Decree on
the management plan 2018-2022, committed to give full protection to 2% of the country’s EEZ in 2018. Some
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of the Coral Sea Park regulations are: prohibition of shark fishing and turtle and whale hunting; limitation and
monitoring of ships; and gathering information on catches and prohibition of towed gear such as trawls,
seines, dredges, trolling lines (Marine Conservation Institute 2020). The sharing of powers between various
territorial authorities with different mandates has led to difficulties regarding the implementation of this MPA
(Payri et al. 2019), which are far from being resolved.
Palau
Palau’s marine fisheries catches were originally reconstructed for 1950-2008 by Lingard et al. (2011), updated
to 2010 by Lingard et al. (2016), and have since been updated to 2016 utilizing national data on human
population estimates, number of annual visitors, and average length of stay of visitors.
The resident population data obtained from the national census showed a noticeable 12% decrease from 2005
to 2012 that was associated with the increase in emigration (Republic of Palau 2013). After 2012, the
population slightly increased. This increase was associated with an influx of foreign workers migrating to
Palau (Appanaitis 2014). Following the original reconstruction methods (Lingard et al. (2011), tourist data
were converted into full-time visitor equivalents (i.e., the product of number of annual visitors and average
length of stay), which were added to the resident population.
Subsistence and artisanal catches
The per capita fish consumption rate was calculated for 2014 by using Gillett (2016) catch estimates of an
estimated 865 tonnes of artisanal catch and 1250 tonnes of subsistence catch, and dividing this catch total by
the total population, which resulted in a 2014 per capita consumption rate of 108.7 kg·person-1·year-1. This
consumption rate was held constant to 2016 and was multiplied by the total population to derive the estimated
total seafood demand. The 2010 fishing sector breakdown of 88.2% artisanal and 11.8% subsistence from
Lingard et al. (2011) was applied to the reported miscellaneous fish category. Reported subsistence catch was
derived from 11.8% of reported miscellaneous fishes, and unreported subsistence catch was calculated from
the difference between total seafood demand and total FAO reported landings. Total artisanal catch was the
total FAO reported landings minus reported subsistence catches.
Industrial catch
The Palau National Marine Sanctuary Act was enacted in 2015 to develop the domestic fishing industry and
eliminate foreign commercial fishing in most of Palau’s waters (Gruby et al. 2017). However, remaining tuna
catches are covered in Coulter et al. (2020).
Transition from 2016 to 2018
The catch was reconstructed to 2016 and was carried forward to 2018 using the semi-automated procedure
outlined in Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will
later be replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Palau has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on
Wetlands of International Importance, the International Coral Reef Initiative and the World Heritage
Convention. It is a signatory to regional treaties and agreements such as the Regional Seas Convention. Palau
is also part of the international network of UNESCO Man and the Biosphere (Marine Conservation Institute
2020).
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Palau has 47 MPAs and six marine managed areas, which jointly cover 499,464 km2 (Marine Conservation
Institute 2020), corresponding to 83% of the EEZ of 604,253 km2 (Lingard et al. 2016).
“In 2003, the Palau Protected Areas Network (PAN) was created to conserve Palau’s unique biodiversity and
culture, and is the country’s mechanism for achieving the goals of the Micronesia Challenge (MC), an initiative
to conserve 30% or more of near-shore marine resources within the region by 2020” (Friedlander et al. 2017).
The PAN network is formed by different MPAs, which vary in habitats, management, age, size and whether or
not they allow fishing. The use of traditional knowledge in the establishment of PAN, along with the support of
western management techniques, has boosted MPA effectiveness while improving the acceptance of the local
communities who manage these MPAs (Friedlander et al. 2017).
“While Palau’s MPAs are doing well relative to nearby areas open to fishing, previous work on spawning
aggregation closures (Golbuu and Friedlander 2011) and communications with fishermen indicate that fish
abundance in Palau was much greater in the past. While in the ecosystem health of Palau’s MPAs are likely
below historical baselines, they represent a step in the right direction towards recovery of the marine
ecosystem, which is so critical to Palau and its people” (Friedlander et al. 2017).
Palau is a dive destination and “over the last two decades, Palau has experienced a surge in the number of
tourists visiting the country. In 2015, a record 168,767 people visited Palau, an increase from 125,674 in 2014
and approximately 92,000 in the year 2007” (Dacks et al. 2020). These tourists consume more pelagic fish but
fewer reef fish than Palauans (Dacks et al. 2020).
Papua New Guinea
The reconstruction of Papua New Guinea’s marine fisheries catches was completed for 1950-2010 by Teh et al.
(2014, 2016). Using the original methods and new FAO and independent data, the reconstructed catch time
series has been updated to 2018. Industrial fisheries for tuna and other large pelagic species were not
addressed in this reconstruction and are included in Coulter et al. (2020).
Shark fisheries
The 2017 FAO data reflected some retroactive data changes when compared to the FAO data version used in
the original reconstruction by Teh et al. (2014), including the reporting of ‘sharks, rays, skates, etc. nei’ catch
back to 2009. The shark catch reported by FAO was compared to WCPFC estimates for the local longline
fishery targeting sharks. WCPFC (2018) estimates for 2010-2014 were greater than FAO catch. Thus, the
excess was assumed to be industrial and thus addressed in Coulter et al. (2020). The shark catch reported by
the WCPFC (2018) decreased to one tonne in 2015 due to a ban on the retention of silky shark that it
introduced in mid-2014, resulting in the closure of shark fishing operations (Vieira et al. 2017; Appleyard et
al. 2018).
Unreported landings from industrial shark fisheries were carried forward from 2010 using WCPFC (2018)
estimates for the longline fishery targeting sharks; however, the industrial shark longline fishery was closed in
2014 (Usu et al. 2015). Fisher anecdotes from Milne Bay, one of the main areas for artisanal shark fishers,
report that shark catches appeared to be declining while fishing was increasing (Vieira et al. 2017; Appleyard
et al. 2018). According to Gillett (2016), artisanal shark fishing increased considerably midway through 2014
when industrial shark fishing was banned and again increased when the sea cucumber fishery closed. Thus,
FAO reported shark catch for 2016-2017 was considered fully artisanal. The reported catches in the ‘shark,
skates, rays’ category were taxonomically disaggregated using the same taxonomic breakdown as used
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previously for unreported artisanal sharks: Requiem sharks (Carcharhinidae), tiger shark (Galeocerdo cuvier),
lemon shark (Negaprion brevirostris), and hammerheads (Sphyrna spp.).
Shrimp and prawn trawl fishery
The four decapod taxa: banana prawn (Fenneropenaeus spp.), giant tiger prawn (Penaeus mondon), various
Metapenaeus spp. prawns, and Natantian decapods, as reported by the FAO, were accepted as the reported
component of the prawn trawl fishery. Discards of non-target bycatch were calculated using the rates
described by the original reconstruction by Teh et al. (2014).
Recreational fisheries
Recreational catch was calculated for the whole time series using participation and catch rates for expatriates
as determined in the original reconstruction by Teh et al. (2014). Since there is no governing body that
monitors the expatriate population in Papua New Guinea, a time series was generated. The US Bureau of
Census statistics estimate of expatriates was available for 1971 (Upton 1998), and the ratio of expatriates in the
population obtained from 1971 was applied from 1970 to 1975. Expatriate numbers from 1976 to 1979 were
linearly interpolated between the 1975 estimate based on the ratio of expatriates in 1971 and a 1980 estimate
from a census analysis by D'Sa (1986). It was reported that 2% of the 1995 total population were considered
foreign residents (Upton 1998). Thus, this 0.02 fraction was used to derive the number of expatriates in 1995.
The anchor point from 1980 (D'Sa 1986) was linearly interpolated to the 1995 expatriate estimate. The U.S.
State Department (2007) stated that 1% of the population were considered foreign residents in 2007. Thus,
the expatriate ratio for 1996-2006 were interpolated between 1995 (0.02) and 2007 (0.01). As there were no
more recent data, the expatriate percentage of 1% was carried forward to 2017, as there are still a considerable
number of expatriates in Papua Guinea.
Artisanal fisheries
The FAO reported ‘miscellaneous marine fishes’ catch was split into 40% artisanal and 60% subsistence
sectors and was accepted as the reported reef fish component of the small-scale fisheries (Teh et al. 2014). The
unreported artisanal reef fish catch was estimated as 50 tonnes and was conserved from 2003 to 2017 (Teh et
al. 2014). The FAO landings of barramundi (Lates calcarifer), Indo-Pacific swamp crab (Scylla serrata),
‘marine fishes nei’, ‘pearl oyster shells nei’, ‘trochus shells nei’, and ‘tropical spiny lobsters nei’ were accepted
as reported artisanal catch. Previously, spiny lobsters were 100% unreported (Teh et al. 2014); since reporting
by FAO, reported landings were doubled to estimate the total catch.
Approximately 80 to 100 tonnes of barramundi were caught by artisanal fishers in 2014 (Gillett 2016). As a
result, the average barramundi catches (90 tonnes) were estimated for 2014 and reported artisanal landings
were subtracted in order to estimate unreported landings of barramundi. The percentage of barramundi
unreported in 2014 was applied to reported landings from 2011 to 2013 and from 2015 to 2017 to estimate
unreported landings of barramundi.
The reported landings of Indo-Pacific swamp crab (or ‘giant mud crab’) were accepted as total landings of that
fishery. Estimates of pearl oyster shells prior to 1998 were conserved since these were quite comparable to the
1988 landings converted to wet weight using trochus shell-to-wet-weight ratios. Retroactive changes were
made from 1988 to 2015 for reported pearl oyster shells with the 2013 FAO data version. Unreported pearl
oyster shells catch was carried forward to 2017 directly from 2013 as was done for trochus shells. Total
landings were calculated using the trochus shell to total mass ratio. Unreported green snail shell catch was
carried forward to 2017 directly from 2010 as no new information was found.
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Subsistence fisheries
Unreported subsistence catch was calculated for 2011-2015 by deriving the per capita rate of reconstructed
unreported subsistence catch per person, because the per capita rate cited in Teh et al. (2014) produced a
much higher catch than was reconstructed for 2010. To update the 2016 - 2017 total unreported subsistence,
the 2015 per capita catch rate, given percent fish consumption, and percentage of the 2019 Papua New Guinea
rural population from the World Bank (2018), were used.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Papua New Guinea has agreed to protect its biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of International
Importance (Marine Conservation Institute 2020).
Papua New Guinea has 51 MPAs and two marine managed areas, which jointly cover 4,304 km2 (Marine
Conservation Institute 2020) and correspond to less than 0.2% of the EEZ of 2,396,575 km2 (Teh et al. 2016).
“Recent exposure to the cash economy and access to global buyers, for instance, has led many residents to
exploit their natural resources, including local fisheries, to generate income. Papua New Guinea’s population
has increased from 2 million people in the early 1960s to over 8 million today, placing further pressure on
fisheries and other natural systems to provide food. In recent decades, the impacts of these changes have
become evident to many community elders, who speak of declines in both the abundance and size of fish on
their reefs” (Booth 2019).
This decline affects other economic activities such the shell-based handicraft production, which relies on
marine resources. “This activity involves the transformation of mollusc shells and skeletal remains of other
marine taxa into handicrafts, such as jewelry and decorative items (Chand et al. 2014) [… and it plays] a
crucial role in poverty reduction (Béné et al. 2007) […]” (Simard et al. 2019). […] A total of 17 species of
marine organisms were identified as the most important natural resources supporting shell-based handicraft
production. Nearly all taxa were molluscs, the single exception being cartilage taken from the blacktip reef
shark Carcharhinus melanopterus (Simard et al. 2019). The potential for shell-based handicraft to empower
women was identified through the high percentage of female participants and the capacity for women to
engage in production and sales from home” (Lombardini et al. 2017). A well-recognized benefit of incomegenerating opportunities for women is that the income they generate is typically spent on family and home
development (Simard et al. 2019). Coastal aquaculture and improved training and education opportunities
could improve the economic resilience of the people working in the sector and render them less vulnerable to
price fluctuations (Simard et al. 2019).
Solomon Islands
The marine fisheries catches of the Solomon Islands were originally reconstructed for 1950-2009 by Doyle et
al. (2012), were updated to 2010 by Doyle et al. (2016), and have since been updated to 2017, then carried
forward to 2018. In the latest reconstruction, retroactive changes were made to the data from 1983 onwards
because of new anchor point data. The marine fisheries of the Solomon Islands are important for food security
and contribute 2-4% to its GDP (Gillett 2016).
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Baseline data
The latest catch reconstruction continued to use FAO data as the reported baseline data but with some
modifications, particularly in the reported catches of invertebrates. Reporting for sea cucumbers was corrected
in the 2015 version of FAO data, which continued in the 2017 version, except for years 2013 and 2015 when
the national reported export (Gillett 2016) exceeded the catch reported to FAO. Reporting for trochus was also
corrected for the years 2005-2016 in the 2017 version of FAO data but remained underreported for some
years. National reported53 catch in 2015 was held constant for 2016-2017.
Tuna fisheries
The country’s domestic industrial tuna fleet has grown substantially since 2010. The fleet is now made up
almost entirely of purse seiners, with the pole-and-line vessels reporting only 649 tonnes (Gillett 2016).
Longliners are now deployed only by foreign fleets, and therefore longline bycatch was not estimated as of
2014 (WCPFC 2015; Gillett 2016). The domestic tuna fleet operates inside and outside of its own EEZ, and the
2010 ratio for catches from outside of its EEZ were carried forward to 2014. Because there is a market for all
bycatch of the tuna fisheries, tuna fisheries were assumed to have no discards. Industrial landings of large
pelagic taxa and associated bycatch have since been estimated by Coulter et al. (2020) and therefore were not
estimated here.
Artisanal catch
Artisanal landings continued to be estimated based on catch rates for the years from 1999 to 2014 (Gillett and
Lightfoot 2001; Gillett 2005, 2007, 2009, 2016), with an updated catch estimate of 6,468 tonnes in 2014
(Gillett 2016). The artisanal fishery was linearly interpolated from its beginning in 1950 to the start of the
pole-and-line fishery in 1972. Artisanal landings for years 1972-1998 were estimated based on the assumption
that the baitfish fishery accounted for 47.3% of the total artisanal catch (Doyle et al. 2012). Retroactive
changes were made for years 1989-1998 based on the reported baitfish catch from Barclay and Cartright
(2007). The latter years showed a substantial decline in the baitfish fishery (mean annual value of 32.5 tonnes)
in line with the decline in the number of domestic pole-and-line vessels (Gillett 2016). The 2014 catch rate was
held constant for years 2015-2017 and was multiplied by the corresponding total population from the World
Bank (2018).
Thus, total reported artisanal catch is comprised of the artisanal domestic consumption and baitfish fishery.
Unreported artisanal catch is made up mostly of the artisanal shark fishery which operates to export shark
fins. Landings were updated from 1999 onwards using the methods described for 1987-1998 by Doyle et al.
(2012). Reported exports were updated using national data54 and were used as anchors for artisanal shark
landings when in excess of total industrial shark landings in 2003 and 2011. As a result, artisanal shark
landings were interpolated from 1999 to 2002 and 2004 to 2010 and held constant from 2011 to 2017.
Subsistence catches
Catch rates used to estimate total subsistence catch was updated for years 1983, 1989 and 1995 (Gillett and
Lightfoot 2001), 1992 (Dalzell et al. 1996) and 2014 (Gillett 2016). The 2014 catch rate was held constant to
2017. Reported artisanal catch was subtracted from the ‘Marine fishes nei’ category of the FAO data to
estimate reported subsistence catch. The difference between the total subsistence catch and assumed reported
subsistence catch was deemed unreported subsistence catch.

53
54

https://www.fisheries.gov.sb/media/uploads/marine_export_2011-2015.pdf
http://www.fisheries.gov.sb/info-and-stats
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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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Solomon Islands have agreed to protect their biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute
2020).
The Solomon Islands have 86 MPAs and two marine managed areas, which jointly cover 958 km2 (Marine
Conservation Institute 2020), corresponding to 0.06% of the EEZ of 1,596,464 km2 (Doyle et al. 2016). “When
we [Government representative: 28-07-11] say Marine Protected Area, we use Locally Managed Marine Area
definitions. We are saying what do the community really mean? How do they do marine protected areas? Let
them define it. They are the resource owners. Let them decide on [the purpose] of setting aside an area … for
food security, or food subsistence, or biodiversity or climate change adaptation activities. We have to recognize
that (Government representative: 28-07-11)” (Evans et al. 2018).
“Since the 1990s, community-based resource management (CBRM) and community-based co-management
approaches have been promoted to build on CMT [(customary marine tenure)] arrangements to manage small
scale coral-reef fisheries, including reef sharks (Cohen et al., 2015; Richards et al. 1994)” (Goetze et al. 2018).
“In Solomon Islands, over 90% of the population live in coastal areas and depend on marine ecosystems for
their livelihoods. In this context, it is critical that approaches effectively balance conservation and
development. Solomon Islands’ environmental governance is characterized by strong and enduring customary
tenure arrangements on land and sea […]” (Evans et al. 2018).
There are examples of community-based management, for example, of Leatherback Sea Turtles, a species that
has been traditionally harvested by the locals in the Zaira community. “This community independently
initiated a full closure over leatherbacks in 1999 as a response to reducing numbers. The community selfinitiated the construction of a leatherback hatchery that was able to replicate the ideal nesting temperature for
balanced sex ratios. Furthermore, the community developed a nest monitoring and satellite telemetry
programme to provide a regional context to their conservation efforts” (Jino et al. 2018).
Vanuatu
A catch reconstruction for Vanuatu was first performed by Zylich et al. (2014, 2016) for the years 1950-2010;
this was replaced by the reconstruction of Léopold et al. (2017) for 1950-2014, based on an extensive local
dataset. Here, we document the updating of the reconstruction by Léopold et al. (2017) to 2016 and its
subsequent carry-forward to 2018.
The reported data presented by Léopold et al. (2017) were compared to the most recent version of the FAO
reported landings for Vanuatu in the Western Central Pacific. The FAO data were higher than the
reconstructed landings; therefore, the excess reported catches of pelagic taxa were considered caught outside
of Vanuatu’s EEZ.
Fisheries in Vanuatu were categorized into two major fisheries following Léopold et al. (2017): large-scale
offshore and coastal small-scale. Large-scale offshore landings of tuna fisheries and associated bycatch have
since been estimated by Coulter et al. (2020) and are not addressed here. Coastal small-scale fisheries were
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divided into three categories: demersal finfish, pelagic fishing for export, and pelagic fishing for local use
(Léopold et al. 2017). Coastal small-scale catches were all taken for subsistence purposes, except for the
catches of demersal finfish and pelagic catches for export fisheries that are taken by artisanal fisheries.
Subsequently, the reconstruction of demersal finfish fisheries was updated for 2015-2017 following the
assumptions described for 1992-2014 by Léopold et al. (2017).
Subsistence fisheries
Subsistence fisheries catches were updated for 2015 and 2016 following the same methods described by
Léopold et al. (2017) for 2014. The most recent estimate of subsistence fishing was 2800 tonnes in 2014 by
Gillett (2016). Updated population estimates were obtained from the World Bank (2018) for 2015-2016, and
the per capita consumption rate for marine fish and invertebrates was maintained at the 2014 amount for
2015 and 2016. Reported catch was subtracted from the total reconstructed subsistence catch to estimate
unreported subsistence catch. The taxonomic breakdowns were maintained at the 2014 ratio.
Sea cucumber fisheries
The sea cucumber fisheries have been commercially important in recent years (Gillett and Tauati 2018), but
stocks are now overexploited. As a result, a five-year ban of sea cucumber fishing was implemented and
enforced in Vanuatu from 2008 to 2013 and extended to 2018 (Gillett and Tauati 2018). Sizes of illegally
caught sea cucumbers were small at the start of the ban, which suggests that it may take a while for the stocks
to recover (Pakoa et al. 2013). In March 2016, Pam, a strong tropical cyclone, destroyed the bulk of Vanuatu’s
fisheries infrastructure (Gillett and Tauati 2018). Thus, to assist fishers in earning income in Pam’s wake, the
ban on sea cucumber fisheries was lifted between September and December 2018 (Gillett and Tauati 2018).
Sea cucumber catches were assumed to be fully reported for 2015 and 2016.
Trochus fisheries
Trochus fishing has long been a traditional fishery and is now an important commercial fishery (Gillett and
Tauati 2018). Reported trochus amounts were greater than estimated catches, and thus trochus catches were
assumed to be fully reported for 2015 and 2016.
Recreational fisheries
Sport fishing has been a licensed activity in Vanuatu since 2004 and recent estimates suggest that 20-30 game
fishing boats actively fish for large pelagic species (Gillett and Tauati 2018). Recreational fisheries were
therefore assumed to continue the 2011-2014 catch trends.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Vanuatu has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute 2020).
Vanuatu has 21 MPAs and no marine managed areas. Its MPAs jointly cover 18 km2 (Marine Conservation
Institute 2020), corresponding to 0.002% of the EEZ of 827,626 km2 (Zylich et al. 2016e). Vanuatu has 1,367
km2 (Marine Conservation Institute 2020) of unimplemented MPAs, which encompass much less than 1% of
the EEZ protected.
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In the small island of Tanna resources and ecosystems are protected without government intervention. “Swiss
ethnographer Felix Speiser (1996), who traversed the archipelago between 1910 and 1912, reported: Anyone
can impose a taboo [blocking community access to land, reef, or sea resources] but it depends on the mana
[spiritual and political power] of the person concerned whether his taboo will be heeded or not. An important
man who has quantities of mana can proclaim very effective taboos because everyone fears punishment. But
the punishments threatened by a man possessing little mana can easily be neutralized by countermagic”
(Flexner et al. 2018).
“The presence of MPAs has been shown to increase tourism in Vanuatu (Pascal et al. 2015) and there is a
strong link between biological success and social success (legitimacy) (Christie 2004)” (Buckwell et al. 2019).
However, the presence of tourism can threaten islands like Tanna where there is no official protection.
Moreover, “recognizing the humanitarian value that well managed fisheries resources and skilled fishers can
play to disaster relief adds another dimension to the imperative of improving management of coastal fisheries
and aligning policies across sectors” (Eriksson et al. 2017).

Results and Discussion
The results of the reconstruction updates presented above for the Melanesian islands are available on the
website of the Sea Around Us (www.seaaroundus.org).
Small-scale fisheries (artisanal, subsistence, and recreational) are dominant in the domestic fisheries of the
Melanesian islands (Figure 1). The catches from these fisheries, and especially of subsistence fisheries, are
usually underrepresented (Zeller et al. 2015), but this issue is slowly being addressed (Pauly and Charles
2015).
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Figure 1. Domestic catches in the Melanesian islands (Micronesia, Fiji, Year
Kiribati, Marshall Islands, Nauru, New Caledonia, Palau, Papua
New Guinea, Solomon Islands, and Vanuatu) for 1950-2018, by A) EEZ, and by B) fishing sector. The overlaid dashed line represents the
reported catch. Industrial catches for large pelagic species are excluded, as they are addressed in Coulter et al. (2020).
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Some of the islands of Melanesia covered here, such as Micronesia, Fiji, Kiribati, Marshall Islands, and Nauru
showed improvements in data reporting over the time period considered; however, similar improvements
were not seen in New Caledonia, Palau, Papua New Guinea, Solomon Islands or Vanuatu.
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Abstract
The original marine catch reconstructions for the various Polynesian island areas were completed
independently, and have been updated to various years and carried forward to 2018 as documented in this
contribution for the Cook Islands, French Polynesia, Niue, Pitcairn Island, Samoa, Tonga, Tokelau, Tuvalu,
and Wallis and Futuna. For small island societies such as those in Polynesia, fisheries are essential to food and
nutritional security, tradition and the economy. Through various reported or estimated data sources available
from FAO, governments or independent sources, we have conservatively accounted for the reported and
unreported domestic catches in these waters. Descriptions of the methods used to reconstruct catches are
presented in EEZ-specific sections.

Introduction
The Polynesian island areas include the Cook Islands, French Polynesia, Niue, Pitcairn Island, Samoa, Tonga,
Tokelau, Tuvalu, and Wallis and Futuna Islands, and underlying catch data reconstructions were originally
completed independently and by a variety of authors. These reconstructions have been independently updated
to either 2014 (Pitcairn Island, Wallis & Futuna), 2016 (French Polynesia, Samoa, Tonga, Tokelau) or 2017
(Cook Islands, Niue, Tuvalu) and carried forward to 2018 and are briefly presented here. The catch
reconstruction update for Rapa Nui (Easter Island) is included in the chapter covering Chile (Page et al.
2020).
Domestic fisheries in Polynesia are primarily small-scale in nature, with the majority of catches used for home
consumption (i.e., subsistence) or local market-based sale (i.e., artisanal). There were few true domestic
industrial fisheries, as most industrial fishing targets large pelagic species and requires large vessels and gears
not widespread on the islands. The large pelagic fisheries, often by foreign distant water fleets or locally
reflagged or chartered vessels, were addressed in a separate study on global fisheries for large pelagic species
by Coulter et al. (2020). Descriptions of the methods used to reconstruct catches are presented in countryspecific sections.

Materials and Methods
Cook Islands
The Cook Islands are a self-governing island country in free association with New Zealand, composed of
fifteen islands and located 3200 km north-east of New Zealand. The Cook Islands’ marine fisheries catches
were originally reconstructed for 1950-2010 by Haas et al. (2012), see also Haas et al. (2016), and have since
been updated to 2017 and carried forward to 2018. Data reported by the FAO were accepted as the reported
Cite as: White, R., R. Hernandez, A. Coulter, E. Page, S.-L. Noël, D. Dunstan, R. Polido, V. Relano, E. Sy and D. Zeller.
2020. Marine catch reconstruction of Polynesia: Update to 2018, p. 212-229. 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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data baseline for the entire time series. Large pelagic taxa assumed to be caught industrially were considered
separately by Coulter et al. (2020). However, approximately 10% of tunas (albacore, bigeye, skipjack and
yellowfin tuna) were considered caught by the domestic small-scale sector. As such, this portion was retained
in the reconstructed data presented here (Haas et al. 2012).
Seafood consumption
Following the methods of the original reconstruction by Haas et al. (2012), total domestic marine catch was
assumed equal to total domestic seafood demand. Catch data were updated to 2017 using recent population
estimates from national data and per capita fresh fish consumption rates minus per capita imported fish
consumption (via imports of canned fish at 10.8 kg·person-1·year-1).
According to Gillett and Tauati (2018), catch levels in the Cook Islands are influenced by fish aggregation
devices, population distribution and decline, unemployment, ciguatera poisoning, and the high cost of fresh
fish alternatives. These factors have likely influenced the decline in domestic small-scale fisheries catches in
recent years. In particular, increased ciguatera fish poisoning from fish around Rarotonga, the most populated
island of the Cook Islands with the highest incidence of ciguatera poisoning globally, has discouraged local fish
consumption (Rongo and van Woesik 2013). Although cases have declined, the occurrence of ciguatera has
been linked to cyclones (Rongo and van Woesik 2013). The decrease in catch after 2011, particularly in 2015
and 2016, may have been influenced by cyclones during the 2015/2016 El Niño events (Dunstan et al. 2018).
Thus, since no recently updated data were found for domestic consumption rates and the reduction in local
fish consumption, it was assumed the per capita consumption rate was continuing to decline at the same rate
as from 116 kg·person-1·year-1 in 1989 (Solomona et al. 2009; Haas et al. 2012) to 64.2 kg·person-1·year-1 in
2006 (Moore 2006) resulting in 30.7 kg·person-1·year-1 for 2017. The seafood import adjusted fish
consumption rate was estimated to be 19.9 kg·person-1·year-1 for 2017. The annual consumption rates were
then multiplied by the updated population data. The allocation between artisanal and subsistence catch was
determined by linear interpolation between anchor points for 1950 (10% artisanal and 90% subsistence) to the
most recent split of 35.2% artisanal and 64.8% subsistence for the year 2014 based on (Gillett 2016). The ratio
of these estimated domestic catches that were deemed unreported were calculated by subtracting the FAO
reported landings, excluding the large pelagic taxa addressed in Coulter et al. (2020) from the total estimated
domestic catches. If the adjusted reported FAO amounts were greater than the reconstructed amounts, then
FAO data were accepted as totals, and it was assumed no unreported landings occurred. In July 2017, the
Cooks Islands established a 1.9 million km2 marine protected area, Marae Moana. The marine protected area
will likely impact local coastal catches, and this needs to be assessed in future updates.
Large pelagic species fisheries
Catch of large pelagic species from the FAO data were compared with the Tuna Fishery Yearbook 2017
published by the Western and Central Pacific Fisheries Commission (WCPFC 2018b), and the larger published
catches were used. FAO catches for 2015-2017 were higher, except for skipjack tuna in 2016. These large-scale
tuna catches (i.e., albacore, bigeye, skipjack, and yellowfin tuna) were then divided into 90% industrial and
10% small-scale (Haas et al. 2012). Other large pelagic species—black marlin, blue marlin, marlins, sailfishes,
Indo-Pacific sailfish, shortbill spearfish, striped marlin, and swordfish—were considered caught exclusively by
the industrial sector. Small-scale tuna catches were retained in the domestic catch data; see above.

213

Updating to 2018 the 1950-2010 marine catch reconstructions of the Sea Around Us: Part IIThe Americas and Asia-Pacific

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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Cook Islands have agreed to protect their biodiversity through the international agreements of the
Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
The Cook Islands have one MPA, the Shark Sanctuary, which covers all the EEZ of 1,960,000 km2 (Haas et al.
2016). It was designated in 2012 (Marine Conservation Institute 2020) and established by regulations under
the Marine Resources Act of 2005 (Pacific Islands Conservation Initiative 2012). This country, together with
French Polynesia, American Samoa and Tokelau, formed the Shark Sanctuary protect species such as
scalloped hammerhead and whale shark.
“The sanctuary bans the sale, trade, and possession of sharks aboard all commercial fishing vessels in its EEZ
as well as the use of shark-targeted fishing gear, known as wire leaders” (Marine Conservation Institute 2020).
Fines are a minimum of $100,000 NZD and a maximum of $250,000 NZD per offence. “As a result of these
regulations, community and commercial fishermen have realized the importance of reporting their shark
catches accurately for research purposes. Although sharks will no longer be brought on board any vessel,
information such as size estimate, species, condition and location will be recorded” (Pacific Islands
Conservation Initiative 2012).
French Polynesia
French Polynesia, an overseas collectivity of France, is composed of five archipelagos located in the southcentral Pacific Ocean. The original reconstruction of French Polynesia’s marine fisheries catches for 19502007 (Bale et al. 2009), was updated to 2010 (Bale et al. 2016), and has since been updated to 2018 with new
information, such as the ban on shark fishing in 2012 (Fache and Pauwels 2016). The reported baseline from
the original reconstruction was compared to the newest available data reported by the FAO on behalf of
French Polynesia to detect retroactive changes to reported catch amounts. A discrepancy in data was noted
from 1993 onward due to the addition of reported landings of Thunnus alalunga, T. albacares, T. obesus,
various billfish taxa, and sea cucumbers to FAO’s reported data. Reports by Misselis (2002) and Petit et al.
(2015) indicate that a tuna longline fishery began in French Polynesia in 1990, catching various tunas and
billfishes as well as frigate tunas (Auxis spp.), opah (Lampris guttatus), and dolphinfish (Coryphaena
hippurus). These taxa were added to the list of taxa previously outlined by Bale et al. (2009) as being fished in
an industrial capacity. Landings of large pelagic taxa by industrial fisheries have since been reconstructed in a
separate study by Coulter et al. (2020), and were not included here.
Artisanal fisheries
Industrial catch amounts for the tuna and other large pelagic data from Western and Central Pacific Fisheries
Commission (WCPFC 2018) were subtracted from the FAO reported data to derive artisanal catches of tunas
and other large pelagic species. Artisanal catch reported nationally (Anon. 2018) was compared with the data
released by the FAO and found to match. Industrially caught species and catch components were allocated to
the industrial sector (used in Coulter et al. 2020) and subtracted from the FAO total reported catch to
estimate artisanal reported catch. Miscellaneous marine fishes catch (FAO category “Marine fishes nei”) was
disaggregated by sector and taxa following Bale et al. (2009). Unreported artisanal catch was calculated for
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2011-2016 as an additional 15% of the catch of all taxa disaggregated from the “Marine fishes nei” and
Carangidae FAO categories (Gillett 2016).
Subsistence fisheries
Subsistence catch was reconstructed following the original methods in Bale et al. (2009). The total population
of French Polynesia for 2013-2014 was divided among population groups according to the 2012 ratio for each
island group, and Tahiti’s rural population was calculated following similar methods. For 2015-2016, island
group populations were determined by extrapolating between the latest year in the French Polynesian national
census. Due to evidence of declining subsistence fishing rates (Gillett 2016; Smith 2013), a conservative
estimate of 10% was used as a tonnage decrease from 2011 to 2016.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
French Polynesia has agreed to protect biodiversity through the international agreements of the Convention
on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
French Polynesia has one MPA, the Shark Sanctuary, which equals 100% of the EEZ of 4,771,088 km2 (Bale et
al. 2016). It was designated in 2012 (Marine Conservation Institute 2020), and it is established by regulations
under the Marine Resources Act (2005) (Pacific Islands Conservation Initiative 2012). A shark fishing and
finning moratorium was established in 2006 due to the local interests in fishing mako sharks. This country,
together with the Cook Islands, American Samoa and Tokelau, forms the Shark Sanctuary, which protects
species such as mako, hammerhead and thresher sharks (Marine Conservation Institute 2020).
Other emblematic group of species in French Polynesian waters are manta rays, including Mobula alfredi and
M. birostris, both being of cultural and economic interest. “Analysis of photographs of individuals bearing
sublethal injuries (n = 68) suggests that M. alfredi are more likely to be injured at inhabited islands (Maupiti
or Bora Bora; 75% of all injured individuals) than at uninhabited islands, with 75% of injuries related to boat
propeller strikes and fishing gear entanglements” (Carpentier et al. 2019). These findings suggest that the
region’s expanding marine megafauna tourism industry and coastal development may threaten these species
as well as endangered turtles, such as the green sea turtle (Chelonia mydas), which were using these waters in
the past glacial as refugium and are predicted to be a refugium under future warming conditions (Boissin et al.
2019). In Moorea Island, anthropogenic factors have been also found to be the principal drivers of coastline
changes in the Island (Moussa et al. 2019).
Niue
The original catch reconstruction for Niue from 1950 to 2010 was completed by Zylich et al. (2012), see also
(Zylich et al. 2016), and has since been updated to 2017 and carried forward to 2018. Data from the FAO
continues to be the reported baseline for this reconstruction.
Small-scale fisheries
The reconstructed artisanal catch was assumed to be 10 tonnes per year for 2007-2010 and 11 tonnes in 2014
(Gillett 2016). The total reconstructed subsistence catch was calculated using population statistics and
consumption rates derived from Gillett (2016). The consumption rate in 2007 was 89.7 kg·person-1·year-1 and
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was interpolated to the 2014 consumption rate of 96.1 kg·person-1·year-1. As it was assumed that artisanal
fisheries were better reported than subsistence fisheries, the reported landings were first assigned to the
artisanal sector up to 10 tonnes per year, after which the remainder was assigned to the subsistence sector. In
cases where the data reported by the FAO were less than the reconstructed artisanal catch, the difference was
considered as unreported artisanal catch. Discards for the small-scale fisheries sectors were considered to be
negligible, and none were estimated here. The taxonomic composition was conserved from Zylich et al. (2012).
Large-scale fisheries
Catches of large pelagic species by industrial vessels flagged to Niue were not included in this update as these
are covered in 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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Niue has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute 2020). “It was
interesting that Niue signed diplomatic relations with Indonesia, given that Indonesia abstained from voting
for a UN resolution to strengthen UN engagement in the Pacific through the Pacific Islands Forum in order to
achieve the Sustainable Development Goals […]. […] climate change has been described as a top priority for
Niue — as illustrated by the millions of dollars invested in renewable energy and the adoption of a Niue
Climate Action Plan” (Talagi 2020).
“The commitment also reflects the investment and sustainable practice contributed to by the Niuean people
for many hundreds of years. As emphasized by Niue Premier Sir Toke Talagi: This commitment is not a
sacrifice, it is an investment in the certainty and stability of our children's future. We simply cannot be the
generation of leaders who have taken more than they have given to this planet, and left behind a debt that our
children cannot pay. Climate change, plastic rubbish, pollution, overfishing - these are all debt collectors we
cannot out-run. Our ocean needs to heal - it is not rocket science - she just needs the space and time to do it”
(United Nations Development Programme 2017).
Niue has 86 MPAs and two marine managed areas, which jointly cover 958 km2 (Marine Conservation
Institute 2020), corresponding to 0.0013% of an EEZ of 1,596,464 km2 (Zylich et al. 2016).
Niue doesn’t have many fishers, but due to subsistence and international fleets in these waters, overfishing is a
problem. This could reduce the small number of tourists that find their way to the island and harm the
country’s economy. “Some tourists travel to Niue specifically for fishing and diving, but without fish Niue
again detracts from and limits its tourism attractions. Niue could lose one of its major attractions and
therefore reduce the pool of tourists that are interested in travelling to Niue” (de Haas 2002).
Pitcairn Islands
Marine fisheries catches for the Pitcairn island group were first reconstructed to 2009 by Chaitanya et al.
(2012), and updated to 2010 by Chaitanya et al. (2016), and updated to 2014 by Coghlan et al. (2017), before
being carried forward to 2018. The human population of Pitcairn Island has remained steady at approximately
50 people for the last decade, and the mean fish consumption rate of 71.5 kg·person-1·year-1 derived from a
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2011 survey on the island was maintained from Coghlan et al. (2017). Artisanal catches were also held
constant, with cruise ship driven lobster catch of 0.4 t·year-1 and finfish 0.6 t·year-1 from Coghlan et al. (2017).
Large pelagic taxa assumed to be caught industrially by foreign fleets were excluded, as such catches were
considered by Coulter et al. (2020).
Transition from 2014 to 2018
The catch reconstructed to 2014 was carried forward to 2018 using the semi-automated procedure outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The UK has agreed to protect the biodiversity of the Pitcairn Islands, a British Overseas Territory, through the
international agreements of the Convention on Biological Diversity (Aichi), the United Nations Convention on
the Law of the Sea, the Ramsar Convention on Wetlands of International Importance, the International Coral
Reef Initiative and the World Heritage Convention. Pitcairn Islands is a signatory to regional treaties and
agreements such as the Regional Seas Convention and Natura 2000. These commitments extend to NGOs
and/or public bodies like the Atlantic Arc Network of MPAs (MAIA), the Caribbean MPA Network (CaMPAM)
and the OSPAR Convention (Marine Conservation Institute 2020).
The Pitcairn Islands have one of the largest and most continuous MPAs. The MPA surrounds the waters of the
archipelago and covers all of the EEZ of 1,596,464 km2 (Chaitanya et al. 2016). In 1989, Henderson Island was
declared a UNESCO World Heritage Site. Until 2012, the Pitcairn Island Council and the island’s community
did not unanimously support the creation of a marine reserve around the Pitcairn Islands. In January 2015, a
proposal for the MPA creation was submitted to the UK government and after monitoring trials the Pitcairn
Islands Marine Reserve (PEW 2016), it was legally designated in September 2016 (Marine Conservation
Institute 2020).
In the MPA ordinance revised in 2017, the prohibited activities are fishing, mining, the disturbance of or the
removal of non-living natural material from the seabed or subsoil, the dumping of waste or other matter
(including from vessels or other structures) and the causing of vibrations in a manner that is likely to have an
adverse effect on marine life. “The principles of the Coastal Conservation Areas are: (a) conservation of the
unique marine environments and biodiversity in the coastal areas, reefs and lagoons; (b) sustenance and
sustainable development of the Pitcairn community; (c) sustainable management of marine resources”
(Government of Pitcairn Island 2016).
“The structure of the food web across the island group was clearly influenced by the degree of isolation (i.e.
fishing pressure), with Pitcairn and Oeno showing lower overall fish biomass and a smaller proportion of top
predators. The abundance of groupers and sharks at depths between 100–300 m also indicates the intactness
of these deep fish populations. The high dissimilarity between the algal floras of the four islands is almost
certainly related to the different eomorphologies, habitats, and/or isolation of these islands. Most of the
marine flora in the island group is typically tropical Indo-Pacific in origin with most species also present in
French Polynesia” (Friedlander et al. 2014).
Samoa
Reconstruction of Samoa’s marine fisheries catches were first completed by Lingard et al. (2012) for 19502010; see also Lingard et al. (2016). Since completing the initial reconstruction, updated data from the FAO
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were used to update reported landings to 2016 and then carried forward to 2018. Any retroactive changes in
the FAO data were reflected in the reconstruction.
Small-scale fisheries
In the original reconstruction (Lingard et al. 2012), domestic small-scale landings in 2006 were estimated
using the per capita consumption rate of 59.4 kg·person-1·year-1 (Samuelu and Sapatu 2009) along with
population data obtained from the World Bank. Since then, a new per capita consumption rate of 48.5
kg·person-1·year-1 was made available by the FAO for 2013. Other estimates from Samoa’s 2012 socioeconomic
fisheries survey (46.2 kg·person-1·year-1 of finfish and 54.7 kg·person-1·year-1 of invertebrates) were assumed to
overestimate per capita consumption and were not used here, because Gillett (2016) indicated that the survey
focused heavily on fishing communities and was not representative of Samoa as a whole. The per capita
consumption rate was linearly interpolated between the 2006 (Samuelu and Sapatu 2009) and the 2013 rates
(FAO 2018) and the corresponding estimates for domestic small-scale landings were recalculated using
current population data. From 2013 onwards, the 48.5 kg·person-1·year-1 per capita consumption rate was
carried forward unchanged and multiplied by updated population data to estimate the domestic small-scale
landings up to 2016. The sectoral (artisanal and subsistence) breakdown per reported taxon was conserved
from 2008 and carried forward to 2016 (Lingard et al. 2012). Gillett (2016) estimated total catch from
artisanal and subsistence fisheries at 10,000 tonnes in 2014, which aligns well with our reconstructed total
small-scale catch estimate of 10,614 tonnes in the same year.
Taxonomic composition
The taxonomic composition of small-scale catches derived for 2010 (Lingard et al. 2012) was retained, except
for ‘tuna-like fishes’ and ‘sharks, rays, and skates’. The latter two taxonomic categories were taxonomically
disaggregated using the 2007 taxonomic breakdowns (Lingard et al. 2012) because these categories were not
reported by the FAO in 2008 or 2009.
Large-scale fisheries
Landings of large pelagic taxa and bycatch were accepted at the amounts reported by the FAO. Associated
unreported landed bycatch and discards were calculated using the 2009 ratio of unreported bycatch and
unreported discards to reported landings of large pelagic taxa (Lingard et al. 2012).
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Samoa has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute 2020).
Samoa has 79 MPAs and no marine managed areas. Its MPAs jointly cover 191 km2 (UNEP-WCMC and IUCN
2020) and correspond to 0.15% of the EEZ of 131,535 km2 (Lingard et al. 2016).
In the Aleipaita MPA management plan, the people of Samoa recognized “that the fisheries problems are largely
caused by destructive and/or unsustainable fishing practices; like dynamiting, coral pounding (faamoa or tuiga),
poisonous chemicals (chlorox, gramoxine, barringtonia seeds, ava niukini), small mesh fishing nets, commercial
SCUBA fishing and fish traps. Commercial sand mining has caused beach erosion” (Government of Samoa n.d.).
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Therefore, in this management plan, these fishing activities, among others, are banned. The management plan
details which species are legal to fish, provides a minimum size catch, and describes a clear prohibition on the
introduction of non-local species, such as tilapia (Government of Samoa n.d.).
“Under a community-based fisheries extension programme in Samoa, 44 coastal villages have developed their
own Village Fisheries Management Plans. Each plan sets out the resource management and conservation
undertakings of the community, and the servicing and technical support required from the government
Fisheries Division. Community undertakings range from enforcing laws banning destructive fishing methods
to protecting critical habitats such as mangrove areas. An unexpectedly large number of villages (38) chose to
establish small Village Fish Reserves in part of their traditional fishing areas. Although by social necessity
many of the community-owned reserves are small, their large number, often with small separating distances,
forms a network of fish refuges” (King and Faasili 1998).
“[It] should be noted that the small, community-owned, Village Fish Reserves in Samoa are not easy to classify
under existing IUCN categories for MPAs. Category IV (Habitat/Species Management Area) appears to
provide the best fit, although the category guidelines refer to national rather than community ownership.
Given the increasing trend towards community-based management, the popularity of reserves as a fisheries
conservation tool and the necessarily small size of village MPAs, there may be a need for another IUCN
category for ‘networks of small, highly protected, community-owned MPAs’” (King and Faasili 1998).
Tonga
The Kingdom of Tonga has 172 islands in three major island groups, of which 36 are inhabited. The total
marine fisheries catches for Tonga were reconstructed from 1950 to 2007 by Sun et al. (2011), and updated to
2010 by Sun et al. (2016). Since completing the initial reconstructions, data from the FAO became available to
2018. To update the reconstruction, estimates by Gillett (2016) of 3900 tonnes of commercial small-scale (i.e.,
artisanal) and 3000 tonnes of subsistence catches for 2014 were used. Using the last available anchor point in
1997 Sun et al. (2011, 2016), the catch tonnages between 1997 and 2014 were linearly interpolated to 2016.
Catches were assigned to the main and outer islands using the 2016 census data of the Tonga Statistics
Department (TSD 2017). The reported component, consisting mainly of artisanal catch, was obtained from the
FAO data, whereas the unreported component was taken to be the difference between the total reconstructed
catch and the FAO values for their respective year. The taxonomic composition of the FAO data has expanded
to include a mako shark category. These catches were classified as artisanal because there was evidence of an
artisanal mako shark fishery in Tongan waters (Juncker et al. 2006). Tonga's catch was reported in the FAO
data as pertaining only to the Eastern-Central Pacific FAO area, despite there being inhabited islands in the
Western-Central Pacific FAO area. Therefore, reconstructed catch data were assigned to the two FAO areas
based on the population density and catch totals of each island.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Tonga has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute 2020).
“Biodiversity conservation is one of the most difficult environmental issues facing Tonga. Often it poses
choices between environmental protection and economic development and conflict between landowner rights
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and the government’s growing role in its stewardship responsibilities. However, the Government of Tonga is
committed to the implementation of the CBD, including PoWPA [(Programme of Work on Protected Areas)],
and has statutory laws that have provisions for biodiversity conservation” (Marine Conservation Institute
2020).
Tonga has 43 MPAs and one marine managed area, which jointly cover 390 km2 (UNEP-WCMC and IUCN
2020), corresponding to 0.06% of the EEZ of 664,751 km2 (Sun et al. 2016). “A number of endangered marine
species are present in Tongan waters, including the Humpback whale (recovering) and the vulnerable manta
ray both of which have high tourism value. A number of marine parks and reserves have been established
under the Park and Reserve Act and their conservation success is reported to be quite variable and the
enforcement of the legislation remains weak” (The Kingdom of Tonga n.d.).
In the Tonga Fisheries Sector Plan (2016-2024), some of the expected results after implementation are as
follows: “(i) an increase in benefits from fisheries; (ii) sharing of those benefits and (iii) sustainability of
fisheries dependent communities and their marine environment. The conditions required to generate many of
those benefits extend beyond the remit of the fisheries administration, particularly with respect to the sharing
of benefits and the impacts of climate change on the marine environment” (The Kingdom of Tonga n.d.).
“It is in the mission of Tonga’s Ministry of Fisheries to develop its living aquatic resources to its highest level
of use and remain harmonious with the ecological sustainability with structures of technology, participation
and ownership to maximize the benefits for its people (Ministry of Fisheries 2017). However, at the same time,
the tasks are not easy to execute as on paper. Given the lack of resources, the Ministry cannot effectively
execute its duties and obligations both locally and also at the national level (Government of Tonga 2016)”
(Bloomfield 2017).
Tokelau
Marine fisheries catches for Tokelau were first reconstructed for 1950 to 2009 by Zylich et al. (2011), updated
to 2010 by Zylich et al. (2016) and then to 2016 by White et al. (2018), and forward carried to 2018. Smallscale catches were estimated based on fresh seafood demand (171.8 kg·person-1·year-1) with an estimated 10%
of small-scale fishers’ catch sold for profit (artisanal) in 2014, with the remainder assigned as subsistence
(Gillett 2016). Fish caught for the purpose of bait were also estimated using the annual small-scale
tuna/pelagic target catch to bait fish catch ration of 64:1 (White et al. 2018).
Transition from 2016 to 2018
Catches were carried forward to 2018 using the semi-automated procedure outlined in Noël (2020), based on
FAO landings data to 2018. Semi-automated reconstructed catch data will later be replaced by a more detailed,
research-intensive update.
Marine biodiversity protection
Tokelau has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute 2020).
There are certain discrepancies about the extent and number of marine protected areas in these waters.
MPAtlas states a lack of MPAs in Tokelau, while protectedplanet.net states that the area’s extent as 10 km2
(UNEP-WCMC and IUCN 2020), i.e., 0.003% of the EEZ of 319,049 km2 (Zylich et al. 2016). However, in the
same database, only two MPAs appear: Atafu Marine Conservation Area designated in 1995 with 0.2 km2 and
the Nukunonu Marine Conservation Area designated in 1998 with 0.25 km2. Nevertheless, other sources
affirm that in 2011 a shark sanctuary that bans commercial fishing of sharks was a created in these waters
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(Techera and Klein 2014). The sanctuary reportedly covers the entire EEZ (Marine Conservation Institute
2020).
“The Tokelau atolls support ecosystems and species of high conservation value in their own right. They also
provide an important link with other archipelagos including the Phoenix Islands to the north, the Cooks and
Line Islands to the east and Samoan region to the south. The islands provide stepping stones for migratory
marine and terrestrial species between the Samoan region and the Phoenix Islands and beyond. A number of
threatened or significant species (e.g., Tiafee and Kaleva) depend on the presence of viable ecosystems in the
Tokelau. Somewhat surprisingly, at least six species of seabird have recovered at the Tokelau over the past few
decades, consistent with lower hunting pressure and some localized predator management” (Pierce et al.
2012).
Tuvalu
The catch reconstruction for Tuvalu’s marine fisheries was completed from 1950 to 2009 by Crawford et al.
(2011) and updated to 2010 by Crawford et al. (2016). It has been updated to 2017 and carried forward to 2018
as presented here. Retroactive changes were made in the FAO data set, and the reconstructed data were
corrected accordingly.
Small-scale fisheries
Gillett (2016) reported estimates of artisanal and subsistence catch; 226 tonnes in 2007 and 300 tonnes in
2014 for artisanal catch, and 989 tonnes in 2007 and 1135 tonnes in 2014 for subsistence catch. Since these
catches were assumed to support local consumption, they were applied to population data to estimate per
capita catch rates of 118.6 kg·person-1·year-1 for 2007 and 133.8 kg·person-1·year-1 for 2014. TFD (2018)
provided a 2017 consumption rate estimate of 100 kg·person-1·year-1. The Gillett (2016) estimates were used to
apply a sector breakdown to the local consumption-based catch; these rates were interpolated between 2007
and 2014, and the 2014 breakdown was maintained to 2017. The per capita catch rate for each sector was
linearly interpolated between 2007 and 2014, and from 2014 to 2017. Population data obtained from the
World Bank were multiplied by the catch rates to estimate sector-specific catches from 2007 to 2017. The
catches deemed unreported with regards to the data reported to the FAO were derived as the difference
between total catches as reconstructed here and data reported by the FAO on behalf of Tuvalu. The taxonomic
breakdowns were maintained from Crawford et al. (2011). The exception to this was the bêche-de-mer (sea
cucumber) export fishery, which ceased activity in 2010 Gillett (2016). The taxonomic composition of
Crawford et al. (2011) was therefore adjusted for the post-2019 period.
Large pelagic fisheries
Industrial catch of large pelagic species for vessels flagged to Tuvalu were not addressed here, because the
industrial catch of large pelagic species is addressed in Coulter et al. (2020). Landings of large pelagic taxa
have increased dramatically in recent years; therefore, small-scale catch of these species were retroactively
changed from 2006. To adjust the estimated small-scale landings, the ratio of tuna to total reconstructed
landings for 2005 was applied from 2006 onward. The reported industrial catch of large pelagic species to
WCPFC (2018) was subtracted from the reported catch of these species to the FAO in order to estimate the
reported artisanal catch of these 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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
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Marine biodiversity protection
Tuvalu has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and the World Heritage Convention (Marine Conservation Institute 2020).
Tuvalu has no marine managed areas, but it has 18 MPAs which jointly cover 61 km2 (UNEP-WCMC and
IUCN 2020), corresponding to 0.008% of the EEZ of 751,672 km2 (Crawford et al. 2016).
The biggest MPA is the Funafuti Conservation Area (CA), which is a no-take area designated in 1996 with 40
km2 (Marine Conservation Institute 2020). “The boundaries of the CA encompass about 20 percent of the
total coral reef area of the lagoon. At least 400 species of fish (Kaly November 1997), and at least 36 species of
corals (Sauni n.d.) are known from Funafuti Lagoon, with a large number of these reported within the CA”
(Funafuti Kaupule 2011).
Wallis and Futuna
The Wallis and Futuna Islands are comprised of three main islands (Wallis, Futuna and Alofi), and became a
French overseas territory in 1961 and a French overseas collectivity in 2003. The reconstruction of Wallis and
Futuna’s marine fisheries catches was completed for 1950-2007 by Harper et al. (2009), and has since been
updated to 2010 by Harper et al. (2016), and more recently to 2014, after which it was carried forward to 2018
here. Since the original reconstruction, new data from the FAO have become available. Total artisanal catches
were estimated by Dalzell et al. (1996) at 296 tonnes in 1994, 300 tonnes in 1999 (Angleviel 1999), 121 tonnes
in 2007 (Gillett 2009), and 150 tonnes in 2014 (Gillett 2016). Total subsistence catches were estimated as 621
tonnes in 1994 (Dalzell et al. 1996), 840 tonnes in 2007 (Gillett 2009), and 675 tonnes in 2014 (Gillett 2016).
Total artisanal and subsistence catches were re-estimated from 1994 using these anchor points and linearly
interpolating between years without data. FAO reported landings of the ‘tuna-like fishes’ category were
assumed to be caught by artisanal fisheries, and all artisanal catch was considered to be reported, except for a
portion of reconstructed catch for 1994-1998 which exceeded the total reported by FAO. The remaining
reported catch after all artisanal landings were accounted for was assigned to the subsistence fishery. The
difference between total derived subsistence catch and reported subsistence catch was assigned as unreported
subsistence catch.
The population of Wallis and Futuna has decreased by 14.9% between 2007 and 2014 (Gillett 2016), and the
number of fishing boats in Wallis and Futuna was estimated to have declined by as much as 42% from 2001 to
2014 (Sourd and Mailagi 2015). Following the destruction of crops by Cyclone Evan in late 2012, fishing
pressure temporarily increased to provide food as few boats were damaged (Gillett 2016).
Transition from 2014 to 2018
The catch reconstruction to 2014 was carried forward to 2018 using the semi-automated procedure outlined in
Noël (2020), based on FAO landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Wallis and Futuna have agreed to protect biodiversity through the international agreements of the Convention
on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Wallis and Futuna have no MPAs and no marine managed areas (Marine Conservation Institute 2020; UNEPWCMC and IUCN 2020) in their EEZ of 258,270 km2 (Harper et al. 2016)
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“Knowledge is lacking to clarify the conservation status of species and the level of degradation of their habitat.
[…] Wallis and Futuna’s total number of endemic species supposedly amounts to: 7 plants and 11 molluscs.
The first signs of coastal erosion were observed in Wallis with the disappearance of some beaches and coconut
grubbing. A significant rise in sea level could affect the traditional cultures of taro which occupies an
important place in the economy of Wallis and Futuna. Finally, salt water infiltration into the water table is
likely to put greater pressure on Wallis and Futuna’s already limited freshwater supplies, and to affect the local
population” (BEST n.d.).

