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For many small island nations, fisheries provide residents with both food security and

economic stability. However, in order to create effective and sustainable fisheries policies

and management that will ensure a growing population can prosper, policy makers need

to know what is being fished and how much is fished. Vanuatu, the smallest country in

Melanesia, has a declared and claimed Exclusive Economic Zone (EEZ) of over 820,000

km2 and fisheries resources play a large part in the food security and economic stability

of this country. This reconstruction of the total marine fisheries catch of Vanuatu for

1950–2014 faced major data gaps. It showed that the reconstructed total catches of

nearly 1.4 million tonnes (metric tons) 40% higher than the 977,997 tonnes reported by

the Food and Agriculture Organization (FAO) on behalf of Vanuatu for the same period.

However, if large-scale industrial catches are excluded, the reconstructed small-scale

fisheries catches (∼270,000 tonnes) were over 200% higher than the 114,862 tonnes

of reported catch that were assumed to represent the small-scale sector in FAO data.

Subsistence catches made up almost 93% of small-scale catches, followed by artisanal

and recreational catches with ∼7 and <1%, respectively. By continuously improving the

fisheries data of Vanuatu for both the past and the present, policy makers, stakeholders,

and fishers can make better decisions that will maintain the benefits of marine fishery

resources.

Keywords: unreported catches, small-scale fisheries, artisanal fisheries, subsistence fisheries, Vanuatu

INTRODUCTION

Vanuatu (former New Hebrides) is a Pacific island country consisting of 117 islands (73
permanently inhabited) located between 13◦04′−20◦15′S and 166◦32′−170◦14′E (Seto et al., 2017;
Figure 1). The country became independent in 1980 from the French-British condominium
established in 1906. Vanuatu’s land extends over 12,000 km2, which makes it the smallest country
in Melanesia. Vanuatu’s Exclusive Economic Zone (EEZ) was declared in 1982 and covers over
820,000 km2, including the area disputed with New Caledonia (Figure 1). In line with standard
Sea Around Us procedures (Zeller et al., 2016), any catches by Vanuatu fishers within the disputed
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FIGURE 1 | Exclusive Economic Zone (EEZ) and shelf waters to 200m depth

of Vanuatu. Source: Sea Around Us (http://www.seaaroundus.org/).

EEZ area was here deemed to be part of Vanuatu catches, while
any French/New Caledonian catches in this area forms part of
New Caledonia’s reconstruction (Harper et al., 2009). Since the
EEZ makes up almost 99% of the total land and maritime area
of Vanuatu, it only makes sense that according to the Vanuatu
2010 house hold income and expenditure survey (HIES) more
than three quarters of the adult population is involved in at least
one form of fishing (Pauly and Zeller, 2017). The marine fisheries
of Vanuatu were previously described, and a preliminary catch
reconstruction undertaken by Zylich et al. (2014) for the years
1950–2010, based on limited online reports. Here, the description
of the fisheries of Vanuatu is based on themore extensive data sets
available locally to the authors, and covers a period of 64 years
from 1950 to 2014.

Marine fisheries in Vanuatu’s waters include both large-scale
(industrial) and small-scale sectors. The offshore large-scale
sector targets tuna and tuna-like species, including by-catch
species within the EEZ. This industrial sector started in 1957
with the establishment of the South Pacific Fishing Company
Limited (SPFC) in Palekula on Santo Island. It was dominated by
longliners although some pole-and-line vessels and purse seiners
sporadically fished in the area in the 1970s and 2000s, respectively
(Nunoo et al., 2014; Pauly et al., in press). The fishery was mainly

operated by foreign vessels from Japan, Korea, Taiwan, China,
and Fiji under joint-venture or bilateral fishing agreements. The
Chinese fleet has been dominant in Vanuatu’s EEZ since the 2000s
both in terms of vessel numbers and capacity, followed by Taiwan
and Fiji, while the domestic fleet has slowly expanded since the
mid-1990s.

