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The adoption of sovereign blue bonds by the Republic of Seychelles, hereafter
referred to as Seychelles, focuses on resource sustainability and illustrates options
for island countries to use their ocean resources for years into the future. The
fishing industry is one of the main pillars of Seychelles’ economy and is of crucial
importance for domestic food- and employment-security. In order to promote long-
term ecological sustainability and economic viability of domestic fisheries, accurate and
long-term baseline information is required. Such baseline data were derived here with a
reconstruction of the Seychelles’ domestic fisheries catches and fishing effort within its
Exclusive Economic Zone (EEZ) from 1950 to 2017, coupled with resulting Catch Per
Unit Effort data (CPUE). The total reconstructed domestic catch was approximately 1.5
times larger than the baseline as reported by the United Nations Food and Agriculture
Organization (FAO) on behalf of Seychelles from 1950 to 2017 after adjustment for
fully domestic catches within the EEZ. Domestic catches (i.e., excluding the large-scale
industrial pelagic catches) increased by over 500% throughout the time period, growing
from 1,900 t·year−1 in the 1950s to around 11,200 t in 2017. The major targeted taxa
were jacks (Carangidae), tuna-like fishes (Scombridae) and snappers (Lutjanidae). Total
fishing effort in the form of fishing capacity grew from 21,500 kWdays in 1950 to over
3.4 million kWdays in 2017. The resultant artisanal CPUE displayed a declining trend
over time, suggesting a potential decline in relative abundance of fish populations within
the Seychelles EEZ or targeted fishing areas.

Keywords: marine capture fisheries, blue bonds, catch reconstruction, catch per unit effort (CPUE), Indian Ocean,
small-island country, small-scale fisheries, food security

INTRODUCTION

The novel blue bonds initiative in the Seychelles has emerged as a threefold strategy to encourage
and support long-term sustainability, economic growth and social equity (WorldBank, 2018b;
Schutter and Hicks, 2019). In 2018, the Seychelles issued the first sovereign blue bond in history
to finance marine resource sustainability and advance the ocean economy, i.e., ocean-based
economic activities (WorldBank, 2018a; Cisneros-Montemayor et al., 2019). The blue economy
concept describes the use of various ocean resources for economic growth (ocean economy), whilst
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implementing environmentally sustainable practices and social
equity (Cisneros-Montemayor et al., 2019). The development of a
blue economy is particularly important to small island countries,
as their societies and economies often face special challenges,
such as limited terrestrial resources and economic opportunities,
small domestic markets, a narrow range of domestic products
and high dependence on imported goods (Briguglio, 1995;
Jennings et al., 1996b; Rustomjee, 2016). Driven by growth in
the tourism sector, the Seychelles became a high-income island
state in 2014 with low absolute poverty levels (WorldBank,
2019). Despite a considerable Gross Domestic Product (GDP) per
capita increase over the last decade, income inequality persists
and poverty remains of national concern (Conceição, 2019;
WorldBank, 2019). The socio-economic and environmental
strategies from the blue bonds could arguably1 contribute to
narrowing inequality gaps in order to advance a fairer and more
inclusive society. Inequality gaps could be addressed through
government incentives such as increases in the minimum wage
or asset building for fishing families, e.g., home ownership
(Powell, 2014).

The Seychelles’ blue bonds complement a broad range of
sustainability initiatives such as marine spatial planning, debt
swap for conservation2, and the World Bank’s Third South West
Indian Ocean Fisheries Governance and Shared Growth Project
(SWIOFish3)3. Fisheries management is a direct focus of the
blue bonds and this initiative raised US$15 million to invest
in the management of fisheries, marine protected areas, and
seafood value expansion, whilst promoting ocean resilience to
rebuild fish stocks (Jackson, 2018). The blue bond initiative is
the first of its kind, as it attempts to address sustainable use
of the marine environment, improve fisheries governance, and
the potential impacts that such conservation measures could
have on the livelihood of Seychellois, such as displacement
from traditional fishing grounds and financial hardship from
temporal closures and license restrictions (IFLR, 2019). To
build truly effective fisheries management systems which ensure
long-term viability and minimize social costs, comprehensive
and historically extensive fisheries baseline data are required
to inform management (Zeller et al., 2006, 2015; Froese et al.,
2017; Palomares et al., 2018). These data will provide a historical
baseline for informed insights and assessments of the status of
underlying marine resources.

Seychellois and their economy are highly dependent on the
Indian Ocean for many marine ecosystem services, including
transportation, nutrition, and tourism (Jennings et al., 1996b;
Mathieu et al., 2003; WorldBank, 2018b). The large-scale
industrial tuna fishing industry is a key contributor to
the Seychelles’ economy, providing ∼17% of the country’s
employment and 68% of the entire export trade (Central

1http://blueeconomyseychelles.org/item/59-economic-inequality-in-a-high-
income-country-can-the-blue-economy-mind-the-gap (accessed on 22/01/2020)
2These debt swap agreements are financial transactions whereby a charitable
conservation trust is established and agrees to repay a portion of a nation’s debt
to creditors. The trust then offers more favorable lending terms to the country and
directs savings on future debt repayments to fund new projects designed to protect
marine life and address effects of climate change
3http://projects.worldbank.org/P155642?lang=en

Intelligence Agency, 2016; WorldBank, 2017). Although these
large-scale, almost exclusively export-oriented tuna fisheries
make a significant revenue contribution to the economy, they
are dominated by foreign fleets and foreign beneficial ownership.
Thus, truly domestic small-scale fisheries remain of paramount
importance for domestic food security, employment, and cultural
heritage in the Seychelles (Robinson et al., 2006). Despite
inequality and the historical presence of poverty malnourishment
is rare in the Seychelles, which illustrates that even those
Seychellois living in poverty have continued access to fish, their
primary source of protein and micronutrients (Carroll, 1991;
Wilson, 1994; Golden et al., 2016; Hicks et al., 2019; WorldBank,
2019). This reaffirms that the food-security provided by the
domestic small-scale artisanal and accompanying take-home
catch as well as “true” subsistence fisheries are an integral health,
livelihood and food security component in these communities
(FAO, 2015; Pauly and Charles, 2015; Pauly and Zeller, 2016a).
With careful consideration, the Seychelles’ blue bond initiative
could provide a unique example for small island countries
and emerging economies on how to improve and enhance a
sustainable and profitable resource relationship (Ghina, 2003),
and could be viewed as a crucial step in the right direction for
fisheries policy and management (Zeller and Pauly, 2019).