Results and Discussion
The EEZ specific data of the reconstructions presented above for Polynesian island areas are available on the
EEZ-specific webpages of the Sea Around Us (www.seaaroundus.org). The domestic catches of the 9
Polynesian island countries and territories covered here (Figure 1A - due to the relatively small catches, the
catches of Pitcairn Islands were excluded from the figure), are primarily small-scale subsistence and artisanal
in nature (Figure 1B).
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However, extensive industrial fisheries targeting large pelagic species by vessels flagged to (but not majority
owned by) the Polynesian islands exist (Coulter et al. 2020), and local food security is largely provided
through domestic small-scale fisheries. Overall per capita fresh seafood consumption is decreasing as
alternative proteins become increasingly accessible – a change largely driven by imports (Charlton et al.
2016). Commercial small-scale (i.e., artisanal) catches have generally increased over the time period (Figure
1B). True domestic industrial fisheries are rare and small (Figure 1B), with the exception of French Polynesia,
compared to the distant water fleet dominated industrial fisheries for large pelagic species addressed in
Coulter et al. (2020) and that dominate total Pacific catches. Because most Polynesian island areas are
resource poor, volcanic or low-lying coral atolls, they have a high dependence on marine resources and are
particularly vulnerable to the changing climate (Cheung et al. 2013; Charlton et al. 2016; Barnett 2017; Cheng
et al. 2017).
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Abstract
The initial reconstructions of the catch of marine fisheries catches for U.S.-flag associated island areas in the
Pacific was commissioned by the US Western Pacific Regional Fishery Management Council and covered the
years 1950 to 2002 for American Samoa, Guam, the State of Hawaii, the Commonwealth of the Northern
Mariana Islands, and the minor islands of Howland and Baker, Jarvis, Wake, Johnston Atoll, Palmyra Atoll,
and Kingman Reef. Subsequently, these were collectively updated to 2010 and further updated to 2016
(Hawaii), 2017 (American Samoa, Guam, Commonwealth of Northern Mariana Islands, Wake Island), and
carried forward to 2018 as documented in this contribution. For those islands that are inhabited, fisheries are
vital to the societal and food security welfare from coastal fisheries, as well as economically important through
large pelagic fisheries. We have conservatively accounted for local fishing through reported FAO data, national
statistics, and estimates of unreported catches from secondary data and information sources. Descriptions of
the methods used to reconstruct catches are presented in EEZ-specific sections.

Introduction
The initial reconstruction of the catches of marine fisheries for U.S.-flag associated island areas in the Pacific
were commissioned and funded by the US Western Pacific Regional Fishery Management Council for the
years 1950 to 2002, and were documented in Zeller et al. (2005, 2006, 2007a, 2007b, 2008), and were
updated to 2010 (Gibson et al. 2015; Zeller et al. 2015), and with contributions in Pauly and Zeller (2016).
Here, they were updated to 2016 (Hawaii), 2017 (American Samoa, Guam, Commonwealth of Northern
Mariana Islands, Wake Island), and carried forward to 2018. The industrial fisheries for large pelagic species
occurring in the EEZ waters of the uninhabited Howland and Baker Islands, Wake Island, Jarvis Island,
Johnston Atoll, and Palmyra Atoll and Kingman reef were covered in Coulter et al. (2020).
For those islands that are inhabited, fisheries are vital to the societal and food security welfare from nearshore fisheries, as well as economically important large pelagic fisheries. We have attempted to conservatively
account for local fisheries catches through reported FAO data, U.S. Western Pacific Fisheries Information
Network data (WPacFIN), and independent literature sources. Large pelagic fisheries were covered in a
separate study on global tuna fisheries by Coulter et al. (2020). Descriptions of the methods used to
reconstruct catches are presented in country-specific sections.
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Materials and Methods
American Samoa
The original reconstruction to 2002 by Zeller et al. (2005, 2006) was updated to 2010 by Zeller et al. (2015,
2016), and were subsequently updated to 2017 and carried forward to 2018. In this update, reported data from
the FAO were used as the reported baseline for the entire time series. Following the original methods by Zeller
et al. (2005, 2006, 2007, 2015), all catches as reported by the FAO were assigned as artisanal, except for
wahoo (Acanthocybium solandri) and dolphinfish (Coryphaena hippurus). Wahoo and dolphinfish catches
were assigned as industrial catch and were addressed separately in Coulter et al. (2020).
Unreported catches from Zeller et al. (2005, 2006) were updated to 2017 by applying the existing per capita
catch rate from 2002 to updated population data from the American Samoa Department of Commerce and the
Statistics for Development Division of the Secretariat of the Pacific Community (SPC). These non-artisanal
catches were assigned as 20% subsistence and 80% recreational (Figure 1). The reconstruction resulted in
catch amounts comparable to those estimated by Gillett (2016), specifically, subsistence and recreational
catches were equivalent to Gillett (2016) estimated coastal subsistence catches.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
American Samoa has agreed to protect its biodiversity through the international agreements of the United
Nation Convention on the Law of the Sea, the Ramsar Convention on Wetlands of International Importance,
the International Coral Reef Initiative and the World Heritage Convention. American Samoa is a signatory to
regional treaties and agreements such as the Regional Seas Convention (Marine Conservation Institute 2020).
“Traditional management of marine resources in American Samoa through the Community-based Fishery
Management Program (CFMP) has proven to be an effective tool in implementing conservation measures to
facilitate the sustainable management of the local subsistence and recreational fishery, and increase the
abundance of marine resources” (Oram et al. 2016). However, more collaboration between federal and
territorial agencies is needed in order to improve public support, enhance coordination of science and
enforcement, and maintain long-term political support (Oram et al. 2016).
American Samoa has three MPAs: The Ross Atoll Marine National Monument (designated in 2009 with
34,838 km2), the Rose Atoll National Wildlife Refuge (designated in 1973 with 158 km2) and the Fagatele Bay
Unit National Marine Sanctuary of American Samoa (designated in 1986 with a total of 0.65 km2; U.S.
Department of Commerce 2012). These areas jointly cover 34,997 km2 (Marine Conservation Institute 2020),
i.e., 8.6% of the EEZ of 404,370 km2 (Zeller et al. 2016).
The Fagatele Bay Sanctuary is the smallest and most remote of the 13 sanctuaries managed by NOAA’s Office
of National Marine Sanctuaries (ONMS). “Fagatele Bay’s coral reefs provide habitat for at least 271 species of
fishes, 168 species of coral and at least 1,400 species of algae and invertebrates other than coral. Marine
mammals and sea turtles may also be found in or near the sanctuary and surrounding environments. In
addition, Fagatele Bay's shoreline bears witness to the rich Samoan maritime culture as the site of a prehistoric village […]” (U.S. Department of Commerce 2012).
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The Ross Atoll Marine National Monument is a no-take area on paper. “[However,] poaching of fish and
marine invertebrates (primarily giant clams) is a realistic threat to Rose Atoll’s marine ecosystem. As with
terrestrial trespass, marine poaching is difficult to detect yet has the potential to cause serious damage to
Rose’s reef communities, especially if the poaching is driven by socio-economic factors” (Swenson et al. 2006).

Figure 1. Domestic marine catches for American Samoa from 1950-2018 by fishing sector.

Guam
Guam’s marine fisheries catches for 1950 to 2002 were first reconstructed by Zeller et al. (2005, 2007), and
updated to 2010 by Zeller et al. (2015); see also Zeller and Pauly (2016). Due to the overlap of sectors making
them difficult to distinguish and following the method of Zeller et al. (2005, 2007, 2015), in the update here to
2017, all catch was first assigned as artisanal (36%) or subsistence (64%). Subsistence catch was then further
broken down into true subsistence (20%) and recreational (80%). Large pelagic taxa were not included in
Guam’s catch reconstruction (i.e., blue marlin, common dolphinfish, Indo-Pacific sailfish, skipjack tuna, tunalike fishes nei, wahoo, yellowfin tuna) because these were covered in Coulter et al. (2020).
Discrepancies between the reconstructed catches (for 1965-2002) and the reported statistics over the time
period mentioned were discussed in the original reconstruction paper by Zeller et al. (2005), which included a
two-fold adjustment factor suggested in numerous earlier DAWR (Guam Division of Aquatic and Wildlife
Resources) reports up to 1985 (Zeller et al. 2007). National data were utilized as the reported baseline until
1999, after which data from the FAO were used as the reported component for 2000-2017 (Figure 2). There
have been no unreported catches since 1985; this took into account supply and demand comparisons and the
slightly increasing population (Bureau of Statistics and Plans 2018). The catch reconstruction showed a
general decline in reported catches in all sectors from the early 2000s. The 2017 Western Pacific Regional
Fishery Management Council annual report (WPRFMC 2018b) also noted a decline in catch in bottom fish and
boat-based fisheries, and Weijerman et al. (2016), focusing on the Guam shore-based fishery, also showed a
general decrease in biomass from 1985 to 2012.
There was also a shift in catch composition, where the majority of the landings since 1999 were comprised of
lower-valued species such as the bigeye scad (Selar crumenophthalmus) (Zeller et al. 2005; Weijerman et al.
2016). This downward trend is cause for concern, since fishing for coral reef fishes is vital not only for
contributing to the subsistence and home consumption needs of the indigenous Chamorros, other fishers and
their families, but also for preserving their histories and identities (Weijerman et al. 2016; WPRFMC 2018a).
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Since reef habitats are popular dive sites, they are often adversely impacted when large numbers of
inexperienced divers visit the site within a short period of time (Burdwick et al. 2008). The overuse and
misuse of certain high-profile reef areas, e.g., Piti Bomb Holes Marine Preserve for recreational activities) has
also raised concern.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
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Figure 2. Domestic marine catches for Guam from 1950-2018 by the 5 main taxa caught, plus ‘others’ contributing 123 additional taxa.
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Marine biodiversity protection
Guam is a signatory to regional treaties and agreements such as the Regional Seas Convention (Marine
Conservation Institute 2020). “Both local and U.S. laws, including the Endangered Species Act (1973), the
Marine Mammal Protection Act (1972), and the Shark Conservation Act (2011) afford protection to marine
species on Guam” (Martin et al. 2016).
There are two MPAs in Guam’s waters: the Guam NWR (National Wildlife Refuge, designated in 1978 with 93
km2 and 1 km2 of reported marine area, which is a no-take area) and the Guam Territorial Sea Shore
(designated in 1978 with 61 km2 and 25 km2 of reported marine area) (Marine Conservation Institute 2020).
These areas jointly cover 154 km2 (Marine Conservation Institute 2020), i.e., 0.07% of the EEZ of 221,899 km2
(Zeller and Pauly 2016).
“The Guam NWR is comprised of three units: the Andersen Air Force Base Overlay Unit, the Navy Overlay
Unit, and the Ritidian Unit. The Ritidian Unit, known to the Native Chamorro (Chamoru) people as Puntan
Litekyan, is located on the northern tip of Guam and encompasses approximately 5 km2, including 3.5 km2 of
submerged areas offshore” (U.S Fish & Wildlife Service 2019).
“In Guam, MPAs typically prohibit all fishing and other resource extraction (analogous to IUCN protected area
categories I–II), although there are some exceptions. Military lands include U.S. military bases and airstrips,
where both military and non-military fishing is limited; in these areas, access to adjacent waters may be
limited for those without a boat. Public and private lands contain shorelines that are legally accessible to the
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public (and as defined here, with no MPA restrictions on resource extraction), although cliffs may prevent
convenient access in some places” (Martin et al. 2016).
State of Hawaii: Main and Northwestern Islands
The reconstruction of Hawaii’s fisheries catches were originally completed for 1950-2002 by Zeller et al.
(2005, 2007, 2008) and updated to 2010 by Gibson et al. (2015); see also Zeller and Pauly (2016). Since the
update by Gibson et al. (2015), new Western Pacific Fisheries Information Network (WPacFIN) data became
available up to 2016 and were used to update the reconstruction. Algae, freshwater fishes, sea turtles,
freshwater shrimps, and tilapia were excluded from updated WPacFIN data. In this update, reported landings
were assigned between the Main and Northwestern Hawaiian Islands EEZs. Based on a review of available
literature, the split was independently determined for lobsters, bottom fish, and large pelagic taxa.
Lobster
Lobsters were assigned to the EEZ areas based on the ratio in the original reconstruction by Zeller et al.
(2007) from 1950 to 2000. In 2000, the lobster fishery was closed in the Northwestern Hawaiian Islands, and
from then onwards, all lobster catches were attributed to the Main Hawaiian Islands. All lobster catches were
designated as artisanal catch.
Bottom fish
Ratios of bottom fish landings from the Main and Northwestern Hawaiian Islands were determined from
information available for 1950-2006 (Zeller et al. 2007; Gibson et al. 2015). In 2010, the bottom fish fishery in
the Northwestern Hawaiian Islands closed due to the establishment of the Papahānaumokuākea Marine
National Monument. Thus, there was reduced fishing in the Northwestern Hawaiian Islands in 2010, followed
by no catch from 2011 onwards. Interpolation was used to determine ratios of bottom fish caught in each EEZ
area from 2007 to 2010. Bottomfish landings in the Main Hawaiian Islands were associated with small-scale
commercial catch and were designated as artisanal catch. Bottom fish landings attributed to the Northwestern
Hawaiian Islands were assumed to be industrial due to the increased vessel size required to travel the greater
distance. Bottom fish discard rates and taxonomic breakdown of discards were maintained from the original
reconstructions (Zeller et al. 2007; Gibson et al. 2015). Gear types were assigned using the taxonomic gear
breakdown available in the WPacFIN reported data.
Recreational
All recreational catches were assumed to originate from the Main Hawaiian Islands because the Northwestern
Hawaiian Islands are uninhabited. Recreational catch data from the Marine Recreational Information
Program (MRIP)55 was converted from number of fish caught to catch tonnage based on length-weight
conversion factors from FishBase from 2010-2016. A 1991 anchor point from Hamm and Lum (1992) was used
to taxonomically disaggregate the catches from 1950 to 1991. This disaggregation was then interpolated from
1991-2002 when the MRIP data with taxonomic resolution became available. An adjustment factor of 0.82
was applied for 2004-2010 to account for reporting errors noted by Williams and Ma (2013).
Pelagic fish
All large pelagic species catches were designated as industrial large-scale commercial catch (Kittinger et al.
2010), and are addressed separately in Coulter et al. (2020).

55

https://www.fisheries.noaa.gov/recreational-fishing-data/recreational-fishing-data-and-statistics-queries

234

2020 Fisheries Centre Research Reports 28(6)

Transition from 2016 to 2018
The catch reconstructed to 2016 (Figure 4) was carried forward to 2018 using the semi-automated procedure
outlined in Noël (2020), based on WPacFIN landings data to 2018. Semi-automated reconstructed catch data
will later be replaced by a more detailed, research-intensive update.
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Figure 4. Domestic marine catches for the State of Hawaii from 1950-2018 by the 5 main taxa caught and ‘others’ representing 192
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Coryphaena hippurus

Thunnus albacares

Katsuwonus pelamis

Selar crumenophthalmus

Acanthocybium solandri

Others

Marine biodiversity protection
The United States of America has agreed to protect the biodiversity of the State of Hawaii through the
international agreements of the Ramsar Convention on Wetlands of International Importance, the
International Coral Reef Initiative, the World Heritage Convention. It is also part of the international network
of UNESCO Man and the Biosphere. The United States of America is a signatory to regional treaties and
agreements such as the Regional Seas Convention. Its commitments extend to NGOs and/or public bodies like
the Caribbean MPA Network (CaMPAM) and the North American MPA Network (NAMPAN) (Marine
Conservation Institute 2020).
There are two major MPAs in the northwestern part of Hawaii: the Papahānaumokuākea Marine National
Monument (PMNM) (designated in 2006) and the Papahānaumokuākea 2016 Expansion Marine National
Monument (designated in 2016) (Marine Conservation Institute 2020). These areas cover 1,508,736 km2
(Marine Conservation Institute 2020), contributing to 96% of the Northwestern Islands EEZ of 1,578,680 km2
(Zeller and Pauly 2016). Previous to these designations, the Northwestern Hawaiian Islands Coral Reef
Ecosystem Reserve was recognized as a mixed cultural site (Claudino-Sales 2019); in 2010, the Marine
National Monument was designated as a natural World Heritage site. After the establishment of the MPAs, the
two areas jointly formed one of the largest and most strictly protected marine reserves in the world.
“The laws that established PMNM as well as the current management practices emphasize the integration of
Western and Native Hawaiian values and practices. This framework provides opportunities for cultural
perspectives to be integrated into all management decisions. Foundational elements of integration include
formal co-management agreements for governance, and structured opportunities for Native Hawaiian
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community involvement. PMNM is cooperatively managed by the National Oceanic and Atmospheric
Administration (NOAA), the U.S. Fish and Wildlife Service (FWS), the State of Hawaii, and the Office of
Hawaiian Affairs (OHA). Although OHA has acted as a co-manager since PMNM’s inception, a crucial
milestone was a 2017 Memorandum of Agreement, which elevated OHA to Co-Trustee status” (Clark and
Miller 2019.).
In the Main Islands of the Hawaiian waters, there are more than 90 unique marine managed areas that
regulate fishing and other marine-related activities (Friedlander et al. 2019). These areas cover 872 km2
(Friedlander et al. 2019), i.e., 0.1% of the Main Islands EEZ (896,002 km2; Zeller and Pauly 2016).
“These areas include MLCDs (Marine Life Conservation Districts designed primarily for conservation),
fisheries management areas (designed to resolve conflicts among users), and fish replenishment areas
(aquarium fish protected areas), along with various areas with other designations, such as military exclusion
zones, national parks, and community-based management areas” (Friedlander et al. 2019). The median area
of these marine managed areas is 1.2 km2. The largest is the Kahoʻolawe Island Reserve, with a total extent of
202 km2 and with 42 km2 of highly protected nearshore waters. The mean age of these managed areas is 29
years (±13 years SD), with the oldest being the Moku o Loʻe Marine Laboratory Reserve, which was established
in 1953 (Friedlander et al. 2019).
Commonwealth of the Northern Mariana Islands (CNMI)
The Commonwealth of the Northern Mariana Islands (CNMI) is a self-governing territory of the United States.
It is volcanic in origin and lies north of Guam and roughly 2,500 km east of the Philippines. Marine fisheries
catches for the CNMI were initially reconstructed for the 1950 to 2002 by Zeller et al. (2005, 2007a) and
updated by Zeller et al. (2015); see also Zeller and Pauly (2016). In this update to 2017, data were retroactively
corrected from the 1980s to the late 2000s to match more recent estimates of CNMI catch in the secondary
literature, including Cuentos-Bueno and Houk (2015) and Gillett (2016).
Commercial fisheries
National data based on a commercial dealer purchase receipt collection system provided by the Western
Pacific Fisheries Information Network (WPacFIN) of the National Oceanographic and Oceanic
Administration, Pacific Islands Fisheries Science Center (NOAA - PIFSC) were accepted as the reported
commercial landings baseline for 1981-201756. The initial reconstruction by Zeller et al. (2005, 2007a, 2007b)
interpolated between zero commercial catch in 1960 and the value as reported by WPacFIN in 1983, and these
earlier values were retained. Cuentos-Bueno and Houk (2015) found some underreporting within the
WPacFIN data. Thus, WPacFIN catches were adjusted upwards by 10% to better reflect likely true commercial
landings. For all years, catches of large pelagic fishes (tunas, billfishes) were assumed to be industriallycaught; they were excluded from consideration here, as they were addressed separately by Coulter et al.
(2020). All other taxa were considered to be local artisanal catches.
Non-commercial fisheries
In line with the initial reconstruction by Zeller et al. (2005, 2007a, 2007b), non-commercial catches were
considered entirely unreported, and they encompassed subsistence and recreational sectors. These noncommercial sectors were calculated as a ratio of WPacFIN total commercial landings (both reported plus
unreported). A 1.7:1 ratio of non-commercial landings to commercial landings, originally estimated by Graham
(1994), was applied to the adjusted WPacFIN dataset for 1983-1993. For the period 1994-2000, a 1:1 ratio was
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applied based on the suggestion in Graham (1994) that the ratio of non-commercial landings may have
decreased. However, in the initial reconstruction by Zeller et al. (2005, 2007a, 2007b), these ratios were
applied only to non-pelagic catches. Cuentos-Bueno and Houk (2015) suggested that to more accurately
estimate unreported non-commercial landings, this ratio should have been applied to all commercial catch,
including large pelagic fishes. As such the ratio (1.7:1 and 1:1) were applied to total commercial catch in order
to estimate 1983-2000 non-commercial catch in the present update. For the period between 1980 and 1983,
the downward trend in catch between 1979 and 1980 was continued for two years.
Following the year 2000, three anchor points summarized by Gillett (2016) were used to estimate rates of
underreporting in the CNMI. The first anchor point, calculated by Cuentos-Bueno and Houk (2015) for the
mid-2000s and applied here to 2005, was the average (i.e., 385.5 tonnes) between their non-conservative (514
tonnes) and their conservative (257 tonnes) estimate of total reef fish landings per year. This anchor point
does not include non-commercial pelagic species landings. Cuentos-Bueno and Houk (2015) also estimated a
conservative total catch (including commercial and non-commercial both reported and unreported landings)
of non-pelagic fish of 385.5 tonnes, resulting in 292 tonnes of unreported non-commercial catch in 2005.
Gillett (2016) presented commercial and non-commercial landings for 2007 and 2014, which were used as
anchor points in this update. Linear interpolation was applied for the years between 2000, 2005, 2007, and
2014 to derive a complete time series estimate of unreported non-commercial landings. The rate of unreported
landings in 2014 was held constant to 2017.
Most fishers engage in approximately equal amounts of subsistence and recreational fishing (Hospital and
Beavers 2014). As a result, the non-commercial catches were interpolated from 59.9% subsistence and 40.1%
recreational in 1980 to 50% each in 2000. After 2000, the subsistence-recreational split was maintained at
50-50 for the remaining years in the reconstruction.
Taxonomic composition
According to the surveys conducted by Hospital and Beavers (2014), CNMI fishers target pelagic fish, bottom
fish, and reef fish in roughly equal quantities, with 25-45% of respondents claiming they had no primary target
(depending on the sector). Thus, in all unreported catches of commercial and non-commercial sectors, catch
composition was conserved from the reported landings.
Transition from 2017 to 2018
The catch reconstructed to 2017 (Figure 5) was carried forward to 2018 using the semi-automated procedure
outlined in Noël (2020), based on WPacFIN landings data to 2018. Semi-automated reconstructed catch data
will later be replaced by a more detailed, research-intensive update.
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Figure 5. Reconstructed domestic marine catches for the Commonwealth of the Northern Mariana Islands from 1950-2018 by fishing
sector.

Marine biodiversity protection
The Marianas Trench Marine National Monument surrounds the US Territories of the Commonwealth of the
Northern Mariana Islands (CNMI) and occupies approximately 246,608 km2, i.e., 33% of the EEZ of 748,870
km2 (Zeller et al. 2016). The monument was established by President George W. Bush in 2009 and expanded
by President Barack Obama between 2014-2016. The monument is divided in three units: the Monument’s
Trench Unit, which occupies only the submerged lands along the length of the archipelago; the Volcanic Unit,
which extends in the submerged mud volcanoes and thermal vents along the Mariana Arc; and the Islands
Unit with protected waters and submerged lands. This is the only unit that has fishing restrictions (Kotowicz
et al. 2017).
“Within the Islands Unit of the monument, the Secretary of Commerce shall prohibit commercial fishing.
Subject to such terms and conditions as the Secretary of Commerce deems necessary for the care and
management of the objects of the Islands Unit, the Secretary … shall ensure that sustenance, recreational, and
traditional indigenous fishing shall be managed as a sustainable activity consistent with other applicable law
and after due consideration with respect to traditional indigenous fishing of any determination by the
Government of the Commonwealth of the Northern Mariana Islands (Presidential Documents 2009)”
(Richmond and Kotowicz 2015).
“A recent assessment of human use in the Islands Unit of the Monument revealed that trips to the waters of
the LMPA are rare but culturally important events, with an average of four trips per year by residents […]”
(Kotowicz et al. 2017). “Access and exchange of goods between Marianas residents and the Islands Unit have
served as a significant link to this historically and culturally important place. The importance of this area
should be considered when regulating access and traditional indigenous fishing in the Islands Unit of the
monument and the aim of management plans should be to facilitate continued connection to the waters
surrounding Uracas, Maug, and Asuncion” (Kotowicz and Richmond 2013).
A qualitative study exploring perceptions and attitudes about the Monument “found that many CNMI locals
who were closely connected to the Monument were against or had strong reservations about the LMPA [(Large
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Marine Protected Area)]. However, the survey showed overall high levels of support for the Monument among
the general public. The survey also indicated that respondents, even those who had heard of the Monument,
had low overall knowledge about it. Perhaps stakeholders’ greater awareness of the Monument and the
process through which it was designated caused them to uncover aspects about the Monument that led them
to exhibit lower support compared to the public” (Kotowicz et al. 2017). In another study, “not all respondents
agreed on the designation and regulation of the Monument or the best strategies to protect this cultural
resource. Several commercial fishermen described the importance of commercial ventures to their cultural
experience of the islands and expressed a lamentation over the loss of commercial access from Monument
designation [Others] felt that at least some forms of commercial fishing should be prohibited in order to
continue to conserve these valuable places (Four CNMI Residents, personal communication, 2011)”
(Richmond and Kotowicz 2015).
Howland and Baker Islands
Reconstruction of the marine fisheries catch of Howland and Baker Islands was completed for 1950-2002 by
Zeller et al. (2005), and was updated to 2010 by Zeller et al. (2015); see also Zeller and Pauly (2016). Howland
and Baker Islands have been uninhabited since World War II, and are contained within the Pacific Remote
Islands Marine National Monument, which bans commercial fishing within 370 km (200 nautical miles) from
shore57. Therefore, catches associated with the industrial large pelagic fisheries are documented in Coulter et
al. (2020). Illegal foreign fishing is a possibility, as the remoteness of these islands make regular monitoring
difficult.
Jarvis Island
The fisheries catch from around Jarvis Island was reconstructed in Zeller et al. (2005, 2015), see also Zeller
and Pauly (2016), and was assumed to include no small-scale catch, as the island is uninhabited58. Jarvis
Island is now contained within the Pacific Remote Islands Marine National Monument, which bans
commercial fishing within 370 km (200 nautical miles) of the island59. However, any large pelagic catches
continue to be documented as in Coulter et al. (2020). Illegal foreign fishing is a possibility, as the remoteness
of this island makes regular monitoring difficult.
Johnston Atoll
Johnston Atoll was formerly a US Air Force base and had some limited domestic recreational fishing by
resident US military personnel and civilian contractors. A reconstruction of the fisheries catch of Johnston
Atoll was completed for 1950-2002 by Zeller et al. (2005), and was updated by Zeller et al. (2015); see also
Zeller and Pauly (2016). However, the atoll was evacuated in 2007 due a hurricane which struck the island.
Since then, the island has been largely abandoned except for small teams of researchers and staff of the US
Fish and Wildlife Service, and thus domestic marine fisheries catches are assumed to be null since 2007.
Commercial fishing is banned for 200 nautical miles (370 km) around the atoll60 however, some industrial
catches for large pelagic species do still occur in this EEZ; these catches are included in Coulter et al. (2020).
Palmyra Atoll and Kingman Reef
Reconstruction of the marine fisheries catches of Palmyra Atoll and Kingman Reef were completed for 19502002 by Zeller et al. (2005, 2007) and updated to 2010 by Zeller et al. (2015); see also Zeller and Pauly
(2016).

http://www.fpir.noaa.gov/Library/MNM/2014-23319.pdf
https://www.cia.gov/library/publications/the-world-factbook/geos/dq.html
59 http://www.fpir.noaa.gov/Library/MNM/2014-23319.pdf
60 http://www.fpir.noaa.gov/Library/MNM/2014-23319.pdf
57
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Currently, Palmyra Atoll has a small resident population because the island is a nature reserve of the Nature
Conservancy and has some US Fish and Wildlife Staff61. Palmyra Atoll and Kingman Reef are within the
Pacific Remote Islands Marine National Monument, which bans commercial fishing within 50 nautical miles
(93 km) from shore62. Therefore, domestic fisheries catches were assumed to be zero as of 2009.
Wake Island
Wake Island’s reconstructed catch was updated to 2017, after initial reconstructions by Zeller et al. (2005,
2007, 2015); see also Zeller and Pauly (2016). While this area is now contained within the Pacific Remote
Island Marine National Monument63, recreational fishing likely continues to occur at a very small scale by the
resident military personnel and contractors. Recent estimates of the population are around 150 military
personnel and civilian contractors, and this was kept constant from 201164. The recreational fishing rate was
assumed to remain constant at 9.9 kg·fisher-1·year-1, and the original taxonomic disaggregation was carried
forward as 60% jacks (Carangidae) and 10% for each of soldierfish (Holocentridae), mullet (Mullidae),
parrotfish (Scaridae), and surgeonfishes (Acanthuridae).
Transition from 2017 to 2018
The catch reconstructed to 2017 (Figure 6) was carried forward to 2018 using the semi-automated procedure
outlined in Noël (2020), based on the pre-2018 reconstructed data. The catch data thus generated will be later
replaced by a more detailed update.
Marine biodiversity protection
The ‘Howland and Baker Islands’, ‘Jarvis Island’, ‘Johnston Atoll’, ‘Palmyra Atoll and Kingman Reef’ and
‘Wake Island’ are the five regions that together form the Pacific Remote Islands Marine National Monument
(PRIMNM). The monument was designated in 2009 by President George W. Bush and in 2014 was expanded
by President Barack Obama (Raineault et al. 2018). The President is the only decision maker with the ability
and authority to use the Antiquities Act to act swiftly and decisively to protect these national treasures (Sala et
al. 2014). The monument is one of the largest marine and terrestrial protected areas on the planet, covering
1,269,000 km2 (Raineault et al. 2018), i.e., 79% of the EEZ of the monument region of 1,601,344 km2 (Zeller
and Pauly 2016).
Moreover, the monument is characterized by having one of the most pristine tropical marine environments,
and it includes 165 known seamounts, which are biodiversity hotspots. These ecosystems are very vulnerable
to the increasingly, high water temperatures and lower pH. The fisheries that exist around these islands target
deep-bottom fish, crustaceans and coral reef fishes, notably surgeonfish (Acanthuridae), goatfish (Mullidae),
rudderfish (Kyphosidae), wrasses (Labridae), parrotfish (Scaridae) and soldierfish (Holocentridae) (Marine
Conservation Institute 2020).
However, “[i]t is prohibited for foreign vessels to fish in the entirety of the EEZs of the islands. Infrequent
Coast Guard patrols and the lag time between spotting and apprehending a violator before the boat exits US
waters means few illegal entrants are caught and prosecuted. The Coast Guard patrols Kingman, Palmyra and
Johnston Island EEZs using direct flights from Honolulu. Regular aerial patrols of the other EEZs do not
happen unless there is an extended deployment of a Coast Guard aircraft. As a result, even if an aircraft from
Hawaii is deployed to American Samoa or Guam, only one to two hours of active patrol time per dispatch
https://www.cia.gov/library/publications/the-world-factbook/geos/um.html
http://www.fpir.noaa.gov/Library/MNM/2014-23319.pdf
63 https://www.fws.gov/refuge/pacific_remote_islands_marine_national_monument/
64 https://www.cia.gov/library/publications/the-world-factbook/geos/wq.html
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could be dedicated to patrol the most remote EEZs, such as those of Howland, Baker, Jarvis or Wake Island.
These factors, combined with an aging air fleet in need of modernization, challenge the Coast Guard’s ability
to protect US living marine resources in the assessment areas. Despite these limitations, the Coast Guard has
observed the presence in the islands’ EEZs of an average of 15 illegal fishing vessels per year for the last 4
years. In 2007, there were 11 illegal fishing vessels detected in the islands’ EEZs compared to nine illegal
vessels in 2006 (Balazs 1982)” (Sala et al. 2014).

1.6
1.4
Mullidae

Catch (t)

1.2
1.0

Scaridae

0.8

Holocentridae

0.6
0.4

Carangidae

0.2
0.0
1950

Acanthuridae
1960

1970

1980
Year

1990

2000

2010

Figure 6. Reconstructed domestic recreational catches for Wake Island from 1950-2018 by taxonomic grouping.
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The data of the reconstructions presented above for the U.S.-flag associated island areas in the Pacific Ocean
are available on the website of the Sea Around Us (www.seaaroundus.org).
The inhabited U.S.-flag associated islands in the Pacific have small domestic catches which are largely
unreported and are dominated by recreational catches largely due to large recreational fisheries in Hawaii
(Figure 7).
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Figure 7. Catches for Hawaii and the other U.S.-flag associated islands in the Pacific from 1950-2018 by fishing sector. Reported landings
are overlaid by the black line.

Catches for Hawaii and Wake Island increased over time, while catches for American Samoa, Guam and
Northern Marianas all decreased. Howland and Baker Island, Jarvis Islands, Johnston Atoll, and Palmyra
Atoll and Kingman Reef catches consist entirely of industrial large pelagic fisheries catches addressed
separately by Coulter et al. (2020).
The creation and usefulness of large marine protected areas, like the Pacific Remote Islands Marine National
Monument65, which covers the marine waters around Howland and Baker Island, Jarvis Islands, Johnston
Atoll, Palmyra Atoll and Kingman Reef, and Wake Island, has been contested by some (Jones and De Santo
2016). However, such protected areas are crucial to ensure biodiversity protection and resilience in a changing
ocean.
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South American countries catch reconstruction updates
This group contribution includes updates to the countries of South America. An individual chapter covers the
fisheries of Peru.
A second regional chapter entitled “South America: Updated catch reconstructions for 2011-2018” covers
Argentina, Brazil, Saint Peter and Saint Paul Archipelago, Trindade and Martim Vaz Archipelago, Fernando de
Noronha, Chile, Juan Fernandez Island, Desventuradas Island, Colombia, Ecuador, French Guiana, Galapagos
Island, Guyana. Suriname, Uruguay, and Venezuela.
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Abstract
Peru’s initial catch reconstruction, covering the 1950-2010 period, was updated to 2018. This process
improved the taxonomic resolution of the catch, as well as the accuracy of Sea Around Us-assigned ‘end use’
and ‘gear type’ categories to the Peruvian catch. Detailed descriptions of the methods are given, mostly on a
per species basis. We discuss our results, which focus on the magnitude of the unreported catch, the
contribution of each sector to the national catch and the fisheries’ reduced reliance on traditional target
species.

Introduction
Catch statistics reported by FAO on behalf of a country are known to have limitations that lead to
underestimating the full extent of fishing mortality and misinterpreting global fisheries trends (Pauly and
Zeller 2016). Catch reconstructions, aim to build upon FAO’s accounting of fisheries yields by using
complementary, secondary sources of data (e.g., unpublished Government reports, graduate thesis, local
datasets) to elaborate plausible hypotheses of the total magnitude of catches across time (Zeller et al. 2007;
Zeller and Pauly 2016). These estimates can then be used to improve our understanding of fisheries’ impacts
on marine ecosystems; for example, by including them in assessments of the status of targeted stocks (Froese
et al. 2017, 2012).
The taxonomic resolution of FAO reported data increased substantially in the latest State of the World
Fisheries and Aquaculture report (SOFIA) (Pauly and Zeller 2019). This increase allowed for improvements to
the existing catch reconstructions around the world, while also increasing their temporal coverage.
Peru is one of the world’s major fishing countries in terms of tonnages (FAO 2018). Local fishing activities are
quite diverse and essential for national revenue, employment, and food security (Christensen et al. 2014;
Gutiérrez et al. 2017; Marín et al. 2017). However, fisheries assessment, monitoring and regulatory efforts
remain almost exclusively focused on anchoveta (Engraulis ringens) (De la Puente et al. 2011; SPDA 2019), a
single species responsible for 80% of the Peruvian reported catch between 1950 and 2014 (Gutiérrez et al.
2016).
The first catch reconstruction of Peruvian marine fisheries was completed for the 1950-2010 period by Mendo
and Wosnitza-Mendo (2014). This work was subsequently updated, extending the reconstruction to 2014
(Mendo and Wosnitza-Mendo 2016). These reconstructions showed that between 1950 and 2014, ‘official
catches’ reported by FAO on behalf of Peru accounted for 80% of likely ‘total catch’ estimated for Peru’s
economic exclusive zone (EEZ). Moreover, when the catch was assigned to the various fishing sectors, the

Cite as: De la Puente, S., S.-L. Noël and R. White. 2020. Peru: updated catch reconstruction for 1950-2018, p. 249-278.
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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reconstruction revealed that 14% of the Peruvian fisheries yield was caught by artisanal vessels, while 86% was
caught by industrial vessels66.
Peru’s catch reconstruction was further improved as a result of Sea Around Us efforts to determine the end
use of the catch (e.g., direct human consumption, fishmeal and fish oil production, other uses) (Cashion et al.
2017) and the fishing gears used for its capture (Cashion et al. 2018) at a global level. However, given the
scope of these efforts, country-level estimates for these parameters can sometimes be coarse and should be
improved when more data becomes available.
The goal of this study was threefold: (1) extend the temporal coverage of the Peruvian catch reconstruction to
2018, (2) improve its taxonomic resolution, and (3) improve the accuracy of the assigned ‘end use’ and ‘gear
type’ in the reconstructed catch.