The coastal small-scale sector is composed of two sub-sectors,
(i) the deep-bottom, and (ii) the shallow water fisheries. On the
one hand, the deep-bottom fisheries developed in Vanuatu in
1980 as part of an ambitious, foreign-aided fishing development
program (VFDP, Village Fisheries Development Program). This
program aimed at targeting previously unexploited resources of
snappers and groupers that inhabit deeper waters (100–450 m)
using drop lines and bottom longlines. This program initiated
commercial fishing activities in the country, and supplies local
urban markets on Santo and Efate islands. On the other hand,
the shallow water fisheries include small-scale export and non-
export fisheries. Export fisheries mainly target valuable coral
reef invertebrate resources, namely trochus (Tectus niloticus),
green snail (Turbo marmoratus), and sea cucumbers (∼20 species
belonging to Holothuriidae and Stichopodidae), for commercial
purpose. There are also anecdotal reports of export of lobster
and deep-bottom fish, however in this report we only considered
trochus, green snail, and sea cucumbers to be exported. Non-
export fisheries are dominated by subsistence and artisanal
fishing activities of rural households that target reef finfish and
invertebrate species for local consumption and sale. Recreational
coastal and big-game fishing charters are limited to a few
boats operating from Luganville and Port-Vila urban areas.
Recreational catches (although unreported) were not estimated
here due to their very low anticipated level relative to the other
fisheries that target the same species in Vanuatu’s waters.

MATERIALS AND METHODS

The total marine fisheries catches for Vanuatu’s waters were
estimated for the offshore large-scale and coastal small-scale
sectors separately.

Offshore Large-Scale Sector
Catch records in Vanuatu waters were provided in Jacquet
(2016) and Grandperrin and Brouard (1983) for 1957–1981.
No large-scale, industrial fishing is thought to have occurred
in this area prior to 1957. Annual catches from 1982 to 1999
were reported in Vanuatu Fisheries Department (VFD) national
reports (Amos, 2007). As an approximation, linear interpolation
was performed for filling data gaps in 1991–1992 because we
did not find evidence of noticeable and short-lasting change in
fishing operations at that period in available reports. Records of
theWestern and Central Pacific Fisheries Commission (WCPFC)
were used as estimates of the annual catches in the Vanuatu
EEZ since 2000 as reported in VFD national reports to the
WCPFC (VFD, 2009, 2015; Nunoo et al., 2014). The reports cover
the fishing activities in the Vanuatu EEZ and operations of the
Vanuatu flag vessels that were active in the WCPFC and other
regional fisheries management organization (RFMO) areas. They
mainly focus on the fleet structure, annual catch estimates and
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catch/effort distributions. These data were originally collected
and supplied in logbooks and extrapolated based on logbook
coverage rates with the assistance of the Secretariat of the Pacific
Community. Although discarded catch associated with the large-
scale tuna and billfish fisheries in Vanuatu waters likely occurred
as in other ocean basins, such data were not included here.

The taxonomic composition of catches was provided by Naviti
(2005); Amos (2007) and VFD (2009, 2014, 2015) for 1980–2014
for the three main commercial species: albacore tuna (Thunnus
alalunga), yellowfin tuna (Thunnus albacares), and bigeye tuna
(Thunnus obesus). The bycatch of billfish species (Istiophoridae
and Xiphiidae) was also provided in the above sources. As an
approximation for earlier years (1958–1979), the average catch
composition for 1980–1986 was used for the 1958–1979 period.
This was supported by Jacquet (2016), who mentioned that
average albacore catch represented about 70% of total annual
catches in the pre-1982 period.

Shark catches were estimated separately from bycatch species
because exports of dried shark fins were high when the SPFC
operated in Vanuatu, but thereafter decreased substantially. We
therefore assumed that they have been low since 1987 although
there is no record that supports that hypothesis. Export records
of dried shark fins were provided by Amos (2007) for 1980–
1986 and averaged 0.26% (range: 0.1–0.4%) of tuna and billfish
landings. As an approximation, this ratio was used to estimate
dried fin exports for 1958–1979 based on reported tuna and
billfish landings given that the nature of fishing operations
within the large-scale sector was broadly similar over that period.
The derived tonnages of dried fins were multiplied by 77.5 to
estimate corresponding wet weight shark catches using the mean
conversion rates from wet to dry fin mass (43%) and from round
mass to wet fin mass (3%) provided by Biery and Pauly (2012).

Although the coastal small-scale sector also occasionally
targets the same species as the offshore sector, available data
(e.g., Amos, 2007) suggested that its contribution to total tuna
catch and associated bycatch in Vanuatu’s waters has been very
small (i.e.,∼0.1%,<10 tonnes/year). Consequently, these catches
of the small-scale sector were not included in our tuna catch
reconstruction.