Both environmental and social challenges are often created
through the development of the fishing industry, as technological
advancements lead to increased fishing effort, i.e., associated with
economic gains, and a reduction in employment opportunities,
e.g., mechanized longlines which require fewer fishers, leading
to increased social inequality (Kent, 1986; Bailey and Jentoft,
1990; Miyake, 2005; Dunn et al., 2010; Zeller and Pauly, 2019).
In addition, long-term sustainable practices and truly effective
management has been recognized as a global necessity, due
to widespread overfishing in an ultimately limited ecosystem
(Jennings et al., 1996a; Robinson et al., 2004; Pauly, 2006; Payet
and Agricole, 2006; Chang-Seng, 2007; Daw et al., 2012; Khan
and Amelie, 2015; Pauly and Zeller, 2016a,b; Zeller and Pauly,
2019). In the Seychelles, reducing fishing pressure on marine
resources has been of national interest since the 1980s (Wakeford,
2001), when concerns arose due to rapid fleet expansion
and technological development, i.e., larger motorized vessels
primarily focused on the traditional and vulnerable inshore
fishing grounds (Grandcourt, 2002). Among attempts to reduce
the exploitation of coastal resources, the government issued low-
interest loans to encourage the acquisition of larger vessels with
the intention of relocating fishing effort to offshore fishing areas
that were thought to be more lightly exploited (Carroll, 1991).
However, over time such subsidized loans led to an overall
increased fishing pressure in both offshore and inshore regions
and an overall higher fishing effort (Zeller and Pauly, 2019).

In 1984, the Seychelles established the Seychelles Fishing
Authority (SFA), which began collecting data on landed catch,
vessel registration, days fished, gears utilized and catch rates
(SFA, 1988, 1996, 2005, 2006, 2014, 2017). However, despite
intensive and commendable efforts by the SFA to collect and
report commercial fisheries data, a comprehensive long-term and
high-resolution catch and effort analysis that also considers non-
commercial, e.g., subsistence, or discarded catch had not been
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conducted. In addition to collecting and reporting on catch data,
fishing fleet statistics are highly useful for providing insights
into changes in fishing effort and the status of targeted fish
stocks (Davidson et al., 2014). The present study reconstructs
and examines catch and fishing effort data from 1950 to
2017 for domestic marine fisheries within Seychelles’ EEZ
(Figure 1). Fishing effort data and the corresponding CPUE
were reconstructed for artisanal, recreational sportfishing and
industrial fisheries within Seychelles EEZ. The “true” subsistence
sector was not considered here but instead take-home catch
as a component of the artisanal fishery, and therefore “true”
subsistence effort was not presented. The corresponding Catch
Per Unit Effort (CPUE) trends were also evaluated using these
catch and effort time series data. The aim was to provide
a comprehensive historical baseline for each domestic fishing
sector (semi-industrial, artisanal, recreational, and subsistence)
over a historically and ecologically meaningful time period.
The increased focus on marine conservation, sustainability, and
long-term fisheries management by the Seychelles’ government
highlight the importance of comprehensive historical data
baselines for informed decision-making.

METHODS

Total domestic marine fisheries catch for 1950–2017 was derived
for the Seychelles following the reconstruction approach outlined
in Zeller et al. (2016). This catch data reconstruction was
built upon the official catch statistics as reported by the Food
and Agriculture Organization (FAO) of the United Nations on
behalf of the Seychelles, by complementing these official records
with the best available time series estimates of all unreported
fisheries components using secondary data from the peer-
reviewed and gray literature. These secondary data, combined
with conservative assumptions allow a comprehensive catch data
time series to be developed that can help address existing data
gaps (Pauly and Zeller, 2016b). The present study builds on
a previous preliminary reconstruction for the Seychelles from
1950 to 2010 by Le Manach et al. (2015b). With newly available
literature and government reports, the present study introduces
take-home catch estimates since 1950, provides updates to
industrial, artisanal, and recreational catches, and improves the
taxonomic resolution of the catch data.

The SFA, the FAO, and the Indian Ocean Tuna Commission
(IOTC) all report on particular components of Seychelles’
fisheries. Data reported by the FAO are the historically longest
time series of catches starting in 1950, but only represent
reported landings (FAO, 2019a). These data were used as the
reported baseline data to the most recently reported FAO data
year (here 2017). Official landings data presented by the FAO on
behalf of the Seychelles reports catches for both the Eastern (FAO
area 57) and Western Indian Ocean (FAO area 51). As all of the
Seychelles’ EEZ waters are well within the Western Indian Ocean
(Figure 1), the Eastern Indian Ocean landings were assumed
to belong exclusively to large-scale industrial tuna and billfish
vessels (Le Manach et al., 2015b). In addition, these large-scale
industrial vessels, under majority-foreign beneficial ownership,

caught 90% of Seychelles’ Western Indian Ocean landings,
which were primarily tuna and billfishes. These assumed foreign
beneficial ownership tuna and billfish landings from the Eastern
and Western Indian Ocean were harmonized with the FAO and
the IOTC data to avoid double reporting, and treated separately
in a spatially assigned Sea Around Us global catch database
(Zeller et al., 2016; Coulter et al., 2020). These industrial tuna
and billfish data can be accessed via the integrated catch dataset
for the Seychelles at www.seaaroundus.org/data/#/eez/690
and www.seaaroundus.org/data/#/fao/51 and
www.seaaroundus.org/data/#/fao/57. However, due to the
focus on truly domestic, within EEZ fisheries, these catches were
excluded from consideration in the current study, and thus, the
remaining assumed domestic FAO reported data is henceforth
referred to as the “adjusted” FAO reported baseline.