Methods
The catch was reconstructed by following the seven-step catch reconstruction process described in Zeller et al.
(2016) and Zeller and Pauly (2016): (1) identifying baseline reported catch time series (e.g., FAO and national
data); (2) identifying missing data (e.g., the sectors, time periods, species, and gears not covered by official
reports); (3) sourcing available alternative information sources on missing data (e.g., through expert
elicitation and literature reviews); (4) developing data ‘anchor points’ in time for each missing data
component; (5) interpolating for time periods between data anchor points; (6) estimating the total catch time
series by combining reported catches with the additional catch estimates; and (7) quantifying the data
reliability (‘uncertainty’) associated with each reconstruction.
Peruvian catch data were obtained from several sources, including peer-reviewed publications, annual
government reports, technical reports, theses, and direct data requests67. These data allowed us to sort the
total reported catch by sectors, fishing methods (gear types) and end-use (Table 1), and to identify catches not
reported by Peru to the FAO. The methods and assumptions used for these purposes in the previous
reconstructions of Peruvian catch data were maintained (Mendo and Wosnitza-Mendo 2016, 2014).
‘Confidence intervals’ (data reliability ranges) were assigned to the reconstructed catch following the methods
described in Zeller et al. (2016) and Zeller and Pauly (2016). However, there are some differences in our
current approach, which are worth noting.
In previous iterations, a fixed ratio was used to distribute the catches among sectors for taxa caught by
industrial and small-scale vessels. For example, 24% of the catch of Peruvian banded croaker (Paralonchurus
peruanus) was annually assigned to industrial vessels using trawl nets between 1967 and 1998 (Mendo and
Wosnitza-Mendo 2014). Instead of this fixed ratio approach, here, we adjusted the ratio to reflect changes in
industrial and small-scale fishing effort or following changes in legislation regarding quota allocations among
fishing sectors. Thus, we distributed the total industrial catch of this species during this period (i.e., 24% of the
total catch between 1967 and 1998) by applying a variable ratio that changed in proportion to changes in
industrial fishing effort (Greer et al. 2019) on a year-to-year basis (e.g., 24% in 1979, 19% in 1992 and 16% in
1997).

66 Peruvian recreational and subsistence fisheries are not important, and jointly accounted for <0.1% of the reconstructed
catch of Peru between 1950-2014 (Mendo and Wosnitza-Mendo, 2014).
67 Catch data by taxonomic group and end-use can be directly requested from the Peruvian Ministry of Production using
the online forms available at: https://www.gob.pe/850-acceso-a-la-informacion-publica-acceso-a-la-informacion-publicadel-ministerio-de-la-produccion.
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Similarly, the catch was distributed among fishing gears following the methods described by Cashion et al.
(2018). However, the catch was distributed among artisanal fishing gears (i.e., small-scale fisheries) using
Instituto del Mar del Perú (IMARPE) data (Table 1). To determine how elastic the catch-by-gear ratios were to
changes in fishing effort, the ratio of the catch assigned to each fishing method for years where data were
available (e.g., 1996-2012; Marin et al. 2017) was used in combination with annual estimates of small-scale
fishing effort (De la Puente et al. 2020). This information was then used to predict the annual catches by gear
and taxa, as a function of fishing effort, for periods between data anchor points.
Unreported subsistence catches were estimated using methods by Mendo and Wosnitza-Mendo (2014, 2016)
using updated estimates of Peru’s coastal population and small-scale fishers (Castillo et al. 2018; INEI 2018).
Recreational catches were carried forward to 2018, with only minor adjustments corresponding to small
recent growth of recreational fishing activities in the north of Peru (Salgado et al. 2015). Landings and
discards from commercial fisheries were reconstructed on a taxon-by-taxon basis as follows:
1.0
Marine invertebrates
FAO reported landings for 18 taxonomic groups of marine invertebrates caught off Peru (FAO 2019). These
included taxa for crustaceans, echinoderms, and molluscs. However, since 1990 information has been
consistently displayed for 14 of these groups.
1.1.
Crustaceans
FAO reported crustacean landings included 6 taxa: ‘Craylets, squat lobsters nei’, ‘Green spiny lobster’,
‘Penaeus shrimps nei’, ‘Yellowleg shrimp’, ‘Marine crabs nei’, and ‘Marine crustaceans nei’. After comparing
national datasets, we produced time series for 4 crustacean taxa:
Blue spiny lobster (Panulirus gracilis)
FAO starts reporting blue spiny lobster catches in 1974 (FAO 2019). We used the difference between
the catches reported by El Ministerio de la Producción (PRODUCE) and FAO as the unreported catch
for the period 1950-1973. Since then, data reported by PRODUCE and FAO is the same. Nonetheless,
given the market for this species, a significant fraction of the catch goes directly to restaurants, hotels
and consumer’s houses without being registered by fisheries inspectors (Christensen et al. 2014;
Sueiro and De la Puente 2015). Thus, we assumed the reported data represented 75% of the catch
from 1974 to 2000, 70% from 2001 to 2006 (due to the intensification of coastal tourism in the north
of Peru), and 65% from 2007 to 2018 (due the gastronomic boom) (López de la Lama et al. 2018a).
The only exception was 2014, when PRODUCE reported catches of 193 tonnes and FAO reported only
4. Thus, we used the difference between the two as the unreported catch. All catches of this species
were assigned to artisanal divers using hands or tools. No discards were considered.
Marine crabs
Using estimated bycatch rate of marine crabs by industrial trawlers catching hake (2008-2018)68, we
were able to estimate the catch of this species by trawlers back to 1967. After subtracting the industrial
catch, we split the remaining values between small-scale fishing gears. We assumed that landings
represented 90% (1974-2018) of the catch and that there were no discards. In years up to 1973, we
added PRODUCE’s unreported catch directly on top of FAO for years when the catches by PRODUCE
were higher than FAO’s. We assumed that all landings were used for direct human consumption
(DHC), and that there were no discards for this species.
68 Extracted from IMARPEs daily reports on the hake fishery, available on:
<http://www.imarpe.gob.pe/imarpe/detallereport.php?id_seccion=I0131020201000000000000>.
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Penaeid shrimp
Penaeid shrimp landings in Peru mostly correspond to the genera Farfantepenaeus (47%),
Xiphopenaeus (35%) and Litopenaeus (17%) (Sueiro and De la Puente 2015). However, FAO only
reported landings for yellowleg shrimp (Farfantepenaeus californiensis) in 2017 (FAO 2019). For the
rest of the time series, catches of shrimp are grouped under ‘Penaeus shrimps nei’. Given that
available data lack the taxonomic resolution to split shrimp catches over genera or species across the
time series, we decided to group the catch of both FAO categories into one for ‘Penaeid shrimp’.
However, a fragment of the reported catch of shrimp in Peru may include yields from aquaculture
production, particularly in recent years (Palacios-Abrantes et al. 2018). Given the high value of
shrimp and limited distribution of its fishery, we assumed that the FAO reported data represented
85% of the total catch.
Red squat lobster (Pleuroncodes monodon)
Landings of ‘Craylets, squat lobsters nei’ were reported only for 2015-2016 (FAO 2019). These mostly
correspond to red squat lobster, a species that became highly abundant off the coast of Peru since the
mid-1990s (Gutiérrez et al. 2008). This species has been caught as bycatch by industrial purse seiners
and trawlers and targeted for bait by small-scale fishing vessels. Nonetheless, its catch is rarely
reported. Bycatch estimates for the industrial purse seine fleet were recently made available for the
period between 1997 and 2014 (Escobedo Oblitas 2018). We used a 5-year rolling geometric mean to
project the bycatch for the 2015-2018 period.
Before 1997, squat lobster abundance was smaller, and the catches were presumably reported as
‘Other crustaceans’ in PRODUCE (2018). However, reports of ‘Marine crustaceans nei’ only appear in
FAO statistics since 1998 (FAO 2019).
Thus, we decided to combine both ‘Craylets, squat lobsters nei’ and ‘Marine crustaceans nei’ into this
category, given that the previous crustacean taxa reported by FAO were broad enough to include all
other species of crustaceans caught by Peru fisheries (Marín et al. 2017; Sueiro and De la Puente
2015). We used PRODUCE catch estimates (not included in FAO statistics) to reconstruct catches
prior to 1997. The end-uses assigned to this species’ catches were fishmeal and fish oil production
(FIFO) or bait, depending on whether industrial or small-scale fishing gears caught it.
1.2.
Molluscs
FAO reported mollusc landings included 10 taxa: ‘Cholga mussel’, ‘Clams, etc. nei’, ‘False abalone’,
‘Gastropods nei’, ‘Jumbo flying squid’, ‘Macha clam’, ‘Marine molluscs nei’, ‘Octopuses, etc. nei’, ‘Patagonian
squid’, and ‘Peruvian calico scallop’. We produced time series data for 11 taxa, 7 species and 4 more aggregated
taxa based on available data.
1.2.1. Bivalves
All bivalves in Peru are caught by small-scale fishers (divers) using hands or tools (Sueiro and De la Puente
2015). The catch is fully retained and destined for DHC (Christensen et al. 2014). No discards were considered
for these species (Mendo and Wosnitza-Mendo 2014).
Chilean ribbed mussel (Aulacomya ater)
We extended the catch time series for this species assuming that FAO data represented 70% of the
total catch for this species (Mendo and Wosnitza-Mendo 2014).
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Clams
Catches in this group mainly correspond to two clam species (Gari solida and Semele corrugata).
However, their catch is reported jointly under a single category (i.e., ‘clams’), even in the data sets that
hold the highest taxonomic resolution. Thus, we were unable to split this group any further. As FAO
does not report catches before 1990, we used the difference between PRODUCE and FAO data as the
unreported catch for the 1950-1989 period. For the years between 1990 and 2018, we assumed that
FAO data represented 85% of the catch.
Macha clam (Mesodesma donacium)
FAO does not report catches of this species before 1988. Thus, we used the difference between
PRODUCE and FAO data as the unreported catch for the 1950-1988 period. For the years between
1989 and 2018, we assumed that FAO data represented 85% of the catch.
Peruvian calico scallop (Argopecten purpuratus)
We assumed that FAO data represented 75% of the catch for the period from 1990 to 2018. However,
since FAO data severely exceeded PRODUCE catch from 1950 to 1989, we did not add additional
unreported catches. It is worth noting that PRODUCE sometimes report scallop aquaculture
production jointly with wild-caught scallop (Palacios-Abrantes et al. 2018). Also, many of the ‘seeds’
(juveniles) used for aquaculture production are illegally caught and potentially double counted in
national statistics (López de la Lama et al. 2018b). Thus, it is highly likely that these numbers are
overestimating the total catch for this species.
Other bivalves
This category corresponds to the ‘Marine molluscs nei’ category reported by FAO (2019). An
overwhelming majority (98%) of the mollusc catch not included in the other 10 categories for molluscs
included in this reconstruction correspond to bivalves (Sueiro and De la Puente 2015). These include
razor clams (Ensis macha and Tagelus dombeii), Venus clams (Transennella pannosa, Leukoma
thaca), oysters (Pteria sterna, Striostrea prismatica and Spondylus limbatus), black bittersweet
(Glycymeris ovata), bean clam (Donax obesulus), mussels (Choromytilus chorus and Modiolus
capax), Mexican cockle (Trachycardium procerum), and arks (Anadara tuberculosa and A. similis),
among others (Sueiro and De la Puente 2015). Thus, we thought it appropriate to rename this category
‘Other bivalves’.
FAO did not report catches for this category before 1965. Therefore, we used the difference between
PRODUCE and FAO data as the unreported catch for the period between 1950 and 1970. For the 19712018 period, we assumed that FAO data represented 80% of the catch. A few notable exceptions were
the years 1985, 1988, 2014 and 2016. In these years, the difference between FAO reported data and
PRODUCE data exceeded our estimated underreporting. Thus, we used that difference as the
unreported data for those four years.
1.2.2. Cephalopods
Changos octopus (Octopus mimus)
All catches of changos octopus were assigned to artisanal sector of divers using hands or tools
(Christensen et al. 2014; Sueiro and De la Puente 2015). For 1950-1972, and 2015, we used the
difference between the catches reported by PRODUCE and FAO as the unreported catches. This
species is highly valued in local markets, so we assumed that the values reported by FAO represented
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85% of the species between 1950 and 2005. After that, given the Peruvian gastronomic boom and the
development of new value chains connecting fishers directly with restaurants and high-end retailers,
we assumed that FAO data represented 80% of the catch between 2006 and 2018. No discards were
considered.
Jumbo flying squid (Dosidicus gigas)
This large cephalopod is not only caught by the Peruvian small-scale fleet, but also appears as bycatch
of the domestic industrial fleet. For a couple of decades, foreign industrial fleets targeted it.
Data corresponding to the foreign (i.e., Japanese and South Korean) fleets fishing jumbo squid within
Peru’s EEZ were extracted from (Paredes and De la Puente 2014). Since data were not available to
divide this joint catch, it was split equally between Japan and South Korea.
To estimate the bycatch in the industrial fleet, we assumed that the catch rate of this species would be
equivalent to 2% of the reported landings of Peruvian hake by industrial trawl nets and 1% of the
reported landings by industrial purse seine nets targeting chub and jack mackerels. Moreover, we
assumed that further bycatch would be seen in the anchoveta and sardine industrial fisheries but at a
much smaller rate (0.01% of the nominal landings). All industrial catches of this species were assumed
to be used for fishmeal and fish oil production.
Furthermore, we assumed 0.10 tonnes of jumbo squid used as bait for each ton of mahi-mahi
(Coryphaena hippurus), blue shark (Prionace glauca), or shortfin mako (Isurus oxyrinchus) caught
in Peru using small-scale longlines since 1990 (Alfaro-Shigueto et al. 2010).
Finally, roughly 15% of the weight of this species (i.e., the eyes, the ink sack and the guts) is discarded
at sea. Thus, to reconstruct the full weight, we assumed only 85% of the total catch was reported in the
landings.
Patagonian squid (Doryteuthis gahi)
Patagonian squid was assumed to be caught entirely by small-scale fishing gear and used for direct
human consumption (Sueiro and De la Puente 2015). FAO data was assumed to cover 75% of the
reported catch, except for 1950-1963, when catch estimates were not reported by FAO but appear in
national statistics. The difference between the two data sets was used as the unreported catch. No
discards were considered for this species.
1.2.3. Gastropods
The most commonly landed gastropod species in Peru include the chocolate rock shell (Thaisella chocolate),
the swollen frog shell (Crossata ventricosa), the concave ear moon snail (Sinum cymba), the Chilean abalone
(Concholepas concholepas) and limpets (Fissurella spp.) (Marín et al. 2017; Sueiro and De la Puente 2015).
FAO reports catch of the Chilean abalone as ‘False abalone’; however, all other species were grouped under the
‘Gastropods nei’ category (FAO 2019). Using alternative sources of data (Appendix table 1), we extracted the
limpets out of ‘Gastropods nei’ time series. Thus, we reconstructed the catch for three gastropods groups:
Chilean abalone, Limpets and Sea snails.
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All catches of these groups were assigned to artisanal divers using hands or tools. We assumed that the catch
was fully landed (i.e., no discards) and exclusively used for direct human consumption (Christensen et al.
2014; Sueiro and De la Puente 2015).
For the remaining taxa, underreporting was estimated to be the difference between catches reported
nationally vs catches reported by FAO. Moreover, we assumed that reported catches of Chilean abalone and
sea snails by FAO represented 85% of these species total catch between 1950 and 2005. Due to the Peruvian
gastronomic boom and the development of new value chains connecting fishers directly with restaurants and
high-end retailers, we assumed that FAO data represented 80% of the catch between 2006 and 2018. Limpet
catches, on the other hand, were fully unreported by FAO throughout the time series.
1.3.
Echinoderms
FAO reports this category as Chilean sea urchin (Loxechinus albus). However, other species of echinoderms
(mainly sea cucumbers) are included in Peruvian statistical reports under a category that translates to
‘Echinoderms (sea urchins and others)’ (PRODUCE 2018). Data directly requested to PRODUCE and
alternative sources of information (Appendix table 1) allowed us to split the echinoderm catch into two groups:
Chilean sea urchin and sea cucumbers (Holothuroidea). Reported catches were assumed to represent 80% of
the total catch between 1990 and 2018. For years before 1990, unreported catches were considered to be the
difference between national catch data and FAO reported data. Sea cucumber catches were fully unreported by
FAO. All catches of this species were assigned to artisanal divers using hands or tools. No discards were
considered.
2.
Cartilaginous fishes
FAO reported catch data for 11 taxa of Chondrichthyes, including 7 groups of sharks, 3 groups of batoids and
one for the Plownose chimaera (Callorhinchus callorynchus). However, catches were reported using only 5
categories throughout the time series – except for 2017 when catches were reported using all 11 taxonomic
groups (FAO 2019).
Catches of Plownose chimaera were only reported in 2017. The catch of this species was reported as part of the
generic ‘Marine fishes nei’ category for the 1950-2016 period. Lacking ancillary data to extract a time series for
the chimaera catches from those reported as ‘Marine fishes nei’, we decided to add the 2017 chimaera catch
back to it.
It is worth noting that most of the shark and batoid catch is reported by FAO under generic taxonomic
aggregations (e.g., ‘sharks, rays, skates, etc., nei’, ‘smooth-hounds nei’ and ‘rays, stingrays, mantas nei’). Thus,
we proceeded to disaggregate their catch as follows:
2.1.
Sharks
Expanding upon the methods developed by De la Puente (2017), we combined the reported catches of ‘sharks,
rays, skates, etc., nei’ and ‘smooth-hounds nei’ into a single group. These two groups are reported as “Tollo”
and “Tiburon” in PRODUCE (2018). However, these categories are built using common names and not
scientific names (De la Puente 2017). Thus, we used IMARPE data to estimate the proportional contribution of
shark species to the total catch, using the ratio for the period between 1997 and 2015 and 1986 and 1988 as
anchors. Sharks were split into blue shark (Prionace glauca), shortfin mako (Isurus oxyrinchus), smooth
hammerhead (Sphyrna zygaena), common thresher (Alopias vulpinus), humpback smooth-hound (Mustelus
whitneyi), school shark (Galeorhinus galeus) and other sharks (Elasmobranchii).
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Then, we split each shark catch into their corresponding fishing gears. Some shark species are dressed at sea
(headed and gutted), a practice that became mainstream in the early 1980s and almost compulsory for shark
species since the late 1990s, when fishing trips became longer (De la Puente 2017). We reconstructed the total
catch by adding the discarded weight to blue sharks, shortfin makos, common threshers, and hammer heads.
We assumed that: (1) sharks were dressed only when caught by gillnets or longlines, (2) 75% of the sharks
were dressed at sea from 1983 to 1996, and (3) since 1997, 80% of the hammerheads and 100% of the other
species are dressed at sea. Species-specific multipliers were used to add the relevant discards.
Humpback smooth-hounds, school sharks, and other sharks were assumed to be fully retained. Nonetheless,
we assumed that the reconstructed catch for all shark species represented 90% of the total landings (due to
lack of monitoring and accounting) across the time series.
Finally, catches of Pacific angelshark (Squatina californica) were split between small-scale fishing gears.
Unreported catches were reconstructed using the difference between data reported by FAO (2019), PRODUCE
(2018) and Caillaux (2011). In years when FAO data was equal to PRODUCE data (1974-1990; 1992-1995;
2000-2005; and 2008-2017) and in 2018, landings were assumed to represent 75% of the catch. In all other
cases, unreported catches were estimated as the difference between reconstructed catches by Caillaux (2011)
and data supplied by PRODUCE. The only exception was the period between 1967 and 1970 during which FAO
data vastly exceeded PRODUCE data. Therefore, no additional landings were included to the catch.
2.2.
Batoids
Peer-reviewed publications (Alfaro-Córdova et al. 2017) and national reports on small-scale fisheries (Marín
et al. 2017), are beginning to include more batoid taxa in their catch descriptions. However, the catch of this
group of fishes is highly aggregated in both national and FAO statistics (FAO 2019; PRODUCE 2018). Thus,
catches of giant manta (Mobula birostris) reported in 2017 were added to those of the generic category labeled
as: ‘Rays, stingrays, mantas and skates (Orders: Myliobatiformes and Rajiformes)’.
This generic category includes multiple species, mainly from the order Myliobatiformes. We split the catch
between industrial and small-scale gears using IMARPE data (Appendix table 1) and assumptions on
decreasing bycatch levels by industrial trawlers reflecting improvements in regulations and changes to fishing
effort. Reported landings by industrial trawlers were assumed to represent 90% of their catch, retaining 95%
of it and discarding the remaining 5%.
Catch among small-scale gears was reconstructed as with other species. Landings by small-scale trawlers were
assumed to represent 70% of the reported catch, while landings by small-scale purse seiners and handlines
were assumed to cover 75% of the catch. All unreported catch by these fleets was assumed to be retained. In
the case of small-scale gillnets and longlines, landings were also assumed to cover 75% of the catch. However,
given that rays caught with these gears tend to be gutted and cut before being weighed on land (Sueiro and De
la Puente 2015), we assumed that 80% of the unreported catch corresponded to discards.
The only other group of batoids for which a time series was produced is the Pacific guitarfish (Pseudobatos
planiceps). Catches of this species were split between small-scale fishing gears. Unreported catches were
reconstructed using the difference between FAO data, PRODUCE data, and data reconstructed by Caillaux
(2011). In years that reconstructed catch data (Caillaux 2011) or PRODUCE data did not exceed the FAO
reported catch, we assumed that FAO data represented 75% of the catch. Out of the unreported catch caught
by gillnets, we assumed that 50% was discarded at sea because this species is frequently headed and gutted
before being weighted on docks (Sueiro and De la Puente 2015).
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3.
Teleosts
FAO reported catches for 63 teleost taxa between 1950 and 2017 (FAO 2019). However, only 29 groups (46%)
had data for all years of the time series, while catches for only 26 groups (41%) were reported in 2017. The
reconstruction allowed us to estimate the catches for 41 groups of bony fishes across the time series.
Anchoveta (Engraulis ringens)
The end-use of anchoveta catches was allocated between DHC and FIFO using data from PRODUCE.
All of the FIFO catch up to 1999 was allocated to industrial purse seiners. However, since 2000, the
part of the small-scale purse seine fleet with licenses for DHC, has been illegally landing anchoveta
only for FIFO production. Since changes in regulation and enforcement have made it harder for this
behavior to occur (SPDA 2019; Sueiro and De la Puente 2015), and its peak was estimated to be in
2012 (IMARPE, unpublished data), we reconstructed anchovy catch assuming that: (i) DHC landings
by small-scale purse seiners represented 90% of the DHC catch, and (ii) in addition to that catch,
small-scale purse seiners illegally landed significant amounts of anchoveta for FIFO starting at 5000
tonnes in 2000, reaching its peak in 2012 (250,000 tonnes) and decreasing progressively since then
(reaching 160,000 tonnes in 2017; Grillo et al. 2018).
The previous reconstruction’s estimates by Mendo and Wosnitza-Mendo (2014) for unreported
landings and discards by industrial purse seiners was not modified before 1999. From 1999 onward,
we modified the percentage of unreported landings for anchoveta given: (i) changes in regulations (De
la Puente et al. 2011; SPDA 2019), (ii) changes in fleet size (De la Puente 2014; De la Puente et al.
2020), (iii) the start of the catch shares system in 2009 (De la Puente et al. 2011), and (iv) ‘El Niño’, or
more precisely El Niño Southern Oscillation (ENSO) events.
Torrejón-Magallanes et al. (2016) estimated the percentage of discards for excess catches by the
industrial fishing sector in the Northern-Central anchoveta stock (see Mendo 2018) for a definition).
These percentages were used to estimate the corresponding discards for the industrial fleet for the
period between 2005 and 2014, and the geometric mean value of the last 5 years was carried forward
to reconstruct discards for 2015 onward. An additional 5% per year was added to reconstructed
discards because of juvenile catches between 2009 and 2016 (Paredes 2014). Due to changes in
regulations regarding the reporting of bycatch in 2016 (SPDA 2019), this percentage of discarded
juvenile fish is thought to be decreasing. Thus, we projected additional unreported catches of 3% and
2% in 2017 and 2018, respectively.
Pacific sardine (Sardinops sagax)
FAO reports landings of this species under a different common name (i.e., South American Pilchard),
and no catches were reported before 1961. The statistics collected by Cárdenas-Quintana (2009) and
Cárdenas-Quintana et al. (2015) were used to reconstruct the catch of this species across the first
decade of the time series. These were assumed to reflect the total catch of this species during this time.
In the previous reconstruction (Mendo and Wosnitza-Mendo 2014), the reconstructed catch was on
average 29% (± 2%) larger than the nominal catch. This might have been true for some segments of
the time series, but not for all. An error in the assignment of the sector catching Pacific sardine within
the original database was corrected and now reflects that roughly 75% of the sardines were caught by
the industrial purse seiners and only 25% by the artisanal sector. Small-scale landings were caught
99.99% by purse-seiners and 0.01% by gillnets (Sueiro and De la Puente 2015).
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Flat rates of underreporting were previously assigned (i.e., 6% for the industrial sector and 36% for
the artisanal sector) across the time series (Mendo and Wosnitza-Mendo 2014). Since sardines were
landed whole and targeted by industrial and small-scale purse seiners, similar estimates for the
underreporting of vessels were used for the anchoveta fishery during the same years. Given the lack of
data on unreported discards per landing for the industrial sector, we assumed that 5% of the
unreported catch corresponded to discards, while 95% was landed. For the small-scale sector, we
applied an almost flat rate of 30% for all unreported landings.
For the end-use of the industrial catch, we assumed that approximately 7% was used for direct human
consumption (Mendo and Wosnitza-Mendo 2014). However, for the small-scale catch, we assumed
that 90% of sardines, not 100%, were used for this purpose (i.e., a conservative estimate) because
illegal fishmeal production from the small-scale-fleets was also a problem in the 1980s and 1990s (J.C.
Sueiro and M. Kisner, pers. comm.). We used data from PRODUCE to anchor the distribution of the
catch between DHC and FIFO. We used estimates by Cárdenas-Quintana et al. (2015) together with
PRODUCE to distribute the catch rates corresponding to the industrial vs small-scale fleets.
Chilean jack mackerel (Trachurus murphyi)
The distribution of the catch of Chilean jack mackerel between DHC and FIFO was kept constant to
1999 (Mendo and Wosnitza-Mendo 2014). For the years since, the allocation between end-use of the
catch was updated using data from PRODUCE. All FIFO catch was allocated to industrial purse seine
vessels. The allocation of the catch for DHC between industrial and artisanal vessels was kept as in the
last reconstruction throughout the time series. However, the artisanal catch was subdivided between
small-scale fleets.
In the previous reconstruction (Mendo and Wosnitza-Mendo 2014), a constant 20% underreporting
rate was assumed for industrial purse seines and 26% for artisanal gears. However, we applied a rate
of 20% for industrial purse seiners aiming for FMFO and 15% for industrial purse seiners for DHC.
Additionally, we applied a 30% rate of underreporting for handlines and gillnets and a 20% rate for
small-scale purse seiners. We assumed that 1% of the unreported catch were discarded, irrespective of
gear. FAO reports no catch for 1950. Therefore, we used the same catch as in 1951 to reconstruct 1950.
Finally, catches by industrial midwater (pelagic) trawlers were registered within the Peruvian EEZ
between the mid-1980s and 1991 (Ñiquen et al. 2013). The reported landings for this fleet were
estimated to 80% of the total catch, as in the previous reconstruction (Mendo and Wosnitza-Mendo
2014).
Pacific chub mackerel (Scomber japonicus)
This species is mainly caught by industrial purse seiners (for DHC and FIFO) and by small-scale
fisheries (for DHC only) (Christensen et al. 2014). The catch was divided between industrial and
small-scale vessels using the following rationale: (1) industrial vessels accounted for 84% of the catch
between 1950 and 2010 (Mendo and Wosnitza-Mendo 2014), and (2) all landings destined for FIFO
were caught by industrial vessels (Cashion et al. 2017).
We used the FIFO estimates for 1950-1990 from the original reconstruction and complemented them
with PRODUCE data to extend the time series to 2018. PRODUCE data was also used to estimate the
industrial DHC catch for the 1997-2018 period. After subtracting the FIFO and industrial CHD catch,
we applied a multiplier to meet the 84% criterion of industrial catch for the 1950-2010 period.
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We proceeded to split the artisanal catch among small-scale fishing fleets. We assumed an
underreporting rate of 30% for small-scale gillnets and handlines and assumed a rate of 20% for
small-scale purse seiners. Moreover, we assumed that 1% of the unreported catch was discarded at
sea.
Peruvian hake (Merluccius gayi peruanus)
Catches were first allocated between Peruvian hake caught for FIFO and those caught for DHC. FIFO
catches were assigned to industrial purse seiners and were extracted from PRODUCE data.
Since the 1997/1998 El Niño event – and more strongly after 2003 (which was the start of the new
regulations for hake following the stock’s collapse) (SPDA 2019) – small-scale fisheries have been
responsible for a larger percentage of the total hake catch in Peru. Using industrial catch data from
2004 to 2007 (Bouyer 2009), and 2006 to 2018 (IMARPE) as anchor points, we reconstructed the
contribution of the industrial fleet to the total Peruvian hake landings between 2004 and 2018. For
previous years, we used the same allocation of the catch in Mendo and Wosnitza-Mendo (2014). The
artisanal catch was split into small-scale fishing gears.
For industrial vessels, the same underreporting rates used as in the previous reconstruction (Mendo
and Wosnitza-Mendo 2014) were applied. Nonetheless, for: (i) small-scale gillnets and longlines, we
applied a rate of underreporting of 20% between 1950 and 1996 and 10% between 1997 and 2018; (ii)
for small-scale handlines, the applied rates were 30% (1950-1996) and 25% (1997-2018); (iii) for
small-scale trawlers a flat rate of 30% was applied for all the time series, and (iv) for purse seines the
rates varied from 20% between 1950 and 1996, and 30% between 1997 and 2018. These follow
perceived changes in the capacity of monitoring systems covering small-scale fisheries landings (J.C.
Sueiro, pers. comm.).
The Sea Around Us, following Martín (2012) classifies all trawlers as industrial fishing gears
(although this is not the case within Peruvian regulation); thus, all catches by what are labelled as
small-scale trawlers in Peru were allocated to industrial fleets. ‘Bottom trawl’ was used for vessels
recognized as ‘industrial’ according to the Peruvian legislation, while ‘small-scale bottom trawl’ was
used for the local artisanal trawl fleet.
Eastern Pacific bonito (Sarda chiliensis)
The industrial catch of Eastern Pacific bonito was allocated to industrial purse seiners. We used data
provided by PRODUCE to estimate the relative contribution of the industrial fleet to the total landings
between 1997 and 2016. The geometric mean of the last 3 years of data was used to project its
proportional contribution to 2018. For the previous period, we assumed 25% of the annual catch was
landed by industrial vessels (sensu Mendo and Wosnitza-Mendo 2014). The remaining artisanal catch
was split among small-scale fishing vessels.
Industrial landings of this species were assumed to account for 95% of the industrial catch, while the
artisanal sector the rate assumed was to be 75%. Discards were assumed to be 5% of the unreported
industrial catch and 1% of the unreported small-scale catch.
Longnose anchovy (Anchoa nasus)
Landings of this species were not reported by FAO or PRODUCE before 1992. Thus, we were unable to
determine the catch of this species during the 1950-1991 period. It is, however, highly likely that the
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longnose anchovy catches before 1992 are included within the reported anchoveta catch statistics. We
make this claim because longnose anchovies are mostly bycatch in the industrial purse seiners
anchoveta fishery. Thus, all catches of this species were destined for FIFO. As with the previous
reconstruction, reported landings were assumed to cover 80% of the total catch (Mendo and
Wosnitza-Mendo 2014).
Common dolphinfish (Coryphaena hippurus)
FAO has reported landings of common dolphinfish (or mahi-mahi) since 1988 (FAO 2019). Thus, the
difference between catch data reported by FAO and local sources of information was used as the
unreported catch between 1950 and 1987. Since then, reported landings were assumed to cover 75% of
the catch. All landings of this species were caught by the artisanal sector. However, for vessels using
small-scale gillnets and longlines, we assumed that 11% of the unreported catch corresponded to
discards, since dolphinfishes tend to be gutted at sea (Palacios-Abrantes et al. 2018; Sueiro and De la
Puente 2015).
Before the mid-1990s, common dolphinfish was caught only by small-scale gill netters as bycatch.
Because this species was not really known or favoured by consumers, it was almost never sold at good
prices. During the 1997/1998 El Niño, many coastal stocks of traditionally harvested resources were
doing poorly due to El Niño or were truly depleted and on the verge of collapse, and therefore, some
fishers ventured further offshore and began fishing for dolphinfish (De la Puente et al. 2015, Sueiro
and De la Puente 2015).
However, when fishers returned to port and started selling common dolphinfish (a white meat
species) at very low prices, fishmongers of other traditional, higher priced, white meat species (e.g.,
flatfishes, groupers) began to spread myths that dolphinfish carried parasites that cause people to get
sick. This exaggeration was due to the longer fishing trips required to catch common dolphinfish with
little to no ice due to poor insulation of the small-scale vessels’ holds (De la Puente et al. 2015, Sueiro
and De la Puente 2015).
Given the continued decline of coastal stocks and the increase of fishing effort during the 2000s,
vessel owners were motivated to invest in the boats and improve their insulation or buy bigger boats
to catch these fish. The fleet also began to favour longlines to catch common dolphinfish, which made
the fish more marketable than those caught by gillnets in which fish fight to escape nets, causing
damage to their skin. Moreover, fishers started to gut the catch at sea, reducing the chances of it
being spoiled before reaching port, whilst also increasing discards. (De la Puente et al. 2015, Sueiro
and De la Puente 2015)
Moreover, circa 2003, the seafood freezing industry was heavily hit with the collapse of the Peruvian
hake stock. The resulting search for alternative species to freeze and export led to the explosion of the
Humboldt squid fishery, the blue and shortfin mako shark fishery and the mahi-mahi fishery. With
the financial support of the industry, many small-scale vessel owners obtained loans for adapting
and/or building new vessels to increase catches and compete with Ecuador. Despite all of the
investments made and the substantial growth of the Peruvian fleet, Ecuador still has higher catches of
this species, most likely because the stock comes much closer to the shore there (De la Puente et al.
2015, Sueiro and De la Puente 2015). De la Puente et al. (2020) described the increase in CPUE of
small-scale fisheries that occurred between 1992/2006 and how it relates to the mahi-mahi fishery.
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Another aspect worth noting is that most small-scale fishing trips in Peru used to last between 0-3
days before the 1997/1998 El Niño. However, fishing trips for mahi-mahi, Humboldt squid and sharks
tend to be much longer (up to 20-35 days sometimes). These long expeditions change the social
dynamics of fishing communities as fishers were scared to leave their families or stay at sea for so
long, (this involved artisanal vessels going 60-150 or more nautical miles offshore sometimes). Thus,
the recent expansion in the catches also reflects an increase in investment for making bigger vessels
and equipping them with echo sounders and proper holds. (De la Puente et al. 2015, Sueiro and De la
Puente 2015)
Flathead grey mullet (Mugil cephalus)
The catch of this species is reported by FAO under the ‘Mullets nei’ category FAO (2019). All landings
were caught by the artisanal sector and used for direct human consumption. The catch was split
among small-scale fishing gears. We assumed that reported landings of this species corresponded to
75% of the catch and that 1% of all unreported catch was discarded at sea. The only exception to this
were vessels using small-scale handlines. We assumed that they fully retained the catch.
Pacific menhaden (Ethmidium maculatum)
We used PRODUCE data to split the catch between DHC and FIFO. FIFO catch was allocated to
industrial purse seiners. The small-scale catch was divided between the small-scale purse seine and
gillnet fleets. Underreporting of the catch by FAO differed among sectors. For industrial vessels, we
assumed that statistics covered 90% of the total catch, while for small-scale vessels we assumed they
represented 75% of the total catch. In both cases, we assumed 1% of the unreported catch was
discarded at sea. Moreover, we assumed that 2% of the unreported catch by small-scale purse seiners
was landed and sold as bait.
Lumptail searobin (Prionotus stephanophrys) and flyingfishes (Exocoetidae)
Landings of lumptail searobin and other flyingfish species are regularly grouped together in catch
statistics because they are labeled ‘volador’ in Spanish. These species appear within FAO statistics as
one category (‘Flyingfishes nei’) between 1950 and 2016 and as two categories in 2017 (‘Flyingfishes
nei’ and ‘Gurnards, searobins nei’) (FAO 2019).
Lumptail searobins are mainly caught by industrial trawlers targeting Peruvian hake (Mendo and
Wosnitza-Mendo 2014), although they are also caught by small-scale trawl nets and gillnets.
Flyingfishes, on the other hand, are exclusively caught by artisanal fishers. The small-scale fleet
targets flyingfishes using gillnets or handlines, while a growing trap fishery now targets them for their
roe (Marín et al. 2017; Sueiro and De la Puente 2015).
The catch was split between the two species using data provided by IMARPE and PRODUCE. All
landings associated with FIFO were assigned to lumptail searobin. No industrial catch of this species
was recorded before 1970, coinciding with the development of the Peruvian trawl fleet (GuevaraCarrasco and Lleonart 2008). All landings of flyingfishes were destined for DHC.
The difference between national statistics and those reported by FAO was used to estimate the
unreported catches for these species between 1950 and 1970. For searobin species, we assumed a 20%
rate of underreporting with industrial bottom trawlers. For small-scale trawlers, we assumed a 30%
rate of underreporting. For flyingfishes, we assumed a 25% rate of underreporting. Some exceptions to
these rules were implemented in years when the national statistics exceeded FAO reported catch by
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more than the assigned rates. In those years, the differences between the two datasets was used as the
unreported catch. Alternatively, no underreporting was considered when FAO statistics exceeded
those appearing on national reports.
Palm ruff (Seriolella violacea)
This species is reported by FAO under ‘Warehou nei’ (FAO 2019). The catch was split between the
industrial and artisanal sector as indicated by Mendo and Wosnitza-Mendo (2014). This species was
caught by industrial bottom trawlers and small-scale vessels using gillnets, handlines and purse seines
(Marín et al. 2017; Mendo and Wosnitza-Mendo 2014; Sueiro and De la Puente 2015). All catches of
this species were used for DHC. We assumed that the reported industrial catch represented 82% of the
total catch, but for small-scale fishing methods we applied different rates depending on the gear and
year and reflecting changes in small-scale fisheries monitoring systems. For small-scale gillnets and
purse seiners, we assumed that the catch was underreported by a factor of 25% between 1950 and
1984, by a factor of 20% between 1985 and 1996, and by a factor of 15% between 1997 and 2018. For
handlines, we assumed higher rates of underreporting (i.e., 30% between 1950 and 1984, 25%
between 1985 and 1996 and 20% between 1997 and 2018).
Drums or croakers
FAO reported these species under 7 different taxonomic categories: ‘Corvina drum’, ‘croakers nei’,
‘croakers, drums nei’, ‘Peruvian banded croaker’, ‘Peruvian weakfish’, ‘Sciaenas nei’ and ‘Marine fishes
nei’ (FAO 2019). Based on multiple sources of data (Appendix table 1) we were able to extract time
series for six species: Corvina drum (Cilus gilberti), Lorna drum (Sciaena deliciosa), Minor stardrum
(Stellifer minor), Pacific drum (Larimus pacificus), Peruvian banded croaker (Paralonchurus
peruanus) and Peruvian weakfish (Cynoscion analis). The catches of other species of the Sciaenidae
family were included within the ‘Other marine fishes’ category in this reconstruction.
Catches of these species were split between DHC and FIFO using data from PRODUCE. All of these
species, except for the Lorna drum, are exclusively used for DHC. The Lorna drum is sometimes
caught as bycatch in industrial anchoveta fishery, and thus a small component of its catch was used
for FIFO.
The split between industrial and artisanal sectors differed among species. The corvina drum and the
minor stardrum were caught only by the artisanal sector. The four remaining species were caught by
both artisanal and industrial sectors, but the latter never amounted to more than 19% (Lorna 14%,
Minor stardrum 8%, Peruvian banded croaker 19% and Peruvian weakfish 10%). The distribution of
the industrial-artisanal catch was split based on rates available in Mendo and Wosnitza-Mendo (2014)
and adjusted proportionally to changes in the industrial fishing effort.
The minor stardrum was fully underreported by FAO statistics. Yet, for the rest of the species,
underreporting varied depending on the year and the gear. Generally, we assumed that
underreporting was higher in small-scale handlines (30%) and trawl nets (35%) in comparison to
small-scale gillnets, longlines and purse seines (within the 20%-25% range).
Chilean silverside (Odontesthes regia)
All catches of this species belonged to the artisanal sector. The catch was split among small-scale
fishing gears. FAO data were assumed to cover 80% of the total catch, except for 1994 and 1996. In
these two years, PRODUCE reported much higher values than those reported by FAO. Thus, the
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difference between the two was used as the unreported catch. All catches were fully retained and
exclusively used for DHC (Christensen et al. 2014; PRODUCE 2018).
Tunas
Multiple tuna species are regularly caught in Peru; however, the two most common are yellowfin tuna
(Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) (Marín et al. 2017; PRODUCE 2018).
These correspond with the categories used by FAO. However, in 2017 two additional categories for
tuna were included in FAO statistics: ‘Tuna-like fishes nei’ and ‘Albacore’ (FAO 2019). We were not
able to reconstruct the time series for these two new categories. Thus, we decided to add their catches
to the ‘Marine fishes nei’ category in 2017.
For yellowfin and skipjack tunas we assumed the FAO data represented 75% of the total catch of these
species. However, we assumed 24% of the unreported catch corresponded to yellowfin tuna and 20%
of the unreported catch of the skipjack tuna to be discards, because these species are regularly bled
and gutted at sea (JC Sueiro, pers. comm.). We used data from PRODUCE to split the catch between
artisanal and industrial sectors.
The industrial catch of tuna, swordfish and billfishes were not included here because they are
estimated by a separate Sea Around Us study (Coulter et al. 2020).
Peruvian rock seabass (Paralabrax humeralis)
The catch of this species was split between industrial and artisanal sectors using data provided by
PRODUCE. We assumed that industrial catches were underreported by a factor of 20%. For smallscale fishing gears, we assumed that reported catches using hands or tools, handlines and trawl nets
corresponded to 70% of the total catch, while those using gillnets, longlines, or purse seiners
corresponded to 80% of the total catch. Finally, we assumed that 1% of the unreported catch was
discarded at sea.
Cabinza grunt (Isacia conceptionis)
Only 2% of the catch of this species was assigned to industrial purse seiners. FAO data were assumed
to cover 75% of the reported catch caught by small scale gillnets, purse seiners and trawlers. FAO data
was assumed to cover 70% of the catch caught by small scale handlines. The only exceptions were
1954 and 1994, when IMARPE reported data exceeded the reconstructed value; we used the difference
between the value reported by IMARPE and FAO as a proxy for the unreported catch. This was
proportionally distributed among the gears. Finally, 1% of the unreported catch was assumed to be
discarded for small-scale gillnets and purse seines.
Punctuated snake-eel (Ophichthus remiger)
This species is listed in FAO statistics under the category ‘Snake eels nei’; however, catches for it were
only reported in 2017 (FAO 2019). We were able to extract this species out of the ‘Marine fishes nei’
category for the 1950-2016 period using multiple sources of information (Appendix table 1) and 20002018 data provided by PRODUCE (PRODUCE 2011, 2012, 2013, 2015a, 2015b, 2016, 2017, 2018). The
catch of this species was entirely attributed to small-scale traps (Marín et al. 2017) fully retained and
destined for DHC.
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Tilefish (Caulolatilus spp.)
Two species of tilefish are reported to be landed in Peru: Bighead tilefish (Caulolatilus affinis) and the
Ocean whitefish (C. princeps). Most catches appear to belong to the bighead tilefish (Sueiro and De la
Puente 2015). No additional catch was reconstructed between 1950 and 1961, because catches
reported by FAO were roughly 1.4 times those reported by PRODUCE. The FAO has reported almost
no catches of this species since 2004. We used the difference between IMARPE and PRODUCE data
and FAO data to reconstruct the catch from 1999 to 2018. Using the estimated bycatch rate of this
species by industrial trawlers targeting hake (2008-2018), we were able to estimate the unreported
catch of this species by trawlers back to 1967. For the period between 1962 and 1998, we estimated
that small-scale gillnets, handlines, longlines, purse seiners and trawlers capturing these species
reported only 75% of the catch. No discards were considered for these species.
Cusk-eels (Ophidiidae)
Cusk-eels are mainly composed of two species; the most abundant species is the Pacific bearded
brotula (Brotula clarkae), and the less abundant (by far) is the black cusk-eel (Genypterus
maculatus) (Sueiro and De la Puente 2015). The catch was divided by fishing gears using the same
methods as for the other species. We used the difference between data provided by PRODUCE, data
extracted from Caillaux (2011), and data reported by FAO to estimate the unreported catch before
1970, allocating it proportionally to the fishing gears active at the time. Since 1970, we assumed the
reported catch represented 75% of the total catch. Only 1989, 1990, and 1999 were exceptions because
the difference between the reported catches by FAO and PRODUCE exceeded the 75% rule. Thus, we
used the difference between the two statistics as the unreported catch. Discards, amounting to 1% of
the unreported catch, were assigned only to small-scale trawlers and gillnets.
Swordfish (Xiphias gladius)
In years during which FAO data exceeded PRODUCE estimates of the catch of swordfish, and
PRODUCE was less than 80% of the catch reported by FAO, we did not add unreported catches. For
all other years, we assumed FAO data covered only 80% of the reported catch. Discards were assumed
to represent 10% of the unreported catch. Catches were split among small-scale fishing gears (mainly
small-scale gillnets and longlines, Marín et al. 2017). The industrial catch of tuna, swordfish and
billfishes were not included here as they are estimated by a separate Sea Around Us study (Coulter et
al. 2020).
Peruvian moonfish (Selene peruviana)
This species only appeared in FAO statistics in 2017 (FAO, 2019). However, using data reported by
Peruvian institutions and research groups, we were able produce a time series for this species. The
catches were distributed among gears as for other species. This species was assumed to be fully
retained and used exclusively for DHC.
Pacific sierra (Scomberomorus sierra)
As in previous cases, Pacific sierra catches were split between small-scale gears. Reported FAO data
were assumed to cover 75% of the total catch of the species. Discards, amounting to 1% of the
unreported catch, were allocated only to small-scale gillnets and purse seines.
Flatfishes (Pleuronectiformes)
Based on Marín et al. (2017), flatfishes are almost exclusively caught using gillnets. FAO catches were,
for the most part, larger than PRODUCE data. For years when the difference between the two data
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sets made PRODUCE values 75% or more of FAO catch, we added unreported landings. If PRODUCE
catches were less than 75% of FAO data, we did not add unreported catches.
Paloma pompano (Trachinotus paitensis)
Catches of this species are included under the ‘Pompanos nei’ category in FAO statistics (FAO 2019).
The difference between the reported landings by FAO and those available from other sources of
information (Appendix table 1) was used to estimate unreported catches. This species was exclusively
caught by gillnets (Marín et al. 2017), fully retained and exclusively used for DHC (Sueiro and De la
Puente 2015).
Basses, groupers, hinds (Serranidae)
These species are listed in two different categories in FAO statistics: ‘Groupers nei’ and ‘Groupers,
seabasses nei’ (FAO 2019). We used these and local sources of data to reconstruct the catches of these
species. Catches reported by FAO generally exceeded those reported locally. For years where the
difference between the two data sets made PRODUCE values 75% or more of FAO catch, we added
unreported landings. If PRODUCE catches were less than 75% of FAO data, we did not add
unreported catches. We assumed that all catches were fully retained, exclusively used for DHC, and
caught by the artisanal sector using hands or tools, and small-scale gillnets, handlines and longlines
(Marín et al. 2017; Sueiro and De la Puente 2015).
Peruvian grunt (Anisotremus scapularis)
We obtained data from local sources (Appendix table 1) to reconstruct the catches of this species
labeled in the FAO statistics as ‘Grunts, sweetlips nei’ (FAO 2019) and in the Sea Around Us database
as ‘Grunts, sweetlips, bonnetmouths’. Since this species is so severely underreported, we used the
difference between FAO catches and other sources of reported catch as the unreported catch. We split
the catch between fishing fleets as in the previous cases. We assumed that all catches were fully
retained and that they were exclusively used for DHC.
Peruvian morwong (Cheilodactylus variegatus)
We assumed that all catches were fully retained, used exclusively for DHC and caught by the artisanal
sector (Marín et al. 2017; Sueiro and De la Puente 2015). The difference between data reported by
FAO and data reported by local sources was used to determine the level of unreported catches
between 1950 and 1965. For all other years, we assumed that the reported landings by FAO
represented 70% of the total catch. We split the catch between fishing fleets as in the previous cases.
We assumed that all catches were fully retained and used exclusively for DHC.
Fully unreported taxa
Time series for five species were reconstructed using local data (Appendix table 1). Black snook (Centropomus
nigrescens), Californian needlefish (Strongylura exilis), chalapo clinid (Labrisomus philippii), fortune jack
(Seriola peruana), and grape-eye seabass (Hemilutjanus macrophthalmos), were caught using exclusively
small-scale fishing gear and were fully retained and used for DHC.
Other marine fishes
Catches for the remaining groups reported by FAO were added to the ‘Marine fishes nei’, which we describe in
this reconstruction as ‘other marine fishes’ (FAO 2019). We subtracted the catches from the new groups
reported as part of this category. We assumed that the reported catches corresponded to 80% of the total catch
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and that the catch was fully retained (i.e., no discards). We split the catch proportionally by fishing methods to
represent the distribution of fishes caught for direct human consumption.