Coastal Small-Scale Sector
Although Vanuatu’s public institutions attach great importance
to the development of subsistence and commercial (artisanal)
small-scale fisheries, they present great difficulties for the
collection of catch information (Gillett, 2010). For the purpose
of this study, the coastal small-scale sector was structured into
two sub-sectors, i.e., deep and shallow water fisheries. The latter
sub-sector was further separated into export and non-export
fisheries.

Deep-Bottom Fisheries
The deep-bottom fishery has been monitored by the VFD and
foreign research agencies (e.g., Institut de Recherche pour le
Développement, IRD, France, formerly known as ORSTOM)
since its early stage of development. Deep-bottom catches were
therefore estimated using commercial landing statistics available
in Schaan et al. (1987) for 1982, David and Cillaurren (1988) for

1983–1987, Amos (2007) for 1988–1999, and the VFD database
for 2000–2014. Since available reports and literature did not
provide evidence of discards in this fishery, we assumed that it
created very little if any discarded catch. To account for missing
statistics for some provinces of Vanuatu for 1993–1995 and 1999,
we calculated the average catch from the years with catch data for
an individual province to estimate themissing annual production
for that province. This was repeated for each province and then
all provinces summed to get an approximation of the estimated
total annual catch for all provinces combined. Furthermore,
deep-bottom catches have not been comprehensively recorded
by the VFD throughout the country since 2000. Although a data
collection system was put in place by the VFD using duty-free
fuel as an incentive for fishers to submit catch data, not all fishers
involved in this fishery have participated. Based on local evidence
of deep-bottom fishing activities, we therefore used the annual
records in 1999 as a rough and uncertain approximation of the
annual production for the 2001–2014 period.

The taxonomic composition of deep-bottom catches was
reliably monitored during the 1980–1991 period (Brouard and
Grandperrin, 1984; Cillaurren et al., 2001). For the 1982–
1984 period, taxonomic information was also available from
Schaan et al. (1987). The fishery mainly targeted 11 species of
snappers (family Lutjanidae) and groupers (Serranidae), which
contributed 70–95% of annual deep-bottom catch. Ninety-six
other species belonging to 29 families were identified in the
bycatch of this multispecies fishery, including sharks (Brouard
and Grandperrin, 1984; Table 1). The same species breakdown
as that of the 1980–1991 period was used for the 1992–2014
period to roughly approximate the taxonomic composition of
more recent catches, although no taxonomic survey was available
to support that assumption (Table 2).

Shallow Water Export Fisheries
We used export statistics as a reliable proxy for the annual catches
of exported invertebrate species, and treated these catches as
artisanal in nature (i.e., small-scale, commercial). Sea cucumbers
are not consumed in Vanuatu, while trochus and green snail
shells are sold for export although their flesh is consumed locally.

Export records for trochus were available from Devambez
(1959, 1960) for 1950–1960, from Brouard and Grandperrin
(1984) for 1969–1982 and from the VFD for 1983–2012. Linear
interpolation was performed for filling the data gaps (1961–
1968, 1983–1984, and 1999–2000) as an approximation although
available records suggested that annual exports occasionally
highly varied between consecutive years (e.g., in the 1970s). We
used the reported catch in 2012 as a rough estimate of the annual
catch in 2013 and 2014. The trochus shell export tonnages were
converted to whole, wet weight of trochus using a conversion
factor of 1.51, assuming that each ton of trochus shell represents
49% of raw trochus (Teh et al., 2014).

Reliable sea cucumber export data were available from the
VFD for 1983–2014. Sporadic exports may have occurred
between 1950 and 1983 as the fishery started in the region in
the nineteenth century, although no records are available. Since
sea cucumbers were processed, dried and reported as bêche-de-
mer without species reference, we used a multispecies conversion
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TABLE 1 | List of bycatch species of the coastal deep-bottom fisheries in Vanuatu.

Taxon Number of species

BONY FISHES

Etilidae 14

Lutjanidae 17

Serranidae 20

Lethrinidae 8

Carangidae 6

Pentapodidae 5

Labridae 1

Emmelichthyidae 1

Sphyraenidae 5

Holocentridae 2

Priacanthidae 2

Branchiostegidae 1

Triglidae 1

Gempylidae 3

Scombridae 1

Plymixiidae 1

Bramidae 1

Triodontidae 1

Chimaeridae 1

Echeneidae 1

Congridae 1

SHARKS

Carcharhinidae 8

Triakidae 1

Alopiidae 1

Spinacidae 1

Hexanchidae 2

Lamnidae 1

Squalidae 1

Total 108

Source: Brouard and Grandperrin (1984).

factor, i.e., dried weight = 7% wet weight to estimate the wet
weight of the corresponding exports of bêche-de-mer.