The SFA reports generally consist of three main sectors:
industrial, semi-industrial, and artisanal. The industrial
sector is the large-scale tuna and billfish fisheries with
predominantly foreign beneficial ownership which was treated
independently from this study (Coulter et al., 2020). The
data for the industrial tuna-associated fishery are integrated
and available via www.seaaroundus.org/data/#/eez/690
and www.seaaroundus.org/data/#/fao/51 and
www.seaaroundus.org/data/#/fao/57. The semi-industrial
and artisanal sectors are domestically owned and operated
commercial fleets. The semi-industrial fleet encompasses larger
longline boats that fish offshore waters within the EEZ for
tuna-like taxa. The semi-industrial sector was considered the
“domestic industrial” sector in the present study to align with
the globally applied sectoral assignments of the Sea Around Us
into industrial, artisanal, subsistence and recreational sectors
(Zeller et al., 2016). The artisanal sector represents small-
scale vessels and fishers operating primarily for commercial
purposes in nearshore and inshore waters (Zeller et al., 2016).
This sector differentiation is consistent with the previous
preliminary reconstruction of the Seychelles by Le Manach et al.
(2015b). In addition to commercial fisheries, catches from the
non-commercial sectors (recreational and subsistence), not
or rarely reported on by the SFA, were also reconstructed in
this study. Recreational fisheries were considered exclusively
sportfishing charter boat operations and this may under-
represent catches due to the absence of non-charter recreational
fishers. Subsistence fisheries were considered as take-home
catches by commercial fishers only, which provide personal
and family home consumption (Zeller et al., 2016). Thus, “true”
subsistence fishing by non-commercial fishers was not accessed
here. Both missing non-commercial components require
further study and dedicated data collection and estimation
in the Seychelles. For each fishing sector, the catch data were
subdivided as either reported or unreported, landed (i.e.,
retained) or discarded (dead), and the best available taxonomic
category was assigned. In agreement with SFA (2018), we
conservatively assumed that the small-scale sectors (artisanal,
recreational sportfishing, and take-home subsistence) had no
discards, i.e., all catches were considered landed and retained.
Discards of dead or dying catch by small-scale fisheries operating
in relatively shallow water using predominantly static gears
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FIGURE 1 | The exclusive economic zone (EEZ) of the Republic of Seychelles.

such as traps (and even handlines) are relatively low, even if
unwanted bycatch may exist, albeit with often high survival rates
(Zeller et al., 2018).

Domestic Data
Artisanal
Since 1990, the SFA has reported the number of registered vessels
by vessel type (pirogue, vessels with outboard motors, schooner,
and whaler) and gear (handline, trap, net and miscellaneous).
In order to reconstruct the vessel time series prior to 1985 (the
first year of reported vessel registrations), the ratio of pirogues
by gear type to the total population of the Seychelles was derived
(De Moussac, 1987; Payet, 1996; Le Manach et al., 2015b). The
ratio of pirogue to total population was doubled for 1950, under
the assumption that pirogues were relatively more common in
this period, as they were the only fishing vessel type at the
time, followed by the introduction of whalers in 1958 (Wakeford,
2001), schooners in 1974 (Payet, 1996), and vessels with outboard
motors in 1981 (De Moussac, 1987; Bach and Lablache-Carrara,
1991; Payet, 1996; Wakeford, 2001; Le Manach et al., 2015b).
The pirogue to population ratio was interpolated from the
anchor points in 1950–1985 and multiplied by the population
of Seychelles in each year to estimate the number of pirogue
vessels from 1950 to 1984 (Le Manach et al., 2015b; UNSD, 2018;
National Bureau of Statistics, 2019). The numbers of whalers,
schooners, and vessels with outboard motors were reported from
1985 to 2017, these vessel counts were extrapolated back to their
known year of introduction, 1958, 1974, and 1981, respectively
(De Moussac, 1987; Bach and Lablache-Carrara, 1991; SFA, 1991;

Payet, 1996; Wakeford, 2001; Le Manach et al., 2015b; Assan
and Lucas, 2016). Specific gear ratios were reported in 1990
(SFA, 1991) and 2015 (Assan and Lucas, 2016) for all vessel
types (pirogues, whalers, schooners, and vessels with outboard
motors). All vessel-specific gear ratios were interpolated between
the reported ratios in 1990 and 2015, the given trends in gear
ratios were carried back to the start year of each vessel type
and extrapolated forward to 2017 (SFA, 1991; Assan and Lucas,
2016) to create a complete time series of the artisanal fishing
fleet by vessel and gear type (see Supplementary Table S1)
(De Moussac, 1987; Bach, 1992; Payet, 1996; Wakeford, 2001;
Le Manach et al., 2015b).

Catch rates (kg·person−1
·day−1) of landed catch per vessel

type and gear type were reported for 1990 and 2015 in the
SFA statistical reports (SFA, 1991, 2016). To derive a catch rate
time series, the rates between these years were interpolated and
extrapolated forward to 2017. For each gear type during the early
time period (1950–1989), the specific gear type catch rate from
1990 was conserved back to 1970, and then linearly extrapolated
to a 25% reduction in 1950 (see Supplementary Table S2).

Crew size and numbers of days fished were reported by vessel
type for 1990 and 2015 in SFA fisheries statistical reports (SFA,
1991; Assan and Lucas, 2016). For each vessel type, the crew size,
and days fished were interpolated between reported years (1990
and 2015). For pirogues and outboard motor-powered vessels,
the number of days fished in 1990 was held constant back to
1950 and 1981, respectively, as pirogues were assumed to have
been fishing prior to 1950, and outboard motor-powered vessels
were reported as fishing full time in the year of introduction
(De Moussac, 1987; SFA, 1991; Payet, 1996; Wakeford, 2001).
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For whalers and schooners, the 1990 reported number of days
fished was linearly carried back to an assumed full-time rate
in the year of introduction, 1958 and 1974, respectively (De
Moussac, 1987; SFA, 1991; Bach, 1992; Payet, 1996; Wakeford,
2001). To determine crew sizes for pirogues, whalers, schooners,
and outboard motor-powered vessels, the reported crew size in
1990 was linearly interpolated to the reported 2015 crew size, and
the 1990 reported crew size was held constant back to the year of
known introduction for each vessel type, and the 2015 crew size
was held constant to 2017 (SFA, 1991, 2016; Wakeford, 2001; Le
Manach et al., 2015b.