Results and Discussion
FAO fishery statistics included catch estimates for 98 taxonomic groups (species or groups of species) caught
within the Peruvian EEZ between 1950 and 2018 (FAO 2019). The taxonomic resolution of this database
shows important improvement over time, particularly in 2017. However, since 1990 information has been
consistently displayed for 57 (± 3) groups.
For this iteration of the catch reconstruction, we produced time series data for 71 taxonomic groups extending
from 1950 to 2018, including: 42 taxa of teleost fishes, 11 taxa of molluscs, 10 taxa of cartilaginous fishes, 3
taxa of crustaceans, 3 taxa of macroalgae, and 2 taxa of echinoderms. This represents a 29% increase in the
taxonomic resolution of the Peruvian catch reconstruction with respect to its previous version (Mendo and
Wosnitza-Mendo 2014).
Reported vs reconstructed catch
The reported catch of Peru amounted to 381.84 million tonnes between 1950 and 2018 (Figure 1). This
country’s catch is equivalent to 9% of the total global fisheries production reported by FAO during this period
(FAO 2019). Marine living resources were caught by Peruvian fishing fleets at an average rate of 5.53 (± 0.77)
million tonnes per year. Nonetheless, since 1995 the total reported catch has been decreasing at a rate of over
186,000 tonnes per year.
After accounting for discards and unreported landings, the total reconstructed catch of Peru totaled 471.20 (±
9.37) million tonnes (Figure 1). In other words, reported catches by FAO represented only 81% of the
reconstructed (total) catch. These findings are similar to those reported in the previous iteration of the
Peruvian catch reconstruction (Mendo and Wosnitza-Mendo 2014).

Figure 1. Reported and reconstructed domestic catch within Peru’s EEZ for 1950-2018.

Underreporting rates have not been constant over time (Figure 2) and are heavily influenced by the changes in
the strength of government systems monitoring the industrial anchoveta fishery (Mendo and Castillo 1987).
Thus, it is not surprising that the implementation of the 3rd party observer program, which started in 2004
and has inspectors stationed year-round on 100% of the industrial landing sites (De la Puente et al. 2011;
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SPDA 2019), has led to an important reduction in the total unreported catch of Peru. However, it is worth
noting that artisanal vessels targeting anchoveta for illegal fishmeal and fish oil production are a current
problem for Peru (Grillo et al. 2018) and continue to be a major source of unreported catches since 2007.

Figure 2. Catch underreporting within Peru’s EEZ, expressed as a percentage of the reconstructed domestic catch, with and without
anchoveta.

If anchoveta catches are removed from the equation, reporting seemed to improve during the second half of
the 20th century. However, underreporting in the 21st century has been well above the average rate estimated
for the time series (Figure 2). The main sources of unreported catches between 2000 and 2018 were: the
small-scale fleet targeting jumbo flying squids with manual jigs (38%); the industrial purse seine fishery
landing Chilean jack mackerel (13%) and Pacific chub mackerel (7%) for fishmeal production; the small-scale
longline fleet targeting common dolphinfish (6%); the industrial bottom trawl fleet fishing for Peruvian hake
(4%); small-scale purse seiners targeting Eastern Pacific bonito (3%); small-scale vessels using traps targeting
punctuated snake-eels (3%); and small-scale fishers targeting flathead grey mullets (2%). Together, these
fisheries represent 76% of the unreported catch of Peru without anchoveta over the last two decades.
Systems monitoring artisanal/small-scale fisheries landings have improved since 1996 (Estrella and
Swartzman 2010; Marín et al. 2017). However, they continue to be underfunded (Pajuelo and Sueiro 2019;
Sueiro and De la Puente 2015), and their task keeps getting more difficult with the ever-growing artisanal fleet
(De la Puente et al. 2020). Nonetheless, a big segment of the jumbo flying squid and common dolphinfish
unreported catch corresponds to discards. These species are commonly cleaned and gutted at sea (PalaciosAbrantes et al. 2018). However, the discarded weight is not accounted for in Peruvian statistics which reflect
landings (i.e., retained catch) rather than the total catch (i.e., retained and discarded catch) (PalaciosAbrantes et al. 2018; Sueiro and De la Puente 2015). Additionally, the industrial catch of mackerel species for
the reduction industry (i.e., FIFO production) was reported by PRODUCE but not included in FAO statistics.
Reconstructed catch by fishing sector
The industrial sector was responsible for 94% of the reconstructed catch of Peru during the time series.
However, catches by the small-scale fleet increased after the 1997/1998 El Niño event and averaged at 1.23 (±
0.08) million tonnes per year between 2007-2018, while industrial. Industrial catches averaged at 5.47 (±
1.15) million tonnes per year during that time. These results show that the relative importance of the Peruvian
industrial fleet has declined over the last 12 years (Figure 3). Subsistence and recreational fisheries are
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negligible in Peru. During the whole time series, catches corresponding to recreational fisheries amounted to
17,000 tonnes (average: 241 ± 50 tonnes per year), while the subsistence catch reached 450,000 tonnes
(average: 6,525 ± 393 tonnes per year).

Figure 3. Reconstructed domestic catch within Peru’s EEZ, by fishing sector for 1950-2018.

Regarding fishing methods, most of the catch across the time series was caught by industrial purse seiners
(92.5%). Industrial bottom trawlers and small-scale trawlers contributed with 1.2%, and 0.1% of the
reconstructed catch, respectively. The main contributors to the catch in Peru pertaining to the artisanal sector
were vessels equipped with purse seine nets (2.2%), manual squid jiggers (1.8%), gillnets (1%), hands or tools
(0.5%), longliners (0.3%), handlines (0.3%) and traps (<0.1%).
Finally, most of the Peruvian catch has been historically used in FIFO production (86%), and virtually all of it
(99%) was captured by industrial vessels using purse seine nets. Nonetheless, illegal production of FIFO using
artisanal catches is an ongoing problem in Peru (Grillo et al. 2018; Sueiro and De la Puente 2015). The
estimated illegal catch of anchoveta for FIFO represented 14% of the artisanal catch reconstructed for the
2007-2018 period (Fig. 4).
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Figure 4. Domestic catch used for fishmeal and fish oil production (FIFO catch) within Peru’s EEZ, expressed as a percentage of the
reconstructed catch and segregated by fishing sector.

Reliance on traditional target species
Only ten species (of the 71 taxa included here) were responsible for 97% of the reconstructed catch between
1950 and 2018. These were: Anchoveta (Engraulis ringens, 79.1%), Pacific sardine (Sardinops sagax, 10.7%),
Chilean jack mackerel (Trachurus murphyi, 2%), jumbo flying squid (Dosidicus gigas, 1.9%), Peruvian hake
(Merluccius gayi peruanus, 0.9%), Pacific chub mackerel (Scomber japonicus, 0.9%), Eastern Pacific bonito
(Sarda chiliensis, 0.7%), longnose anchovy (Anchoa nasus, 0.3%), common dolphinfish (Coryphaena
hippurus, 0.2%) and the flathead grey mullet (Mugil cephalus, 0.2%).
Three of these species were exclusively captured by the artisanal sector (i.e., jumbo flying squid, common
dolphinfish and flathead grey mullet), while the others were caught by both the artisanal and industrial
sectors. Catches of sardines have been almost negligible since 2002 (on average: 1,800 ± 1,500 tonnes per
year). The species virtually disappeared of the Peruvian seas as a result of overexploitation (CárdenasQuintana 2009; Cárdenas-Quintana et al. 2015) and multifarious regime shifts (Bertrand et al. 2011;
Salvatteci et al. 2018).
As reported by Mendo and Wosnitza-Mendo (2014), the relative importance of traditionally targeted coastal
species is declining in Peruvian catch statistics. This pattern corresponds to the growing catch of oceanic taxa
(e.g., jumbo flying squid, common dolphinfish, blue shark, shortfin mako and common thresher) and
macroalgae by the artisanal fleet (Fig. 5). This hints to the potential decline in abundance of coastal species
valued locally because of increasing fishing effort (De la Puente et al. 2020; Pauly 2009) and increasing global
demand of seafood products (Christensen et al. 2014; Crona et al. 2016).
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Figure 5. Domestic catch of traditional target species within Peru’s EEZ, expressed as a percentage of the reconstructed catch,
highlighting the artisanal sector.

Marine biodiversity protection
Peru has agreed to protect its biological diversity through the international agreements of the Convention on
Biological Diversity (Aichi) and Ramsar Convention on Wetlands of International Importance (Marine
Conservation Institute 2020).
Peru has eight MPAs and four marine managed areas. Together, these areas cover 4,030 km2 (Marine
Conservation Institute 2020), which equals 0.47% of the EEZ of 857.000 km2 (Mendo and Wosnitza-Mendo
2016). The many smallish islands off Peru are important for the wildlife they support, notably South American
sea lion (Otaria flavescens) and South American fur seals (Arctocephalus australis) (Majluf and Reyes 1989),
and especially seabirds, i.e., Peruvian booby (Sula variegata), Guanay cormorant (Phalacrocorax
bougainvilli) and Peruvian pelican (Pelecanus thagus) (Tovar et al. 1987), which is why, before and during the
Incas’ reign, they have been protected through a kind of community-based system. The Spanish invasion and
the mining of guano during the late 19th and early 20th centuries are an exception to this (Laínez del Pozo and
Jones 2020).
“‘Isla Lobos de Tierra’ and ‘Isla Lobos de Afuera’ are two MPAs that show the importance of history in
governance. In 2009 they were designated among the Guano Islands, Islets and Capes Reserve System for
wildlife conservation and sustainability, after being protected for hundreds of years to manage guano. Since
their designation, governance changed on paper, but not de facto. The major driver undermining conservation
is fishing, which is enhanced by pressures of the global seafood market and informality (the predominant way
of thinking and acting in Peru, transgressive of order and disrespectful of values, norms and institutions). […].
An obstacle is that the Parks Service has no authority to manage marine species. Management effectiveness
requires improving cross-jurisdictional coordination with the Vice-Ministry of Fisheries, the Maritime
Authority and other relevant entities to develop an integral plan where they all convene on working towards
conserving these MPAs. Success will rely on an improved and diligent state participation that deeply
understands the social complexities of these environments in order to address informality and potential equity
issues. Despite the minimal intervention, the land ecosystem and its species remain relatively protected due to
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a governance legacy of strict enforcement and fraternal relationships between guardians and artisanal fishers,
which highlights the importance of recognising history in conservation” (Laínez del Pozo and Jones 2020).

Final remarks
Peru continues to have one of the highest fish catches in the world (FAO 2018). Overall reporting of Peruvian
catches is improving, because of significant improvements in monitoring systems for the industrial fleet (De la
Puente and López de la Lama 2019). Artisanal fisheries, however, remain marginalized by management
institutions and endure the consequences of ineffective regulations, environmental uncertainty, social traps
and market inequity (De la Puente et al. 2020; Marín et al. 2018; SPDA 2019; Sueiro and De la Puente 2015;
Vélez-Zuazo et al. 2020). These are common challenges for small-scale fisheries around the world
(Chuenpagdee and Jentoft 2019; Finkbeiner et al. 2017; Pauly 2006; Salas et al. 2007). However, in Peru
artisanal fisheries are major contributors to employment, gross domestic product and food security
(Christensen et al. 2014; Palacios-Abrantes et al. 2018) and make only minor contributions to total landings.
Artisanal fisheries need improved management plans and would benefit from reliable catch statistics, that pay
greater attention to threatened taxa (Alfaro-Córdova et al. 2017; Velez-Zuazo et al. 2015). Improving catch
statistics and fisheries management would benefit from bottom-up approaches and listening to fishers’
creative solutions to increase reporting (López de la Lama et al. 2018b; Mason et al. 2020; Nakandakari et al.
2017). However, these initiatives need to be paired with heightened financial support for monitoring agencies
and cross-agency collaboration (SPDA 2019; Sueiro and De la Puente 2015).
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Appendix 1
Table 1: Main sources of data used to reconstruct the domestic catch within Peru’s EEZ
Coverage
Spatial69

Temporal

Publication type

Notes

Reference

1966
1967
1968
1969
1970-1982
1951-1982

Catch
Fishing
sector
Yes
Yes
Yes
Yes
Yes
Yes

Fishing
method
No
No
No
No
Yes
Yes

End
use
Yes
Yes
Yes
Yes
No
Yes

Target
species
Yes
Yes
Yes
Yes
Yes
Yes

Bycatch
species
No
No
No
No
Yes
No

National
National
National
National
Local
Local

Report*
Report*
Report*
Report*
Peer-reviewed report*
Peer-reviewed report*

Borgo Derpich et al. (1967)
Borgo Derpich et al. (1969)
Vásquez Aguirre et al. (1969)
Vásquez Aguirre et al. (1970)
Espino et al. (1984)
Mendo and Castillo (1987)

Local
National
National
National
National
National

1986-1988
1965-1988
1983-1992
1995
1995-1996
1996

Yes
Yes
No
No
No
Yes

Yes
Yes
No
No
No
Yes

No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No

Peer-reviewed report*
Peer-reviewed report*
Peer-reviewed report*
Peer-reviewed report*
Peer-reviewed report*
Peer-reviewed report*

Data only for the coastal trawl fleet
Unreported catch estimates for the
industrial purse seine fleet
Catches for the artisanal sector only
Data only for the coastal trawl fleet
Data only for small-scale fisheries

National
National

1970-1982
1998-I

No
Yes

No
Yes

No
No

Yes
Yes

No
No

Peer-reviewed report*
Peer-reviewed report*

National
National

1996-1997
1998-II

No
Yes

No
Yes

No
No

Yes
Yes

No
No

Peer-reviewed report*
Peer-reviewed report*

National

1999-I

Yes

Yes

No

Yes

No

Peer-reviewed report*

National

1999-II

Yes

Yes

No

Yes

No

Peer-reviewed report*

Local

1996-1999

Yes

No

No

Yes

Yes

Peer-reviewed report*

National
National

1999
2000-I

No
Yes

No
Yes

No
No

Yes
Yes

No
No

Peer-reviewed report*
Peer-reviewed report*

National
National

1964-1969
2000-II

No
Yes

No
Yes

No
No

Yes
Yes

No
No

Peer-reviewed report*
Peer-reviewed report*

National

1967-2005

Yes

Yes

Yes

Yes

No

National
National
National

1950-2005
2007-2009
1950-2008

Yes
Yes
No

Yes
Yes
No

No
Yes
No

Yes
Yes
Yes

No
No
No

Peer-reviewed
scientific publication
Doctoral thesis
Professional thesis
Undergraduate thesis

National
National
National

2001-2010
2002-2011
2003-2012

No
No
No

No
No
No

Yes
Yes
Yes

Yes
Yes
Yes

No
No
No

Report
Report
Report

69

Data only for small-scale fisheries, data
for January to June
Data only for small-scale fisheries, data
for July to December
Data only for small-scale fisheries, data
for January to June
Data only for small-scale fisheries, data
for July to December
Data only for small-scale fisheries in
southern Peru
Data only for small-scale fisheries, data
for January to June
Data only for small-scale fisheries, data
for July to December
Data only for hake fishery
Data only for the sardine fishery
Data only for hake fishery
Unreported catch estimates for the main
coastal target fishes
Official landing statistics for Peru
Official landing statistics for Peru
Official landing statistics for Peru

Wosnitza-Mendo et al. (1988)
Espino (1990)
Flores et al. (1994)
Flores et al. (1996)
Flores et al. (1997)
Estrella and Guevara-Carrasco
(1998)
Flores et al. (1998a)
Estrella et al. (1998)
Flores et al. (1998b)
Estrella et al. (1999a)
Estrella et al. (1999b)
Estrella et al. (2000a)
Treviño et al. (2000)
Fernández et al. (2000)
Estrella et al. (2000b)
Marcelo et al. (2001)
Estrella et al. (2001)
Guevara-Carrasco and Lleonart
(2008)
Cárdenas-Quintana (2009)
Bouyer (2009)
Caillaux (2011)
PRODUCE (2011)
PRODUCE (2012)
PRODUCE (2013)

The spatial coverage of the defined as local (valid for parts of the country), national (valid for the whole country), regional (extracted from data repositories for South American countries), global (extracted from data repositories of global scope)
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National

1950-2012

Yes

Yes

No

Yes

No

National

1950-2010

Yes

Yes

Yes

Yes

No

Peer-reviewed
scientific publication
Peer-reviewed report

National
National

1990-2013
1996-2012

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No
No

Report
Report

National

1950-2005

Yes

Yes

Yes

Yes

Yes

National
National
Local

2004-2013
2005-2014
2005-2014

No
No
Yes

No
No
Yes

Yes
Yes
Yes

Yes
Yes
Yes

No
No
No

National
Global

2006-2015
1950-2010

No
Yes

No
Yes

Yes
Yes

Yes
Yes

No
No

National
Local

1996-2012
2015-2016

Yes
Yes

Yes
Yes

No
No

Yes
Yes

No
Yes

Peer-reviewed
scientific publication
Report
Report
Peer-reviewed
scientific publication
Report)
Peer-reviewed
scientific publication
Peer-reviewed report*
Peer-reviewed
scientific publication

National

1996-2015

Yes

Yes

Yes

Yes

No

Masters thesis

National
Global

2007-2016
1950-2014

No
Yes

No
Yes

Yes
No

Yes
Yes

No
No

National
National

1985-2017
2017

Yes
Yes

Yes
Yes

No
Yes

Yes
Yes

No
No

Report
Peer-reviewed
scientific publication
Peer-reviewed report*
Report

National

1997-2014

Yes

Yes

No

Yes

Yes

Masters thesis

Global

1950-2016

No

No

Yes

Yes

No

Report

National

1996-2015

Yes

Yes

Yes

Yes

No

Peer-reviewed report*

National

1959-2015

No

No

No

Yes

No

Peer-reviewed report*

National
Regional

2008-2017
2010-2016

No
Yes

No
Yes

Yes
Yes

Yes
Yes

No
No

Report
Report

National

1996-2015

Yes

Yes

Yes

Yes

No

Peer-reviewed report*

National

1950-2018

Yes

Yes

No

Yes

Yes

National

1950-2018

Yes

Yes

Yes

Yes

No

IMARPE online data
repositories
PRODUCE online data
repositories

Data only for Chilean jack mackerel
fishery
Reconstruction of total marine fisheries
catches for Peru
Data only for jumbo flying squid fishery
Uses detailed unpublished data on
small-scale fisheries supplied by
IMARPE
Data only for the sardine fishery
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Abstract
Updates to earlier catch data reconstructions for the marine fisheries of South American countries (except
Peru), initially covering the years 1950 to 2010 were completed to 2014 for Colombia, French Guiana and
Suriname; to 2016 for Argentina, Chile (mainland, and its oceanic islands including Easter Island), Ecuador’s
Galapagos Islands, Guyana and Venezuela; to 2017 for Brazil mainland, Ecuador mainland and Uruguay; and
to 2018 for Brazil’s oceanic islands. Where applicable, these data were carried forward to 2018. The major
challenge in updating these catch reconstructions was the limitations of the data reported by FAO on behalf of
these countries with regard to the artisanal, subsistence and recreational sectors, and in providing the spatial
resolution required to assign catches attributed to a large FAO Statistical Areas to specific Exclusive Economic
Zones (EEZs). We have attempted to address these limitations by using national statistics and secondary data
sources whenever possible. Details on the methods used for these updates are presented separately for each
country or island (group).

Introduction
The catch of the marine fisheries of the South American countries, territories and adjacent islands (except
Peru, see de la Puente et al. 2020) was originally reconstructed for the years 1950 to 2010. Here, we present
updates to theses earlier reconstructions to 2014 for Colombia, French Guiana and Suriname; to 2016 of South
America for Argentina, Chile (mainland, and its oceanic islands including Easter Island), Ecuador’s Galapagos
Islands, Guyana and Venezuela; to 2017 for Brazil mainland, Ecuador mainland and Uruguay; and to 2018 for
Brazil’s oceanic islands. Where applicable, these data were carried forward to 2018.
The major challenge in updating these catch reconstructions was the limitations of the data reported by the
Food and Agriculture Organization of the United Nations (FAO) on behalf of these countries with regard to the
artisanal, subsistence and recreational sectors (Pauly and Charles 2015) and in providing the spatial resolution
required to assign catches attributed to large FAO Statistical Areas to specific Exclusive Economic Zones
(EEZs). We have addressed these limitations by using national statistics and secondary sources whenever
possible. Details on the methods used for these updates are presented below for each country or island
(group).

Cite as: Page, E., B. Derrick, A. Coulter, R. White, M. Ang, D. Dunstan, L. Hood, V. Relano, G. Tsui, L. van der Meer and
D. Pauly. 2020. South America: Updated catch reconstructions to 2018, p. 279-312. 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
Argentina
The original reconstruction of Argentina’s marine fisheries catches was performed for 1950-2010 by Villasante
et al. (2015, 2016). This account updates that reconstruction to 2016, which is then carried forward to 2018.
Reported landings data available from the FAO and the Argentine Ministry of Agriculture, Livestock, Fisheries
and Food (Secretaría de Agricultura, Ganadería, Pesca y Alimentación, or SAGPyA) were compared and
determined to match for 2011-2014; thus, the FAO data were used to update reported landings for 2011-2014.
In the 2015 and 2016 reported data, the FAO reported data were higher than SAGPyA landings and were
assumed to give a more comprehensive total. The percentages of landings originating from artisanal and
industrial fisheries in 2010 were assumed to remain constant from 2010 to 2016. The 2010 ratio between
unreported landings and reported landings for each sector was used to estimate unreported landings from
commercial fisheries for 2011-2016.
Similarly, landings from recreational and subsistence fisheries were estimated for 2011-2016 based on the
ratio between each sector and total reported landings in 2010. According to Venerus et al. (2017), recreational
fishing regulations are becoming stricter and more widespread, resulting in the slow decline of landings.
Similar trends are displayed in the subsistence fishery – the urban centers in Argentina are located away from
the coastlines, and as people move away from the coast, subsistence fishing is declining (Elías et al. 2011). No
anchor points of subsistence tonnages or rates were found. However, the calculated tonnages show a declining
trend in this update.
For commercial fisheries, discards were updated for 2011-2016 based on the ratio between discards and
reported landings from 2010. The taxonomic breakdown and gear breakdown of catch from each sector was
maintained at the 2010 ratio for 2011-2016 to disaggregate catch by taxa.
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 landings data to 2018. Semi-automated reconstructed catch data will later be
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Argentina has agreed to protect its 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, the World Heritage Convention, and Argentina is also part of the
international network of UNESCO Man and the Biosphere. Argentina is a signatory to regional treaties and
agreements such as the Regional Seas Convention (Marine Conservation Institute 2020).
Argentina has 71 MPAs and eight marine managed areas. Together, these areas cover 41,707 km2 (Marine
Conservation Institute 2020), which corresponds to 3.85% of the EEZ of 1,082,467 km2 (Villasante et al.
2016).
The establishment of proper regulations, enforcement and education is key for better management of
Argentinean MPAs. There exists, for example, large heterogeneity in the regulations used for managing marine
recreational fisheries in different coastal protected areas of Argentina. This is because marine recreational
fisheries regulations in Argentina are under each provincial government authority. “The management tools
applied inside the Argentine coastal protected areas are the typical input (regulating fishing effort and
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modalities) and output (regulating catch) controls described by the FAO (2012). One tool that could be
introduced in Argentina is the engagement of local fishers as fishing guides in the recreational fishing
industry, as observed in the Galapagos Marine Reserve (Ecuador). […] So far, no monitoring programs have
been put in place and the low enforcement capabilities of provincial administrations and the lack of specific
funding have precluded the organization of systematic control programs for the marine environment, even in
the protected areas for which specific legislation exists” (Venerus and Cedrola 2017).
One of the solutions to improve management effectiveness is applying conservation strategies from a social
perspective. In the Bahía de San Antonio Protected Natural Area (BSAPNA), a framework with such a
perspective was implemented to promote new strategies and improve management effectiveness. It identifies
the biggest needs in order to achieve proper management, namely: delimit the autonomy of the municipal
government and improve local participation for the planning and management of the reserve (use of space and
resources) (Morea 2019).
Other solutions to improve conservation in Argentinean waters and ecosystems include intensive educational
and advertising campaigns focused primarily on beach users and fisherman. This is based on the large
amounts of debris found in the Southwestern Atlantic beaches, which mainly come from recreational and
fishing activities, with a size greater than 20 mm (Becherucci et al. 2017).
Brazil (mainland)
The original catch reconstruction for Brazil from 1950 to 2010 was completed by Freire et al. (2015, 2016). In
this initial reconstruction, data for each of Brazil’s 17 coastal states were reconstructed individually, then
combined to complete Brazil’s mainland reconstruction from 1950 to 2010. This account documents how this
initial reconstruction was updated to 2017 and then carried forward to 2018 (Figure 1).

Figure 1. Reconstructed domestic catches for 1950-2018 within Brazil’s mainland Exclusive Economic Zone by fishing sector. The black
overlaid line represents the official reported data.

A two-step approach for commercial catches
Brazil has not collected or published official catch data on fisheries at the national level since 2011 (Sganzerla
2017); instead, fisheries catch is reported by a few selected states and sectors. As of this writing (May 2020),
the FAO has estimates of Brazilian catches to 2018, whose provenance is unknown. In the absence of other
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information, and pending the completion of a thorough update by the team that completed the early
reconstruction (i.e., Freire et al. 2015, 2016), a preliminary two-step approach was implemented here:
i)
The unpublished catch reconstruction updates (based mainly on commercial landings) performed
for the States of Amapá, Ceará, Maranhão, Paraíba, Pernambuco, Piauí, Rio Grande do Sul, Rio
Grande do Norte, Rio de Janeiro, São Paulo and Sergipe for 2011-2014 (Freire et al. unpublished
data) were accepted as such;
ii)
The (per state or year) missing commercial landings to 2017 were ‘filled in’ by state, sector, and
gear type based on the 2010 ratio and as constrained by FAO-provided data for 2017.
These two steps required numerous additional adjustments. Thus, for the States of Alagoas, Bahia, Espírito
Santo, Pará, Paraná, and Santa Catarina, unreported commercial landings were reconstructed for 2011-2017
per state based on the 2010 relationship between unreported commercial landings per taxon, per sector. Also,
unreported landings for Amapá, Ceará, Maranhão, Paraíba, Pernambuco, Piauí, Rio Grande do Sul, Rio
Grande do Norte, and Sergipe were estimated for 2011-2014 and 2011-2015 for Rio de Janeiro and São Paulo
by subtracting FAO’s reported catch per taxa from the total catch reconstructed per taxon for each year and
disaggregated to states and fishing sector.
When reported catches from the FAO were higher than reconstructed catches per state, no unreported catch
was added. The ratio between unreported catch per taxa, per sector, per state and the reported catch for the
same taxon for the last three years of catch for these states was applied to the reported landings for the years
after the state-level reconstruction ended (2014 or 2015) to estimate unreported landings to 2017. Commercial
gears were assigned to reported and unreported catch based on the breakdown per species from 2010.
Discards of commercial fisheries
Commercial discard amounts were corrected for each state for 1950-2010 to reflect the discard rates per gear
described in the original paper (Freire et al. 2015). These discard rates were carried forward to 2017 and
applied to commercial landings for 2011-2017.
Subsistence fishing
Subsistence catch was updated for 2011-2015 following the original methods (Freire et al. 2015). For 20162017, the total national consumption of fish and invertebrates was determined by multiplying the number of
registered artisanal fishers available by year from SECAP/AVALIACAO (2019) for 2010 and the local per
capita consumption rate of 14 kg per person in 2017 (Anon. 2017). We took the average from 2013 to 2015 to
calculate total marine subsistence from the total estimated local consumption in those years and used this
percentage to apply to total calculated consumption for 2016-2017 to estimate the subsistence marine catch.
We maintained the ratio of subsistence catch per state from 2015 to 2017 to allocate total marine subsistence
catch to each state. The taxonomic breakdown for 2015 was used to disaggregate subsistence catch per state
for 2016-2017.
Recreational catches
Recreational catch data were updated and replaced for 1950-2010 (Freire et al. 2020, 2018) and updated to
2015, including improvements to estimates for Paraná and Rio de Janeiro. To estimate recreational catch for
2016-2017 in the absence of updated recreational license information, the population counts per state, per
year available from Instituto Brasileiro de Geografia e Estatística (IGBE)72 were used based on the relationship
between the population and recreational participation multiplied by an average catch rate for recreational
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fishers per state. The taxonomic breakdown for 2015 was used to disaggregate recreational catch for 20162017.
Transition from 2017 to 2018
This update to 2016 was carried forward to 2018 using the procedure of Noël (2020), based on FAO landings
data to 2018. Semi-automated reconstructed catch data will later be replaced by a more detailed, researchintensive update. We are aware that FAO landings data are tentative, but pending a state-by-state, bottom-up
catch reconstruction as earlier performed by Freire et al. (2015, 2016), we thought it prudent to align this
update to the FAO statistics, even if their provenance cannot be established.
Marine biodiversity protection
Brazil has agreed to protect its 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. Brazil is a signatory to regional treaties and agreements such as the Regional Seas Convention
(Marine Conservation Institute 2020).
Brazil has 178 MPAs and seven marine managed areas. Together, these areas cover 63,630 km2 (Marine
Conservation Institute 2020), i.e., 2.65% of the EEZ of 2,401,000 km2 (Freire et al. 2016), and the
implemented highly protected reserves occupy 4,886 km2. The use of protected areas as tools in the
conservation of biodiversity is not new in Brazil but the use of protected areas in aquatic environments is more
recent. Currently, there are two types of MPAs: total protected areas or no-take areas (protects ecosystems
from any human interference) and sustainable use areas (permits controlled exploitation of resources)
(Marine Conservation Institute 2020).
Brazilian National System for Protected Areas designates and manages these areas in Brazil. The System
defines the types and categories of protected areas. The IBAMA (Instituto Brasileiro do Meio Ambiente e dos
Recursos Naturais Renovaveis) is the management authority in the implementation of the national
environmental policy, including surveillance and control in protected areas (Giraldi-Costa et al. 2020).
Brazil’s National Commission on Biodiversity (CONABIO) approved the National Biodiversity Targets for
2020 in 2013. Brazil also prepared a Federal Government Action Plan to identify causes of biodiversity loss
and enhance synergies among the ministries and other federal agencies to find adequate solutions (Marine
Conservation Institute 2020).
However, effective management is still a challenge (Giraldi-Costa et al. 2020). In an assessment carried out in
no-take and multi-use MPAs, the non-participation of local communities in the creation of the MPAs was an
issue in all the studied MPAs, resulting in management challenges. “Building a systematic understanding of
pre-implementation processes in other contexts can be useful, mainly because it facilitates the effective
implementation of MPAs. What caught our attention was the case of the Currais NP, in which only the Federal
legislature was involved in the creation of the MPA. One of the reflections made by the MPA manager of the
Currais NP, was that ‘It is wonderful that the National Congress wanted to create areas for the preservation
of nature, but there are established ways to do this and, in this context, the National Congress skipped
stages’. Although the interviewee did not mention what skipped stages these were, we considered the
attributes to be local user participation and previous studies” (Giraldi-Costa et al. 2020).
Some ecotourism initiatives and pilot studies have been carried out in Brazil’s MPAs, such as the one in the
Environmental Protection Area of Tinhare and Boipeba, which was selected due to its reefs, which provide a
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marine diving trail 320 m long. This was part of the strategies of the Emancipatory Environmental Education
and a product of the Community Based Marine Ecotourism (CBME). During the pilot study this activity was
well accepted by local entrepreneurs, ecotourists and community, and it demonstrated economic and
environmental sustainability (Rhormens et al. 2017).
Brazil’s oceanic islands
The original fisheries reconstruction for Brazil’s oceanic islands from 1950 to 2010 was completed by Divovich
and Pauly (2015, 2016a, 2016b) and Pauly et al. (2016). This account presents an update of the
reconstructions to 2018 of catches in the Exclusive Economic Zones (EEZ) of Fernando de Noronha (FN),
Saint Peter and Saint Paul Archipelago (SPSPA), and Trindade and Martim Vaz Archipelago (TMV).
In March 2018, marine reserves were established that partially overlapped with the Saint Peter and Saint Paul
Archipelago and the Trindade and Martim Vaz Archipelago (Rodrigues 2018) bringing the total protected area
to nearly 25% of Brazil’s overall EEZ.
Fishing within the conservation units may only by carried out by authorized vessels that follow requirements
(Rodrigues 2018). Announcement of the final design of the two large marine reserves was not without
criticism by several scientists who argued that several of the most vulnerable mainland coastal areas with
much higher biodiversity were excluded from the reserve design in favor of protection of open ocean areas
(Fellet 2018).
Saint Peter and Saint Paul Archipelago
Reported catch data for Saint Peter and Saint Paul Archipelago were collected by national authorities for the
state of Rio Grande do Norte from 1995 to 2010. However, Brazil stopped reporting national catch data in
2011 (Sganzerla 2017) and, since then, reported catch information available for select cities and states where
monitoring is still required to occur.
For the Saint Peter and Saint Paul Archipelago, it was assumed that the total reported and unreported catch
amounts from 2010 remained constant to 2018, assuming the fishery had not changed in recent years.
Fishing was reported to continue in 2018 (even though the marine reserve took effect), as part of a partnership
between the Brazilian Navy and a fishing company (Transmar - Captura, Indústria e Comércio de Pescados
Ltda), wherein the company ferries 4 scientists to the island every 15 days in exchange for permission to fish
within the EEZ (Fellet 2018).
To estimate the catch from this vessel, we assumed that fishing occurred year-round in 13 of the 15 days
between transporting researchers to and from the mainland, and that the catch rate per day remained the
same as the average catch-rate-per-vessel for 2008-2010. The percentage of reconstructed catch estimated to
be reported was assumed the same as in 2010.
Reconstruction of the amount of bait and discards from fishing was carried forward for 2011-2018 using the
methods described for 2010 (Divovich and Pauly 2015). The taxonomic breakdown and commercial gear
breakdown for each component were held constant at the 2010 ratio for 2011-2018.
All catch from Saint Peter and Saint Paul Archipelago is considered industrial since there are no inhabitants
on these islands, and industrial vessels from mainland Brazil are the only vessels fishing there.
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Trindade and Martim Vaz Archipelago
Trindade Island is home to a Brazilian naval base which hosts approximately 30 soldiers stationed for fourmonth rotations (Anon. 2002; Santos et al. 2018); there are no permanent civilian inhabitants on Trinidade
and Martim Vaz Archipelago, and the catch here is considered entirely industrial. Catches within Trindade and
Martim Vaz Archipelago were assumed to remain constant at the 2010 amount for 2011-2018.
To reconstruct catches for 2018 (the year when the marine reserve was established), the number of soldiers (n
= 32) was multiplied by the three four month deployment periods over the year to estimate the total number
of people on the island in 2018 (Santos et al. 2018). According to a research study by a biologist, Hudson
Pinheiro, and reported by Fellet (2018), each soldier is permitted to take 15 to 100 kg of dressed fish upon
leaving Trindade and Martim Vaz Archipelago. Additionally, the soldiers are reported to catch about 2.5
tonnes of parrotfish and 2.5 tonnes of groupers per year (Fellet 2018), which is considered excessive. These
catches are here considered to originate from a subsistence fishery.
The landings of bait and discarded catch from longline fisheries were calculated for 2011-2018 by maintaining
the methods as described for 2010 (Divovich and Pauly 2015). The catch was disaggregated by taxa and by
commercial gear type using the 2010 ratios to 2018.
Fernando de Noronha
Fernando de Noronha is the only inhabited Brazilian oceanic archipelago; thus, there are artisanal and
subsistence catches happening here. However, updated information on the effort and catch-per-unit-effort of
the fisheries was not found for 2011-2018.
Thus, it was assumed that the small-scale catch was used to supply the seafood consumed by the population
on Fernando de Noronha. Estimates of the population from Brazil’s census from 1991, 2000, 2010, and 2018
(Anon. 2018) were used as anchor points and the population was interpolated between years. The
reconstructed catch was divided by the population for the years 1991-2010 to estimate a per capita small-scale
catch rate. The trend in the per capita catch rate was then applied to the population from 2010 to 2018.
No new information was found on the number of octopus fishers after 2010. Thus, to update the catch of this
fishery, the number of traditional octopus fishers were assumed to have remained the same as in 2010 for
2011-2018, and the non-traditional octopus fishers were extrapolated for 2011-2018. The subsistence catch
rate was assumed to have remained constant from 2010 to 2018, and the artisanal catch was extrapolated
from its current rate of increase for 2010-2018.
To reconstruct the amount of bait caught in Fernando de Noronha from 2011 to 2018, the ratio between
amount of bait and the amount of catch caught with longline and small-scale line gears from 2010 was applied
to the landings from these gear types for 2011-2018.
The artisanal discard rate was slowly decreasing before 2010 and this trend was extrapolated to 2018. The
discard rate was 5.35% of landings in 2010 and 5.30% in 2015. The breakdowns for taxa and commercial gears
for each catch component were maintained at the 2010 ratio for 2011-2018.
Recreational catch from fishing competitions in Fernando de Noronha were reconstructed from 1996 to 2015
by Freire et al. (2018). To estimate unknown catch for 2002-2009, the catches were interpolated between the
2001 and the 2010 estimates. The average taxonomic of recreational fishing competitions (Freire et al. 2018)
was held constant and applied to recreational catches for 1996-2009.
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Finally, the time series ending before 2018 were carried forward to that year by extrapolating, in the absence
of contrary evidence, catches based on the last five years of reconstructed catch data.
Marine biodiversity protection
Brazil has agreed to protect the biodiversity of its oceanic islands 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. Brazil is a signatory to regional treaties and agreements such as the Regional Seas
Convention (Marine Conservation Institute 2020). However, “[there is still a] long way ahead with the
objective of achieving the goals proposed at the Seventh Conference of the Parties to the Convention on
Biological Diversity, of which the country is a signatory” (Schiavetti et al. 2013).
The first reserve in Brazilian waters was the Atol das Rocas, which was designated in 1979 and has 362 km2 of
no-take area. Now it is also a Ramsar site (designated in 2015), and together with the Archipelago of Fernando
de Noronha, it is a World Heritage site since 2001 (Marine Conservation Institute 2020).
In the MPA located in the Archipelago of Fernando de Noronha, designated as a National Park since 1988 with
95 km2 of no-take area (Marine Conservation Institute 2020), there is a conflict between shark-directed
tourism and fishers who would like to access the no-take part of the MPA at least for some parts of the year. In
a study that used a contingent evaluation method (i.e., willingness to pay), 67 to 71% of tourists accepted to
pay a symbolic increase in the fee they already pay to either visit the island or to visit the no-take part of the
MPA. The fee could be used to compensate the fishers and solve the conflict. This is an example that highlights
the importance for MPAs to “outline clear compensatory mechanisms to support the transition from a
resource-consumptive economy to non- or less consumptive alternatives for those directly affected by
conservation, who might find it difficult to deal with short or long-term loss of access to a country's natural
resources (Agardy et al. 2011)” (Lopes et al. 2018).
Chile (mainland and Juan Fernandez/Desventuradas Islands)
Since the original reconstruction from 1950 to 2010 of marine fisheries catches from mainland Chile (van der
Meer et al. 2015, 2016) and for the Juan Fernandez/Desventuradas Islands (Zylich and van der Meer 2015,
2016), updated national and FAO data have become available which enabled an update to 2016, and a carryforward to 2018.
These updates included a few retroactive changes made to match the most recent version of the national data
(Figure 1). For example, jumbo flying squid (Dosidicus gigas) catches were updated back to 2001 to match the
latest catch statistics. National data were made available by the Chilean fisheries organization, SERNAPESCA
(SERNAPESCA 2016).
Artisanal and industrial fisheries were fully reported within the national data. Industrial catch totals were split
between the Mainland Chile and ‘Outside of Exclusive Economic Zone (EEZ)’ areas with a 70%-30% ratio
respectively. Artisanal unreported landings were calculated as an additional 10% of the reported landings
based on the methods in the previous reconstruction (Zylich and van der Meer 2015). Industrial unreported
discards were calculated as an additional 11% of the reported landings, also based on the previous
reconstruction (Zylich and van der Meer 2015).
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Figure 1. Reconstructed domestic catch for Chile by fishing sector for 1950-2018.