Data on green snail exports were available from Van Pel
(1956) for 1950–1956, from Brouard and Grandperrin (1984) for
1969–1980 and from Amos (2007) for 1986–2004. The fishery
was effectively closed in 2005 for 15 years. Linear interpolation
was performed for years without data (1956–1968 and 1981–
1985) as a rough approximation although there was no fishery
information to support that assumption. Green snail export
tonnages were converted to whole, wet weight of green snails
using the same conversion rate as used for trochus shells.

Shallow Water Non-export Fisheries
Shallow water catches that were not destined for export were
estimated using the results of the large-scale socioeconomic
survey conducted in 1983–1984 (David, 1991). To date, this study
has been the only country-wide survey of shallow water fisheries
in Vanuatu. These fisheries target coral reef and coastal pelagic

TABLE 2 | Estimated taxonomic breakdown of the finfish catches of the

deep-bottom fisheries in Vanuatu, 1950–2014.

Taxon Catch composition (proportional by weight)

1982a 1983b 1984b 1985b 1986b 1987-2014c

LUTJANIDAE

Aphareus rutilans 0.011 0.000 0.016 0.014 0.015 0.021

Etelis carbunculus 0.200 0.308 0.115 0.189 0.189 0.294

Etelis coruscans 0.110 0.095 0.091 0.145 0.110 0.167

Etelis radiosus 0.029 0.023 0.039 0.027 0.028 0.028

Lutjanus malabaricus 0.061 0.051 0.091 0.062 0.039 0.080

Pristimoides filamentosus 0.044 0.012 0.070 0.031 0.064 0.055

Pristimoides flavipinnis 0.053 0.058 0.053 0.046 0.053 0.064

Pristimoides multidens 0.145 0.129 0.178 0.130 0.143 0.156

SERRANIDAE

Epinephelus magniscuttis 0.022 0.010 0.022 0.032 0.023 0.023

Epinephelus morrhua 0.021 0.019 0.022 0.021 0.021 0.019

Epinephelus septemfasciatus 0.018 0.009 0.016 0.017 0.030 0.047

Sub-total (11 species) 0.713 0.713 0.713 0.713 0.713 0.952

Others 0.287 0.287 0.287 0.287 0.287 0.048

aAverage of 1983–1986 rates.
bSchaan et al. (1987).
cCillaurren et al. (2001).

resources over fishing grounds to ∼100m depth. Resources
consist of a very large diversity of species of finfish (i.e., over
370 species from 32 families) and over 60 species of mollusks,
echinoderms and crustaceans (Van Pel, 1956; Cillaurren et al.,
2001; Amos, 2007; Friedman et al., 2008; Poupin and Juncker,
2010; Beckensteiner, 2011; Jimenez et al., 2011). We assumed
that shallow water non-export fisheries created very little if any
discarded catch.

The annual average catch per rural fishing household in
Vanuatu in 1984 was estimated by David (1991) by dividing
the annual catches of shallow water fisheries by the number
of rural households engaged in fishing in 1984, and included
the associated 95% confidence interval of this estimate. As an
approximation, we assumed that this level of catch has been
steady for the entire study period, although the technological,
economic, and urban development has affected fish production
and effective reporting over the last 60+ years. Indeed, our
assumption is supported by the fact that any potential change
in annual household catch has likely been (at least partially)
mitigated by three factors. Firstly, the last agricultural census
(VNSO, 2007) provided evidence that subsistence fishing still
dominates coastal fishing activities in Vanuatu and that the
overall proportion of rural fishing household engaged in
commercial activities has not increased since the 1980s (i.e.,
around 30%). This survey suggested that households go fishing
primarily for self-consumption and occasional sale, resulting in
only slight changes of household needs for marine products
since the 1980s, as confirmed also by Johannes and Hickey
(2004) and Léopold et al. (2013). Secondly, the shallow water
fisheries production was proportional to fishing effort (in number
of fishing trips) across 11 island groups in 1984 (David, 1991;
Figure 2). This linear relationship suggests that shallow water
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FIGURE 2 | Regression (y = 0.008x, R2 = 0.927) of estimated total annual

catch and fishing effort of the shallow water fisheries not destined for export in