Finally, for each vessel-gear type, e.g., pirogue-handline, the
annual landed catch was calculated using the associated crew
size, catch rate, and the number of days fished. For every given
year, landed catch for each vessel-gear type was added together
to estimate the total reconstructed annual landed catch for the
artisanal fishery. This follows the procedures also used in the
preliminary reconstruction by Le Manach et al. (2015b).

The adjusted FAO reported baseline (see above for exclusion of
foreign beneficial ownership dominated tuna and billfish catches)
was assumed to represent artisanal catch only, i.e., it was assumed
that non-commercial catches (recreational and subsistence) were
not included in the reported data, and thus, any difference
between the reported and total reconstructed artisanal catch for
any given year was assigned as unreported artisanal landings.

Sportfishing (Recreational)
The recreational fisheries data estimated here were assumed to
be entirely tourism-based sport fishers on charter vessels and
largely started after the airport inauguration in 1970 (Payet,
1996; Le Manach et al., 2015b). Thus, our estimates for the
recreational sector are minimum estimates as they exclude any
potential domestic recreational fisheries undertaken outside of
charter boat operations. The number of charter vessels were
assumed to start in 1970 and were reported by the SFA for the
years 1985–1992 and 1996–2001, and by the IOTC in 2017 (Payet,
1996; SFA, 2005; Pepperell et al., 2017; Assan et al., 2018). These
reported data indicated that the charter fleet increased rapidly
from 7 vessels in 1985 to 38 in 2001 and to 168 vessels in
2017. The number of charter vessels were interpolated between
anchor points for unknown years. A comprehensive report of
charter vessels and landings for 1985–1990 was released by the
SFA (1991); as no other SFA reports specified recreational or
sportfishing catches, the data from SFA (1991) were assumed
unreported to the FAO, and thus were considered here as
unreported catches (Nageon et al., 2014). The 1985–1990 data
points from SFA (1991) were used to estimate catch rates
per charter vessel, as these rates were variable and showed a
declining trend over time they were used as indicators only for
the remaining time period. Due to a lack of information, the
1985 catch per vessel (4.1 t·vessel−1) was held constant back
to 1970 and multiplied by the interpolated number of charter
vessels from 1971 to 1984 to estimate the sportfishing landings
in these years. The 1990 catch per vessel (2.3 t·vessel−1) was held
constant to 2017 and multiplied by the number of reported and
interpolated charter vessels from 1991 to 2017 to estimate the
annual sportfishing landings.

Take-Home Catch (Subsistence)
The subsistence catches as estimated here were considered to
be entirely take-home catch by artisanal fishers only. Thus,
“true” subsistence fishing by non-commercial fishers has yet
to be quantified. In 1994, 7% of households in the Seychelles
were considered to be commercial fisher households (National
Bureau of Statistics, 2012). The percent of fisher households
from 1994 was maintained at 7% back to 1950, due to a lack
of information on the earlier period and as a lower percentage
of fisher households in early periods would be unlikely, due
to the traditional reliance on this resource (Louis-Marie, 1987).
In 2010, 14% of total households in the Seychelles were
reported to be commercial fisher households (National Bureau of
Statistics, 2012). Commercial fisher household percentages were
interpolated between 1994 (7%) and 2010 (14%), and the 2010
percentage was conservatively held constant to 2017 (Le Manach
et al., 2015b; UNSD, 2018; National Bureau of Statistics, 2019).

In 1950, 100% of all commercial fisher households in the
Seychelles were assumed to take some catch home for self- and
family-consumption. In 2010, a household survey reported that
71% of all fisher households engaged in take-home catch (UNSD,
2018). A linear interpolation of the percentage of households
engaging in take-home catch was performed between 1950
(100%) and 2010 (71%), and the trend was carried forward to
2017. The number of total households were reported in 1971,
1977, 1987, 1994, 1997, 2002, and 2010 (National Bureau of
Statistics, 2012, 2017) and were utilized to estimate the average
family size. This trend in family size was extrapolated back to
1950, and forward to 2017. Family size was multiplied by fisher
households engaged in take-home catch to estimate the total
number of people consuming take-home catch.

As there were no independent studies for pre-1990,
the per capita consumption study by Wilson (1994) with
85 kg·person−1

·year−1 was assumed as the take-home
catch consumption for 1950, and this was interpolated to
57 kg·person−1

·year−1 in 2017 as indicated by the WorldBank
(2017) to derive a complete time series. The number of people
assumed to be consuming take-home catch from 1950 to 2017
(based on family size) was multiplied by the consumption rate
time series. Due to the systematic absence of take-home and/or
“true” subsistence catch data from the SFA statistical reports, all
take-home catches were assumed to be unreported.

Semi-Industrial (Domestic Industrial)
The semi-industrial fishery in the Seychelles, here considered
“domestic industrial” in line with the Sea Around Us database
structure (Zeller et al., 2016), started in 1995 and historically
targeted billfish, sharks, and tuna in offshore EEZ waters (SFA,
1991; Kolody et al., 2010; Le Manach et al., 2015b). Due to
the relatively small fleet size (5 active vessels in 2016), all
semi-industrial landings were assumed to be reported by the
SFA (2016) and therefore to the FAO. However, discards were
assumed to be unreported, as these are explicitly excluded from
FAO data requests (FAO, 2019a) but specifically included by the
Sea Around Us (Zeller et al., 2016, 2018). Estimates of discarded
catch were derived as a proportion of the reported landings
from this sector. The discards considered here were based on
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targeted catch damaged by shark and cetacean depredation (Le
Manach et al., 2015b; Rabearisoa et al., 2018). Depredation rates
to targeted tuna/billfish catches ranged from 11 to 30% between
1995 and 2000 (SFA, 1996, 1998, 2002; Le Manach et al., 2015b);
these rates were applied as is and the 2000 rate of 21% was carried
forward to 2017. Any potential discards of non-depredated but
unwanted and unmarketable species were not estimated here but
require further research. Our discards estimates are therefore
likely conservative.