Industrial landing to mainland Chile
Industrial unreported landings are assumed to be composed entirely of unreported fish reduced to fishmeal
and fish oil (FIFO). The methods used in the original reconstruction (van der Meer et al. 2015) were altered
slightly to fit new parameters of the reported data. Reported fishmeal production was multiplied by the yield
factor of 22.5% to convert to the tonnage of fish needed to produce the reported amount of fishmeal; this
tonnage was compared to the sum of fish used in fishmeal production. Based on the original methods, this
sum includes Clupea bentincki, Engraulis ringens, and 70% of Trachurus murphyi national reported totals.
The difference between the reported tonnages compared to the leftover tonnages needed to produce the
reported amount of fishmeal was then split into the four main species used for fishmeal: Clupea bentincki,
Engraulis ringens, Trachurus murphyi, and Sardinops sagax.
The ratios used in this split were determined in the original reconstruction (van der Meer et al. 2015) and then
split between the Mainland Chile and “Outside of EEZ” areas according to the previous ratio. In some cases,
the difference between the reported fish and the fish used for fishmeal was negative – it was assumed for these
cases (2012, 2014, and 2015) that there were no unreported landings because all the fish used were already
reported in the landings.
Fishery for jumbo flying squid
Jumbo flying squid (Dosidicus gigas) were omitted in the original reconstruction (van der Meer et al. 2015),
despite being reported nationally in very high tonnages. According to Alarcon et al. (2008), jumbo flying squid
returned to the industrial fishing scene in 2001 due to El Niño events, and they were retroactively added for
the industrial sector from 2001 onward. The artisanal reported tonnages of Dosidicus gigas were also
incorrect. Therefore, those totals were retroactively changed from 2001 to 2018.
Marine biodiversity protection
Chile has agreed to protect its 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, the World Heritage Convention. It is also part of the international
network of UNESCO Man and the Biosphere. Chile is a signatory to regional treaties and agreements such as
the Regional Seas Convention (Marine Conservation Institute 2020).
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Chile has 60 MPAs and seven marine managed areas. Together, these areas cover 491,951 km2 (Marine
Conservation Institute 2020), which equals 13.48% of the EEZ of 3,648,534 km2 (van der Meer et al. 2016;
Zylich and van der Meer et al. 2016; Zylich et al. 2016). The implemented, highly protected reserves occupy
12% of the EEZ. “Marine protected areas in Chile include federally designated marine parks, marine reserves,
and coastal marine protected areas among others. MPAs include areas managed by federal, regional, and local
governments as well as non- governmental organizations. […]. The Chilean government is currently working
on a law that will put protected areas under one agency. This will facilitate a more streamlined approach to
creating and managing protected areas- including marine and coastal zones” (Marine Conservation Institute
2020).
According to a very recent study carried out in protected areas of Chile, only five out of a total of 20 marine
protected areas (MPAs) had management plans, and no MPA had an effective plan (Petit et al. 2018). “The
present study shows the lack of both the effectiveness of and updates to the existent management plans for the
vast majority of the national territory and raise the following question: Is it sustainable to continue adding
protected areas to the national system even though it is clear that the existing support is insufficient to meet
the minimum requirements for full implementation? Although adding more protected areas is necessary,
especially for under protected ecosystems, it is fundamental to develop effective management for fully
implementation of PAs in order to meet conservation goals and targets” (Petit et al. 2018).
In a comparative study to assess the establishment of MPAs in Chile through bottom-up processes, the “results
show that for Navidad and Punta de Lobos stakeholders, there is a positive attitude and motivation to
participate in the no-take MPAs for all indicators measured. In both cases, stakeholders had positive
expectations of the benefits that conservation tools like no-take MPA may bring to the community and in both
cases, there were similar economic, social and environmental motivating factors. […]. Bottom-up participatory
processes to create and manage no-take marine protected areas have been proposed as a way to scale-up
marine conservation and deal with the lack of support and compliance of top-down conservation approaches.
However, bottom-up conservation does not always lead to positive outcomes, thus it is increasingly important
to understand the conditions that determine the establishment and implementation of these initiatives”
(Oyanedel et al. 2016).
Juan Fernandez/Desventuradas Islands
For the Juan Fernández Islands, the 2010 tonnages by taxa were carried forward to 2018 due to lack of new
data. A new no-take marine reserve was implemented in the Desventuradas Islands, and therefore it is
assumed that there will be no fishing in this area (Lee 2015). In 2018, the Chilean government signed into law
protection for new Marine Protected Areas (MPA) that includes 101,000 square miles around the Juan
Fernández Islands. The law prohibits all fishing and other resource extraction.
Chile (Easter Island)
Reconstruction of Rapa Nui’s (or Easter Island’s) marine fisheries was completed for 1950-2010 by Zylich et
al. (2014, 2016). Castilla et al. (2014) analyzed Easter Island’s traditional and artisanal fisheries for 20002009, and their estimates of legal landings matched the landings estimated by Zylich et al. (2014) over the
same time period. This account documents how this initial reconstruction, which we deem reliable, was
updated to 2016, then carried forward to 2018.
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Baseline data
Reported landings of the fisheries of Easter Island were available for 2011-2016 from SERNAPESCA (2016)
and were used to update the landings of coastal and offshore commercial fisheries; these landings were lower
than in previous years (Figure 1). Species reported by SERNAPESCA from 2011 to 2015 were separated into
coastal and offshore catches, and the “Miscellaneous fishes” category was divided between coastal and
offshore areas based on the 2010 ratio.

Figure 1. Reported national catch by SERNAPESCA for 2000-2016.

The fisheries resources and their protection
Castilla et al. (2014) described some of Easter Island’s fisheries as showing signs of overexploitation and
stressed the need for improvement in collection of fishery data on Easter Island. Declines in both coastal and
offshore marine resources have been described by local fishers (Aburto et al. 2015).
Concerns over the pressure of illegal tuna fishing and declining marine resources have led to the proposal of a
631,370 km2 marine protected area (MPA) which would surround Easter Island and connect with an MPA
around Sala y Gómez established in 2010 (Vaughan 2015a). Under the proposed expanded MPA, fishing by
local fishers would be allowed up to 50 miles from shore on Easter Island, but no further (Vaughan 2015b).
The proposal is conditional and requires the approval of Easter Island’s indigenous Rapa Nui people (Vaughan
2015b). At the time of writing, a 740,000 km2 “Rapa Nui Marine Park” has been approved by referendum in
2017 and officially designated by the Chilean government as being off-limits to commercial fishing; only
traditional fishing methods are allowed. Illegal landings by foreign fishing vessels were held constant at the
2010 level, as illegal fishing was not reported to have declined.
Subsistence fishing
Subsistence catches were updated for 2011-2016 using the original method of multiplying the population by
per capita subsistence catch rate. A population timeline was extrapolated using the population data from
Hernandez et al. (2000) and population anchor points provided by Mr. Rodrigo Vega (pers. comm.), based on
Chilean sources. The decline in subsistence catch rate from 2002 to 2010 was assumed to continue at the same
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rate for 2011-2016 in the absence of updated subsistence catch rate information. The 2010 taxonomic
breakdown for subsistence catches was maintained for 2011-2016.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018 using the semi-automated protocol of Noël
(2020), based on updated reported data from SERNAPESCA (2016). Semi-automated reconstructed catch
data will later be replaced by a more detailed, research-intensive update.
Colombia (Caribbean and Pacific)
The initial reconstruction of the marine fisheries catches of Colombia, covering the years 1950 to 2005, was
undertaken by Wielgus et al. (2007, 2010), and was updated to 2010 by Lindop et al. (2015) and Wielgus et al.
(2016a, 2016b). Here, we document how these initial reconstructions were updated to 2014, then carried
forward to 2018.
Baseline data
Landings from industrial shrimp fisheries reported to the FAO were assumed to be fully reported for 20112014. Reported shrimp landings were estimated to comprise 7.7% of the total catch associated with the shrimp
fishery for 2011-2014, with the remainder of catch composed of unreported non-target landings and discards.
The ratios of reported shrimp catch to non-target landings and discards from 2010 were applied to the total
shrimp landings to calculate unreported catch for 2011-2014. Unreported landings and discards were
disaggregated taxonomically using the 2010 ratio cited in the reconstruction (Lindop et al. 2015).
Landings of large pelagic taxa caught by industrial fisheries were not considered in the reconstruction as they
were estimated in a separate study (Coulter et al. 2020). All other landings of taxa reported to the FAO were
divided into the industrial and artisanal sectors for 2011-2014 based on the 2010 percentage breakdown.
Miscellaneous marine fishes were taxonomically disaggregated using the 2010 breakdown for 2011-2014.
Industrial fisheries also target anchoveta (Cetengraulis mysticetus) and thread herring (Opisthonema spp.) in
the Pacific and spiny lobster (Panulirus argus) and queen conch (Lobatus gigas) in the Caribbean.
Subsistence catch
Subsistence catch were calculated, for both the Caribbean and Pacific coasts for 2011-2014 using the ratio of
the 2010 reconstructed subsistence catch to reported FAO landings. The taxonomic breakdown of subsistence
catches from 2010 was applied to landings for 2011-2014.
Transition from 2016 to 2018
The catches reconstructed to 2016 was carried forward to 2018 using the semi-automated procedure outlined
in Noël (2020), based on FAO landings from Columbia in the Caribbean (FAO’s Western Central Atlantic) and
along the Pacific coast (FAO’s Eastern Central Pacific) to 2018. The catch data thus updated will be later
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Colombia has agreed to protect biological diversity through the international agreements of the Convention on
Biological Diversity (Aichi), Ramsar Convention on Wetlands of International Importance, the International
Coral Reef Initiative, and the World Heritage Convention. It is also part of the international network of
UNESCO Man and the Biosphere. Colombia is a signatory to regional treaties and agreements such as the
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Regional Seas Convention (Marine Conservation Institute 2020). These commitments, together with the
awareness of marine biodiversity loss and fisheries decline by public and private organizations, have
maintained MPAs for conservation goals (Ramirez 2016).
Colombia has 28 MPAs and six marine managed areas. Jointly these areas cover 94,218 km2 (Marine
Conservation Institute 2020), contributing to 12.66% of the EEZ of 744,317 km2 (Wielgus et al. 2016a, 2016b).
Some of the largest marine MPAs in Colombia are the ‘Area Marina Protegida de la Reserva de Biosfera
Seafower’ (designated in 2005 with a total area of 61,131 km2 and 2,330 km2 of no-take area; Digital
Observatory for Protected Areas 2019; Marine Conservation Institute 2020) and the ‘Yurupari-Malpelo’
(designated in 2017 with 26,871 km2; Digital Observatory for Protected Areas 2019; Marine Conservation
Institute 2020).
MPAs in Colombia still need to overcome certain challenges to reach governance effectiveness. “Barriers and
opportunities for improving MPA governance are related to both government and coastal community
stakeholders, and include lack of implementation of participatory policies, limited institutional and
community organization capacity, loss of self-regulatory fishing practices, and violence among others.
Partnerships among NGOs, private organizations, communities and government together with recent afrodescendant community organization and leadership represent key opportunities for fostering meaningful
participation of communities in MPA planning/management and for improving MPA governance” (Ramirez
2016).
In a study carried out to calculate the value of the provision of fishing resources resulting from an increase of
marine protected areas in Colombia, the findings reflect that “despite the reduction of the area available for
fishing, in the mid-term, the protected areas generate increased levels of biomass and greater benefits
associated to the fishing activity, because of the spillover effect. In that sense, the marine protected areas
constitute a valid alternative for fishery conservation with the potential to generate economic benefits in the
midterm” (Cuervo-Sánchez et al. 2018).
Ecuador (mainland)
The fisheries of Ecuador’s mainland were reconstructed for the period from 1950 to 2010 (Alava et al. 2015,
2016). This account documents how this initial reconstruction was updated to 2017, then carried forward to
2018.
Baseline data
Ecuador has three major industrial fisheries, for 1) small pelagic fishes, 2) large pelagic fishes and 3) shrimp
fisheries.
Small and large pelagic fish
The landings of small pelagic fish were reconstructed using the ratio of FAO reported landings to estimated
unreported landings from the 2010 reconstruction and applied to the reported landings to 2017. The landings
are here equal to the catches, since discards are not assumed to occur.
The FAO reported landings for the large pelagic fisheries for tuna and billfish were taken as true landed
catches but were excluded here as they are reported upon in a separate study (Coulter et al. 2020).
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The shrimp fishery and its bycatch
The shrimp catches reported to the FAO were assumed to be an accurate report for 2011-2017. Non-target
bycatch from shrimp fisheries was estimated with the ratio of 2.94 tonnes of non-targeted bycatch to 1 tonne
of shrimp for 2011-2017. The taxonomic breakdown of non-target species was estimated in the original
reconstruction for ‘titi shrimp’, i.e., Atlantic seabob (Xiphopenaeus kroyeri), and “other shrimp” and applied
to the unreported catch. Of the non-targeted bycatch from shrimp fisheries, 23% was discarded.
Shark catches
Sharks are targeted by both Ecuador’s industrial and artisanal fisheries (Jacquet et al. 2008). FAO reported
catch of sharks were estimated to be 37% of total reconstructed shark landings. This relationship was applied
to the reported landings to estimate the unreported landings. The tonnage of industrial shark catches
estimated in the reconstruction for 2011-2017 was subtracted from the total FAO shark catch per year. The
remainder of the shark catch was considered to be artisanal. The taxonomic breakdown from the 2017 FAO
catch was applied to the total shark catch since it was the most comprehensive.
The total artisanal catch tonnage from 2010 was carried forward to 2014 and considered fully reported for
2016 and 2017. Artisanal catch was interpolated for 2015 between the 2014 and 2016 reconstructed landings.
The FAO reported landings for artisanal taxa were subtracted from the total catch estimate to estimate
unreported landings. Taxa were assigned to the total catch by applying the taxonomic breakdown from the
reconstruction.
A new jellyfish fishery
Cannonball jellyfish (Stomolophidae) were reported to the FAO by Ecuador for the first time in 2014. This
catch was assumed to be correct because fisheries for cannonball jellyfish are developing in the FAO area
Eastern Central Pacific, and other countries in the region report a similar growing trend (Brotz 2017).
Subsistence fishing
Subsistence fisheries consisted of catches of cockles (Anadara spp.) and mangrove red crab (Ucides
occidentalis). Since the original reconstruction estimated very little Illegal, Unreported and Unregulated
(IUU) catch of Anadara cockles, it was assumed that the catch was equal to the FAO reported for cockles.
Reported catches of Anadara cockles were assigned to 20% subsistence catch, with the remaining catch
assigned to the artisanal sector.
Mangrove red crab subsistence catch was calculated as a per capita catch rate for people living in rural areas
within 10 km of the coast. Because the coastal population data used in the original reconstruction was not
current to 2017, a ratio of rural coastal peoples to total population was calculated for 2010 and applied to total
population data for 2011-2017 from the World Bank (2018). The 2010 per capita subsistence catch rate of
mangrove red crab was held constant for 2011-2017 and applied to population for 2011-2017.
Transition from 2017 to 2018
The catches reconstructed to 2017 for Ecuadorian mainland were carried forward to 2018 using the semiautomated procedure outlined in Noël (2020), based on FAO landings data. Semi-automated reconstructed
catch data thus obtained will be later replaced by a more detailed, research-intensive update.
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Marine biodiversity protection
Ecuador 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. It is also
part of the international network of UNESCO Man and the Biosphere (Marine Conservation Institute 2020).
Ecuador has 19 MPAs (without considering the Galapagos Marine Reserve) and 9 marine managed areas
within the EEZ of the Ecuadorian mainland, which covers 236, 556 km2 (Alava et al. 2016).
“Ecuador’s National System of Protected Areas (NSPA) is composed of four subsystems, Natural Heritage
Areas (NHA), Protected Areas of Local Governments, Community Areas, and Private Areas. The Ministry of
the Environment (MoE) is responsible for crafting regulations and coordinating the management of NSPA.
[…] To date, all the marine and coastal protected areas fall within the NHA subsystem, with the exception of a
large number of small mangrove areas that can be classed within the Community Areas’ subsystem. […] Some
ecological benefits are also emerging, with local proposals for No Take Zones and an incentive-based scheme
to restore lobster populations, which is already yielding encouraging results” (Gravez et al. 2013).
The Ministry of Tourism (MINTUR) and the Ministry of Environment (MAE) of Ecuador have implemented
projects to sustainably use marine resources. The MAE manages the National System of Protected Areas
(NSPA), which allows free access to tourists and ensures the preservation of ecosystems and services of
environmental goods. In a tourist evaluation carried out in Villamil Beach National Recreation Area (VBNRA,
designated in 2011 with 24 km2) and also ruled by MAE, the results suggested that visitors are responsive to
the variations of travel costs. Residents are more sensitive to marginal increments in costs than tourists are
(Zambrano-Monserrate et al. 2018). “Ecotourism is beneficial for a country like Ecuador because it is a
possibility to increase the attraction of protected areas, because it provides an economic reason for protecting
them, besides it provides to local population economic incomes by improving their level of life and
encouraging them to respect and conserve protected areas” (Quezada Sarmiento et al. 2018).
Ecuador (Galápagos Islands)
The original reconstruction of the fisheries of the Galápagos Islands was completed for 1950 to 2010 (Schiller
et al. 2013, 2015, 2016). Here, we document how this initial reconstruction was updated to 2016, then carried
forward to 2018.
Baseline data
The two invertebrate fisheries previously reported by FAO for green spiny lobster (Panulirus gracilis) and
brown sea cucumbers (Isostichopus fuscus) are no longer reported upon. However, although landings of green
spiny lobster have not been reported since 2006, the fishery remains active (Ramírez et al. 2013); on the other
hand, the sea cucumber fishery was closed in 2006, 2009 and 2010 (Reyes et al. 2013) and landings have not
been reported to the FAO since 2008. Landings from the industrial tuna and billfish fisheries are
reconstructed in a separate project (Coulter et al. 2020), and therefore, they are not addressed in this update.
Since 2004, small-scale fisheries have been stable at approximately 5000 tonnes. Because of this stability and
the lack of recent fisheries information, the 2010 reconstructed values have been extended to 2016 for smallscale fisheries. This will be reassessed when current information becomes available.
Fisheries impacts
Industrial catch of sharks was held constant at the 2010 level to 2014; shark catches declined to 12.5 tonnes
per year for 2015-2016, possibly as a result of overfishing. However, some of this decline, at least for 2016,
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may be a result of the establishment of a new no-take reserve around the northern Galápagos Islands of
Darwin and Wolf in 2016.
The effects of artisanal longline fishing in the Galápagos were investigated by Cerutti-Pereyra et al. (2010),
who recommended that non-selective fishing gears should be avoided to protect sensitive species and the
integrity of the Galapagos marine ecosystem. Eddy et al. (2019) reconstructed historical unfished stock
biomass of heavily exploited sailfin grouper (Myctereoperca olfax), green spiny lobster and pronghorn lobster
(Panulirus penicillatus) and sea cucumber based on fishers’ knowledge and suggested that fishing had a
higher impact on the role of changing the sailfin grouper within the ecosystem than El Niño events.
Transition from 2016 to 2018
The catches reconstructed to 2016 for the Galápagos were carried forward to 2018 using the semi-automated
procedure outlined in Noël (2020), based on updated national data. Semi-automated reconstructed catch data
will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
The Galapagos Archipelago islands are surrounded by the Galápagos Marine Reserve (GMR), created in 1998
and covering an area of 138,000 km2 (Moity 2018), which represents 16.52% of the Galápagos Islands EEZ of
835,541 km2 (Schiller et al. 2016). However, the no-take area is 1,323 km2, which implies that less than 1% of
the GMR is protected from fishing. The GMR was created on the basis of a 40 nautical mile buffer from the
smallest polygon that encompasses all islands boundaries (Moity 2018). The dimensions of the zones range
from small offshore islets to longer stretches of the coastline of larger islands (Castrejón and Charles 2020).
Due to its outstanding universal value, the GMR became a Natural World Heritage Site in 2001 (Moity 2018).
The GMR is open to artisanal fishing, which occurs mostly within the proximity of the coastline and the
shallow seamounts (called “bajos”); the longest fishing trips are between islands to reach to the fishing
grounds or to more distant bajos (Moity 2018).
The Ecuadorian government encountered difficulties to manage protected areas due to deficiencies in funding,
technical capacity and infrastructure. This is why the Galápagos National Park was only a legal framework for
eight years. “For this reason, it entrusted the CDF (Charles Darwin Foundation for the Galápagos Islands) with
the execution of Galápagos’ biodiversity inventory and conservation activities. [Formally], this situation
changed through the creation of the Galápagos National Park Service (GNPS) in 1968, which received full
responsibility to manage the park [on paper]” (Denkinger et al. 2014). However, collaboration between the
CDF and GNPS continued afterwards.
“The history of conservation management in the Galápagos is complex, having been shaped by the interaction
of actors with different objectives, interests, and levels of power” (Birbano et al. 2020). “Thus, the
establishment of MPAs are also driven by external factors, as in the case of the Galápagos Marine Reserve
(Barragan-Paladines and Chuenpagdee 2017). Its establishment was driven by complex geopolitical issues
(officially exerted by the Ecuadorian government in relation to maintaining control of the archipelago),
economic (due to the high profitability of local resources), social, and environmental (due to the health of
marine resources and ecosystems in the area, due to heavy exploitation). The making of the Galápagos Marine
Reserve was also influenced by the interest in promoting “nature-based” tourism or ecotourism such as shark
watching and scuba diving that has become a popular activity, placing Galápagos Marine Reserve within the
top ten diving sites in the world. The idea of an MPA in Galápagos was not initialized or effectively
communicated within the local social-cultural context. Instead, it was heavily influenced by external
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geopolitical and tourism-based economic interests, that were masked under environmental discourses
(Barragan-Paladines and Chuenpagdee 2017)” (Giraldi-Costa et al. 2020).
French Guiana
Reconstruction of marine fisheries catches in French Guiana for 1950-2010 was performed by Harper et al.
(2015, 2016). This account documents how this initial reconstruction was updated to 2014, then carried
forward to 2018.
Baseline data
FAO landings of shrimp (‘Penaeus shrimps nei’, ‘Southern brown shrimp’, or ‘Red spotted shrimp’) in 20112014 for French Guiana were assigned to foreign fishing by France as detailed in the original reconstruction.
The ratio of discards from shrimp landings by France was maintained throughout the time series. The
taxonomic ratio of discards from the shrimp fishery were also held constant at the original ratio for 2011-2014.
Unreported landings of snappers in French Guiana by Venezuela were updated for 2011-2014 by holding
constant the 1999 tonnage.
Artisanal landings included all reported FAO taxa but did not include ‘Yellowfin river pellona’, ‘Penaeus
shrimps nei’, ‘Southern brown shrimp’, or ‘Red spotted shrimp’ assigned to foreign fishing entities as
described above.
Subsistence catches were calculated for 2011-2014 based on the ratio between subsistence and artisanal
landings for 2010. The taxonomic breakdown was maintained throughout the time period.
Cissé et al. (2014) evaluated the sustainability of small-scale coastal fisheries in French Guiana and concluded
that improvements to the fishery are required, including reducing the level of discards and providing better
monitoring.
Transition from 2014 to 2018
The catches reconstructed to 2014 for Ecuadorian mainland were carried forward to 2018 using the semiautomated procedure outlined in Noël (2020), based on FAO landings data. Semi-automated reconstructed
catch data will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
France has agreed to protect the biological diversity of French Guiana through the international agreements of
the Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
French Guiana has three marine protected areas: the Grand Connétable, the Kaw-Roura, and the Amana
Nature Reserves (Geographic Guianas 2020). Jointly, these areas cover 1,365 km2 (UNEP-WCMC and IUCN
2020), which corresponds to 1% of the EEZ of 134,656 km2 (Harper et al. 2016).
In the Kaw-Roura Nature Reserve, characterized by mangrove ecosystems, the inhabitants are very isolated
and mainly devoted to hunting and fishing in the Kaw River. Due to the protection measures established after
the reserve designation, they were afraid to lose their primary source of protein. The descendants of enslaved
Africans, this group feared losing access to these resources due to their lack of property rights, unlike the
Amerindians of Guiana, who are recognized as autochthonous (Cormier-Salem 2017).

295

Updating to 2018 the 1950-2010 marine catch reconstructions of the Sea Around Us: Part IIThe Americas and Asia-Pacific

“The implementation of the Natural Reserve of the Kaw-Roura wetland of a surface of about 98500 ha and its
ecotourist valuation arouse strong tensions. Classified as a Ramsar site in November, 1993, the Natural
Reserve was created by decree in March, 1998. Thanks to its vast surface, the mosaic of ecosystems and
landscape (from mangrove forest to freshwater forests or “pinotières”) and the wealth of the fauna (black
caiman (Melanosuchus niger), Matamata tortoise (Chelus fimbratus), manatee (Trichechus manatus), agami
heron (Agamia agami), crested Hoazin (Opisthocomus hoazin), red Ibis (Eudocimus ruber), Kaw Roura is the
biggest wetland of France (1,370 km2) and has a status of Natural Sanctuary” (Cormier-Salem 2017).
In the French Guiana’s EEZ, activities such as fisheries, shipping and gas prospection are increasing. This
raises concerns about potential threats to the unique ecosystems and marine biodiversity of these waters
(Martinez et al. 2019).
In the Grand Connétable waters, seabirds and humpback whales are some of the most commonly observed
animals (Maritinez et al. 2019). The presence of other marine mammals, such as the endangered Antillean
manatee (Trichechus manatus manatus), has been confirmed in all the rivers and estuaries of French Guinea
(Castelblanco-Martinez et al. 2018). Other studies have shown the behavioral changes of gravid olive ridley
sea turtles (Lepidochelys olivacea) due to the unusual estuarine conditions of the French Guiana continental
shelf. These turtles are heavily affected by the bycatch of illegal drifting nets in the coastal area of the Guiana
shield (Chanbault 2017).
Guyana
A reconstruction of Guyana’s marine fisheries catches was performed for 1950-2010 by MacDonald et al.
(2015, 2016). Here, we document how this initial reconstruction was updated to 2016, then carried forward to
2018.
Baseline data
Reported landings of shrimp (mainly Farfantepenaeus brasiliensis, F. notialis and F. subtilis), sea bob
(Xiphopenaeus kroyeri), finfish caught by the industrial fishery, and the catch of groups caught by the
artisanal fisheries were updated to 2016 based on the FAO dataset for that year. FAO data for ‘Marine fishes
nei’ was allocated to artisanal small-scale and industrial bottom trawl gears using the same ratio as in 2010.
The taxonomic breakdown of ‘Marine fishes nei’ for both sectors was held constant throughout the time series.
Unreported landings from artisanal fisheries were updated for 2011-2016 as determined in the original
reconstruction. Discards from reported landings of sea bob and finfish taxa were calculated as a percentage of
reported landings for 2011-2016 as stated in the original methods.
Subsistence fisheries
Estimates of the 2002 and 2012 population of Guyana were available from the Guyana Bureau of Statistics and
used to interpolate total population between 2003 and 2011. The total population of Guyana for 2013-2014
was extrapolated from the 2012 anchor point using the interpolated rate of change. For 2015-2016, the
Guyanese population was found using the World Bank database. Total subsistence catch was equal to
population data multiplied by the per capita subsistence catch rate from 2000 which was held constant for
2000-2016. The taxonomic breakdown of subsistence catches was held constant throughout the time series.
Illegal fishing
Guyana recently signed the legally binding UN Agreement on Port State Measures to Prevent, Deter and
Eliminate Illegal, Unreported and Unregulated Fishing (FAO 2016) which came into effect in June 2016. The
international accord is intended to stop illegal fishing by requiring vessels to request permission to access
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ports and to provide information to ports on their catch and activities (Anon. 2016b). Most recently Guyana
had heightened concerns over illegal activity after pirates boarded a vessel, left one person dead and left three
people missing (Xinhua 2016). The incident has reignited the debate over Guyana’s Public Security Minister’s
proposal to allow fishers to carry firearms while at sea (Anon. 2015, 2016a).
Transition from 2016 to 2018
The catches reconstructed to 2016for the Guyana were carried forward to 2018 using the semi-automated
procedure outlined in Noël (2020), based on FAO landing data. Semi-automated reconstructed catch data will
be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Guyana has agreed to protect it biological diversity through the international agreements of the Convention on
Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Guyana has only one MPA, i.e., the managed resource use area of ‘Shell Beach’, designated in 2005 with a total
area of 6,250 km2 and 1,7 km2 of reported marine area (Marine Conservation Institute 2020), corresponding to
0.0012% of an EEZ of 140,369 km2 (MacDonald et al. 2016).
The Protected Areas Act, published in 2011, has several objectives, the main ones being the conservation of
biological diversity, safeguarding ecosystem services, encouraging stewardship of Guyana's natural heritage,
assisting in safeguarding Guyana's sovereignty over its natural heritage, regulating access to the nation's
biological resources and establishing a protected areas commission and a protected areas trust to manage and
finance the national protected areas system (Marine Conservation Institute 2020).
“The recent large-scale offshore oil discoveries in Guyana hold the promise of lucrative economic
opportunities for the country and its citizens, including its indigenous population. […] While much scholarly
and political effort is turned to the identification of good regulatory and fiscal governance of the newly
discovered resources, little attention has been granted to safeguarding the rights of indigenous peoples in
Guyana in light of these new extractive activities” (Shapovalova 2020).
The arrival of the oil and gas sector in Guyana brought with it great environmental challenges that jeopardize
Guyana’s ability to meet its obligations under the Convention on Biological Diversity. It will therefore be
necessary to find the right balance between the offshore oil and gas development and environmental
protection (Elias-Roberts 2020). The history of the gold mining industry, currently the largest contributor to
Guyana’s GNP and for which the implementation of safety and environmental standards was never a priority,
should not repeat itself (Howard et al. 2011). “Guyana has incorporated sustainable development into several
acts and policy documents related to the environment. However, it is time for the government to consider
incorporating sustainable development into laws aimed at specifically regulating the newly emerging
petroleum sector. Guyana has the tendency to enact environmental legislation in an ad hoc manner, which is
usually in response to specific crisis. […]. As a result, the laws regulating marine biodiversity and forest
governance have been subjected to this pattern” (Elias-Roberts 2020).
Suriname
The initial reconstruction of the catch of Suriname’s marine fisheries was completed for the years 1950 to 2010
by Hornby et al. (2015, 2016). Here, we document how this reconstruction was updated to 2014, then carried
forward to 2018.
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Large pelagic fishes
In 2011, FAO began reporting Surinamese landings of large pelagic fishes such as wahoo (Acanthocybium
solandri), common dolphinfish (Coryphaena hippurus), and several shark taxa. These landings were assumed
to be retained bycatch from industrial tuna fisheries, which were also reported by the FAO starting in 2011.
However, Surinamese landings and associated bycatch from industrial tuna fisheries are addressed separately,
based on ICAAT as described by Coulter et al. (2020).
Industrial shrimp fishery
Retroactive changes were made to reported landings from industrial shrimp fisheries throughout the time
series to match the latest FAO data version. Landings of Atlantic seabob (Xiphopenaeus kroyeri) and penaeid
shrimp were assumed to be fully reported in 2011-2014. Discards linked to shrimp landings were assumed to
continue being generated at the rate determined by the original reconstruction. Discarded bycatch associated
with the seabob fishery were estimated as 12% of total trawl catch for 2011-2014. Landed bycatch was
calculated as 27% of the seabob landings value for 2011-2014 and was assumed to be accounted for in reported
landings of “Marine fishes nei”.

Figure 1. Reconstructed domestic catch within Suriname’s EEZ by fishing sector (1950-2018).

Demersal fish catches
The remainder of “Marine fishes nei” landings were allocated to the artisanal sector and taxonomically
disaggregated using the 2010 breakdown for 2011-2014. Artisanal landings for 1950-1969 were corrected due
to a calculation error in the original reconstruction. Unreported artisanal landings were maintained at 41% of
total artisanal landings for 2011-2014. Landings by the fleets of Japan, South Korea and Venezuela were
carried forward unaltered to 2014 at the 2010 amounts.
Subsistence catches
Subsistence catches were updated for 2011-2014 using the methods in the original reconstruction. The per
capita fish consumption rates of 18 kg·person-1·year-1 and 9 kg·person-1·year-1 were applied to the rural and
urban costal populations of Suriname, respectively. Subsistence catches were disaggregated for 2011-2014
using the 2010 taxonomic breakdown.
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Transition from 2014 to 2018
The catches reconstructed to 2014 for Suriname were carried forward to 2018 (Figure 1) using the semiautomated procedure outlined in Noël (2020), based on FAO landing data. Semi-automated reconstructed
catch data will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Suriname has agreed to protect its biological diversity through the international agreements of the Convention
on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Suriname has eight MPAs and no marine managed areas. Together, these areas cover 2,082 km2 (Marine
Conservation Institute 2020), which is 1.63% of its EEZ of 128,000 km2 (Hornby et al. 2016). Among the four
Nature Reserves, the one with the largest reported marine area is the ‘Coppename Monding’, designated in
1966 with a total area of 351 km2 and a marine area of 231 km2 (Marine Conservation Institute 2020).
One of the biggest multiple use management areas (MUMA) in Suriname is the Bigi Pan, which was
designated in 1987 with a total area of 1537 km2 and a marine area of 890 km2 (Marine Conservation Institute
2020). “[The MUMA] is characterized by wetlands with mangrove forests, contains high biodiversity, and is of
socio-economic, ecological and ornithological importance. However, the MUMA is overexploited and subject
to competition between various income generating activities, including uncontrolled fisheries and unregulated
tourism combined. Insufficient capacity of government agencies for enforcement and policy implementation
and lack of communication between relevant government agencies has further contributed to unsustainable
practices that diverge from ‘wise use’ and conservation. […] Shared understanding of the need to protect
natural resources in the Bigi Pan MUMA among stakeholders, the need for law enforcement to address
hunting activities, and the need for increased management and monitoring capacity may bring about a
collaborative process” (Djosetro and Behagel 2020).
On the basis of this research, it was concluded that protection of valuable ecosystems in Suriname needs better
communication between the different stakeholders and investment in human and financial capacity of
government agencies to monitor and minimize anthropogenic pressures that compromise the performance of
the MUMA (Djosetro and Behagel 2020).
Uruguay
The original reconstruction of Uruguay’s marine fisheries catches was completed for 1950-2010 by Lorenzo et
al. (2015, 2016). This account documents how this initial reconstruction was updated to 2017, then carried
forward to 2018.
Baseline data
Nationally reported landings were available by sector from 2008 to 2015 (DINARA 2015) and were used to
update the total reported landings from industrial fisheries for these years. In the absence of accessible
nationally reported data, the ratio of FAO landings assigned to industrial fisheries in 2015 was used to
disaggregate FAO landings into industrial and artisanal sectors for 2016-2017.
A portion of artisanal landings was reported by DINARA (2015) since the mid-2000s and are available for
2008-2015. Reported artisanal landings increased from 3239 tonnes in 2010 to 9397 tonnes in 2014, while
the number of artisanal vessels declined from 752 vessels in 2010 to 585 vessels in 2014 (DINARA 2014b,
2015). Therefore, it was assumed that the increase in reported artisanal landings is most likely due to
improvement in catch reporting for small-scale fisheries rather than a real increase in catches.
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In the original reconstruction, the artisanal catch had been entirely unreported. However, this catch has
since been disaggregated from 2008 onward into three categories: landings reported to the FAO, additional
national reported landings that did not appear to transfer to the FAO data and unreported catch
reconstructed as a ratio of reported landings. Therefore, retroactive changes were made to the 2008- 2010
fraction of the artisanal landings that were reported, such that they now include the nationally reported
catch.
Recreational and subsistence fishing
Updated population information from World Bank was used to calculate the number of recreational fishers
based on the 2010 percentage of the total population engaged in recreational fishing. The 2010 recreational
catch rate was maintained at the 2010 level in order to calculate recreational landings for 2011-2017. The
taxonomic breakdown of recreational landings was assumed to remain the same as in 2010.
Subsistence catches were estimated to be 5% of artisanal landings for 2011-2017, as described in the original
report. Subsistence and artisanal landings were disaggregated by taxa for 2011-2017 using the 2010
taxonomic breakdown for each sector. Fishing gears were assigned to commercial fisheries per taxa for 20152017 using the percentage breakdown from 2014.
Improvement to the reporting system
There have been improvements in information available about Uruguay’s artisanal fishing sector, including
general taxonomic breakdown, gear types used, investigations into catch-per-unit-effort, and spatial
variability of the artisanal fleet (Defeo et al. 2009; Ligrone et al. 2014). There has also been a push for an
‘Ecosystem Approach to Fisheries’, introduced by the FAO and endorsed by Uruguay (Gianelli et al. 2018).
However, there is still no evidence for the level of underestimation (unreported landings) of catch by official
sources for 2011-2017. Therefore, the total artisanal catch was reconstructed for 2011-2017 based on the
number of artisanal vessels within marine zones (Table 1) and an approximate catch rate estimated from the
total reconstructed artisanal catch-per-year for 2002-2010. The average reconstructed artisanal catch rate
per vessel for 2006-2010 was estimated and applied to the number of vessels for 2011-2015 (Table 1). The
total reconstructed artisanal catch was held constant for 2016-2017 because the number of vessels was not
available for these years (Figure 1). Unreported artisanal catch was estimated for 2011-2017 as the remainder
after subtracting the reported catches.
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Table 1. Number of marine artisanal vessels and approximate
catch rate per vessel (t·boat-1·year-1)

Year

Artisanal
Catch rate (t·boat- Source
1·year-1)
boats
2002
464
23
DINARA (2008)
2003
486
30
DINARA (2008)
2004
519
46
DINARA (2008)
2005
531
50
DINARA (2008)
2006
572
41
DINARA (2008)
2007
566
26
DINARA (2008)
2008
480
43
DINARA (2009)
2009
394
79
DINARA (2010)
2010
491
72
DINARA (2012)
2011
5221
522
N. A.
2
2012
553
52
DINARA (2013)
2
2013
469
52
DINARA (2014a)
2014
494
522
DINARA (2014b)
2
2015
466
52
DINARA (2015)
1Interpolated number of vessels between 2010 and 2012
2Average catch rate of 2006-2010 based on the reconstructed
artisanal catch per vessel per year.

Figure 1. Total reconstructed domestic catch for Uruguay by fishing sector (1950-2018).
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Transition from 2017 to 2018
The catches reconstructed to 2017 for Uruguay were carried forward to 2018 using the semi-automated
procedure outlined in Noël (2020), based on FAO data. Semi-automated reconstructed catch data will be later
replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Uruguay has agreed to protect its biological diversity through the international agreements of the Convention
on Biological Diversity (Aichi), and it is also part of the international network of UNESCO Man and the
Biosphere (Marine Conservation Institute 2020).
Uruguay has seven MPAs and one marine managed area. Together, these areas cover 1,622 km2 (Marine
Conservation Institute 2020), corresponding to 1.22% of the EEZ of 133,000 km2 (Lorenzo et al. 2016). “The
National System of Protected Areas (SNAP) in Uruguay has become a fundamental tool to reconcile
environmental care - in particular the diversity of landscapes, ecosystems, species and cultural elements - with
the economic and social development of the country. To generate opportunities for local communities and
society as a whole through recreation, tourism, education, research and the development of productive
activities compatible with conservation” (Marine Conservation Institute 2020).
The MPA of Laguna de Rocha (a Protected Landscape designated in 2010 with a total area of 342 km2 and a
reported marine area of 102 km2; Marine Conservation Institute 2020) is exploited by two fishing
communities (Mellado et al. 2014). An assessment carried out in the MPA of Laguna de Rocha to evaluate its
contribution to its induction into the National System of Protected Areas of Uruguay showed that
environmental issues are still rarely considered by national and municipal agencies. “Despite the affinity of the
social actors toward the protected area, the high number and diversity of interests may become problematic if
certain requirements are not met. Working in interdisciplinary teams is an opportunity to change the levels of
reflection although several issues remain to be addressed. An issue that generated disagreement within the
interdisciplinary team was the economic analysis, because an open epistemological discussion exists on the
implications of the concept of economic price [and value of natural resources]” (Rodríguez-Gallego et al.
2013).
Currently, the Laguna de Rocha MPA has no specific measures to regulate fishery activities (Vögler et al.
2020). The fishery-ecological assessment between three areas of the SWA [(Uruguayan Southwest Atlantic)]
revealed high catches of threatened coastal sharks inside the MPA-RLPL [(Protected Landscape of Laguna de
Rocha)], and also huge catch differences among fishing fleets (artisanal and industrial), which are affecting
some overexploited fish species. […] Despite endangered fish species knowingly being caught in the MPARLPL there are no specific measures to regulate fishing activities in the area. The management plan for the
Uruguayan MPAs needs to urgently include conservation measures to reduce fishing pressure on threatened
coastal sharks and [enforce them and monitor their effectiveness]” (Vögler et al. 2020).
Venezuela
The catches of Venezuela’s marine fisheries were reconstructed for the years 1950 to 2010 by Mendoza (2015,
2016), and the text below is to document, if briefly, how the initial reconstruction was updated to 2017, then
carried forward to 2018.
Reporting baseline
Venezuelan national data were not publicly available at the time this update was completed, and reported
landings available from FAO were used as the reported baseline for 2011-2017. The FAO reported catch was
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compared to nationally reported catch and found to be within 10% of the national data for the years 1950 to
2010. Thus, the reported catches were not retroactively changed.
The original FAO names within the data reported by the FAO were compared with taxon names used for the
national reported data in 2010 to maintain the taxonomic resolution between the two data sources. The ratios
of each reported species allocated to each sector and EEZ by year in the reported data in 2010 were applied to
the reported taxa in the 2011-2017 FAO data, after excluding the industrial catch of tunas and other large
pelagics (see Coulter et al. 2020) and catch taken from foreign EEZs.
All reconstructed catch taken from outside of the home EEZ were labelled as industrial for 2011-2017.
Discards were applied to catch outside of the home EEZ at the same ratio as described for 2010 (Mendoza
2015). Unreported landings and discards for the industrial sector within the home EEZ were assumed to be
zero for 2011-2017, because the trawl fishery is no longer active. Discards are assumed unlikely due to the
current demand for food (Associated Press 2016). Artisanal unreported catch was calculated by taxa based on
the 2010 ratios described in the original catch reconstruction (Mendoza 2015).
Subsistence and recreational catch
Unreported subsistence catches were estimated from the take-home catch from artisanal fisheries and catches
taken for subsistence purposes by the Warao peoples, an indigenous group. Take home catch was calculated at
5% of total reconstructed artisanal catch for 2011-2017. Subsistence catch by the Warao people was calculated
at 3% of the reconstructed catch of the estuarine species caught in the eastern subregion of the EEZ.
There has been no recreational catch reported since 1996; in light of the current political crisis, it has been
assumed to remain at zero for all years after 1996.
Politics vs. fisheries
Due to Venezuela’s current political and economic climate, there is very little information available about
Venezuelan fisheries and maritime activities in recent years. Investigative journalists reported high rates of
piracy and food riots due to extreme poverty in the country (Franklin 2018). The Associated Press (2016)
estimated that coastal tuna catches have declined to less than a third of the tuna catch in 2004. Franklin
(2018) estimates that catch fell to 226, 600 tonnes in 2015, a 60% decline from 1997 according to the
Foundation for Sustainable and Responsible Tuna Fisheries.
Many private companies have left Venezuela to fish in other countries rather than sell half their catch to the
government for Venezuelan currency (Associated Press 2016). Many domestic fishing boats are being
repurposed for parts and sold, left to rust, or stolen (Associated Press 2016). Fishing has become a dangerous
activity due to the increasing levels of violence, and many fishers have turned to smuggling to trade for
essential items such as food, diapers or medicine (Associated Press 2016; Franklin 2018). Because of the
turmoil and lack of information in recent years, there is a high degree of uncertainty in this reconstruction for
2011-2017.
Transition from 2017 to 2018
The catches reconstructed to 2017, however uncertain, were carried forward to 2018 using the semiautomated procedure outlined in Noël (2020), based on FAO landing data. Semi-automated reconstructed
catch data will be later replaced by a more detailed, research-intensive update.
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Marine biodiversity protection
Venezuela has agreed to protect its biodiversity through the international agreements of the Convention on
Biological Diversity (Aichi) and Ramsar Convention on Wetlands of International Importance (Marine
Conservation Institute 2020).
Venezuela has 25 MPAs and six marine managed areas which jointly cover 7,925 km2 (Marine Conservation
Institute 2020), corresponding to 1.7% of the EEZ of 474,770 km2 (Mendoza 2016). “Protected areas in
Venezuela are also intrinsically related to the cultural heritage and diversity of indigenous groups. For the
Ye’kwana and Yanomani, as well as for the Pemon and the Hosti groups, territories within protected areas
constitute their livelihood spaces, including: hunting and gathering sites, sacred sites, settlements, oral
traditions, customary laws and other social manifestations. […] Tourism in Venezuela’s national parks is also
an important activity, mostly for local people that live within protected areas. One of the most popular parks
visited over the last few years was Parque Nacional Morrocoy [(designated in 1974 with a total area of 320 km2
and a reported marine area of 192 km2; Marine Conservation Institute 2020)], with an annual average of 1.5
million visitors (Cartaya 2007)” (Secretariat of the Convention on Biological Diversity 2008).
“Current conservation efforts in Venezuela are deficient given the collapse of government institutions
responsible for the management of fisheries. This has led [for example] to noncompliance with fishing
regulations designed for elasmobranchs” (Marquez 2019). It is currently unclear to what extent the political
instability, humanitarian crisis and poverty that the Venezuelan people are experiencing is affecting artisanal
fisheries inside and outside the country’s MPAs and marine managed areas.
Ideally, greater effort shall be made to asses biodiversity and ultimately conserve ecosystems and sensitive
species in Venezuela, such as green turtles, which are known to use the Gulf of Venezuela as a feeding ground
(Barrios-Garrido et al. 2020). “However, future advances in scientific research and conservation will depend
largely on the recovery of the economic and political stability in Venezuela” (Marquez 2019).

Discussion
The countries of South America share in common limitations of the data reported by these countries to the
FAO, if they report at all (Garibaldi 2012). The FAO reported catch resolution in space and by sector was
improved using national reported catch statistics and secondary sources. For some countries (for example,
Brazil and Venezuela), national data were no longer available for the update years. Therefore, data released by
the FAO were relied upon to update catch reconstructions. Reporting of catch statistics, including where
catches were taken, sector and fishing gear, and species caught, continues to remain important for
management of fisheries.
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South and Southeast Asian countries catch reconstruction updates
This group contribution of South and Southeast Asian countries includes two individual chapters dealing with
Indonesia and Thailand, respectively.
It also includes four regional chapters. The first regional chapter, titled “The Persian Gulf: Catch
reconstructions update to 2018”, includes Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia, and the
United Arab Emirates (U.A.E.).
The second, titled “Red Sea and Gulf of Aden countries: Updated catch reconstructions to 2018”, includes
Djibouti, Egypt (Red Sea), Eritrea, Israel (Red Sea), Jordan, Saudi Arabia (Red Sea), Sudan, and Yemen (Red
Sea and Gulf of Aden including Socotra Island).
The third, titled “South Asia and Indian Ocean Island catch updates to 2018”, includes Andaman and Nicobar
Islands (India), Bangladesh, the Chagos Archipelago (British Indian Ocean Territory), the Indian mainland,
the Maldives, Pakistan and Sri Lanka.
The fourth, titled “Countries of Southeast Asia: Updating Catch reconstructions to 2018”, includes Brunei
Darussalam, Cambodia, Philippines, Singapore, Timor Leste, Viet Nam, and Malaysia.
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Abstract
The original reconstruction of the catch of marine fisheries in the Exclusive Economic Zone of Indonesia
covering the years 1950 to 2010 was updated to 2018 using statistics from the Directorate General of Capture
Fisheries. This updating and carry-forward were performed separately for three regions of the Indonesian
Archipelago, i.e., (i) the Indian Ocean coast of Indonesia, from Aceh in the Northwest to the Eastern east tip of
Java in the Southeast, (ii) Central Indonesia, i.e., the Java Sea and the Southernmost part of the South China
Sea and (iii) the Indonesian waters east and northeast of the Java Sea. Particular attention was paid to account
for the growing catches of small-scale fisheries, although the data required to do so reliably remain scarce.
Overall, Indonesian catch statistics are very uncertain.

Introduction
Reconstructions of Indonesia’s marine fisheries catches, covering the years 1950 to 2010 were performed for
the three regions of the Indonesian Archipelago, i.e., (i) the Indian Ocean coast of Indonesia, from Aceh in the
Northwest to the Eastern tip of Java in the Southeast; (ii) Central Indonesia, i.e., the Java Sea and the
Southernmost part of the South China Sea; and (iii) the Indonesian waters east and northeast of the Java See,
as documented in Pauly and Budimartono (2015), and in Budimartono et al. (2015a, 2015b); see also
Budimartono et al. (2016a, 2016b, 2016c).
Here, we document how these reconstructions were updated to 2018 using national Directorate General of
Capture Fisheries data to 2018.

Materials and Methods
Baseline data
Since the original reconstruction, updated national data have become available from the Directorate General
of Capture Fisheries and from FAO. Total landings from marine fisheries for each province were assigned to
EEZs within Indonesia for 2011-2018 using the methods previously described by Pauly and Budimartono
(2015). The 2010 taxonomic breakdown of reported landings was maintained for 2011-2018 for each EEZ, and
the 2010 breakdown of fishing sectors and gear-types for each taxon was held constant at the 2010 levels for
2011-2018. Gear types for newly reported taxa caught by the industrial sector of East Central Indonesia were
assigned based on various sources (California Environmental Associates 2018, Dermawan 2015, Monterey Bay
Aquarium Seafood Watch 2015, Monterey Bay Aquarium Seafood Watch 2016).
For Western Indonesia (i.e., the Indian Ocean Coast of Indonesia), retroactive changes in artisanal catch for
2011-2014 were made due to tuna and billfishes that were considered artisanal catch upon comparison of FAO
2018 catches with the industrial catches of tuna and billfishes reported by the Indian Ocean Tuna Commission
Cite as: Polido, R., E. Chu and B. Derrick. 2020. Indonesia (Central, Eastern and Indian Ocean): updated catch
reconstruction to 2018, p. 314-319. 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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(IOTC). Industrial catches of tuna and billfishes reported by the Western and Central Pacific Tuna
Commission (WCPFC) were compared to the FAO catches, but were found to be comparable, except for catch
of two taxa in 2017, which were considered to be artisanal. Yuniarta et al. (2017) estimated that the catch of
small and medium scale tuna fleets was 33-38% higher than reported.
Unreported landings for Eastern, Central and Western Indonesia
Unreported landings by artisanal fisheries in Eastern Indonesia were determined for 2011-2018 based on the
2010 ratio between reported and unreported artisanal landings. Discards from artisanal fishing were
calculated for 2011-2018 using the 2010 ratio between reported artisanal landings and discards. The
taxonomic breakdowns of unreported artisanal landings and discards were maintained at the 2010 levels.
Unreported industrial landings in Western Indonesia were carried forward to 2018 based on the 2010 ratio
between reported and unreported industrial landings for each gear-type. The ratio of landings attributed to
each fishing entity, province and taxa were maintained at the 2010 amounts for 2011-2018.
Discards for Eastern, Central and Western Indonesia
Discards rates by each gear-type were estimated for 2011-2018 based on the 2010 ratio and disaggregated by
taxa using the 2010 breakdown. Some of these discards include sharks caught as bycatch in longline fisheries.
Subsistence fisheries for Eastern, Central and Western Indonesia
The catches of subsistence fisheries were updated for 2011-2018 using information on the number of marine
fishers multiplied by the subsistence catch rate and time spent fishing determined for 2010. Updated
information about the number of marine fishers was available only for 2011-2014 from national statistics.
Data were smoothed between 2010 and 2014 by interpolating the number of subsistence fishers from 20102014 and extrapolated for 2015 to 2018.
Recreational fisheries for Eastern, Central and Western Indonesia
Updated World Bank population data were used to update the recreational landings for 2011-2018 based on
the 2010 relationship between total population and recreational catch. The taxonomic breakdown of
subsistence and recreational fisheries was held constant at the 2010 levels for 2011-2018.

Results and Discussion
Figures 1A-C present reconstructed domestic catch from Indonesia’s three Exclusive Economic Zone areas
(EEZs) from 1950 to 2018 and demonstrates the continual increase in fisheries catches from the country.
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A)

B)

C)

Figure 1. Reconstructed domestic catches from within Indonesia’s (a) Central, (b) Eastern, and (c) Indian Ocean Exclusive Economic
Zones for 1950-2018.
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About 15% of Indonesian marine fisheries catches originate from the part of the country’s EEZ that overlaps
with the southern tip of the South China Sea Large Marine Ecosystem (Pauly and Liang 2019), i.e., with waters
China claims as its own. This has led to numerous conflicts between the Indonesian Coast Guard and Chinese
fishing vessels, which could be prevented by respecting the rules for drawing EEZ boundaries that are part of
the United Nations Convention on the Law of the Sea.
However, illegal foreign fishing occurs in other parts of the Indonesian EEZ. Following the appointments of
President Widodo and Maritime Affairs and Fisheries Minister Susi Pudjiastuti, Indonesia prioritized
enforcement against illegal fishing by foreign vessels (Amindoni 2015; Panda 2016) and received extensive
media attention for its practice of blowing up foreign fishing vessels caught fishing illegally (Makur 2016;
Panda 2016).
It has been estimated that in 2015-2016 nearly 200 foreign fishing vessels (from China, Thailand, and South
Korea and elsewhere) were captured fishing illegally in Indonesian waters (Panda 2016). In addition to
blowing up these vessels fishing illegally, Indonesia has banned foreign vessels for the better part of 2015 from
fishing in Indonesian waters, which has reportedly led to an increase in catch by domestic vessels (Amindoni
2015; Makur 2016). In 2017, Indonesia continued to finalize land registration of 111 small islets to assert a
national claim to its border areas (Ompusunggu 2017). Indonesia has made efforts to eliminate human rights
violations within its fishing industry by the issue of the Maritime and Fisheries Ministerial Decree No. 2/2017,
which requires all companies to submit reports on working conditions (Jong 2017).
Indonesia has a high diversity of shark populations and some of the world’s highest landings of sharks
(Dharmadi et al. 2015). In an effort to protect heavily exploited elasmobranch populations, the Indonesian
government has recently designated whale sharks, Rhincodon typus, and manta rays, Manta alfredi and M.
birostris, as fully protected species and has banned exports of a few other shark species (Dharmadi et al.
2015). In response to recent declines in catches and drops in price for fishing sharks for their fins, some
fishers have sought alternative income by pursuing high-risk activities such as illegal fishing outside the EEZ,
smuggling, or blast fishing (Jaiteh et al. 2017).
Marine biodiversity protection
Indonesia has agreed to protect biological diversity through the international Convention on Biological
Diversity (Aichi), the Ramsar Convention on Wetlands of International Importance and the World Heritage
Convention. It is also part of the international network of UNESCO Man and the Biosphere (Marine
Conservation Institute 2020). In Indonesia, the only UNESCO MAB Reserve is the famous Komodo Reserve
(Marine Conservation Institute 2020).
Central, Eastern and Indian Indonesia have 225 MPAs and five marine managed areas. Jointly, these areas
cover 179,165 km2 (Marine Conservation Institute 2020), which is only 3% of the huge Indonesian EEZ of over
6 million km2 (Budimartono et al. 2016a, 2016b, 2016c). Central and Eastern Indonesia are situated in the
Coral Triangle and hold a large fraction of the world’s marine biodiversity (Carpenter et al. 2011), e.g., more
than 70% of all described reef-building coral species (ReefBase 2010), but very little of it is protected.
The Ministry of Marine Affairs and Fisheries is in charge of the management of these marine protected areas,
particularly the National Marine Parks (Marine Conservation Institute 2020). “In Indonesia, MPAs can be
established by national, provincial and/or district governments under either Law 31/2004 (fisheries) or Law
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27/2007 (spatial planning). These laws allow for multiple uses within the MPA through the application of
zoning and management plans” (Wilson et al. 2011).
Fishing is very important for coastal communities. Unfortunately, 80% of the bycatch is composed by nontarget animals such as shark, manta ray and turtles (Perdanahardja and Lionata 2017). “The IndonesianPhilippines archipelago is considered as a biodiversity hotspot given its high number of fish species. In August
2007, President Yudhoyono of Indonesia proposed a new, six-nation Coral Triangle Initiative (CTI), as a
mechanism to conserve key components of this global center of coral reef diversity. At the CTI Summit in May
of 2009, political commitments were made to coral reefs and marine conservation” (Perdanahardja and
Lionata 2017). In the same year, Savu Sea Marine National Park was designated (Marine Conservation
Institute 2020) as the largest marine protected area in the Coral Triangle, with 33,500 km2. The Savu Sea
MNP is a unique place, with numerous different stakeholders, including the inhabitants of 10 districts and 195
villages. It provides feeding and reproductive grounds for numerous marine species, including 244 turtle
nesting sites, 44 manta aggregations, 196 transient fish spawning aggregations and 6 million hectares
migration corridors for cetaceans (Perdanahardja and Lionata 2017). However, due to its strategic location,
there are still shipping corridors in this Marine National Park. However, “[t]he Ministry of Marine Affairs and
Fisheries decided to remove the corridors from the zoning design. The ministry did not want overlapping
zoning plans, which might lead to conflict between user groups” (Perdanahardja and Lionata 2017).

Acknowledgements
Funding for the work presented here was provided by the Minderoo Foundation, by the Marisla, Oak, and
David and Lucille Packard Foundations, and by the Bloomberg Philanthropies through Rare.

References

Amindoni. A. 2015. Government to end foreign fishing vessel ban. The Jakarta Post, 30 October 2015.
Available at: www.thejakartapost.com/news/2015/10/30/government-end-foreign-fishing-vesselban.html
Budimartono, V., M. Badrudin, E. Divovich and D. Pauly. 2015a. A reconstruction of marine fisheries catches
of Indonesia, with emphasis on Central and Eastern Indonesia, 1950 – 2010, p. 2-26. In: D. Pauly and
V. Budimartono (eds). Marine Fisheries Catches of Western, Central and Eastern Indonesia, 19502010. Fisheries Centre Working Paper #2015-61.
Budimartono, V., M. Badrudin and D. Pauly. 2015b. Indonesian marine fisheries catches in Western Indonesia
(FAO Area 57) and in the Bay of Bengal large marine ecosystem project (BOBLME) area: a tentative
reconstruction, 1950-2010, p. 27-51. In: D. Pauly and V. Budimartono (eds). Marine Fisheries Catches
of Western, Central and Eastern Indonesia, 1950-2010. Fisheries Centre Working Paper #2015-61.
Budimartono, V., M. Badrudin, E. Divovich and D. Pauly. 2016a. Indonesia (Central), p. 293. In: D. Pauly and
D. Zeller (eds). Global Atlas of Marine Fisheries: A critical appraisal of catches and ecosystem
impacts. Island Press, Washington, D.C.
Budimartono, V., M. Badrudin, E. Divovich and D. Pauly. 2016b. Indonesia (Central), p. 294. In: D. Pauly and
D. Zeller (eds). Global Atlas of Marine Fisheries: A critical appraisal of catches and ecosystem
impacts. Island Press, Washington, D.C.
Budimartono, V., M. Badrudin and D. Pauly. 2016c. Indonesia (Central), p. 294. In: D. Pauly and D. Zeller
(eds). Global Atlas of Marine Fisheries: A critical appraisal of catches and ecosystem impacts. Island
Press, Washington, D.C.
California Environmental Associates. 2018. Trends in Marine Resources and Fisheries Management in
Indonesia: A 2018 Review. Available at: www.packard.org/wp-content/uploads/2018/08/IndonesiaMarine-Full-Report-08.07.2018.pdf
Carpenter, K.E., P.H. Barber, E.D. Crandall, M. Ablan-Lagman, A. Carmen, G.N. Mahardika, B.M. ManjajiMatsumoto, M.A. Juinio-Meñez, M.D. Santos, C.J. Starger and A.H.A. Toha. 2011. Comparative
phylogeography of the Coral Triangle and implications for marine management. Journal of Marine
Biology, 396982.

318

2020 Fisheries Centre Research Reports 28(6)

Dermawan, A. 2015. National Plan of Action (NPOA) Conservation and Management of Sharks and Rays
2016-2020. Ministry of Affairs and Fisheries, Republic of Indonesia. 55 p. Available at:
www.fao.org/3/a-bt661e.pdf
Dharmadi, Fahmi and F. Satria. 2015. Fisheries management and conservation of sharks in Indonesia. African
Journal of Marine Science, 37(2): 249-258.
Jaiteh, V.F., N.R. Loneragan and C. Warren. 2017. The end of shark finning? Impacts of declining catches and
fin demand on coastal community livelihoods. Marine Policy, 82: 224-233.
Jong, H.N. 2017. Indonesia issues human rights decree for fisheries. The Jakarta Post, 24 January, 2017.
Available at: www.thejakartapost.com/news/2017/01/24/indonesia-issues-human-rights-decree-forfisheries.html
Pauly, D. and C. Liang. 2019. The fisheries of the South China Sea: Major trends since 1950. Marine Policy.
doi.org/10.1016/j.marpol.2019.103584
Makur, M. 2016. Indonesia to sink 30 more boats caught fishing illegally. The Jakarta Post, 7 June, 2016.
Available at: www.thejakartapost.com/news/2016/06/07/indonesia-to-sink-30-more-boats-caughtfishing-illegally.html
Marine Conservation Institute. 2020. MPAtlas [Online]. Seattle, WA. Available at: www.mpatlas.org
Monterey Bay Aquarium Seafood Watch. 2015. Longtail tuna, Indonesia, Iran, Malaysia, Thailand, drift
gillnets, unassociated purse seine (non-FAD), trolling lines, hand-operated pole and lines. Available
at: www.seafoodwatch.org/-/m/sfw/pdf/reports/t/mba_seafoodwatch_longtail_tuna_report.pdf
Monterey Bay Aquarium Seafood Watch. 2016. Black marlin, blue marlin, blue shark, opah, shortfin mako
shark and striped marlin, North South and Western Central Pacific Ocean, drifting longline. Available
at: www.seafoodwatch.org//m/sfw/pdf/reports/p/mba_seafoodwatch_marlin_opah_shark_north_south_wcpo_longline_repor
t.pdf
Ompusunggu, M. 2017. Indonesia to secure ownership of 111 islets. The Jakarta Post, 18 January, 2017.
Available at: www.thejakartapost.com/news/2017/01/18/govt-to-secure-ownership-of-111-islets.html
Panda, A. 2016. South China Sea: Indonesian Navy fires at and arrests Chinese fishermen. The Diplomat, 31
May, 2016. Available at: thediplomat.com/2016/05/south-china-sea-indonesian-navy-fires-at-andarrests-chinese-fishermen/
Pauly, D. and V. Budimartono. 2015. Marine Fisheries Catches of Western, Central and Eastern Indonesia,
1950-2010. Fisheries Centre Working Paper #2015-61, 51 p.
Perdanahardja, G., H. Lionata. 2017. Nine Years in Lesser Sunda. Indonesia Coasts and Oceans Program, The
Nature Conservancy, Indonesia.
Ramenzoni, V.C. 2017. Reconstructing the history and the effects of mechanization in a small-scale fishery of
Flores, Eastern Indonesia (1917-2014). Frontiers in Marine Science, 4(65).
Retnowati, W.D. 2006. Indonesia tuna fisheries in Sulawesi Sea and Western Pacific Ocean waters. Western
and Central Pacific Fisheries Commission, Pohnpei, Federated States of Micronesia. Available at:
www.wcpfc.int/system/files/SC2-FR-INDONESIA.pdf
Reefbase. 2010. Summary Report for MPAs in Indonesia. Available at:
www.reefbase.org/key_topics/pdf/Indonesia%20mpa.pdf
Wilson, J., A. Darmawan, J. Subijanto, A. Green and S. Sheppard. 2011. Scientific design of a resilient network
of marine protected areas. Lesser Sunda Ecoregion, Coral Triangle. Report No 2/11. Asia Pacific
Marine Program, The Nature Conservancy, Indonesia. 96 p.
Yuniarta, S., P.A.M. Van Zwieten, R.A. Groeneveld, S.H. Wisudo and E.C. van Ierland. 2017. Uncertainty in
catch and effort data of small- and medium-scale tuna fisheries in Indonesia: Sources, operational
causes and magnitude. Fisheries Research, 193: 173-183.

319

Updating to 2018 the 1950-2010 marine catch reconstructions of the Sea Around Us: Part IIThe Americas and Asia-Pacific

Thailand: updated catch reconstruction for 2011-2018*
Selina De Leona and Brittany Derrickb
a) Quantitative Aquatics, Inc., IRRI G. S. Khush Hall, Los Baños, 4031 Laguna, Philippines
b) Sea Around Us, Institute for the Oceans and Fisheries, University of British Columbia, 2202 Main
Mall, Vancouver, BC, V6T 1Z4, Canada

Abstract
This contribution updates to 2018 a reconstruction of the catch of in Thailand’s Exclusive Economic Zone
(EEZ) in the Gulf of Thailand and the Andaman Sea which initially covered the years 1950 to 2010. These
catches are provided by sector (industrial, artisanal, subsistence and recreational), by taxa (mostly genera, but
some by species, and other by families), and by major gear. Furthermore, a first time series of minimal
estimates of catches by Thai vessels in the EEZs of other countries is provided.

Introduction
Reconstructions of the catch of fisheries in Thailand’s two-part Exclusive Economic Zone (EEZ) in the Gulf of
Thailand and the Andaman Sea were performed for 1950-2010 by Teh et al. (2015, 2016a) and Chuenpagdee
et al. (2016).
These reconstructions were updated to 2013 by Teh and Pauly (2018) and to 2014 by (Derrick et al. 2017).
Here, we document how they were updated to 2017, then carried forward to 2018. Contrary to previous efforts,
this contribution also provides a tentative, minimal estimate of catches by the Thai distant water fleet.

Materials and Methods
Data from the Thai Fishing Community Production Survey (DoF 2017a) were used as an anchor point of the
reported small-scale catch for 2015 to allocate the FAO data between industrial and small-scale catches in
2015 (Table 1).
The reported industrial catch for 2015 was assumed equal to the difference between the total reported catch
and the reported small-scale catch (DoF 2017a). Data from the Marine Capture Production of Commercial
Fishery (DoF 2017b; DoF 2018) were accepted as the total reported industrial catch for 2016 and 2017. The
reported small-scale catch for 2016-2017 were assumed to be equal to the difference between the total
reported catch and the reported industrial catch (Tables 1).
The taxonomic and gear breakdowns per taxa for all sectors were held constant at the 2010 ratio for 20112017.
Artisanal and subsistence fisheries
Small-scale landings were further divided between artisanal and subsistence sectors for 2015-2017 based on
the original ratio assigned to each sector for 2010 (Teh et al. 2015; Teh and Pauly 2018; Derrick et al. 2017).
Due to the availability of new data on sector totals for reported data for 2015, the landings for the years 20102014 were updated using linear interpolation of the ratio of each sector per reported taxa.

Cite as: De Leon, S. and B. Derrick. 2020. Thailand: updated catch reconstruction for 2011-2018, p. 320-328. In: B.
Derrick, M. Khalfallah, V. Relano, D. Zeller and D. Pauly (eds). Updating to 2018 the 1950-2010 Marine Catch
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Thai distant-water fishing
New estimates for catch taken outside of Thailand’s EEZ in 2014 were available from the Marine Fisheries
Management Plan of Thailand (DoF 2015). The data from DoF (2015) was used to calculate the ratio of
industrial catch taken inside and outside Thailand’s EEZ (Figure 3). The 2014 ratio of industrial catch taken
outside of Thailand’s EEZ was held constant for 2014- 2017. Linear interpolation was used to update the ratio
of industrial catch taken outside of Thailand’s EEZ between the 2009 anchor point (Teh et al. 2015; Teh and
Pauly 2018; Derrick et al. 2017) and the 2014 anchor point.
The ratio of catch allocated to each foreign EEZ were carried forward for 2015-2017 (Teh and Pauly 2018;
Derrick et al. 2017). These ratios were based on the number of Thai boats fishing in EEZs of other coastal
countries reported in Lymer et al. (2008). Landings from Indonesia and Malaysia were further broken down
into partial EEZs within the country (e.g., Sabah as part of Malaysia) based on the ratios of their EEZs’
surface area.
Table 1. Marine catch estimates for Thailand by sector within Eastern Indian and Western Central Pacific
Oceans.
Eastern Indian Ocean
Year

Western Central Pacific

Small-scale

Industrial

Small-scale

Industrial

catch (t)

catch (t)

catch (t)

catch (t)

Source

2015

92, 893

270, 9151

111, 380

841, 5341

DoF (2017a)

2016

70, 2582

322, 754

95, 6052

854, 614

DoF (2017b)

2017

67, 8362

308, 144

45, 2412

867, 622

DoF (2018)

1)Estimated

by subtracting total small-scale catch from total reported catch to the FAO for the area

2)Estimated

by subtracting total industrial catch from total reported catch to the FAO for the area

Unreported landings vs. discards
Unreported industrial landings and discards were calculated using the same ratio to the reported catch as
stated in Teh and Pauly (2018) and Derrick et al. (2017). The taxonomic breakdown for industrial landings
and discards remained the same for 2015-2017 as for 2010-2014. Unreported small-scale landings were
estimated for 2011-2017 based on their average ratio to total reported catch for 2005-2010. The percent
adjustment for 2005 was held constant to 2017 to estimate unreported small-scale catches as described in Teh
and Pauly (2018) and Derrick et al. (2017). Taxa were assumed to have the same composition in 2015-2017 as
determined for 2010-2014 (Teh and Pauly 2018; Derrick et al. 2017).
Recreational catches
Recreational catch was updated to 2017 following the methods described by Teh and Pauly (2018) and Derrick
et al. (2017). Updated population data were available to 2017 from the World Bank and were multiplied by the
2010 ratio of the population estimated to live on the coast (Teh and Pauly 2018; Derrick et al. 2017) for 20112017. Updated poverty rates were available from Asian Development Bank (2019) for 2017 and were used as
an anchor point to interpolate the poverty rate for 2015-2016.
The percentage of population living under the poverty line on Thailand’s coast was subtracted from the total
coastal population; this number was then multiplied by the angler participation rate and average catch rate
for local recreational fishers following Teh and Pauly (2018) and Derrick et al. (2017). Updated information
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on Phuket tourist arrivals was available for 201573, 201674 and 201775 and were used to update the big game
recreational catch for 2015-2017 using the methods described for 2010-2014 by Teh and Pauly (2018) and
Derrick et al. (2017). The angler participation rate was held constant at 9% for 2015-2017 as stated in the
methods (Teh and Pauly 2018; Derrick et al. 2017).
Transition from 2017 to 2018
The catch reconstructed to 2017 was carried forward to 2018 (separately for each EEZ area) using the semiautomated procedure outlined in Noël (2020), based on FAO data. Semi-automated reconstructed catch data
will be later replaced by a more detailed, research-intensive update.

Result and Discussion
The updated reconstructions of the catch taken by Thailand within its Gulf of Thailand EEZ are shown in
Figure 1A, while the catch taken by Thailand within its Andaman Sea EEZ is shown in Figure 1B.

73 http://www.absoluteworld.com/2016/02/phuket-6-4-million-arrivals-in-2015-as-thailand-basks-in-strong-travelsentiment/
74 https://thethaiger.com/thai-life/phukets-low-season-growth-produces-record-tourism-numbers-2017
75 https://www.ttgasia.com/2018/01/09/phuket-arrivals-soar-to-record-high-no-more-low-season/
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A)

B)

Figure 1. Total reconstructed domestic catch taken by Thailand within its Gulf of Thailand (a) and Andaman Sea (b) EEZ by fishing
sector for 1950-2018.

Figure 2 is our first approximation of the catch taken by Thai vessels in the waters of neighboring (and
faraway) countries. Note that this is likely an underestimate.
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Figure 2. Preliminary estimated catch taken by Thailand from foreign EEZs for 1950-2018.

Recent studies have demonstrated the need for stronger measures to reduce bycatch and the
overexploitation of the fish populations. These problems have led, e.g., to the phenomenon known as ‘fishing
down food webs’ in the Gulf of Thailand (Pauly and Chuenpagdee 2003; Liang and Pauly 2019). Fazrul et al.
(2015) estimated that 51% of crab gill net catches were actually bycatch. Reducing bycatch is not only a
problem for fisheries, but also a problem for socio-economics and governance that must be addressed to
ensure that management measures still provide small-scale fishers with livelihoods and food security (Teh et
al. 2016b).
One Thai study found that marine protected areas, established to reduce fishing pressure, correlated with
higher and more stable income for households located near them (Weigel et al. 2015). The heavy exploitation
of shark populations is suggested to be responsible for declining shark landings, especially since total pelagic
landings began to exceed Maximum Sustainable Yield as early as 1992 (Noranarttragoon et al. 2013;
Davidson et al. 2016).
In response to publication of the reconstruction by Derrick et al. (2017), a representative of Thailand’s
Government contacted the Sea Around Us76 to bring attention to measures Thailand has been implementing
in response to the yellow card issued by the European Union in 2015 over the human rights and
sustainability issues within Thailand’s fisheries.
According to these measures, employers were required to register their migrant workers by April 2018
(Department of Information, Ministry of Foreign Affairs 2018d). Port In- Port Out Control Centers are
required to trace seafood supply chain through round the clock inspections (Department of Information,
Ministry of Foreign Affairs 2018b) and are randomly inspected by a mobile Flying Inspection Team unit to
cross-check efficacy (Department of Information, Ministry of Foreign Affairs 2018c).
Partnerships have been established with NGOs to improve labor conditions (Department of Information,
Ministry of Foreign Affairs 2018e), and a demonstration vessel of worker welfare conditions has been
76

http://www.seaaroundus.org/thai-government-shares-information-with-the-sea-around-us/
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inaugurated (Department of Information, Ministry of Foreign Affairs 2018a). Finally, the Special Chamber of
Judges on Illegal Fishing Cases at the Criminal Court has been prosecuting illegal fishing cases of which 65
overseas vessels were in process of prosecution (Department of Information, Ministry of Foreign Affairs
2018f).
The European Union lifted Thailand’s yellow card warning that had been in place since 2015. According to
the EU, lifting the warning was an acknowledgement that Thailand had taken steps to address the illegal,
unreported, and unregulated fishing of its fishing fleet and had improved the monitoring and surveillance
systems of both fishing and port activities (European Commission 2019). Indeed, Thailand made a strong
effort by amending the Fisheries Act B. E. 2558 to improve port-state measures, introducing fines for illegal
fishing and providing increased monitoring and surveillance (Stewart 2015; Nanuam and Jitcharoenkul
2016).
Along with 29 other parties, Thailand signed the legally binding UN Agreement on Port State Measures to
Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing (PSMA). The agreement is now in
force and requires vessels to request permission to enter ports and provide details on their activities and
catch (Anon. 2016a; FAO 2016). By the end of 2015, more than 8,000 illegal trawlers were forced to cease
operation in an effort to combat illegal fishing, and surveillance cameras have been installed on trawlers
larger than 6 gross tonnes (Pratruangkrai 2015).
However, a recent study by Chantavanich et al. (2016) estimated that 17% of fishers surveyed had
experienced being forced in to labour aboard Thai vessels where they were controlled through abuse,
violence and withholding of wages. In January 2016, Thailand and seafood companies signed an agreement
to eliminate products obtained from illegal fishing, labor, or trafficking (Hodal 2016). Despite this, Thailand
must still take concrete steps to reduce the rampant human rights abuses that plague its fishing industry, in
which an estimated half of its workers are undocumented or forced laborers (Thomas, 2019; Tickler et al.
2018; see also www.globalslaveryindex.org/).
Marine biodiversity protection
Thailand has agreed to protect biological diversity through the international Convention on Biological
Diversity (Aichi), the Ramsar Convention on Wetlands of International Importance, and the World Heritage
Convention. It is also part of the international network of UNESCO Man and the Biosphere (Marine
Conservation Institute 2020).
Thailand has 28 MPAs and seven marine managed areas. Together, these areas cover 4,413 km2 (Marine
Conservation Institute 2020), which equals approximately 1% of the entire EEZ of 305,778 km2 (Teh et al.
2016a and Chuenpagdee et al. 2016). Thailand has one UNESCO-MAB Biosphere Reserve: the Ranong, which
designated in 1997, with 120 km2 of marine area protected (UNESCO 2019). The other MPAs are mainly either
National Parks or Wetlands of National Importance. “The Njao and Laem Son National Park are contiguous to
Ranong and hence there is a continuum of protected habitats going from the mountain ecosystem down to the
coast and sea. […] Within the reserve, over 300 species of fauna have been identified, including the dugong
(Dugong dugon) and more than 50 species of mangroves. The Ranong Biosphere Reserve currently exists as
the largest continuous stand of mangroves within Thailand, and is an important nexus for mangrove related
research regionally” (UNESCO 2019).
“There are three major types of legislation that are applicable to marine and coastal resource management.
The first is those that directly concern the use of natural resources, related to fisheries, forests, and oil and gas.
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The second type of law is intended to control human activity, for example, industry, construction and
buildings, transportation and special area development. Finally, there are a range of laws related to various
other areas, including public health, wildlife and natural areas, culture and local government administration.
However, much confusion and conflict prevail because of the large number of closely related legislative acts,
some of which were enacted several decades ago and have not been amended since” (Prasertcharoensuk and
Shott 2010). “The 2006 World Bank report described Thailand’s MPAs as being relatively well managed. It
cited the country’s MPA area management scorecard, a conglomerate of 34 different indicators grouped into
six different areas. MPA management was considered good in terms of status, inputs and outputs, but need
improvement in terms of planning, management processes, and the achievement of outcomes on the ground.
[…] However, a report on ‘Marine Protected Areas in Southeast Asia’, produced by the ASEAN Regional Centre
for Biodiversity Conservation, was much more critical of MPA management in Thailand, citing particular
problems in terms of enforcement and management as well as public participation and education”
(Prasertcharoensuk and Shott 2010).
More recent studies suggest the need of improving policies, among other actions, in order to succeed in
marine conservation (Bennett and Dearden 2014). “Thailand has an extensive system of MPAs that is unlikely
to achieve its conservation potential without significant improvements to governance and management and
increased attention to local development. Enhanced NMP governance and management processes could build
trust and ameliorate relationships with local communities and might lead to improved conservation outcomes
through engendering support and compliance. However, improving conservation outcomes will require that
the broader array of issues, and their root causes are taken into account and that management actions are
coordinated between agencies and across the Andaman coastal zone” (Bennett and Dearden 2014).
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Abstract
The marine fisheries catches of the eight countries associated with the Persian Gulf region, were reconstructed
for the years 1950 to 2010 and are here updated to 2018. This covers the catches of Bahrain, Iran, Iraq,
Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates (U.A.E.) and includes parts of these
countries outside of the Gulf, i.e., Balochestan Province of Iran, the Arabian Sea coast of Oman (of which only
Musandam has a shoreline in the Gulf) and Fujairah (U.A.E.), also along the Arabian Sea coast. Marine
fisheries in this region are dominated by the artisanal sector, but intensive industrial fishing, mainly trawling,
occurs or previously occurred in several of these countries. Multiple political conflicts and wars, some of which
are explicitly discussed, impacted the fisheries and the health of marine living resources in the region.

Introduction
The Persian Gulf is a semi-enclosed sea located in southwest Asia, bordered on its southwest by the Arabian
Peninsula and on its northeast by Iran. It opens via the Strait of Hormuz to the Gulf (or Sea) of Oman, which is
part of the Arabian Sea in the Northwestern Indian Ocean.
Most countries around the Persian Gulf depend heavily on the oil industry. Before the discovery and
exploitation of the region’s massive petroleum fields, fishing and trade were the main economic pillars for
these countries (Metz 1993; Al-Abdulrazzak et al. 2015). Climate change is one of the main environmental
threats to the Persian Gulf (Wabnitz et al. 2018). Another is overfishing, in response to which some countries
have banned bottom trawling, as recently occurred in Oman (Khalfallah et al. 2016).
Reconstructions of the catch of marine fisheries in the Exclusive Economic Zones (EEZ) of Gulf countries from
1950 to 2010 were presented in Al-Abdulrazzak et al. (2013a, 2015) and summarized by country in Pauly and
Zeller (2016). Here, we briefly present the updates to these initial catch reconstructions, which are fully
documented in Khalfallah (2020), and mostly relied on landing statistics to 2018 published by the Food and
Agriculture Organization of the United Nations (FAO).
The update presented here includes (implicitly or explicitly) the catch of about 1900 permanently installed
weirs (Arabic: hadrah) visible from space via Google Earth along the coast of most Persian Gulf countries (AlAbdulrazzak and Pauly 2013b; see also Table 1).

Cite as: Khalfallah, M., B. Derrick, V. Relano, D. Zeller and D. Pauly. 2020. The Persian Gulf: Catch reconstructions
update to 2018, p. 329-345. 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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Table 1. Counted and inferred weirs (i.e., hadrah) in the Persian Gulf and their estimated annual catch (± 1 s.d.;
from Alabdulrazzak and Pauly 2013b).
Country

Weirs
counted

Corrected for
visibility

Corrected for

Fishing days

image quality

yeara

per

Kuwait

93

95 ± 1

106 ± 1

274 ± 10

Saudi Arabia

54

58 ± 3

58 ± 3

Qatar

14

16 ± 1

17 ± 1

Annual catch

Reported

(t)

weir catch (t)

1,855 ± 550

2,700

[263 ± 46]

382 ± 897

0

[263 ± 46]

286 ± 100

0

U.A.E.

78

80 ± 1

95 ± 1

213 ± 10

1,292 ± 381

600

Iran

618

654 ± 25

726 ± 57

[263 ± 46]

12,240 ± 4,223

0

799

880 ± 57

880 ± 57

304 ± 10

17,125 ± 5,147

1960

Bahrain
Total
a)
b)

1,656
1,759 ± 73
1,900 ± 79
263 ± 46
31,433 ± 9,827
5260
Four estimates of fishing days were obtained from unpublished national reports; see Al-Abdulrazzak and
Pauly (2013b) for details; the values in square brackets are the mean of these 4 estimates.
Annual reported catches come from De Young (2006).

Given that weirs are an ancient fishing technique, it is assumed that the catch in Table 1 is similar to those in
previous decades. Thus, they were either assumed to be part of the artisanal reported catch since 1950, or
added to it.

Materials and Methods
Bahrain
Bahrain is a small archipelagic country in the Persian Gulf with a fishing industry consisting of a major
artisanal fishery involving gillnets, traps, weirs, and hooks and lines and an industrial trawl fishery targeting
shrimp and finfish (Al-Abdulrazzak 2013; Khalfallah 2020).
The marine fisheries catches for Bahrain were reconstructed for the years 1950 to 2010 by Al-Abdulrazzak
(2013, 2016). This initial reconstruction categorized the pre-1998 finfish catch and post-1998 shrimp catch by
trawlers as artisanal and was therefore retroactively corrected by Khalfallah (2020) as being industrial (Martín
2012, Zeller et al. 2016), and updated to 2015 using the FAO Fishstat database as a baseline.
Transition from 2015 to 2018
The catch reconstructed to 2015 was carried forward to 2018 (separately for each EEZ area) using the semiautomated procedure outlined in Noël (2020), based on FAO data. Semi-automated reconstructed catch data
will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Bahrain has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi), the Ramsar Convention on Wetlands of International Importance and the World Heritage Convention
(Marine Conservation Institute 2020).
Bahrain has five MPAs and two marine managed areas. Together, these areas cover 95 km2 (UNEP-WCMC
and IUCN 2020), i.e., 1% of the entire EEZ of 8,826 km2 (Al-Abdulrazzak 2016). These MPAs are Arad Bay
(nationally designated in 2003), Hawar Islands (World Heritage Site with 51 km2 and designated in 2003),
Mashtan Island (2 km2 and designated in 2002), Reef Bul Thamah (7 km2 and designated in 2007) and Tubli
Bay (13 km2 and designated in 2006). The marine managed areas are Hawar Islands (Ramsar Site with 51 km2
and designated in 1997) and Tubli Bay (Ramsar Site with 13 km2 and designated in 1997).