Taxonomic Composition
The taxonomic composition of reported landings (semi-
industrial and artisanal sectors), was based on the adjusted
FAO baseline data, however, the SFA statistical reports from
1990 SFA (1991), 2013 (Assan and Lucas, 2015), and 2015
(SFA, 2005) had more detailed taxonomic information. Utilizing
these detailed SFA reports, the FAO taxonomic categories were
disaggregated further. The FAO taxonomic categories were
disaggregated by linear interpolation between the taxa reported
within each category in 1990 SFA (1991) and an average of the
taxa reported within each category in the 2013 and 2015 SFA
reports (SFA, 1991; Assan and Lucas, 2015, 2016). The taxonomic
disaggregation within FAO categories was conserved (i.e., not
altered) from the SFA anchor points for pre-1990 and post-
2013. A report on sharks by Nevill et al. (2007) had distinct
artisanal and industrial commonly caught shark species, this
disaggregation was held constant for reported “sharks and rays”
for the entire time period due to the lack of earlier studies on
shark composition in the commercial fisheries catch. As the FAO
had limited taxonomic disaggregation in the early time period,
the taxonomic breakdown for “marine fishes nei” was estimated
to be the average reported landings for 1983–2017 by the FAO
(2019b) for the entire time period (Le Manach et al., 2015b).

For the unreported catch component estimated for the
artisanal sector, the interpolated SFA taxonomic breakdown from
1990 to 2015 was applied (SFA, 1991; Nevill et al., 2007; Assan
and Lucas, 2016; SFA, 2016). For 1950–1989 the SFA (1991)
disaggregation from 1990 was held constant, and for 2016–2017
the disaggregation from Assan and Lucas (2016) was carried
forward (see Supplementary Table S3).

The taxonomic composition for the estimated sportfishing
catches was based on the reported sportfishing landings from
1990 (SFA, 1991) and anecdotal4 reports of targeted reef fish
(FAO, 2005; Martín, 2011; Breuil and Grima, 2014; Nageon
et al., 2014; Pepperell et al., 2017). This disaggregation was held
constant for the entire period this fishery was active, i.e., 1971–
2017 (SFA, 1988, 1991). See Supplementary Tables S4 for details.

For the taxonomic composition of the estimated take-home
catch, the combined reported and unreported artisanal landings
composition (see above) was utilized, but adjusted for the
exclusion of high-value taxa, i.e., tunas, lobster, sea cucumber,
and sharks (see Supplementary Table S5). Thus, lower-value
fish were assumed to be the most likely to be used for self- and
family-consumption, with high-valued taxa generally sold. This

4http://www.seychellesnewsagency.com/articles/6076/Seychelles+to+
evaluate+status+of+fish+stock+with+new+tagging+project+in+; https:
//www.charterworld.com/index.html?sub~=~seychelles-fishing-charter

TABLE 1 | Fishing capacity of the artisanal, recreational sportfishing, and
semi-industrial fishing sectors of the Republic of Seychelles.

Length Engine power Days

Sector (m) (kW) fished Motorization

Artisanal 4.5 0.89a 175 No

4.5 9.11 175 Yes

11.3 58.72 175 Yes

Sportfishing 11.3 58.72 104 Yes

20.0 185.72 104 Yes

Semi-industrial 20.0 185.72 175 Yes

Revised from Greer et al. (2019).
aEngine power based on manpower (Greer et al., 2019), adjusted to 2.4 persons
per un-motorized vessel (SFA, 1991).

assumption was supported by the high prevalence of poverty
affecting fisher families (Muller et al., 2016).

Fishing Effort Data
The Seychelles’ total fishing effort for its domestic fleet, i.e.,
excluding the large-scale tuna/billfish fleets with predominantly
foreign beneficial ownership (Coulter et al., 2020), was estimated
following the global fishing effort method described in Greer et al.
(2019) based on the fishing capacity of the artisanal, sportfishing,
and semi-industrial fisheries. Since the take-home catch was
estimated as a component of the artisanal fishery rather than an
independent truly subsistence fishery, a dedicated fishing effort
for the take-home catch was not estimated. The fishing effort
for each sector was calculated based on the number of vessels,
length, motorization (kW), days fished, and type of gear utilized
in individual fleets.

The total number of fishing vessels operating in each fleet
were those used to estimate the landings described above. Vessel
size, motorization, and days fishing data from the Sea Around Us
global fishing effort database were updated with local information
and sources as outlined below (Table 1). Artisanal vessels were
assigned an average length of 4.5 m or 11.3 m, classified as either
unmotorized (i.e., traditional pirogues), or motorized vessels.
Charter (sportfishing) vessels were assigned an average length
of 11.3 or 20.0 m and semi-industrial vessels were 20.0 m, all
motorized (Table 1). Engine power in kW was associated with
the length of motorized vessels and gear used, while unmotorized
vessels were allocated an engine power equivalent based on
manpower conversion equivalent to motorization (Greer et al.,
2019). Commercial (artisanal and semi-industrial) fishers were
assumed to spend 175 days per year fishing, and tourist charter
boats were assumed to be fishing recreationally for 104 days per
year. Final effective fishing effort (kWdays) was estimated for
each individual fishing fleet from 1950 to 2017 by combining the
number of vessels, engine power, and days fished.

Catch per Unit Effort (CPUE)
Estimated Catch Per Unit Effort (CPUE) time series were derived
for the artisanal, recreational sportfishing, and semi-industrial
sectors in an attempt to derive a first-order indicator of likely
relative abundance trends of the underlying fish stocks within
the Seychelles. The CPUE per sector was derived by dividing the
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reconstructed catch time series by the estimated fishing effort
from 1950 to 2017 for each sector, excluding the large-scale
industrial tuna and billfish fleets dominated by foreign beneficial
ownership (Coulter et al., 2020).

Data Uncertainty
Data uncertainty scores in the form of data reliability scores
for the catch data were assigned by fishing sector for four
time periods (1950–1969, 1970–1989, 1990–2009, and 2010–
2017). Uncertainty around, or trust in the data derived here,
both reported and unreported, was estimated following a
scoring approach adopted from the Intergovernmental Panel
on Climate Change (IPCC) as outlined in Zeller et al.
(2016). Uncertainty scores range from 1 to 4, representing
highest uncertainty (±50%) to lowest uncertainty (±10%) (see
Supplementary Table S7).