330

2020 Fisheries Centre Research Reports 28(6)

The biggest of these MPAs is the World Heritage and Ramsar Site of Hawar Islands, an archipelago of 16 small
dessert islands surrounded by shallow waters with extensive seagrass beds and to which access is very
restricted. The Hawar Islands stand out because they are home to the world’s largest concentration of Socotra
cormorant (Phalacrocorax nigrogularis) and large populations of Black-headed gull (Larus ridibundus) and
Greater flamingos (Phoenicopterus ruber) (Ramsar sites information service 2020a). Moreover, other species
present are marine turtles, notably the green sea turtle (Chelonia mydas) and endangered dugongs (Dugong
dugon), with over 7000 individuals (Pilcher et al. 2003; Al-Abdulrazzak and Pauly 2017). The potential
threats to this area are petroleum and mineral exploration, tourism, pollution, desalination, land-filling and
fishing (commercial and recreational). Therefore, some of the management aims and strategies highlight the
goal “to eliminate the current and potential impacts of commercial fishing on the ecological values of the
waters of the Hawar Islands Protected. […] To exclude commercial fishing from the waters of the Hawar
Islands Protected Area with the exception of recognized indigenous fishermen using artisanal fishing methods.
In cooperation with the Department of Fisheries, develop a coordinated compliance and enforcement regime
for commercial fishing in the buffer zone to the Hawar Islands Protected Area. To monitor the incidence of
fishing traps (gargoors) lost within the Hawar Islands Protected Area. In association with the relevant fishing
industry associations.” (Pilcher et al. 2003).
Tubli Bay is the other Ramsar site. It is much smaller and is very close to the capital city of Manama. Thus,
some of the threats for Tubli Bay are land use, recreation, cultivation and small-scale commercial fishing. This
is a unique site as it is hosting the only remaining natural mangroves in the country. The mangroves provide
nursery grounds to commercially important species, such as prawns and fish (Ramsar sites information
service 2020b).
Iran (Persian Gulf and Sea of Oman)
About half of the Persian Gulf is covered by Iran’s EEZ, which extends from the border with Iraq’s EEZ in the
Northeast to the Strait of Hormuz in the East and beyond to the coast of Balochestan in the Arabian Sea.
The catch of marine fisheries in Iran (excluding the Caspian Sea) was reconstructed for the years 1950 to 2010
by Moniri et al. (2013). Here, we document how this reconstruction, done separately for Iran’s coast in the
Persian Gulf (Moniri et al. 2016a) and the Arabian Sea (Moniri et al. 2016b), was updated to 2018.
Reported data
Marine fisheries catches were reported by taxa and year for 2011-2018 by the FAO FishStat database and were
used here as the reported baseline. The taxonomic disaggregation and EEZ breakdown (between Iran’s
Persian Gulf and Balochestan Coast) were maintained for all sectors throughout the update.
Commercial fisheries
The original reconstruction by Moniri et al. (2013) utilized effort data to reconstruct catch by the industrial
and artisanal commercial sectors. Due to inaccessibility of vessel numbers in this update, the ratio of
unreported artisanal catch was maintained from 2010 to estimate the unreported values for 2011-2018, and
the ratio of unreported industrial landings maintained the existing downward trend because the government
plans to continue increasing catches (Moazzami 2011).
As artisanal weirs tend to stay in-place (Al-Abdulrazzak and Pauly 2013), and no new information was present
indicating a decrease or increase in weir usage, these catches were carried forward unchanged for 2010-2018.
Illegal Iranian fishing (i.e., fishing in the EEZs of other countries without an access agreement) continues
throughout the Persian Gulf (Daliri et al. 2016), but this could not be estimated here.
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Discards
The industrial discard rates and taxonomic breakdown were maintained at the 2010 ratio for 2011-2018
(Moniri et al. 2013).
Subsistence and recreational catches
The coastal population was used in the original reconstruction by Moniri et al. (2013) to estimate subsistence
and recreational catch. For the subsistence fishery in both parts of the Iranian EEZ, small-scale fisheries
catches were retroactively changed from 2001 using the percentage of the coastal population and the
consumption rate trends following the methods of the previous reconstruction. A simple carry-forward held
these values constant for 2002-2010. New population data was multiplied by the coastal and consumption
rates, which were assumed to continue on the existing trend. Using the updated coastal population, we
maintained the rate of recreational fishers (0.12%) and catch rates. The taxon breakdown and EEZ breakdown
for all sectors were also maintained throughout the update.
For the recreational fishery, coastal population and consumption rates were available for 2000 and 2010 from
the previous reconstruction. The percent change for the population of the Iranian coastal provinces was
available from census data (Avenue and Parsa 2018) and was applied to the coastal population that we
interpolated between 2010 and 2016.
Iran’s fresh seafood consumption rate has increased over time (FAO 2005; Harlioglu and Farhadi 2017), and
although this effort was focused on the inland population, it has likely had some effect on the coastal
population as well. To reflect this assumed change in seafood consumption for the coastal population, we used
an estimate for the increase from 2010 to 2014 based on Harlioglu and Farhadi (2017), which was applied to
the 2010 anchor point. We retroactively updated the recreational catch from 2001 using the updated coastal
population multiplied by the existing rate of recreational fishers (0.12%) and a catch rate of 5 kg·trip-1
assuming a trip per week and 52 trips·year-1.
Taxonomic issues
Stock assessments with the CMSY method of Froese et al. (2017) using Iranian catch data from Palomares et
al. (2018) and Khalfallah (2020) revealed catch patterns that were not realistic. These appeared due to the
disaggregation of FAO reported landings in various years. Thus, the taxonomic breakdown for the FAO
category ‘Marine Fishes nei’ was retroactively improved.
The scientific name of bluespot mullet (Crenimugil seheli) was updated to Moolgarda seheli, ‘bigeye croaker’
was updated to ‘donkey croaker’ (Pennahia anea), and the ‘spot-tail shark’ (Carcharhinus sorrah) was added
to ‘Various sharks nei’.
Illegal Iranian fishing continues throughout the Persian Gulf (Daliri et al. 2016). Industrial foreign catch was
carried forward exactly as no updated catch numbers were available. This has remained constant since 2010
and should be flagged for a more in-depth update with someone with Persian language skills.
Marine biodiversity protection
Iran has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi), the Ramsar Convention on Wetlands of International Importance and the World Heritage Convention
(Marine Conservation Institute 2020).
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Iran has 20 MPAs and seven marine managed areas. The MPAs cover 937 km2 (Marine Conservation Institute
2020), which is very small compared to the EEZ of 163,710 km2 (Moniri et al. 2016a, 2016b).
In a study carried out in the coastal and terrestrial protected areas in the South of Iran, in the Gulf of Oman,
“[t]he results showed that in the current protected area network on the final habitat suitability map, it was
seen that only a small portion of high[ly] and very high[ly] sensitive regions are now being protected by the
current protected area network which are mostly distributed along the coastline. Nonetheless, the majority of
highly suitable regions have been missed from protection by conservation plans. [And], the proximity of
residential areas to some sensitive habitat and ongoing development of human infrastructure along the
coastline are potential threats to biodiversity in the southeast of Iran. […] Due to the fragile nature of coastal
and arid ecosystems in Southeastern Iran and insufficient data along with the government’s plans to establish
large-scale industrial centers in the region, application of integrated techniques and multifold models and
determination of suitable habitats for several focal species will provide a sound scientific basis for maintaining
regional biodiversity and minimizing negative impacts of planned developments on natural habitats”
(Shafiezadeh et al. 2019).
One of the MPAs in the Persian Gulf that is also a Biosphere Reserve is the Hara reserve. It is a key
biodiversity site as a result of its Avicennia mangrove ecosystem (UNECO-MAB 2020). Some of the most
emblematic species of this area are the Dalmatian pelican (Pelecanus crispus) and the green turtle (Chelonia
mydas) – both globally threatened species; hawksbill sea turtle (Eretmochelys imbricata), which is critically
endangered; and the xerophilous snake (Echis carinatus) (UNESCO-MAB 2020). The results of a recent study
on macrobenthic community composition within mangrove stands (i.e., deltaic, coastal and island zones) at
Hara Biosphere Reserve “revealed that the deltaic zone has a high density and diversity of macrofauna, while
coastal habitats have the lowest densities and diversities among all the studied zones. It could be concluded
that the different hydrological conditions, temperature, salinity and sediment texture are the major factors
affecting the dispersion of macrofaunal community in the mangrove habitats” (Vahidi et al. 2020). Moreover,
these ecosystems and species are threatened by Queshm Island’s development plans, which include logging
activities for fuel wood in the mangrove forest, animal husbandry, fishing activities and ship construction
(UNECO-MAB 2020).
Iraq
Iraq, located in the northernmost part of the Persian Gulf, has important freshwater fisheries but a relatively
small marine fishery given its very small EEZ (540 km2, the smallest EEZ in the Persian Gulf). The Iraqi
marine fishery is overwhelmingly artisanal, involving gillnets and traditional small trawl nets, although there
have been repeated attempts to introduce trawlers.
Iraq’s marine fisheries catches were first reconstructed for 1950 to 2010 by Al-Abdulrazzak and Pauly (2013,
2016). This initial reconstruction was revised by Khalfallah (2020), who covered the years 1950 to 2015.
Wars between people and war on the environment
Iraq has been subject to political turmoil and war almost every decade since the 1950s, and this has had a
tremendous impact on its fisheries (Khalfallah 2020). The water discharge of the Tigris and Euphrates Rivers
through the Shatt Al-Arab Delta was a source of nutrients for the marine ecosystems of the Persian Gulf
region, especially for the diadromous hilsa shad (Tenualosa ilisha), which made up the bulk of Iraq’s catch of
marine/diadromous species (Khalfallah and Pauly, in press).
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Drought, damming, and draining of marshes over the years reduced the flow of nutrients and deeply impacted
the Iraqi marine fisheries (Hussein and Ahmed 1995; Morgan 2006; Al-Yamani et al. 2007).
Transition from 2015 to 2018
The catch reconstructed to 2015 was carried forward to 2018 (separately for each EEZ area) using the semiautomated procedure outlined in Noël (2020), based on FAO data. Semi-automated reconstructed catch data
will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Iraq has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation Institute
2020), but the present political turmoil renders many of these commitments aspirational.
Iraq seems to have no MPAs (Marine Conservation Institute 2020; UNEP-WCMC and IUCN 2020) in its small
EEZ (540 km2; Al-Abdulrazzak and Pauly 2016). One of the biggest Ramsar sites, with 22 km2 and designated
in 2004, is the Central Marshes. Jointly with Hammar Marsh and Hawizeh Marsh, also designated as Ramsar
sites, it forms the “once extensive and biodiverse Mesopotamian marshlands in southern Iraq” (Ramsar sites
information service 2020). Globally threatened species, such as the Basra reed warbler (Acrocephalus
griseldis), spotted eagle (Aquila clanga), Euphrates soft-shelled turtle (Rafetus euphraticus) and ‘vulnerable’
smooth-coated otter (Lutrogale perspicillata), visit this area.
“The site provides a range of important regulating services such as flood control, water storage and
purification, and climate regulation. The marshlands, before their drainage in the 1990s, were populated by
Marsh Arabs who built floating islands and reed houses, developing entire villages linked by networks of main
and minor channels. Thus, the marshes are also of extraordinary historical and cultural values. However,
these services were either disrupted or degraded due to the extensive draining that took place in the 1990s due
to war and land reclamation. In the 2000s, re-flooding and restoration projects brought back water and some
of the biodiversity” (Ramsar sites information service 2020). Moreover, upstream dam projects by
neighboring Turkey work against conservation and restoration efforts and threaten the future of the once
extensive marshes and the Shatt-al-Arab delta.
Kuwait
The marine fisheries catch of Kuwait was reconstructed for 1950 to 2010 by Al-Abdulrazzak (2013, 2016). This
initial reconstruction was updated to 2015 by Khalfallah (2020), who provides details on the data and
assumptions used.
Kuwaiti fisheries are mostly small scale, but industrial shrimp trawling also occurs. The Kuwaiti fishing
industry represents Kuwait’s second most valuable natural resource after oil, but it is still of minor economic
importance (Al-Abdulrazzak 2013). The major fish stocks within the Kuwaiti waters are in decline, the result
of overfishing combined with the reduction of nutrient flow from the Shatt Al-Arab Delta and considerable
coastal pollution (Al-Husaini et al. 2015).
Transition from 2016 to 2018
The catch reconstructed to 2015 was carried forward to 2018 (separately for each EEZ area) using the semiautomated procedure outlined in Noël (2020), based on FAO data. Semi-automated reconstructed catch data
will be later replaced by a more detailed, research-intensive update.
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Marine biodiversity protection
Kuwait has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation Institute
2020).
Kuwait has 24 MPAs and no managed areas. The MPAs cover 126 km2 (Marine Conservation Institute 2020),
which is about 1% of the EEZ of 11,786 km2 (Al-Abdulrazzak 2016).
One of the largest MPAs with the designation of ‘reserve’ is the Mubarak-Al-Kabeer Natural Reserve,
designated in 2010 with 465 km2 of marine area (Marine Conservation Institute 2020). Its management
authority is the Public Authority for Agriculture and Fish Resources (Marine Conservation Institute 2020;
Nassep et al. 2017). This reserve is also the only Ramsar site in the country (designated in 2015 with 510 km2)
with salt marshes and lagoons. “It is important as a staging post for migrating birds, as well as for hosting
populations of breeding waterbirds. These include the world’s largest breeding colony of Crab plover (Dromas
ardeola) and colonies of swift terns (Thalasseus bergii), Slender-billed gulls (Larus genei), herons, egrets and
spoonbills. Cetaceans frequent the murky waters around the site, including Indo-pacific humpback dolphins
(Sousa chinensis), bottlenose dolphins (Tursiops truncatus), common dolphins (Delphinus delphis) and
finless porpoises (Neophocaena phocaenoides). The island is a major nursery area for many commercial fish
species such as silver pomfret (Pampus argenteus), nagoor (Pomadasys kaakan) and croakers (Sciaenidae).
The water channels are nursery grounds for shrimps and sea snakes such as the blue-banded sea snake
(Hydrophis cyanocinctus), which is present in summer and feeds on mudskippers” (Ramsar sites information
service 2020).
Recently, there have been some studies showing the presence of microplastics in the marine waters of Kuwait.
In the intertidal areas, microplastics did not appear to occur in the guts of clams, but they were detected in
some fish stomachs (Saeed et al. 2020; Al-Salem et al. 2020).
Oman (Persian Gulf and the Sea of Oman)
Oman is situated in the southeastern part of the Arab Peninsula, and has an exclave, Musandam, which juts
into the Strait of Hormuz but which has a border with the U.A.E.77 Thus, while most of Oman has no direct
Persian Gulf connection and borders the Gulf of Oman and the Arabian Sea, the Musandam Peninsula has
coastlines on both the Persian Gulf and the Gulf of Oman.
The marine fisheries catches were reconstructed separately for Oman without Musandam and the Musandam
Peninsula for the years 1950 to 2010 by Khalfallah et al. (2015); see also Khalfallah et al. (2016a, 2016b).
Subsequently, these catches were retroactively corrected and updated to 2015 by Khalfallah et al. (2016c).
Fisheries by sector
Fisheries in Oman are relatively well monitored and regulated; they are also subsidized by the government
(FAO 2001; Alhabsi et al. 2011). The Omani fisheries had been mainly small-scale until the 1980s, when the
large-scale fisheries began to develop (Morgan 2006).
The industrial fisheries deployed bottom trawlers, which were banned in 2011 (Anon. 2014), and operates
longliners for pelagic fishing, while the gears deployed by the Omani small-scale fisheries vary based on the
targeted species and the season.
77 This U.A.E. governorate contains itself an Omani exclave, called Madha, which contains a smaller exclave of the UAE
called Nahwah.
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Transition from 2015 to 2018
The catch reconstructed to 2015 was carried forward to 2018 (separately for each EEZ area) using the semiautomated procedure outlined in Noël (2020), based on FAO data. Semi-automated reconstructed catch data
will be later replaced by a more detailed, research-intensive update.
Marine biodiversity protection
Oman has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation Institute
2020).
Oman has 13 MPAs and no managed areas. The MPAs cover 664 km2 (Marine Conservation Institute 2020),
which is very small compared to its EEZ of 536,237 km2 (Khalfallah et al. 2016a, 2016b).
“Only three protected areas in the Sultanate have a significant marine component: the Daymaniyat Islands in
the Sea of Oman covering approximately 200 km2 and dedicated to the protection of nesting Hawksbill turtles
and several colonies of nesting marine birds, the Ras-Al-Hadd Ras-Al-Jinz turtle reserve (120 km2) for the
large nesting population of green turtles (20,000–13,000 females), and the recently established Bar-AlHikman Nature Reserve, which was designated to protect migrating sea birds […]” (Claereboudt 2019). Recent
studies have assessed the potential of sea turtle tourism in Ras-Al-Hadd. However, “to realize economic
potentials from tourism, the government should develop long-term plans to satisfy the growing demand in a
sustainable manner so that the sea turtle tourism could be a distinct and promising possibility. Political
commitment and government support would be highly conducive to the formulation of such plans to exploit
the turtle resource sustainably” (Busaidi et al. 2019). Within the existing nature reserves, enforcement, proper
regulations and control of activities are lacking, and traditional fishing is still allowed, often using
inappropriate fishing gear (Claereboudt 2019) and putting at risk many species.
“Several areas have been proposed by the Ministry of Environment and Climate Affairs to become protected or
recreational areas, but so far, there is little indication of an extension of the MPAs network in the country and
they often remain perceived as impediments to economic development” (Claereboudt 2019).
Qatar
Qatar consists of a small peninsula in the Persian Gulf, of which the marine boundaries with Bahrain were
only established in 2001 (Al-Abdulrazzak 2013). This country is mostly inhabited by non-Qatari residents
(www.psa.gov.qa).
As is the case in most countries of the Persian Gulf, the Qatari fishing industry consists mainly of artisanal
fishing vessels and gears, along with an industrial fishery using bottom trawlers. Recreational and subsistence
catches are of minor importance, and similar to most countries, are not monitored by the government.
Marine fisheries were reconstructed for Qatar for 1950-2010 by Al-Abdulrazzak (2013, 2016) and updated to
2015 by Khalfallah (2020) using the FAO Fishtat database for 2011-2015 as a baseline.
Transition from 2015 to 2018
The catch reconstructed to 2015 was carried forward to 2018 (separately for each EEZ area) using the semiautomated 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.
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Marine biodiversity protection
Qatar has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi), the Ramsar Convention on Wetlands of International Importance, and the World Heritage
Convention. It is also part of the international network of UNESCO Man and the Biosphere (BirdLife
International 2020; Marine Conservation Institute 2020).
Some controversies about the coverage and number of MPAs in Qatar have been found. The MPAtlas (Marine
Conservation Institute 2020) states that Qatar has one MPA and one marine managed area. Together, these
areas cover 537 km2 (Marine Conservation Institute 2020), i.e., less than 2% of the EEZ of 31,819 km2; AlAbdulrazzak 2016). However, in an official document published in 2017 by the Ministry of Development
Planning and Statistics, the marine area of natural reserves is 720 km2 and has not experienced any change
since 2010 (Ministry of Development, Planning and Statistics 2017).
The MPA of Khor Al Udeid Fish Sanctuary Protected Area was designated in 1993 with 120 km2 and the Al
Reem UNESCO-MAB Biosphere Reserve was designated in 2007 with 232 km2 (Marine Conservation Institute
2020). “The Al-Reem Reserve has been declared protected through Royal Emiri Decree No. 7 (2005). Within
this greater Reserve, the State of Qatar recognizes the importance and special classification of several core
areas which house critical habitats and/or biodiversity hotspots” (Supreme Council for the Environment and
Natural Reserves State of Qatar 2007). In the Al Reem Reserve one of the conservation functions is to protect
habitats such as seagrass beds, which are the most developed of the Arabian Gulf. Likewise, it supports
populations such as the Critically Endangered hawksbill turtle (Eretmochelys imbricate) and dugong (Dugong
dugon), the endangered green turtle (Chelonia mydas) and the vulnerable loggerhead turtle (Caretta caretta)
(Supreme Council for the Environment and Natural Reserves State of Qatar 2007).
In a study focused on the land use of this reserve and the challenges and implications of a participatory comanagement, issues regarding the enforcement of regulations have been spotted. “Any visitor to the Al Reem
Reserve will see no difference between it and the surrounding region, not even a notice telling you that the
reserve exists. Local management is failing to meet international expectations, which paradoxically espouse
current bio-cultural diversity views of conservation and local participation. Ignorance of one another’s
standpoint on the Al-Reem Reserve is mutual between locals and outsiders” (Sillitoe et al. 2010). Areas that
initially have not been designed as MPAs, such as oil platforms have shown high diversity and abundance of
the fish assemblages. This can be explained due to the fishing ban area of, for example, 500 m surrounding the
Al Shaheen oil platforms, and strict surveillance (Torquato et al. 2017). “[These areas are also] important
sources of larvae of coral-associated fishes and coral for degraded nearshore habitat and might play a
significant role in recolonizing bleached or otherwise damaged reefs” (Torquato et al. 2017).
Saudi Arabia (Persian Gulf)
Saudi Arabia has a two-part EEZ, one along the Red Sea in the west, the other along the Persian Gulf in the
east. Here we present solely the Saudi fisheries in the Persian Gulf.
The marine fisheries catches of Saudi Arabia in the Persian Gulf were reconstructed for 1950 to 2010 by
Tesfamichael and Pauly (2013, 2016) and updated to 2016 by Khalfallah (2020). This involved the allocation
of the FAO Fishstat database for Saudi Arabia, which were used as a baseline for this reconstruction, to the
appropriate EEZ, i.e., Persian Gulf or Red Sea.
The Saudi fisheries in the Persian Gulf are predominately small-scale, involving the use of traps, weirs, gillnets
and other artisanal gears. An industrial fishery exists and targets mainly shrimp. Signs of shrimp overfishing
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within the Persian Gulf led the government to set restrictions on fishing activities within the large-scale sector
(Tesfamichael and Pauly 2013). The fisheries statistics system in Saudi Arabia is not well developed despite
Saudi Arabia being a high-income country.
Transition from 2016 to 2018
The catch reconstructed to 2016 was carried forward to 2018 (separately for each EEZ area) using the semiautomated 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
Saudi Arabia has agreed to protect biological diversity, including in the Persian Gulf through the international
Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Saudi Arabia has five MPAs in the Persian Gulf, but no marine managed areas. These MPAs areas cover 4,783
km2 (Marine Conservation Institute 2020), i.e., 14% of the EEZ of 33,792 km2 (Tesfamichael and Pauly 2016).
Some of the MPAs in the Persian Gulf are the Special Nature Reserves of the ‘Gulf Islands Wildlife Sanctuary’
(designated in 1990 and covering 41 km2 of marine area) and the ‘Jazirat al-Huwaysat / Dawhat Duwayhin’
(designated in 1990 and covering 494 km2 of marine area). “The Kingdom of Saudi Arabia has established a
number of extensive terrestrial protected areas, but lags behind in the development and implementation of
marine protected areas. Many areas have been proposed and suggested, dating back to the mid- and late
1980s, and remain that way to date.” (Marine Conservation Institute 2020).
United Arab Emirates
The main coast of the United Arab Emirates (UAE) is in the Persian Gulf; there is a shorter coast (Fujairah) in
the Gulf of Oman. The Persian Gulf fisheries of the UAE are entirely small-scale, multi-gear and multi-species
(Grandcourt et al. 2010).
The marine fisheries catch of the U.A.E. (excluding Fujairah) was reconstructed for 1950 to 2010 by AlAbdulrazzak (2013, 2016) and updated to 2015 by Khalfallah (2020), while the catch from Fujairah were
reconstructed by Khalfallah et al. (2015, 2016) and updated for 2015 by Khalfallah (2020). Recreational and
subsistence fisheries of the U.A.E. were found to be of minor importance.
A case of over-reporting
An important finding from the reconstruction of UAE catches was the discovery that they were over-estimated
because of the inclusion of imported fish to the national fisheries statistics (Al-Abdulrazzak 2013), which
seems to have continued in 2011-2015 (Khalfallah 2020).
Fujairah has not only stamps
Fujairah, which is known for its colorful stamps, also has fisheries in the Gulf of Oman. These fisheries are
entirely small-scale, deploying several gears that change seasonally (Pearson et al. 1998); these fisheries are
well developed but poorly monitored. Fujairah also possesses an important recreational fishery that attracts
not only Emiratis, but also foreign tourists (Khalfallah et al. 2015).
Transition from 2015 to 2018
The catch reconstructed to 2015 was carried forward to 2018 (separately for each EEZ area) using the semiautomated 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.
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Marine biodiversity protection
The United Arab Emirates has agreed to protect biological diversity through the international Convention on
Biological Diversity (Aichi), 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).
The United Arab Emirates has 17 MPAs and one marine managed area. Together, these areas cover 6,100 km2
(Marine Conservation Institute 2020), which equals 12% of the EEZ (52,455 km2; Al-Abdulrazzak 2016). The
Environment Agency Abu Dhabi (EAD) is the management authority responsible for implementing
regulations and monitoring the above-mentioned MPAs (Environment Agency Abu Dhabi 2011).
The Marawah protected area (designated in 2007) is one of the largest MPAs, with 4,184 km2 of reported
marine area (69% of the total extent of MPAs) and 605 km2 of no-take area. This MPA is also part of the
UNESCO-MAB Biosphere Reserve, which includes three different zones of protection: the core, the buffer and
the transition zone. “[It] comprises several important representative habitats with national and regional
significance. These habitats include sea grass beds (three species), coral reef communities (more than 18
species), macroalgae outcrops (more than 15 species) and mangrove vegetation (monostands of Avicennia
marina). Marawah Biosphere reserve is also of global importance as a shelter and feeding ground for the
vulnerable Dugongs (Dugong dugon). The area also provides crucial nursery and spawning grounds for a wide
variety of fish species and is regionally important as a foraging habitat for the critically endangered Hawksbill
turtles (Eretmochelys imbricata) and the endangered Green turtles (Chelonia mydas). Furthermore, the
islands inside the protected area provide important nesting sites for Hawksbill sea turtles and a number of
migratory birds including about 5% of the world population of the vulnerable Socotra cormorant
(Phalacrocorax nigrogularis)” (The MAB Programme 2007).
Another large MPA is the Al Yasat MPA designated in 2009 with 2,083 km2 of reported marine area (Marine
Conservation Institute 2020). The aim of this MPA is to protect important ecological habitats; endangered
species, such as the hawksbill turtle; and breeding grounds for near-endemic birds, such as the Socotra
cormorants, while also providing protection to fish stocks at various stages (Environment Agency Abu Dhabi
2011; Marine Conservation Institute 2020).
Results and Discussion
Some of the earliest human civilizations developed around the Persian Gulf, particularly within the region of
Mesopotamia where fishing has been practiced for several millennia (Sahrhage 2008). The oldest known
fishing boat in the world, about 7,000 years old, was discovered in Kuwait and a 2,500-year-old boat was also
discovered in Oman (Lawler 2002). Since those times, fishing has intensified but has remained predominately
artisanal in nature. Some trawling does exist, even though it has been banned in several countries.
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Figure 1. Reconstructed catches for all countries associated with the Persian Gulf region and Sea of Oman for 1950-2018 by fishing
sector. Subsistence and recreational catches are included, but are too small to be visible separately. All catches presented here exclude the
industrially caught large pelagic catches covered in Coulter et al. (2020).

Climate change is expected to seriously impact the Persian Gulf (Cheung et al. 2012; Wabnitz et al. 2018)
adding to the effects of intensive fishing effort and pollution resulting from anthropogenic activities, which
have led to the reduction and even collapse of several exploited species (Cheung et al. 2016), e.g., Tenualosa
ilisha (Khalfallah 2020). The Gulf’s dugong population (Dugong dugong), which was one of the largest dugon
population outside Australia, has also been much reduced (Al-Abdulrazzak and Pauly 2017). More bad news of
this sort can be expected if greenhouse gas emissions are not reduced, along with the excessive fishing effort
deployed in the Persian Gulf.
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Abstract
Marine fisheries catch reconstructions for the countries with coastlines on the Red Sea and the Gulf of Aden
were performed earlier for the years 1950 to 2010 by various authors and are updated here to 2018. This
account covers Djibouti, Egypt (Red Sea), Eritrea, Israel (Red Sea), Jordan, Saudi Arabia (Red Sea), Sudan,
and Yemen (Red Sea and Gulf of Aden including Socotra Island). The major difficulty in reconstructing and
updating catches for these two areas has been accounting for the misreporting of catches to the Food and
Agriculture Organization of the United Nations (FAO). Detailed descriptions of the methods used to update
the catch reconstructions of the Red Sea and Gulf of Aden regions are presented separately for each country’s
Exclusive Economic Zone.

Introduction
The Red Sea separates the African continent from southwest Asia and since 1869 has been connected to the
Mediterranean Sea through the Suez Canal. This sea is characterized by one of the most important coral reef
formations in the world, which has been increasingly impacted by climate change, ocean acidification, and the
consequences of coastal anthropogenic activities (Frihy et al. 1996; Tesfamichael and Pauly 2016; Fine et al.
2019). The Red Sea supports traditional small-scale fisheries but has an industrial trawl fishery dating back to
the late 1920s (Head 1987; Faouzi 1933, 1936; Davis 2014).
Marine fisheries catches were reconstructed for the countries surrounding the Red Sea and the Gulf of Aden
by several authors who covered the years 1950 to 2010; see contributions in Tesfamichael and Pauly (2012,
2016) and Pauly and Zeller (2016). Here, their updates to 2014 (Israel), 2015 (Jordan), 2016 (Eritrea, Saudi
Arabia, Sudan) or 2017 (Djibouti, Egypt, Yemen) and subsequent carry-forward to 2018 are documented by
country, or part thereof, including: Djibouti, Egypt (Red Sea), Eritrea, Israel (Red Sea), Jordan, Saudi Arabia
(Red Sea), Sudan and Yemen (Red Sea and Gulf of Aden including Socotra Island). Somalia is dealt with
separately by White and Zeller (2020).

Materials and Methods
Djibouti
The original reconstruction of Djibouti’s marine fisheries catches was completed for 1950-2010 by Colléter et
al. (2015, 2016); here, we document how this was updated to 2017, then carried forward to 2018.
Reported baseline
Recent FAO catch data were compared to national statistics provided by the Direction des Pêches of Djibouti
(Soultan et al. 2018). When the FAO data were greater than the reported national data, an adjustment factor
Cite as: Khalfallah, M., R. White, T. Cashion, B. Derrick, S.-L. Noël, E. Page and V. Relano. 2020. Red Sea and Gulf of
Aden countries: Updated catch reconstructions to 2018, p. 346-364. 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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was applied to reduce the FAO data to equal the national data to align with the post-independence methods
from the original reconstruction (Colléter et al. 2015). From 2015 to 2017, the national data were no greater
than the FAO data, and thus no excess catch was added to the reconstruction (as unreported data). As per
previous methods (Colléter et al. 2015), we used the total catch per annum stated in the national data rather
than the sum of the landings by area. We welcome any information that may explain the discrepancy between
FAO reported landings and nationally reported landings in recent years.
Artisanal fisheries
Although artisanal effort increased since 1990, the estimated growth was only about half the increase in
reported landings. Therefore, we assumed a likely increase in reporting and subsequently decreased the ratio
of unreported landings. To account for this assumed improvement in reporting in the 2000’s, we reduced the
unreported landings from 20% in 2000 to 10% in 2020 and interpolated between these two anchor points. We
have maintained the discard rate as 1% of total artisanal landings.
Recreational and subsistence catches
Based on the original reconstruction by Colléter et al. (2015), all fisheries except for recreational were
estimated as a ratio of the reported artisanal catch. Updated population data from Djibouti National Statistics
(Soultan et al. 2018) were used to update the local recreational landings. We maintained the pro-rata catch of
120 kg per local recreational fisher and held the ratio of recreational fishers within the population constant to
calculate the local recreational catch from 2015-2017. Recreational fishing by visitors were obtained from the
websites ‘Marines’ (www.marines.mil/News/Tag/29592/djibouti/) and ‘Mémoires d’un Fleuve’
(www.memoiredunfleuve.com/) and were held constant from 2000 and 2001 respectively, since both foreign
military operations and tourism and have continued more or less unchanged. Future carry-forwards should
monitor the literature for updates on these fisheries.
Because protein derived from land animals is traditionally preferred in Djibouti (Darar 1994), the subsistence
catch was calculated as a fraction of the artisanal catch rather than via a fraction of population, following the
original reconstruction methods (Belhabib et al. 2013). The ratio was previously held at 2% for the entire time
period. However, since reported landings have increased by over six times since 1990, it is likely that this ratio
decreased, at least within the last decade. Fish consumption peaked in 1998 at approximately 2.9 kg per capita
followed by a dramatic decline to approximately 1.2 kg per capita in 2010 (Helgi Library 2019). Given these
new parameters, we reduced the ratio of artisanal landings presumed as subsistence by the percent reduction
in consumption. We interpolated between the two anchor points (2.0% in 1998 and 0.8% in 2010) and
continued decreasing the subsistence ratio by 1% every subsequent year.
Although domestic capture fisheries have expanded since the 1980s, both in terms of their catch and the range
of species targeted, in the 1990s there was still untapped potential (Darar 1994). Indeed, Djibouti’s
government sees opportunities for (legal) foreign fishing fleets via investments from the United Arab Emirates
(Anon 2014; FAO 2019b). Illegal fishing already occurs, notably by Chinese trawlers caught close to shore in
2017 (Mas 2017). The estimated catches of Somalian and Yemeni vessels in Djibouti’s EEZ and by vessels from
Djibouti in the Somalian EEZ were updated in the ratio to reported landings, as these have been relatively
consistent since 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 be later replaced by a more
detailed, research-intensive update.
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Marine biodiversity protection
Djibouti has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation Institute
2020).
Four MPAs have been proposed in Djibouti. The proposed MPAs would cover 72 km2, about 1% of the entire
EEZ of 7,037 km2 (Colléter et al. 2016). However, the only marine protection that appears to exist in the
country at present is the marine managed area of Haramous-Loyada. This Ramsar Site was designated in
2002 and has an extent of 30 km2 (Marine Conservation Institute 2020; Ramsar sites information service
2020). “The coastal site comprising intertidal sand and mud flats, islands, sandy shores, coral reefs, and
shallow marine waters extending from just south of the capital, Djibouti city, to the Somalian frontier”
(Ramsar sites information service 2020). The marine waters provide habitat for Dugong dugon, Chelonia
mydas and Caretta caretta (Ramsar sites information service 2020).
Some potential risks are over-grazing, the port’s extension, over-collection of wood for heating, and sand
extraction (Ramsar sites information service 2020); however, the corals present in these waters still enjoy a
good health status. “Evidence suggests that in the past 35 years the reefs have not experienced severe coral
bleaching or significant human impacts, with many reefs having healthy and diverse coral and fish
populations. Mean coral cover was high (52%) and fish assemblages were dominated by fishery target species
and herbivores. However, rising sea surface temperatures and rapid recent coastal development activities in
Djibouti are likely future threats to these relatively untouched reefs” (Cowburn et al. 2019). Another threat to
Djibouti’s reefs is the occurrence of trawling within the protected area despite a ban on trawling, for example,
reports of fishing by Chinese trawlers in Djibouti in 2017 (Mas 2017).
Egypt (Red Sea)
Egypt has two marine fisheries: the Mediterranean and the Red Sea fisheries. It also has extensive aquaculture
and freshwater fisheries. The Egyptian fishery is the most important of the Red Sea, operating a trawl fishery
that dates back to 1927 -- the oldest trawl fishery in the region (Awadallah and Sanders 1983; Tesfamichael et
al. 2012; Davis 2014).
In 2011, a revolution took place in Egypt followed later by a military coup in 2013. This caused some instability
in the country and likely impacted fisheries management, notably the control of IUU fishing activities, which
declined and became almost nonexistent in certain areas (Viney 2011; Öztürk 2015).
Marine fisheries catches were reconstructed for 1950-2010 by Tesfamichael et al. (2012, 2016a, 2016b) and
updated to 2017 by Khalfallah (2020). Reported FAO catch data on behalf of Egypt for its Red Sea EEZ were
used as a baseline for the 2011-2017 catch reconstruction.
In the previous reconstruction part of the small-scale commercial catches were mis-categorized as reported
subsistence, and thus, non-commercial catches. Therefore, these reported ‘subsistence catches’ were
retroactively re-allocated to the artisanal sector in the update by Khalfallah (2020).
Overfishing within the Red Sea EEZ of Egypt has been a concern in recent years78 and a 7-month ban on
fishing was established in 201979.

78
79
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Transition from for 2018
The catch reconstructed to 2017 was carried forward to 2018 (separately for each EEZ area) using the semiautomated 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
Egypt has agreed to protect biological diversity, including along its Red Sea coast, through the international
Convention on Biological Diversity (Aichi) and the Ramsar Convention on Wetlands of International
Importance (Marine Conservation Institute 2020).
Egypt has seven MPAs in the Red Sea, i.e., the ‘Abu Gallum’ Multiple Use Management Area, the ‘Elba’
Multiple Use Management Area, the ‘Malahet Ras Shukeir’ Protected Area, the ‘Nabq’ Multiple Use
Management Area, the ‘Ras Mohammed’ National Park, the ‘Red Sea Islands’ Developing Resources Protected
Area and the ‘Wadi El-Gemal – Hamata’ National Park (Marine Conservation Institute 2020). Together they
protect 6,754 km2, which is close to 7% of Egypt’s Red Sea EEZ, of 91,279 km2 (Tesfamichael et al. 2016a,
2016b).
One of the marine managed areas that stands out in the Red Sea is the Shark Sanctuary. It was created in 2005
and bans shark fishing and trading throughout the entire Egyptian Red Sea territorial waters, i.e., 12 nautical
miles from the shore (Techera and Klein 2014).
Even though shark fishing is banned, diving tourism has focused on sharks, and in some areas of the Red Sea,
human activities have negatively affected sharks and even led to aggressive behaviors, especially by oceanic
whitetip shark (Carcharhinus longimanus) near Elphinstone Reef. These sharks are easily attracted to the
diving boats due to the waste these boats throw overboard. “We also note that one of the very rare cases in
which sharks showed an aggressive behavior against humans was observed in Elphinstone Reef, when 13 boats
were present (9 boats and 4 speed boats) and 204 divers, a considerably higher number than the mean
recorded both in general and at this particular site. We infer that a massive human presence may negatively
affect the behavior of sharks, especially of oceanic whitetip sharks (the most dangerous species among those
that have been recorded during our study), therefore increasing the probability of attacks on humans, an event
exceptionally rare under normal circumstances” (Shawky and De Maddalena 2013).
“Uncontrolled tourism constitutes a major threat for coral reefs in two ways: directly, damage caused by
tourist use of the reefs and indirectly, by anthropogenic impacts. If some reefs are highly impacted, some
remain relatively remote and inaccessible and therefore unimpacted by human activities, but the demand of
“virgin” spots for tourism accelerates the urban and coastal development” (Hilmi et al. 2012). For example, in
the Gulf of Aqaba alone, the number of hotels has increased from 5 in 1989 to 141 in 2006, and the number of
rooms grew from 565 to more than 48,000 (Hilmi et al. 2012).
Eritrea
A catch reconstruction of the marine fisheries catches for Eritrea in the Red Sea was carried out by
Tesfamichael and Mohamud (2012) for 1950 to 2010; for the period when Eritrea was the only Ethiopian
coastal province to long after it gained independence, i.e., from 1950 to 2010 (see also Tesfamichael and
Mohamud 2016a, 2016b). This account describes how this reconstruction was updated to 2016, then carried
forward to 2018.
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Reported baseline
Because data from the Ministry of Fisheries (MoF) is not publicly available for 2011-2016, official reported
data from the FAO were used, unadjusted, as the reported baseline. The reported data were split into the
industrial and artisanal sectors depending on the average distribution of taxa between those sectors between
2008 and 2010. The FAO reported data assigned to the industrial sector were reflagged to Egypt, as these
catches come from industrial trawlers, and Eritrea does not have trawling vessels. Because of this, only the
artisanal component of the FAO reported catch is considered to be fished by Eritrea, and thus the Eritrean
reported component is considered adjusted from the FAO baseline. Future research should carefully review
these assumptions as well as the sectoral assignments. The artisanal-allocated catch was further disaggregated
between hand lines and gillnet gears using the same method.
To increase the taxonomic resolution throughout the time series, both the Lethrinidae and Lutjanidae families
were disaggregated to include the fraction of catch assigned to different species, thus ensuring a continuous
taxonomic resolution from 1950 onwards.
Fisheries development
Eritrea’s fisheries sector has long been seen as full of potential. Indeed, the Eritrean EEZ is one of the few
EEZs remaining in the world that does not seem to be exploited at capacity, mainly due to slow recovery from
political turmoil and lack of infrastructure (IFAD 2010; Samii 2010; Tesfamichael and Mohamud 2012).
Progress on developing fisheries has been slow, and serious progress was only noted in the mid-2010s (IFAD
2015). There is little indication that the situation of the fisheries changed much between 2010 and 2016.
Therefore, reconstruction of the Eritrean marine fishery follows the methods of Tesfamichael and Mohamud
(2012), using the unadjusted, sectoral-allocated FAO data as a baseline.
Fisheries that were phased out
The artisanal beach seine and industrial longline fisheries have been assumed to be inactive in Eritrea during
this time, since no information indicates any resurgence in activity since the decline to zero between 2007 and
2008.
Transition from 2016 to 2018
There is a history of the FAO over-reporting catches in the Eritrean EEZ compared to data collected by the
national Ministry of Fisheries (MoF) (Tesfamichael and Mohamud 2012). MoF data tend to have better
information on the fishing activity for each sector.
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 a more
detailed, research-intensive update, when (hopefully) MoF data become publicly available.
Marine biodiversity protection
Eritrea has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) (Marine Conservation Institute 2020).
Eritrea has no marine managed areas, and the only MPA that exists is the ‘Dahlak Marine National Park’,
which is considered a source of larval fish that ‘feeds’ the Farasan Islands in Saudi Arabia (IUCN 2018). This
Marine National Park is proposed, but its status is not designated yet.
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This is the case of other coastal and marine areas, such as the Sheik Seid Island and Dessie Island, that are still
waiting for official declaration and for finalizing planning processes of the integrated coastal management
initiatives (Habtemariam and Fang 2016). “A provisional MPA management plan of Sheik Seid Marine
National Park was prepared in 2006; however, its implementation has been hampered due to the
fragmentation of sectorial management, the lack of financial support, and the absence of management
activities” (Habtemariam and Fang 2016).
“Since the time of the Ethiopian domination there was a project for a marine national park that included some
of the islands closest to Massawa, but unfortunately has remained a project only on paper. Now there's a huge
project funded by the Global Environment Facility and implemented by the Eritrean Ministry of Fisheries and
the United Nations Development Program (UNDP) to study the biodiversity of the islands, the sea and the
coast of Eritrea and to promote the conservation and sustainable use […]” (Dahlak n.d.).
Israel (Red Sea)
Israel’s Red Sea marine catches were originally reconstructed from 1950-2010 (Tesfamichael et al. 2012,
2016a, 2016b). Here, we document how this initial reconstruction was updated to 2014, then carried forward
to 2018.
Israel removed aquaculture cages from their Red Sea coast in 2008, and the area is beginning to recover from
the previous state of eutrophication, signaling a positive change for this ecosystem (Oron et al. 2014).
Reported baseline
FAO data have reported only the taxonomic category of ‘Marine fishes nei’ since 1993, and these catches were
assumed to continue to over-report actual catches. Thus, they were adjusted to 80% of their original value for
2011-2014 and then disaggregated taxonomically according to the original reconstruction (Tesfamichael et al.
2012).
Subsistence and recreational catches
The subsistence sector was assumed to be 5% of the reported artisanal landings for 2011-2014. The 2010
taxonomic breakdown was maintained for 2011-2014.
The recreational sector was reconstructed for 2011-2014 based on the population of Eilat and new population
data were sourced from Israel’s official statistics (Israel Central Bureau of Statistics 2016) and multiplied by
the 2010 catch rate (Tesfamichael et al. 2012). Years between the anchor points of the 2010 population
(47,800) and the 2014 population (48,946) were linearly interpolated.
Transition from 2014 to 2018
The catch reconstructed to 2014 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
Israel has agreed to protect biological diversity, including in the Red Sea, through the international
Convention on Biological Diversity (Aichi). Its commitments extend to NGOs and/or public bodies like the
Mediterranean MPA Network (MedPAN) (Marine Conservation Institute 2020).
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Israel has one reserve, the Eilat Nature Reserve in the Red Sea, created in 1986. However, it is unknown how
much of the total 384 km2 of the reserve is actually protecting the marine ecosystem (Marine Conservation
Institute 2020).
The Israel Institute of Technology developed the Israel Marine Plan, which is a comprehensive policy aiming
to “integrate, accompany and support parallel measures of planning, legislation, research and study of the sea
in Israel. […] The Israel Marine Plan’s basic approach emphasizes that the marine space is essentially
(ultimately) public. It aspires to view the different interests of all the stakeholders fairly and guarantees the
provision of its ecosystem services over time. […] Also lacking is a national policy for the management of data
and information about the marine space, and for making such information accessible to potential users”
(Technion 2015).
Nevertheless, coastal management discussions in the Red Sea are still very present. “[…] The institutional
‘monopoly’ over a given area or ecosystem resulted in various conflicts among the local environmentalists. We
were told that ‘the whole conservation effort in Israel is based on egos, especially in Eilat’ (Anonymous
interviewee, Eilat - personal communication, 5 Jun 2016). Conservation interests combined two sub-conflicts
– active conservation and passive conservation agenda. Active conservation proponents implied that measures
need to be taken to preserve the coastal environment through intervention. For example, artificial reef
initiatives represented active conservation approaches that focused on removing diving pressure off the
natural reef. By contrast, passive conservation supporters argued that the marine environment needs to be
managed with minimal human intervention, letting nature take its course” (Klimašauskaitė and Tal 2020).
Jordan
Jordan borders the semi-enclosed Gulf of Aqaba. Waters in the Gulf of Aqaba renew once every two decades,
causing high endemism and salinity in the region. The Jordanian fishing industry is the smallest in the Red
Sea and is exclusively small-scale (Khalfallah 2020).
The original reconstruction of Jordan’s marine fisheries was completed for 1950-2010 by Tesfamichael et al.
(2012); see also Tesfamichael et al. (2016a, 2016b). The reconstruction was retroactively improved and
updated to 2015 by Khalfallah (2020).
Reported FAO catch data on behalf of Jordan was used as a baseline for 2011-2013, while national data was
used as a baseline for 2014-2015. The FAO data for these latter years were not as detailed and accurate as the
national data.
About 50% of Jordanian landings between 1960 and 1985 originated from waters that since 2011 are officially
the Saudi Arabian Red Sea EEZ, following an agreement between Jordan and Saudi Arabia in 1960
(Tesfamichael et al. 2012; Khalfallah 2020). These foreign catches drastically decreased when this agreement
lapsed. Consequently, governmental investment in fisheries management and research lessened (Hariri et al.
2002).
Unreported artisanal fishing still occurs in Jordan, sometimes involving children. According to Chtioui et al.
(2016) 28% of working children (i.e., about 78,000) participate in agricultural activities, including commercial
fishing.
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Transition from 2016 to 2018
The catch reconstructed to 2015 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
Jordan has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) (Marine Conservation Institute 2020).
Jordan has one MPA, the Aqaba Marine Park, which is a no-take MPA of 40 km2 designated in 1997. The MPA
covers 41% of the small EEZ of 97 km2 (Tesfamichael et al. 2016a, 2016b), and the management authority is
the Aqaba Special Economic Zone Authority (Marine Conservation Institute 2020). “The MPA was established
to conserve and manage the natural near-shore marine environment of the south coast with its rich
biodiversity while allowing certain tourist uses. At the same time, the MPA supports efforts to conduct
research and monitoring programs on the physical, chemical, and biological properties of the northern Gulf of
Aqaba and the near shore coral reefs. Currently, the MPA in Aqaba plays a significant role in strengthening the
regional capability for information exchange and resource management for the entire Red Sea” (Al-Zibdah
2013).
This Marine Park was the site of an experiment in which coral colonies were moved and transplanted to
rehabilitate damaged or deteriorated reef areas leading to the production of fully-grown colonies. “The results
of this work support the premise that endangered coral colonies can be translocated to other reef areas and
that coral nurseries can be set up to produce multiple fully-grown colonies for future reef rehabilitation
projects” (Kotb 2016).
Saudi Arabia (Red Sea)
The Red Sea EEZ of Saudi Arabia covers most of the eastern half of the Red Sea. The artisanal fishery is the
oldest sector of the Saudi fishing industry, but is more important in the Persian Gulf than it is in the Red Sea
(Tesfamichael and Rossing 2012; Tesfamichael and Pauly 2013). A trawl fishery also exists.
The initial reconstruction of Saudi Arabia’s marine fisheries catch in the Red Sea was completed for the years
1950 to 2010 by Tesfamichael and Rossing (2012); see also Tesfamichael and Rossing (2016a, 2016b).
Khalfallah (2020) updated this reconstruction to 2016. As required for species-specific stock assessments
using the CMSY method of Froese et al. (2017), Khalfallah (2020) improved the taxonomic composition of
commercial landings for years prior to 2000 when reported categories were over-aggregated.
Transition from 2017 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 a more
detailed, research-intensive update.
Marine biodiversity protection
Saudi Arabia has agreed to protect biological diversity, including along its Red Sea coast, through the
international Convention on Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Saudi Arabia has eight MPAs and no marine managed areas in the Red Sea. The MPAs cover 12,402 km2
(Marine Conservation Institute 2020), which equals 7% of the entire EEZ (186,392 km2; Tesfamichael and
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Rossing 2016a, 2016b). Some of the MPAs in the Red Sea are the Special Nature Reserves of ‘Umm al-Qamari
Islands’ (designated in in 1977 covering 4 km2 of marine area), the National Park of ‘Asir’ (designated in in
1981 covering 898 km2 of marine area) and the reserve of ‘Ra’s Kishran / Jazirat Sharifah’ (designated in in
1990 covering 468 km2 of marine area). “[…] Many areas have been proposed and suggested, dating back to
the mid- and late 1980s, and remain that way to date. With the exception of the Farasan islands, protected in
1996 […]” (Marine Conservation Institute 2020).
The Resource Use MPA of Farasan Islands was implemented in 1988. It has a total reported area of 5,408 km2,
which accounts for the 86% of the reserve in marine waters. “The Farasan Islands Archipelago is the largest
group of islands in the red sea with the largest number of islands and islets. The protected area has the
greatest combined marine and terrestrial biological diversity of any site in the Red Sea region. […] As for the
marine biodiversity, the Farasan Islands rank high in terms of sea diversity, number of species from various
taxa, number of species of conservation significance, as well as their protection status and management
effectiveness. This includes more than 230 fish species, 50 species of coral, and a significant number of species
form other taxa including sea birds and sea mammals” (WHC 2019). However, some authors have pointed out
the urgent need for better management of the site and proper participation among the different stakeholders
(Alaa et al. 2018), including better zoning, community participation in management, public awareness, and
training as a first step, followed by site-specific management actions, research and monitoring, and
infrastructure development (Gladstone 2000).
Sudan
The Republic of Sudan, sometimes referred to as ‘North Sudan’ since the secession of South Sudan in 2011,
has all the coastline of the formerly united Sudan. Therefore, the previous reconstruction for the united
Sudan will remain unchanged and considered henceforth ‘Sudan’.
A reconstruction of the fisheries catches in the Sudanese’s EEZ for 1950 to 2010 was originally published by
Tesfamichael and Elawad (2012); see also Tesfamichael and Elawad (2016a, 2016b). This brief account is to
document how this reconstruction was updated to 2017, then carried forward to 2018.
Reported baseline
Reported catch data for Sudan were available from the FAO FishStat dataset for 2011-2017. However, due to
the rampant mis- and over-reporting of fisheries catches in the FAO data for Sudan as shown in the previous
reconstruction, it was assumed that any remaining FAO reported landings, after subtraction of reconstructed
catch, consisted of large- and/or small-scale catch taken in the Red Sea but outside of the Sudanese EEZ.
This needs to be properly addressed in the future.
All catches within this update were considered Sudanese because Egypt ceased trawl and purse seine fishing
in the Sudanese EEZ in 2009 (Tesfamichael and Mehanna 2012). Currently, Sudan only has reconstructions
of the artisanal and subsistence fisheries; however, since 2011 a tourism-based sport fishery80 has begun to
emerge that we hope to address in future updates.
Artisanal data
Finfish, crustaceans and sea cucumbers constitute the bulk of the artisanal landings in Sudan.
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Official catch data from the Fisheries Administration (FA) in Port Sudan was utilized to update the artisanal
finfish fishery from 2011 to 2017 (Hassan 2017).
Following the original reconstruction methods (Tesfamichael and Elawad 2012), it was assumed that
unreported artisanal finfish catch for 2011-2017 was about 300 tonnes higher than the reported catch.
Due to insufficient information, landings of Gastropoda and Trochus were carried forward unchanged from
the previous reconstruction to 2017.
In the previous reconstruction a conversion factor was applied to sea cucumber exports to estimate their wet
weight. The same was applied here using export information for 201381. The estimated sea cucumber catch
was estimated for 2011-2012 by interpolation between 2010 and 2013 and was assumed to have remained
unchanged for 2014-2017.
Subsistence catch
Subsistence fisheries were assumed to be around 10% of unreported finfish catch, similar to the initial
reconstruction.
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
Sudan has agreed to protect biological diversity through the international Convention on Biological Diversity
(Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation Institute
2020).
Sudan has five MPAs and two marine managed areas. The implemented MPAs occupy 5,668 km2, which
equals 6% of the entire EEZ of 92,513 km2 (Tesfamichael and Elawad 2016a, 2016b). The MPAs are the
Mukawwar Managed Nature Reserve, the Port Sudan Marine National Park, the Sanganeb Atoll Marine
National Park, the Sanganeb Marine National Park and Dungonab Bay - Mukkawar Island Marine National
Park World Heritage Site (natural or mixed) and the Suakin Archipelago National Park.
The World Heritage Site (WHS) of Dungonab Bay and Mukkawar Island National Park (DMNP) is the largest
of these MPAs with 2,607 km2 of marine area (Marine Conservation Institute 2020). It was established in
2004 but was inscribed in 2016 as a WHS due to its ecological and cultural values (Ibrahim et al. 2020). “[In
the area], the major economic activity is artisanal fishing complemented with other artisanal practices such as
sea shell gleaning and animal husbandry. [..] The beach litter at DMNP is mainly of a local land-based origin
and the beaches of DMNP are not a potential sink of beach or marine litter. Though further comprehensive
investigation is required to affirm this information, it is of great importance for the introduction of beach litter
management measures in DMNP. A community-driven preventive management measure based on the
cultural attributes of the local community such as the present reuse culture would greatly help in reducing the
amount of litter disposed to the beaches of DMNP and in encouraging the community to further invent more
reuse practices in favour of waste reduction” (Ibrahim et al. 2020).
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The largest marine managed area is the Ramsar site of Suakin-Gulf of Agig (designated in 2009 with 11,250
km2; Marine Conservation Institute 2020). This area is threatened by fish and shrimp farming projects and
activities in and around the port of Suaki (Ramsar sites information service 2020). “[This site] is comprised of
diverse forms of wetlands such as sand flats, coral reefs, lagoons, sand shores amongst others, a diversity
which allows for a rich range of fauna and flora to thrive at the site, marine turtles such as the Hawksbill
Turtle (Eretmochelys imbricata) and Green Turtle (Chelonia mydas); seabirds; commercial bony fish and
shrimp species. Sightings of the Sea Cow (Dugong dugon) and Bottlenose Dolphin (Turciops truncates) have
also been noted” (Ramsar sites information service 2020).
Yemen (Arabian Sea and Red Sea)
Yemen is situated in the southwestern corner of the Arabian Peninsula and has two parts to its EEZ, one in the
Red Sea and one in the Gulf of Aden. Since 2015, Yemen has been in an ongoing civil war82 that has led to one
of the most disastrous and largest humanitarian crises in the world83, affecting almost 80% of the population.
This civil war has directly impacted the country’s marine fisheries, which represent an important source of
food security and livelihood; i.e., at least 18% of Yemeni people are heavily dependent on fishing to survive
(Al-Fareh 2018). In 2015, a Saudi-led coalition attacked fishing boats and fish markets along the Yemeni Red
Sea coast (Al-Fareh 2018). About 50 fishers out of 86 were killed by Saudi air strikes in August and September
2018 (Walsh 2018). In August 2018 the Saudi-led coalition also bombarded one of the main fish markets and a
hospital, killing at least 30 civilians and injuring many more (Kalfood and Coker 2018). Due to safety reasons
and lack of financial resources, over 65% of fishers and people employed in the fish processing industry have
lost their livelihoods, including 50% of Red Sea Yemeni fishers (Lopour 2016; Al-Fareh 2018). This has
contributed to the scarcity of food in the country, which in turn furthered the war-related famine crisis in
Yemen.
The marine catches from 1950 to 2010 for Yemen were reconstructed separately for the Arabian Sea (i.e.,
Gulf of Aden) and the Red Sea by Tesfamichael et al. (2012a, 2012b). They were subsequently updated to
2017 by Khalafallah (2020).
Transition from for 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.
The next update will deal separately with the fisheries around the Yemen’s Island of Socotra, whose ecology is
very different from that of the Gulf of Aden, and will make use of the catch data presented by Zajonz et al.
(2015).
Marine biodiversity protection
Yemen has agreed to protect biological diversity in the Red Sea and the Gulf of Aden through the international
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).
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Yemen has three MPAs and three marine managed areas. The implemented MPAs cover 10 km2, which is tiny
considering that the EEZ covers 545,101 km2 (Tesfamichael et al. 2016b, 2016c). These MPAs are the Ras Isa
Marine Park, the Socotra Island Protected Area and the Zuqur islands Marine National Park. Other Marine
Managed Areas in Yemen are the Detwah Lagoon Ramsar Site, the Socotra Archipelago World Heritage Site
and the Socotra Archipelago UNESCO-MAB Biosphere Reserve.
The Socotra Island Protected Area is the largest in Yemen and was designated as an MPA in in 1996, as a
UNESCO-MAB Biosphere Reserve in 2003, and as a World Heritage Site in 2008. It is located in of the most
remote and distinct islands in the world (Claudino-Sales 2019). Its biodiversity is mainly due to scarce human
settlement and lack of economic development (Scholte et al. 2011). “The International Union for Conservation
of Nature (IUCN), in a conservation outlook published at the end of 2017, found that the island is undergoing
rapid development that brings about unprecedented pressures and threats. At the same time, they found that
critical conditions associated with political turmoil could negatively affect the archipelago. This outlook
pointed out that current and potential threats to Socotra’s values may aggravate rapidly. Infrastructure
development, tourism, and unsustainable natural resource management, following the deterioration of
traditional management, are already affecting the island (IUCN 2017). The status of some ecosystems and
endemic flora, has begun to deteriorate, with further deterioration predicted, following rapid ongoing
socioeconomic changes, justifying the assessment of the current state of World Heritage values to be of high
concern (Osipova et al. 2017)” (Claudino-Sales 2019).