RESULTS

The reconstructed annual domestic catches, excluding the large-
scale industrial tuna and billfish fleets dominated by foreign
beneficial ownership (Coulter et al., 2020), across all the sectors
considered here increased by more than 500% over the 1950–
2017 time period, from 1,900 t in 1950 to 11,200 t in 2017
(Figure 2). From 1950–1986, the reconstructed catches increased
by approximately 200 t·year−1 to the first time series peak
of 9,200 t in 1986, and then declined until the 2000s, before
increasing again, eventually reaching 11,200 t in 2017. Of the
total reconstructed catch, 38% was deemed unreported, with
the unreported proportion decreasing from nearly 50% of total
catches in 1950 to an average of around 30% in the early 1990s
(Figure 2). Since 1995, the unreported proportion fluctuated
with an average of 38% until 2016, when the adjusted reported
FAO baseline data suddenly declined by 45%, resulting in an
unreported proportion of 63% for 2017.

The artisanal sector dominated the domestic fisheries within
the Seychelles’ EEZ and represented over 90% of total truly
domestic catches since 1950. The artisanal catch exhibited an
increasing trend from 1950 to 1986 when it peaked with an
annual catch of 9,200 t (Figure 2). From 1987 to 2017 the
artisanal catch stabilized with interannual variability at an average
of 7,500 t·year−1.

The recreational sportfishing sector steadily increased since
its commencement in 1971 and represented around 4% of the
entire Seychelles domestic catch in 2017 (Figure 2). Sportfishing
landings increased from around 60 t in the mid-1990s to almost
400 t in 2017. The total sportfishing catch from 1971 to 2017 was
4,900 t, all of which was considered unreported.

The subsistence take-home consumption increased from 200 t
in 1950 to 500 t in 2017 and had an average of 310 t·year−1 across
the entire time period. The total take-home catch from 1950 to
2017 was 21,400 t, all of which was considered unreported.

The semi-industrial sector increased over time, contributing
16% to the total catch in 2017, compared to 5% when it
commenced (Figure 2). It displayed particularly strong growth
in the last two years. The semi-industrial fishery had an average

FIGURE 2 | Total reconstructed domestic catch for Seychelles from 1950 to
2017 within Seychelles’ EEZ by fishing sector. Landings as reported by FAO
on behalf of the Seychelles are represented as the black overlay line. Industrial
large-scale tuna and billfish fisheries are excluded and addressed separately in
the global spatial tuna database (Coulter et al., 2020).

catch of 330 t·year−1 until 2015, however, in 2016 the annual
catch increased fourfold with an average catch of 1,600 t·year−1

for 2016–2017. This fishery produced almost 1,700 t of discards,
i.e., 17% of its landings, over the active time period (1995–2017),
which were all deemed unreported.

Taxonomic Composition
The catch composition across all four sectors comprised over 90
taxa, of which 65 were at the informative species level, accounting
for 53% of the reconstructed catch. This represents 15 taxonomic
categories in the data reported by the FAO on behalf of the
Seychelles. The major family was Carangidae, representing 27%
of the total catch, with the dominant taxa being Carangoides spp.
and Caranx sexfasciatus (Figure 3). The second most important
family was Scombridae, which accounted for 23% of the total
catch, with Rastrelliger kanagurta and Rastrelliger spp. being the
main taxa (Figure 3). Lutjanidae accounted for 16%, with Aprion
virescens and Lutjanus spp. being the most caught taxa. Siganidae
and Lethrinidae each represented 8% of the total catch, and
Serranidae and Sphyraenidae nearly 4% of the total catch each.

For the artisanal and take-home catch, Carangidae,
Scombridae, and Lutjanidae were the main families and
represented over 60% of the total catch (Supplementary Tables
S3, S5). The sportfishing sector primarily targeted Scombridae
(Euthynnus affinis and Thunnus albacares) and Istiophoridae
(Istiophorus platypterus), these taxa combined represented more
than 70% of the targeted sportfishing taxa (see Supplementary
Table S4). The semi-industrial sector primarily targeted
Scombridae with T. albacares and T. obesus which represented
38% of the total catch, followed by Xiphias gladius 37% and
Elasmobranchii 20% (see Supplementary Table S6).

Fishing Effort
The total effective fishing effort, here estimated as annual fishing
capacity, has grown from 21,500 kWdays in 1950 to over 3.4
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FIGURE 3 | Taxonomic composition of reconstructed total catches for
Seychelles for 1950–2017. The category “Others” consists of 82 additional
taxa with minor contributions to the overall catch.

million kWdays in 2017 (Figure 4A). In addition to the gradual
increase in the total number of vessels, from 147 vessels in 1950
to 708 vessels in 2017 (Figure 4B), effective fishing effort has
also increased due to the introduction and growth in vessel
motorization. Artisanal (and take-home component) fishing
effort represented 100% of the total effective effort in 1950 but
declined to 53% in 2017 (Figure 4A). This percent decline was
primarily due to the establishment and rapid growth of the
sportfishing sector and more recently the semi-industrial sector.
The sportfishing sector began in 1971 with an estimated 2,800
kWdays of effort and grew to over 1.1 million kWdays in 2017
(Figure 4A). The semi-industrial sector began in 1995 and by
2017 accounted for 12% of the total effort (Figure 4A).

Catch per Unit Effort (CPUE)
The artisanal CPUE steeply declined from an average of
almost 80 kg·kWdays−1 in the early 1950s to approximately
14 kg·kWdays−1 in the 1970s, followed by a more gradual decline
to an average of 5 kg·kWdays−1 since the 1990s (Figure 5A).
This CPUE decline appeared to be driven by the introduction of
motorization which led to an increase in effective fishing effort.
The sportfishing CPUE displayed a steadily declining trend from
around 0.6 kg·kWdays−1 in 1971 to around 0.3 kg·kWdays−1

by 1990 and has remained constant since (Figure 5B). The
semi-industrial CPUE was approximately 1.6 kg·kWdays−1 from
1995 to 2015 but increased to around 3.7 kg·kWdays−1 by
2016 (Figure 5B).