Results and Discussion
Marine fisheries catches were reconstructed and updated for 1950-2018 for the countries around the Red Sea
and the Gulf of Aden (Figure 1). These contributions are updates to previous reconstructions completed by
several authors for 1950-2010 as summarized in Pauly and Zeller (2016) and Tesfamichael and Pauly (2016).

Figure 1. Reconstructed catches for all countries within the Red Sea for 1950-2018 by fishing sector. Subsistence and recreational catches
are included, but are too small to be visible separately. All catches presented here exclude the industrially caught large pelagic catches
covered in Coulter et al. (2020).

Reconstructed marine fisheries catches increased in the early 2010s and then stabilized. The bulk of the catch
derives from industrial fisheries, mostly from trawl fisheries, while the artisanal fisheries contribute with
around 39% of the catch. Egypt, followed by Yemen and Saudi Arabia, represent the largest fishing entities in
the Red Sea, mainly due to their relatively important trawl and purse-seine fisheries (Tesfamichael and Pauly
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2012). However, catches by Yemen have drastically decreased since the start of the civil war in 2015.
Ponyfishes (Leiognathidae) contributed the most to the Red Sea catches (though much of it is discarded),
followed by Indian mackerel (Rastrelliger kanagurta) and lizardfishes (Synodontidae).
The state of the marine living resources in the Red Sea has much changed since the 1934 ‘Mabahis’
oceanographic expedition in the region (Faouzi 1936, 1938; Tesfamichael 2005). The Red Sea currently faces
three major threats: climate change, overfishing, and pollution (Berumen et al. 2019; Carvalho et al. 2019;
Kleinhaus et al. 2020). Water temperature within the Red Sea has been increasing faster than the global
average (Chaidez et al. 2017). In contrast to most coral reefs around the world, the Red Sea coral reefs have
proven to be highly resilient to temperature change (Krueger et al. 2017; Kleinhaus et al. 2020). However,
coral growth has been slowed as a result of the warming of the Red Sea waters (Cantin et al. 2010). Moreover,
bleaching incidents occur and their impact will likely increase in the future, particularly when combined with
other stressors such as anthropogenic pollution and the overexploitation of fisheries resources (Berumen et al.
2019; Fine et al. 2019; Kleinhaus et al. 2020).
The relative stagnation of reconstructed catches, despite the increase of fishing effort in most countries of the
Red Sea, suggests that fish populations are in decline, as suggested previously by Hariri et al. (2002), Jin et al.
(2012), and Spaet and Berumen (2015).
Since 1869, when the Suez Canal was opened, coastal and offshore pollution in the Red Sea has increased,
mainly due to high vessel traffic and oil spills (Abelson et al. 2005; Abohassan et al. 2013; Gladstone et al.
2013; Abdallah et al. 2015; Ziegler et al. 2016).
It is necessary for the countries of the Red Sea to work together to protect their marine living resources by
properly managing their fisheries and limiting pollution. This has often proven challenging given the political
turmoil in many of the Red Sea countries.
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Abstract
The initial marine catch reconstructions for South Asian and Indian Ocean Island entities were completed
independently for the years 1950 to 2010. These reconstructions were further updated to 2018 as documented
in this contribution for the Andaman and Nicobar Islands (India), Bangladesh, the Chagos Archipelago
(British Indian Ocean Territory), the Indian mainland, the Maldives, Pakistan and Sri Lanka. We
conservatively accounted for the reported and unreported fisheries catches in these waters using data as
reported by each country to the Food and Agriculture Organization (FAO) as the reported date baseline, and
data and information reported by government or secondary data sources for unreported catches. Descriptions
of the methods used to reconstruct catches in each Exclusive Economic Zone (EEZ) are presented in EEZspecific sections.

Introduction
The original marine catch reconstructions for South Asian and Indian Ocean Island entities, including the
Andaman and Nicobar Islands (India), Bangladesh, the Chagos Archipelago (British Indian Ocean Territory),
mainland India, the Maldives, Pakistan and Sri Lanka were completed independently by a variety of authors.
These reconstructions have been independently updated to 2016 (Maldives, Pakistan), 2017 (Andaman &
Nicobar Islands, Bangladesh, Chagos Archipelago, Sri Lanka) or 2018 (India mainland) and descriptions of
the methods used are presented in country-specific sections below. Catches of the industrial large pelagic
fisheries were addressed separately in a global study by Coulter et al. (2020).

Materials and Methods
Andaman and Nicobar Islands (India)
The reconstruction of the marine fisheries catches within the Andaman and Nicobar Islands EEZ (part of
India) were originally completed to 2010 by Hornby et al. (2015, 2016). Here, they are updated to 2017, then
carried forward to 2018. Reported landings were updated using national data for 2011-2016 that are of higher
taxonomic resolution than FAO data and national total landings data for 2017 (Anon. 2018, 2019). The
taxonomic disaggregation for 2016 was used to disaggregate the total reported landings for 2017.
Artisanal fisheries
The reported landings data were assumed to be entirely from the artisanal sector and were applied to the
corresponding existing taxonomic groups. Because the amount of reported tunas increased substantially, tuna
landings were assumed to be fully reported since 2011. Longtail tuna, Thunnus tonggol, were assumed to
account for 6.2% of total mainland India longtail tuna landings, skipjack (Katsuwonus pelamis), yellowfin
(Thunnus albacares) and big eye tuna (Thunnus obesus) were assumed to be as reported in Anon. (2019b).
The unreported coastal tuna bycatch to target species ratio was maintained at 62.2% from 2010. Catches of
Cite as: White, R., L. Hood, B. Derrick, V. Relano and D. Zeller. 2020. South Asia and Indian Ocean Island catch updates
to 2018, p. 365-382. In: B. Derrick, M. Khalfallah, V. Relano, D. Zeller and D. Pauly (eds). Updating to 2018 the 19502010 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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groupers (Serranidae) remained unaccounted for in reported data. Malabar grouper (Epinephelus
malabaricus) appeared to account for 21.6% of the total grouper catch and 4.3% of the total annual marine
landings (Kiruba-Sankar et al. 2013). Therefore, we assumed that groupers accounted for 5% of the artisanal
reported catch in 1950 and 20% from 2010 to 2017.
Mollusc landings were updated with new information. Anchor points from Roy et al. (2004) were utilized with
linear interpolation between anchor point years: 152 tonnes in 1933, 505 tonnes in 1975, 500 tonnes in 1983,
124.6 tonnes in 1984 and 1985, 3.2 tonnes in 1995, 2.9 tonnes in 1996, 7.3 tonnes in 1997, 0.1 tonnes in 1998,
1.7 tonnes in 1999. Fishing for molluscs was banned in 2001; however, poaching persisted (MOEF 2011;
Kiruba-Sankar et al. 2019), and thus we continued to interpolate catches. The next available anchor points
were the annual number of poachers apprehended with a mollusc catch from 2008 to 2018 (MOEF 2011;
Kiruba-Sankar et al. 2019). Because poachers were found with a maximum of 40 mollusc shells, it was
assumed that each poacher collected at least 10% of this amount on average, or 4 molluscs per poacher
(Abraham 2018). The number of total poached mollusc shells was multiplied by the average wet weight from
Long et al. (1993).
Tourist consumption was updated using new tourist arrival numbers84 and a tourist fish consumption rate of
5.6 kg of fish consumed per tourist, per average stay, as per Hornby et al. (2015). All tourist consumption was
considered to be unreported artisanal catches following Hornby et al. (2015). The previous taxonomic
breakdown for tourist consumption was maintained. Discards for the artisanal fishery were maintained at
0.5% of total artisanal landings. Taxonomic breakdowns for each individual fishery were maintained.
Subsistence fisheries
Subsistence fisheries catches were updated from 2009 to 2017 for i) indigenous subsistence, ii) take-home
catch from commercial fisheries, iii) and ‘other’. Each subsistence fishery was individually updated as follows:
i) indigenous subsistence utilizing indigenous population data (Anon. 2011) and a constant per capita
consumption (56 kg·person-1·year-1); ii) take-home catch and iii) ‘other’ were updated with the existing decline
in per capita consumption from 2008 of 41 kg·person-1·year-1 and 21 kg·person-1·year-1, respectively. Takehome catch was calculated using the consumption rates and updated census information on fishery household
numbers. ‘Other’ subsistence catch was calculated using the non-indigenous, non-fisher population (Anon.
2011) and the consumption rates. The overall taxonomic breakdown for the subsistence fishery was
maintained.
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 national data. Semi-automated reconstructed catch data will later be replaced by a
more detailed, research-intensive update that will also consider information in Advani (2020).
Marine biodiversity protection
India has agreed to protect the biological diversity of the Andaman and Nicobar Islands (a Union Territory)
through the international Convention on Biological Diversity (Aichi), the United Nations Convention on the
Law of the Sea, the Ramsar Convention on Wetlands of International Importance, the International Coral Reef
Initiative and the World Heritage Convention. These islands are also part of the international network of
UNESCO Man and the Biosphere and signatories to regional treaties and agreements, such as the Regional
Seas Convention (Marine Conservation Institute 2020).
84 https://www.businesstoday.in/current/economy-politics/foreign-tourists-can-now-fly-directly-to-theandamans/story/305582.html
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In the Andaman and Nicobar Islands, there are 105 MPAs that occupy 1,570 km2 (ENVIS 2016), which is small
relative to the islands’ EEZ, i.e. 659,590 km2 (Hornby et al. 2016). Most of these MPAs were established in the
1970s as ‘Sanctuaries’ (approx. 91.5%) or ‘National Parks’ (approx. 8.5%) (ENVIS 2011). “Human health, social
security, and livelihoods in the A & N Islands with their substantial number of artisanal villages are closely
linked to the sea through food security, shoreline protection, business, medicine, and tourism. Therefore, their
management is critical mainly because of demand for the same resources by different stakeholders. There is a
need to regulate the resources judicially among the various stakeholders in such a way that it should help in
protection and conservation of the natural resources. […] Coastal ecosystem management needs to consider
the fragile nature of these island ecosystems, incorporating the local area condition and the interests of the
people” (Jha et al. 2019).
Some of the threats to the islands are development activities, terrigenous runoff and overfishing. “Fishing in
Andaman and Nicobar waters is regulated by the Union territory of Andaman and Nicobar [(ANI)] as per the
fishing regulations. Shells and sea cucumbers are some of the important target species for poachers in ANI
waters. Currently, the surveillance of EEZ of ANI is done by Coast Guard, Marine Police, Forest department,
Fishermen watch groups and a coordination committee” (Kiruba-Sankar et al. 2019).
“Along with the massive new influx of tourists, often to a relatively small area, issues have arisen of pollution,
waste disposal, and fresh water requirement, all putting local infrastructure and habitats under enormous
pressure” (Jha et al. 2019). In a study focused on investigating plastic debris in beach sediments of this
Archipelago, the major plastic variety was irregular shaped polyethylene and polypropylene debris. “The
plastic litter was contributed from tourist, shipping activities and improper handling of solid wastes. […] The
plastic litters disposed in the marine environment could be carried away by currents, which then circulate
around the island and finally reach the coastal areas of the Andaman and Nicobar Archipelago”
(Krishnakumar et al. 2020).
Bangladesh
The initial reconstruction of Bangladesh’s marine fisheries catches were completed for 1950-2010 by Ullah et
al. (2014, 2016), and is updated to 2017 here. New data reported by the FAO (2019) became available to 2017
and were accepted as the reported baseline.
Commercial fisheries
National data from the Bangladesh Bureau of Statistics (Hossain et al. 2018) were utilized for the artisanal
and industrial sectoral breakdown for reported catch categories ‘Marine crustaceans nei’ (shrimps), Hilsa shad
and ‘Marine fishes nei’. The artisanal and industrial sector breakdown for all other reported taxa not specified
in the national data were carried forward from Ullah et al. (2014, 2016). The Bangladesh Bureau of Statistics
Year Books of 2016 and 2017 (Anon. 2017; Hossain et al. 2018) indicated an almost 50% increase in the
number of vessels but only a 6% increase in reported catch. Therefore, increasing catch is likely due to a
massive increase in effort rather than reporting, suggesting a strong decline in catch rates, or CPUE, which is a
sign of declining stocks. In the absence of new information, we maintained the artisanal unreported catch as
17.5% of reported landings. The ratio of shrimp trawl discards to industrial landings of ‘Miscellaneous marine
crustaceans’ (1:6.6) was carried forward to 2017. The ratio of finfish trawl discards to the remaining industrial
landings (1:0.2) was also carried forward to 2017.
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Subsistence fishing
The trend of rising income and alternative sources of fish from aquaculture and inland fisheries (Hossain et al.
2018) influenced a declining subsistence catch that was noted by Ullah et al. (2014), and which has continued.
Subsistence catch was updated by maintaining the coastal population per province from the Bangladesh
Bureau of Statistics (Hossain et al. 2018) available for some years, as well as maintaining the existing decline
in consumption using updated population data from the World Bank (2018). Taxon and gear breakdowns
were maintained from Ullah et al. (2014).
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
Bangladesh has agreed to protect biological diversity through the international Convention on Biological
Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation
Institute 2020).
Bangladesh has 12 MPAs and two marine managed areas. The implemented MPAs occupy 4,254 km2, which is
about 5% of the EEZ of 84,846 km2 (Hornby et al. 2016).
The MPAs of Sundarban East, West and South are wildlife sanctuaries, designated in 1996 with a total no-take
area of 1,396 km2, i.e., (33% of the total MPAs’ extent (Marine Conservation Institute 2020). “The Sundarbans
are classified as moist subtropical forest, comprised of a mosaic succession of four types of tidal forest
communities: low mangrove forest, tree mangrove forest, saltwater Heritiera forest, and freshwater Heritiera
forest (UNEP/WCMC 2008). The Sundarbans are important for globally endangered species, including the
Ganges and Irrawaddy dolphins, estuarine crocodiles, and the critically endangered endemic river terrapin”
(Claudino-Sales 2019).
“The country declared its first marine protected area, namely, the Swatch-of-No-Ground Marine Protected
Area, for conservation of some species of dolphins, porpoises, whales and sharks. However, this declaration
has not been supported with an effective and robust legal, policy and institutional framework. […] Following
the declaration of the MPA, the necessary legal and institutional arrangements for prohibition of illegal
fishing, prevention of marine pollution from ships, restrictions on shipping and other activities are expected
from the relevant government agencies for conservation of the protected species in the SoNG-MPA. However,
significant initiatives regarding these are yet to be seen. […] Forest Department also seriously lacks the
capacity to deal with technical issues related to management of MPA” (Karim and Uddin 2019).
The Forest Department is the management authority of all Bengali MPAs, including the MPAs of Sundarban
East, West and South. The protection of this unique ecosystems might also be affected by the lack of
enforcement from the Forest Department, as well as the lack of interagency and stakeholders’ cooperation
(Karim and Uddin 2019).
Chagos Archipelago (British Indian Ocean Territory)
The reconstruction of domestic marine fisheries catches in the British Indian Ocean Territory (BIOT),
otherwise known as Chagos Archipelago, was completed by Zeller and Pauly (2014, 2016) for 1950-2010 and
updated to 2017 using updated reported data from the FAO (2019). Since the earlier work, there were
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retroactive changes to the reported data, amended here to match the 2017 FAO data baseline. Changes to
‘Tuna-like fishes nei’ were reflected in the unreported Scombridae catches.
Recreational fishing
Since 1972, all domestic catches in the Chagos Archipelago have been deemed recreational by military and
contract staff on Diego Garcia. The population of Diego Garcia has remained around 3000 residents since
201485, and the recreational catch rate was maintained at 24.1 kg·person-1·year-1 since 2010. The taxonomic
breakdown was also maintained. The UK declared the BIOT EEZ a commercial no-take Marine Protected Area
(MPA) in 201086, thereby banning all commercial fishing but permitting recreational fishing to continue.
Therefore, the ban does not affect domestic fishing.
Foreign fisheries
Since 2010, foreign fishing in the BIOT EEZ has been banned, but it is likely that illegal fishing occurs, notably
by vessels with home ports in Tamil Nadu, India (Tickler et al. 2019) and in Sri Lanka (Martin et al. 2013).
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
Within Chagos’ territory, marine biological diversity is protected through the international Convention on
Biological Diversity (Aichi) (Marine Conservation Institute 2020).
Chagos has one MPA, which was implemented as a commercial no-take area in 2010 (Marine Conservation
Institute 2020) occupying 100% of its EEZ of 638,555 km2 (Zeller and Pauly 2016). Since then (2010), this
MPA is the largest officially declared no-take area in the world.
“The creation of the no-take MPA, which banned all fishing, was opposed by several interests. Some of the
objections, predictably, came from the fisheries industry. More came from arguments that its creation was
little more than a cynical political exercise designed to exclude Chagossian inhabitants who had been removed
in the 1970s, some of whom sought to return. Arguments were made that the fisheries were so well regulated
already that a no-fishing policy was unnecessary, and even, absurdly, that it would do more harm than good,
both to Chagos and other fish stocks” (Sheppard and Sheppard 2019).
“On the islands, there has been a noticeable recovery in the populations of green and hawksbill turtles, and a
spectacular recovery of the large coconut crab. The latter, very easily collected and exterminated in most of its
oceanic range, was absent on several islands in the 1970s and with mainly small adults only on the rest; today,
most islands have very substantial numbers of large coconut crabs (an average of 30 adults per hectare in
Diego Garcia). Genetics of this species has shown significant recruitment from the Seychelles and Africa, so
that this Archipelago is now one of the world’s largest reservoirs of this species (Sheppard 2016)” (Sheppard
and Sheppard 2019).
Other studies, also have highlighted the regional and global importance of this archipelago for different
species of turtles, finding that 56% of the coastline provided suitable nesting habitat. “Current estimates of
85
86

https://www.cia.gov/library/publications/the-world-factbook/geos/io.html (Accessed 10-05-2019)
https://biot.gov.io/environment/marine-protected-area/ (Accessed 10-05-2019)
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6,300 hawksbill and 20,500 green turtle clutches laid annually in Chagos represent an increase of 225–525%
for hawksbill and 465–930% increase for green turtles since the 1996 surveys […]” (Mortimer et al. 2020).
This is a surprising recovery, considering that there is only one multipurpose patrol vessel, which has been
previously estimated to detect just 10% of illegal fishing activity (Price et al. 2010).
India (mainland)
A reconstruction of India’s mainland marine fisheries catches was first completed to 2000 by Bhathal (2005)
and updated to 2010 by Hornby et al. (2015), see also Bhathal et al. (2016). India’s Mainland marine fisheries
catches were fully re-estimated for 1950-2018 by Ansell (2020), as summarized here, to address distinct data
source problems associated with unreliable subsistence catch data sources used in Hornby et al. (2015).
India’s Central Marine Fisheries Research Institute (CMFRI) data were used as the reported data baseline.
Catches from inboard engine or mechanised vessels were treated as industrial, and outboard engine or
unmotorized vessels were considered artisanal. A 1% discard rate was applied to industrial catches by trawlers,
driven by increased retention of previously unwanted bycatch for reduction to fishmeal. Subsistence catches
were assumed to be the take-home catch (5%) of artisanal fishers. These subsistence estimates are likely
conservative estimates, and need investigation in future years.
Catches from the Lakshadweep Islands of the west coast of India were assumed to be missing from the formal
CMFRI data due to its restrictive mandate and were estimated based on various reports by the CMFRI and the
Lakshadweep regional government. Estuarine catch was assumed to be missing from CMFRI data because
such catches are treated by Indian authorities as originating from inland fisheries. Thus, 90% of the marine
taxa reported to be caught in estuaries was included as 95% artisanal and 5% subsistence. Since India is
known to fish outside of its EEZ, 2.5% of India’s catches in the Eastern Indian Ocean were assumed to be
caught in Bangladeshi waters. A few taxa commonly caught in Sri Lankan waters from 1974 to 2018 were
assumed to be caught by Indian fisheries in Sri Lankan waters. Industrially caught large pelagic taxa were
excluded and addressed separately in Coulter et al. (2020).
Marine biodiversity protection
India (mainland) has agreed to protect biological diversity through the international Convention on Biological
Diversity (Aichi), the United Nations Convention on the Law of the Sea, the Ramsar Convention on Wetlands
of International Importance, the International Coral Reef Initiative and the World Heritage Convention. It is
also part of the international network of UNESCO Man and the Biosphere and is a signatory to regional
treaties and agreements such as the Regional Seas Convention (Marine Conservation Institute 2020).
There are 25 MPAs that occupy 8,232 km2 (ENVIS 2016), which is about 0.05% of an EEZ covering 1,629,607
km2 (Bhathal et al. 2016). Most of them were established between the 1960s and the 1990s, and 80% were
labelled as ‘Sanctuaries’, 16% as ‘National Parks’ and 4% as ‘Community Reserves’.
“Varied anthropogenic activities that are a cause for concern over and above natural disturbances include
runoff and sedimentation from development activities (projects); eutrophication from sewage and agriculture;
the physical impact of maritime activities; dredging, collecting, and destructive fishing practices; pollution
from industrial sources, golf courses, and oil refineries; and the synergistic impacts of anthropogenic
disturbances. The amount of sediments and chemicals the runoff carries to the sea has profound effects on the
fertilization of eggs of marine species. Likewise, the quality of runoff water can affect the metamorphosis of
the larvae of many species. Oil pollution induces mortality, decreases fecundity and fails recruitment. India
has three megacities as well as many small, medium, and major ports and industries around the 8,000 km
coast. The enactment of the Water Pollution Act in 1974 and the Environment Protection Act in 1986 has
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helped in regulating the disposal of waste from industries. These measures have resulted in the reduction of
pollution loads of the coastal waters, to a certain extent. Major industries such as fertilizer, petrochemical,
agrochemical, and chemicals are mainly located along the coasts” (Raghunathan et al. 2019).
In a study that assessed the intensity and impact of marine debris in the Golf of Mannar (GoM) identified that
“[l]ive corals were found to be the commoner substrates for marine debris in GoM than dead corals and algae.
[…]. Apart from causing direct mechanical damage to the corals, the marine debris also paves the way for
diseases or facilitates the invasion of space competitors. […] A system involving fishermen, researchers and
conservation authorities should be developed to inform about ghost gears and to remove them without
damaging the corals. Proper recycling of the removed debris without damaging the environment should be
developed. […] More importantly, reduction of fishing pressure in the reef areas is a critical prerequisite to
reduce the amount of abandoned fishing gears in Gulf of Mannar” (Patterson Edward et al. 2020).
Reducing fishing pressure is key to reduce debris (Patterson Edward et al. 2020) and improve protection, but
fishers choose to continue using conventional fishing practices and even destructive gears such as dynamite.
This is mainly due to their low income, illiteracy, and general lack of awareness of the damage they cause to
ecosystems by utilizing unsustainable fishing practices (Magesh and Krishnakumar 2019). Within this area,
the Marine National Park of the Gulf of Mannar, designated in 1986 with 393 km2 and 193 km2 of no-take area
(Marine Conservation Institute 2020), and the Gulf of Mannar Biosphere Reserve, of 10,500 km2 (Singh
2003), have suffered ethnic and military conflict resulting in the militarization of conservation, which includes
the integration of conservation, security and counterinsurgency through violent and armed strategies. “[In
these trans-boundary marine environments,] marine protected areas allow the state to achieve its security
outcomes even as it fails to meet its conservation goals due to non-local drivers of declines in species
populations. [This is an example of] how conservation measures are used to meet security objectives in marine
environments. These strategies have violent outcomes for artisanal fishing communities who are
disproportionately affected” (Muralidharan and Rai 2020).
Maldives
The marine fisheries catches of the Maldives were reconstructed for 1950 to 2010 by Hemmings et al. (2014,
2016), and were updated to 2016 before being carried forward to 2018. Since the data reported by the FAO
(2018) and the national data from Maldives (2017) match closely, the FAO data were maintained as the
reported baseline as per the original reconstruction by Hemmings et al. (2014).
Export fisheries
In 2010, the Maldives introduced a ban on shark fishing (Sinan et al. 2011). Following this ban, reported
catches of sharks declined until a catch of 0 tonnes was reported by the FAO in 2016. The breakdown of the
types of shark fishing (oceanic, reef, or traditional) and corresponding taxon breakdowns from 2010 were
maintained to 2016. Sea cucumber was still considered an export by the Statistics of Maldives in 2017
(Maldives 2017). However, since 2011 no fisheries catches were reported due to production by aquaculture
(Ahmed et al. 2018).
Tuna fisheries
A new species breakdown was created due to increased disaggregation in FAO reported data in recent years.
Albacore (Thunnus alalunga), black marlin (Istiompax indica), blue marlin (Makaira nigricans), ‘Marlins,
sailfish, etc. nei’, striped marlin (Kajikia audax), and swordfish (Xiphias gladius) were assumed to be caught
entirely by the industrial sector, along with 80% of bigeye (Thunnus obesus), kawakawa (Euthynnus affinis),
skipjack (Katsuwonus pelamis) and yellowfin tunas (Thunnus albacares). These industrially caught large
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pelagic species were excluded here and addressed separately by Coulter et al. (2020). The remainder of the
reported tunas were assumed to be for local consumption and were considered caught by the small-scale
sectors. Estimates of unreported tuna catches followed the method of Hemmings et al. (2014, 2016) and were
updated using the export statistics and product conversion factors. The ratio between reported tuna landings
and live bait from pole and line fishing taken from Hemmings et al. (2014, 2016) was used to update catches
to 2016.
Consumption-based fisheries
Two types of general fish consumption were estimated for the Maldives, i) tourist (sourced from artisanal
sector) and ii) local (subsistence). Tourist consumption was updated with ‘bed nights’ from the Maldives
(2017) census and multiplied by the existing declining tourist consumption rate as per Hemmings et al.
(2014). For local subsistence consumption, the downward consumption trend was maintained and multiplied
by new census population data (Maldives 2017). The grouper fishery was updated as per original
reconstruction methods using the conversion factor of the grouper amount to updated reef fish exports
(Maldives 2017). Taxa and gear breakdowns were maintained throughout the update.
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 a more
detailed, research-intensive update.
Marine biodiversity protection
The Maldives have agreed to protect biological diversity through the international agreements of the
Convention on Biological Diversity (Aichi), the United Nations Convention on the Law of the Sea,
International Coral Reef Initiative and the World Heritage Convention. The Maldives is a signatory to regional
treaties and agreements such as the Regional Seas Convention. It is also part of the international network of
UNESCO Man and the Biosphere with the Reserve of Baa Atoll, designated in 2011 with 30 km2 of marine area
(Marine Conservation Institute 2020).
The Maldives have 42 MPAs and two marine managed areas. The implemented MPAs occupy 472 km2
(Marine Conservation Institute 2020), which is little considering that the EEZ covers 916,000 km2
(Hemmings et al. 2016). “The 2008 Constitution of the Maldives [art 22] includes a ‘fundamental duty of the
state to protect and preserve the biodiversity, resources and beauty of the country for the benefit of present
and future generations’ as well as ensuring every citizen has the right to a safe environment. This provides a
foundation for strengthening environmental regulation, nonetheless it is clear that environmental, fisheries
and tourism laws existed before this inclusion. […] The General Fisheries Regulations ban the use of dynamite,
poison and guns, as well as more specific activities: collecting sea cucumber and lobster with scuba gear, nets
to catch mackerel and small reef fish, as well as trawling in some areas. It is this provision that was initially
used to prohibit shark fishing in the territorial sea” (Techera and Cannell-Lunn 2019).
The shark fishing prohibition is related to ecotourism, which emphasizes shark watching. “[The] increasing
abundance of sharks can raise demand for dive trips significantly [15%] and generate economic gains for both
dive and local tourism industries [US$58 million annually]. The presence of illegal fishing, or if dive operators
do not engage in conservation actions against illegal fishing, can result in a substantial reduction in the
demand for dive trips [56%] and economic losses not only to the dive industry [US$24 million annually to the
dive tourism industry], but also to the broader local tourism market” (Zimmerhackel et al. 2018).
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Similarly, and because of economic and ecological benefits, there has been a movement to protect wave
breaks, which are important for surfing tourism. However, the Maldives are still not on par with New Zealand,
for example, where the government includes surf breaks in their marine planning. In contrast, the Maldives
government has placed concrete ‘tetrapods’ for coastal protection around several islands, and thus destroyed
the surf break of Male Point (Scheske et al. 2019). Coral reefs, a part of providing vital ecosystem services, are
also a major tourist attraction, generating income for the country. However, the lack of wastewater treatment
and proper landfills and the lack of legislation for emerging contaminants are jeopardizing these ecosystems.
As a result, the health and livelihoods of the Maldivian people and the economy of the Maldives are also at risk
(Rizzi et al. 2020).
Pakistan
The reconstruction of Pakistan’s marine fisheries catches was completed for 1950-2010 by Hornby et al.
(2014, 2016) and is here updated to 2016 with a subsequent carry-forward to 2018. New data reported by the
FAO were available to 2016 and were accepted as the reported baseline. There was a retroactive disaggregation
of ‘Swordfish’ from ‘Tuna-like fishes nei’ from 2006 to 2010 in the FAO data that was adopted in this update
to reflect the modified FAO data. The sector and gear breakdown for ‘Swordfish’ was maintained from Hornby
et al. (2014), and the 90% of the large pelagic catch determined to be industrial was addressed separately by
Coulter et al. (2020).
Non-commercial fisheries
Despite a slightly declining consumption rate, subsistence catches have risen rapidly since the 2000s. The
subsistence catch was retroactively updated by interpolating between the anchor point in 1999 (Hornby et al.
2014) and a new anchor point in 2015 (FAO 2019). Updated population data (World Bank 2018) were
multiplied by the annual 1.9 kg per capita consumption rate to estimate total fish consumption. According to
FAO (2019), the marine component was only 56%; therefore, total fish consumption was multiplied by 56% to
derive the marine fish consumption component. The gradual decline in recreational fishing was maintained in
this update. Both subsistence and recreational fisheries were considered entirely unreported and the taxa and
gear breakdown from Hornby et al. (2014) were maintained in this update.
Commercial fisheries
Reported tuna catches (kawakawa, longtail tuna, skipjack tuna, yellowfin tuna and swordfish) were considered
to 10% being caught by artisanal fisheries; ‘Marlins, sailfishes, etc. nei’ were considered to 40% being caught
by artisanal fisheries. The industrial portion of these taxa was addressed separately by Coulter et al. (2020).
The rest of the reported taxa were split into artisanal and industrial and gear type following Hornby et al.
(2014). Unreported landings for artisanal and industrial catches were carried forward using the ratio of
unreported landings to reported landings from Hornby et al. (2014). Discards were carried forward using the
ratio of total industrial shrimp trawl landings to discards from Hornby et al. (2014). As no new information
was available, foreign fishing by Taiwan was carried forward at 128 tonnes per year.
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 a more
detailed, research-intensive update.
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Marine biodiversity protection
Pakistan has agreed to protect biological diversity through the international Convention on Biological
Diversity (Aichi) and the Ramsar Convention on Wetlands of International Importance (Marine Conservation
Institute 2020).
Pakistan has two MPAs and eight marine managed areas. The implemented MPAs occupy 1,707 km2 (UNEPWCMC and IUCN 2020), which is less than 0.1% of the EEZ of 222,255 km2 (Hornby et al. 2016). Astola
Island, designated in 2017, is the first MPA in Pakistan (IUCN 2017). “Astola Island is under the ownership of
Balochistan Revenue Department and is guarded by Pakistan Coast Guards and Pakistan Navy. The
Balochistan Fisheries Department is responsible for management of fisheries within 12 nautical miles from the
coastline [and] the Maritime Security Agency (MSA) is responsible for the enforcement of fisheries regulation”
(MFF Pakistan 2018).
The principal responsibilities of the Fisheries Department are issuing and renewal of fishing licenses,
preventing illegal fishing and providing support to stranded vessels and fishermen in case of emergency.
However, its field staff are not equipped to deal with trawlers operating illegally. Illegal trawling fleets are
large, armed with guns, and often fire at Fisheries Department patrol boat (MFF Pakistan 2018).
Even though maritime tourism is an industry that is still not well-developed in Pakistan, notably due to the
absence of basic amenities (Shahzad 2020), some impacts of tourism and local fishing in Astola island are
already visible. For example, kitchen waste, other solid waste and various beach activities on sandy beaches
are making it difficult for female turtles to dig nests and lay their eggs (MFF Pakistan 2018).
Sri Lanka
A reconstruction of Sri Lanka’s marine fisheries catches was completed for 1950-2008 by O’Meara et al. (2011)
which was updated to 2010 by O’Meara et al. (2016). Here, we document how this was updated to 2017, then
carried forward to 2018.
Increasing reported catches
From 2009 to 2014, a substantial increase in FAO reported landings was observed. The increase in landings
from 2009 to 2014 were assumed to be due, in part, to an increase in fishing effort, as many vessels were
donated to Sri Lanka after the 2004 tsunami (Anon. 2015; Nadanasabesan 2015). Additionally, it was thought
that a portion of the 2009-2014 increase in reported landings was due to improvements in reporting of
catches, in which catches from subsistence fisheries are now included in reported catch. This assumption was
based on the trends for estimated catch by sector in the original reconstruction, which suggest that parts of the
newly increased catches may be due to improved data collection or estimation of subsistence activities.
Offshore industrial fisheries
The Ministry of Fisheries and Aquatic Resources (MFAR) estimated total reported landings caught in offshore
waters for 2009-2017 (Anon. 2015). Taxa caught offshore in previous years were assumed to be caught by
industrial fisheries operating both offshore and in coastal waters for 2009-2010, and entirely offshore for
2011-2017. Total offshore landings estimated by the MFAR were greater than the FAO landings data for taxa
reportedly caught offshore during 2011-2014. Thus, the remaining MFAR offshore landings were
taxonomically assigned to “Marine fishes not elsewhere included”.
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Coastal industrial fisheries
Total landings from coastal industrial fisheries for 2009-2010 were estimated by summing the coastal portion
of reported landings of taxa caught by industrial fisheries both offshore and in coastal waters and the reported
landings of marine crustaceans and other coastal taxa determined to be caught industrially. Reported landings
by coastal industrial fisheries were unlikely to continue to increase at the rapid rate seen in 2009-2010. The
total estimated coastal industrial landings in 2010 were held constant for 2011-2017 due to a lack of updated
information on these fisheries. Once all coastal industrial taxa were accounted for, the remaining industrial
coastal landings were assigned to the taxon “Marine fishes not elsewhere included”. Discards, all considered
unreported (Zeller et al. 2018), from shrimp fisheries for 1980-2014 were retroactively changed and updated
to 2017 using a new secondary anchor point source for 2015 based on Jones et al. (2018). Jones et al. (2018)
found shrimp fishers discard 0.62 kg of non-target species for every 1 kg of shrimp they catch, which was more
conservative than the rate used in O’Meara et al. (2011).
Artisanal fisheries
The total number of non-mechanized traditional crafts and non-mechanized beach seine crafts from Anon.
(2015) were multiplied by an average CPUE for each gear-type to estimate the 2009-2017 reported landings by
artisanal fisheries. Reported landings by beach seines in Sri Lanka were reported to be 54,410 tonnes in 2004
(FAO 2011). Using the total number of beach seines in 2004 (Anon. 2015), an annual CPUE of 51.72 tonnes
per beach seine was determined. Similarly, the 2004 CPUE for non-mechanized traditional crafts was
estimated to be 4.17 tonnes per craft, per year based on the remaining (non-beach seine) artisanal catch in
2004 divided by the number of traditional crafts obtained from Anon. (2015). The CPUE for each gear was
assumed to remain constant for 2009-2017 and was used to calculate artisanal gear-specific landings. Total
artisanal landings were disaggregated into taxa based on the FAO breakdown of coastal taxa determined to be
caught by artisanal fisheries.
Subsistence fisheries
Total subsistence catches were assumed to remain constant for 2008-2017 based on O’Meara et al. (2011,
2016). The reported landings remaining after accounting for industrial and artisanal reported landings were
assumed caught by subsistence fisheries. These subsistence catches were assumed to have the same taxonomic
composition as the reported artisanal landings. Unreported subsistence catches were determined to be the
difference between total subsistence and reported subsistence catches. The 2008 taxonomic breakdown for
unreported subsistence catches was maintained for 2009-2017.
IUU fisheries
While Illegal, Unreported and Unregulated (IUU) fisheries catches by Sri Lanka in other EEZs were not
estimated in the original reconstruction by O’Meara et al. (2011, 2016) or in this update, IUU fishing continues
to pose a problem for fisheries management in Sri Lanka. From January 2015 to April 2016, the European
Union (EU) banned exports from Sri Lankan fisheries as a result of Sri Lanka’s continued IUU fishing
activities, despite previous warnings and an EU yellow card status issued in 2012 (Nadanasabesan 2015;
Ramakrishnan 2016). To have the ban lifted, Sri Lanka prepared a national plan to combat IUU fishing, and
introduced several rules and regulations to align with international regulations (Ramakrishnan 2016). Sri
Lanka became a party to The Agreement on Port State Measures to Prevent, Deter and Eliminate Illegal,
Unreported and Unregulated Fishing (Anon. 2016). Under this agreement, Sri Lanka will take measures to
support the conservation and management measures adopted by other countries and organizations and to
improve multi-level cooperation to ensure its effective implementation (FAO 2016).
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Despite Sri Lanka’s ban of mechanized bottom trawling in its waters in 2015, an estimated 150 Indian fishers
were arrested for illegally trawling in Sri Lankan waters between January and September 2016 (Srinivasan
2016), and illegal Indian fishing in Sri Lankan waters has been known to occur for a long time (Ansell 2020).
Nadanasabesan (2015) described 2000 Indian trawlers fishing three or more days per week in Sri Lanka’s EEZ
in 2015. Conflicts between Indian trawlers in Sri Lanka and local Sri Lankan fishers have occurred since the
end of Sri Lanka’s civil war, and have added to the pressure of destructive fishing methods such as dynamite
fishing and illegal net usage (Bavinck 2015; Nadanasabesan 2015). IUU fishing by Sri Lankan vessels in the
waters of other countries, such as the British Indian Ocean Territory (Chagos Archipelago) no-take MPA, also
contributes to concerns about the lack of fisheries control in and by Sri Lanka (Graham et al. 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
Sri Lanka has agreed to protect its marine biological diversity through the international 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).
Sri Lanka has 12 MPAs and five marine managed areas. The implemented MPAs occupy 334 km2, which is
very small vis-a-vis an entire EEZ of 531,000 km2 (O’Meara et al. 2016). “The first true MPA in Sri Lanka was
declared in 1961 at Hikkaduwa in the form of a fisheries protected area under the Fisheries Ordinance to halt
indiscriminate fishing. […] [T]he major legislation used in declaring protected areas is the Fauna and Flora
Protection Ordinance (FFPO) of 1993, which is administered by the Department of Wildlife Conservation
(DWC). National parks provide the highest level of protection and do not allow any form of resource
extraction. They also require regulation of access for non-extractive uses, although this is currently not carried
out within marine national parks. Sanctuaries allow open access for non-extractive uses, and limited
subsistence-based resource extraction under permit. […] Most Sri Lankan MPAs have been declared without
adequate consideration of suitable management options or their practicality” (Perera and de Vos 2007).
“Sri Lankan and South Indian fishermen have been using the Palk Bay and Gulf of Mannar waters for a long
period. Nevertheless, after signing the maritime agreements in 1974 and 1976, Indian fishermen encroaching
Sri Lankan waters with the usage of bottom trawlers (banned in Sri Lanka) has been a serious issue (which
worsened since the cessation of the ethnic conflict in 2009). However, in the Fisheries Act (Regulations of
Foreign Fishing Boats) it is not indicated what type of fishing gear, methods and harmful material are
prohibited (with or without any permits), while there is no specific penalty system for usage of banned fishing
gear, materials and methods. Hence there is a requirement to reform the existing laws with proper law
enforcement and regular monitoring of illegal fishing” (Kularatne 2020).
Tourism is growing in Sri Lanka, along with other threats to marine ecosystems. However, community-based
tourism could be used as an instrument for coastal natural resources conservation and be a very important
tool to sustain the cooperation of low-income fishermen involved in turtle conservation (Rathnayake 2016).

Results and Discussion
The results of the reconstruction updates presented above for South Asia and Indian Ocean Islands are
summarized in Figure 1 and are also available on the website of the Sea Around Us (www.seaaroundus.org).
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Figure 1. Catches in the South Asia and Indian Ocean Island region examined here for 1950-2018, by A) EEZ; and B) fishing sector.
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Industrially caught large pelagic species catches are excluded, and are addressed by Coulter et al. (2020).

Not considering the industrial large pelagic fisheries catches that are excluded here (but see Coulter et al.
2020), catches in the Indian mainland dominate the region examined in this chapter (Figure 1A). Overall,
while industrial fisheries dominate total catches, a substantial portion of catches are derived from small-scale
commercial (i.e., artisanal) and non-commercial fisheries (Figure 1B). Much of the small-scale noncommercial fisheries catches are unreported, and recreational fisheries in the area are minimal.
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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 19502010 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 smallscale 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 communitybased 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 20112017 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).
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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 20112017 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 19891996, 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

396

2020 Fisheries Centre Research Reports 28(6)

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 comanagement 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 (BeckerWeinberg 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 openaccess 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/districtlevel 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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