DISCUSSION

The reconstructed domestic fisheries catches of the Seychelles
for 1950–2017, excluding the large-scale industrial tuna and
billfish fisheries with predominantly foreign beneficial ownership
(Coulter et al., 2020), were more than 1.5 times the adjusted
official statistics as reported by the FAO on behalf of the
Seychelles. Such a difference between reported data and likely
total catches is not unusual and can be seen across many
Indian Ocean small island countries and territories, e.g., catches

FIGURE 4 | Fishing effort for the domestic fisheries in the Seychelles from
1950 to 2017 as (A) effective fishing effort (fishing capacity); and (B) total
number of vessels by sector. Take-home catch was estimated as a
component of the artisanal fishery rather than an independent fishery so the
effort for the take-home catch was not estimated.

for Mauritius, La Reunion and Mayotte were 2.4, 1.6 and 1.4
times the data reported by FAO on behalf of these entities,
respectively (Boistol et al., 2011; Doherty et al., 2015b; Le Manach
et al., 2015a). Non-reporting and under-reporting in small -scale
fisheries, especially for non-commercial sectors, is widespread
globally (Zeller et al., 2015; Smith and Zeller, 2016).

Despite commendable efforts by the SFA to improve catch
statistics by collecting information from different fishing sectors,
non-commercial fisheries (recreational and subsistence) were
consistently not included in the national reports and therefore
not reported to the FAO, despite FAO requesting such data
(Garibaldi, 2012), a situation that unfortunately is common
throughout the globe (Pauly and Zeller, 2016a). The unreported
sectors estimated here (sportfishing and take-home catch)
represent nearly 10% of the entire domestic catch in 2017,
and catches from these sectors have the potential to increase
given the economic opportunities associated with the sportfishery
(Mwebaze and MacLeod, 2013). In this study, recreational
catches were assumed to be sportfishing from the tourism sector
only. The strong reliance of many island countries on the tourism
industry creates not only economic opportunities (Cisneros-
Montemayor and Sumaila, 2010) but also environmental, social,
and economic challenges (Pattullo, 1996; Bhola-Paul, 2015).
In addition to tourism-based sportfishing, it is possible that
the improved socio-economic conditions in recent years may

Frontiers in Marine Science | www.frontiersin.org 8 May 2020 | Volume 7 | Article 269

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-07-00269 May 2, 2020 Time: 21:18 # 9

Christ et al. A Baseline for Seychelles’ Blue Economy

FIGURE 5 | Catch-per-unit-effort (CPUE) for the domestic fisheries in the
Seychelles from 1950 to 2017, for (A) artisanal; and (B) recreational
sportfishing and semi-industrial sector.

have created local recreational fishing interests not addressed
in this study. Such a potential underestimation of catches
for the recreational sector will need examining in future
research. To reduce the amount of catch considered unreported,
previous fisheries management plans which included detailed
monitoring of recreational fisheries should be reactivated
in future management plans and such estimates reported
to FAO, ideally after adjustment for of the presentist bias
(Zeller et al., 2018).

Furthermore, trends in “true” subsistence and take-home
catch could be assessed by regular national surveys with
questions regarding take-home catch and time spent fishing
only for subsistence purposes. These self-consumption fisheries
are especially relevant as they are strongly linked to socio-
economic indicators in small island countries (Kronen et al.,
2010). Given that our estimates of recreational and subsistence
only focused on tourism-based sportfishing and commercial
take-home catch, respectively, makes our estimates conservative
minimum estimates. The total recreational and subsistence
catches are therefore likely larger than 10% of the total catches
and require further detailed study and management focus.

In addition to unreported landings, discarded catch is
also not included in the official catch statistics reported by
the FAO on behalf of countries. While this exclusion is

in line with FAO’s data request (Garibaldi, 2012), it should
be considered problematic in today’s age of ecosystem-based
fisheries management considerations. Depredation of targeted
catch by sharks and toothed whales in the Seychelles’ semi-
industrial longline fishery are amongst the highest (>22%) in
the world (Rabearisoa et al., 2018). The discards estimated
here were a conservative representation (20.5%) of these rates
(Le Manach et al., 2015b).

The artisanal sector dominated the total domestic catch,
representing over 90% of total catches over the entire time
period. Despite the relatively low economic value when compared
to the foreign-owned and operated industrial fishery for high-
value tuna, the artisanal fishery is arguably the most important
fishery component for the Seychelles’ blue bonds initiative
to focus on when developing management strategies. The
artisanal fishery plays a vital role in Seychelles’ domestic food
security and local livelihoods, whilst being less wasteful in
terms of negligible discards and having lower fuel use and
lower CO2 emission intensity (Zeller and Pauly, 2019). In
addition, the linkage between resources and economy suggests
that economic growth measured via market-based GDP alone
(Jerven, 2013), such as from large industrial fisheries does
not reflect the strong dependency on limited natural resources
that massively contribute to local food security and human
well-being (Costanza et al., 1997; Robinson et al., 2004;
Costanza et al., 2014; Zeller and Pauly, 2019; Kalimeris et al.,
2020). Seafood represents the primary source of protein for
Seychellois, resulting in a high rate of marine fish consumption
of 57 kg·person−1

·year−1 (WorldBank, 2017), despite 21%
of household survey respondents reporting an inability to
afford to buy sufficient fish and meat (Muller, 2014; National
Bureau of Statistics, 2016). In addition, fishers represent the
most destitute population sector in the Seychelles, highlighting
the paramount importance of artisanal fishing and associated
livelihood development (Muller et al., 2016). The Seychelles is
highly dependent on foreign imports, e.g., canned meats, and
as a result, is particularly susceptible to inflation and global
market fluctuations, which can also affect the domestic fish
market (Larose, 2003; Philpot et al., 2015). In 2008, the global
financial crises triggered a fivefold increase in the inflation rate
causing a 60% increase in the price of fish; this rise in cost
encouraged ordinary non-fishing locals to engage in fishing
endeavors, intensifying fishing effort (Clifton et al., 2012).

Overall, total domestic catch increased steadily since 1950,
coupled with intensified fishing effort driven by the expansion of
fishing grounds and an increase in fleet size and motorization.
The increasing catch trend has been observed also in other
island entities such as the Comoros (Doherty et al., 2015a),
Maldives (Hemmings et al., 2014), and Fiji (Zylich et al., 2012).
The total artisanal catch showed an increasing trend since
1950 until it peaked in 1986, likely associated with government
incentives to stimulate the artisanal fisheries (government loans),
and modernization of fishing fleets and technology (Wakeford,
2001). Since 2015, the number of outboard motor-powered
vessels increased by 28%, indicating that modernization and
fleet expansion continues. Despite relatively high reporting by
the SFA in previous years, the reporting rate has dropped
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since 2016, resulting in nearly 70% of the total domestic
catch for 2017 likely unreported. The drop in reporting was
exemplified by the disappearance of catches of carangids
(jacks) in the official statistics reported by the FAO on behalf
of the Seychelles, previously one of the most prominent
reported groups. The disappearance of the officially reported
Carangidae family with no disaggregation to carangid species
is unlikely to reflect the disappearance of these taxa from
the fisheries and the disappearance was not conserved in
the estimation of the unreported component. This change
in reporting must be investigated as incorrect trends could
improperly influence new blue bond management strategies. In
addition, national non-tuna SFA data were revealed to be more
taxonomically detailed than the FAO non-tuna data, suggesting
a substantial loss in taxonomic resolution between national
records (SFA) and data reported by the FAO. This crucial
loss of information between national data and FAO records
has been observed in numerous other countries (Pauly and
Zeller, 2016a). As the artisanal fisheries represent the majority
of Seychelles domestic catch, species-specific information is
of high importance when making well- informed policy and
management plans (Mees and Rousseau, 1997; Pauly and Charles,
2015; Robinson et al., 2020).

While catch reconstructions conducted and led by the Sea
Around Us over the last 15+ years for every maritime country
in the world (Pauly and Zeller, 2016a,b) have attracted some
criticisms (e.g., Garibaldi et al., 2014; Chaboud et al., 2015;
Ye et al., 2017), these were either shown to be misguided
(Al-Abdulrazzak and Pauly, 2014; Belhabib et al., 2015), or a
miss-directed pre-occupation with the uncertainty associated
with reconstructed data (Pauly and Zeller, 2017). The overall
uncertainty range for the Seychelles domestic reconstructed catch
data presented here was considered to be up to ± 40%, and
the estimates presented likely underestimate the actual catch
given the conservative assumptions made throughout (Pauly and
Zeller, 2016a, 2017).

Three different patterns in the CPUE by sector were observed
over the entire time period. The artisanal fishery showed a
strong decline in CPUE from almost 80 kg·kWdays−1 in 1950
to nearly 5 kg·kWdays−1 in 2017. The increasing number
of fishing vessels and motorization over time intensified the
pressure on fish stocks, somewhat reflected in the declining
CPUE trend for the artisanal fishery. The relatively flat trend
in sportfishing CPUE from 1971 to 1985 and from 1990 to
2017 reflects the data sources and methods used and thus, this
trend should be interpreted with caution as it may not indicate
the true trend. The semi-industrial long-line fishery displayed
considerable CPUE variability, likely due to the strong fluctuation
in pelagic catch with relatively stable effort. This is not unusual
amongst semi-industrial fisheries due to the high temporal and
spatial variability of pelagic species in the open ocean (Ward and
Hindmarsh, 2007). The increasing fishing effort trends appear to
be strongly influenced by the introduction of outboard motors
in the artisanal fleets in the early 1980s, and the increase in
the number of vessels within the existing fishing fleets. Despite
a slight reduction in effort in relation to the number of boats
since 1991, the CPUE has not shown signs of recovery in the

small-scale fisheries (Figure 5A). The stable low CPUE since
1985 for small-scale sectors could be associated with shifting
the targeted demersal species to those previously less exploited
or an overall demersal stock depletion (Jennings et al., 1995;
SFA, 1996; Nageon and de Lestang, 1998; Spalding and Jarvis,
2002). Since the mid-1980s, fishing effort has steadily increased
while CPUE has declined. The Seychelles management strategy to
attempt and encourage to re-distribute fishing effort to offshore
grounds via financial incentives have done little to halt CPUE
declines (Wakeford, 2001), suggesting at least potential failure
of this policy, as has been shown globally (Swartz et al., 2010;
Zeller and Pauly, 2019).

Given Seychelles’ unique opportunity of blue bonds, the
accurate assessment of the health of fish populations for
fisheries management is critical. Strong monitoring and accurate
reporting of all fisheries sectors, including non-commercial
sectors, i.e., subsistence and recreational, is crucial to provide
accurate data for underlying fisheries stock assessments to
ensure long-term resource sustainability and consequently
food security. Species and/or stock-specific monitoring
and stock assessments are of the utmost importance for
effective management plans for sustainable fisheries. While
traditional stock assessments are technically challenging
and financially problematic for most developing countries
and small island entities due to the need for expensive
secondary data, novel and easily applicable data-limited
stock assessment methods with low data requirements are
now readily available. Adopting these well-established data-
limited assessment methods will allow valuable insights
into stocks with less exhaustive sampling, allowing for
fisheries management to promote local sustainable practices
(Froese et al., 2017, 2018, 2019).

The opportunity of the blue bonds strategy brings financial
funds that enable further research to promote informed decisions
regarding fisheries management, but also the design and
establishment of other management, livelihood, and conservation
strategies, such as marine protected areas, or non-extractive
tourism opportunities, could result in improvements for the
economy and environment. With such implementation of novel
initiatives, the Seychelles fisheries would benefit from refinement
and increased frequency of current data collection systems, such
as household surveys in addition to annual fisheries reports
(Zeller et al., 2015). Given the historical value of the small-
scale fisheries as demonstrated here, all small-scale sectors
should be highlighted in the blue economy roadmap of the
Seychelles along with future research and strong regulations
(Secretariat Commonwealth, 2018; Techera, 2019). Small-scale
fisheries management could alleviate some significant social
inequality and resource overexploitation challenges, and improve
the overall quality of life for many Seychellois.
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