11 island groups in Vanuatu in 1984. Conservative 95% confidence intervals

are represented. The taxonomic composition of the catch includes finfish,

mollusks and lobsters. Derived from data from David (1991). (1) Paama Island;

(2) Ambrym Island; (3) Ambae & Maewo Island; (4) Sheperds Island; (5)

Pentecost Island; (6) Epi Island; (7) Sanma Province; (8) Torba Province; (9)

Tafeo Province; (10) Efate Island; (11) Malekula Island.

resources were not overexploited at the country scale at that time,
and consequently that production could likely be increased by
increasing fishing effort, conditionally to the spatial allocation of
that additional fishing pressure. Thirdly, although the increasing
use of more effective gears (i.e., gillnets, waterproof torches
for night spear fishing) may have had a positive influence on
individual fishing yields, the increasing total fishing pressure due
to human population growth in coastal villages may have, at least
partially counterbalanced this effect.

The annual average catch per rural fishing household was
derived from David (1991) separately for fish, shellfish, lobsters,
and octopus. The total annual catch of each taxonomic group
was then inferred from the average annual household catch
of this species group and the total number of rural fishing
households each year between 1950 and 2014. The latter was
estimated by multiplying the total number of rural households
by the percentage of these households that was engaged in
fishing. The number of rural households in Vanuatu was obtained
from national population census in 1967, 1979, 1989, 1999,
and 2009 (VNSO, 2009). Household data for years between
census years were linearly interpolated. We used the World
Bank’s model of Vanuatu rural population (http://donnees.
banquemondiale.org/) and average household size over the 1967–
1979 period to estimate the number of annual rural households
for 1950–1966. The percentage of rural households engaged
in fishing was available from David (1991) for 1979 and
1984, and from VNSO (2007) for 1992 and 2007. Percentage
data for years without surveys were linearly interpolated. As
an approximation the average percentage of rural households
engaged in fishing between 1979 and 1984 was used as an
estimate of the annual rate for each year between 1950 and
1978.

The total annual catch of each taxonomic group was
further broken down into family-level taxa. A conservative
percentage range was used in the family breakdown of each

group to account for the very large number of target species
(particularly for fish), important data gaps, and inherent
strong inter-annual variability of small-scale fishing activities
(Table 3).

RESULTS

Offshore Large-Scale Sector
The offshore large-scale sector displayed two main periods
that highlighted an up-and-down developing trend (Figure 3).
During the first phase (1957–1986), all offshore catches by the
SPFC and foreign vessels were landed at Palekula transshipment
base on Esperitu Santo Island. Total catches ranged between
1,600 and 15,600 tonnes/year. These facilities were closed in 1986
as the SPFC ceased its activities following the drop of fishing
yields and the establishment of the EEZ. During the second
phase (1987–2013) most of the catch was directly delivered
to Fijian, Papua New Guinean and American Samoan ports.
Total catches ranged between 1,500 and 13,800 tonnes/year
(Figure 3). The fishery was characterized by an expansion of
fishing effort until 2006 but then decreased until 2014 due to
the relocation of the foreign fleets to the Solomon Islands in
particular.

The estimated catch composition has been dominated by
albacore tuna (52–94%), yellowfin tuna (3–31%), and bigeye
tuna (1–14%) for the entire period (Figure 3). Other important
tuna and billfish species caught in the Vanuatu EEZ are
skipjack (Katsuwonus pelamis), black marlin (Makaira indica),
blue marlin (Makaira nigricans), striped marlin (Tetrapturus
audax), and swordfish (Xiphias gladius). The main shark
species caught as bycatch include blue shark (Prionace glauca),
silky shark (Carcharhinus falciformis), oceanic whitetip shark
(Carcharhinus longimanus), and mako shark (Isurus spp.).
Catches of other shark species and other finfish species (e.g.,
dolphinfish Coryphaena hippurus) have not been explicitly
recorded, although they have been sporadically reported by
onboard observers from the VFD since 2009.

Coastal Small-Scale Sector
Deep-Bottom Fishery
Catches of the deep-bottom fishery increased rapidly after its start
in 1980, peaked at 130 tonnes in 1986, which was followed by
a highly variable catches of between 50 and 100 tonnes/year on
a generally declining trend until the late 1990s (Figure 4). More
recently, catches are thought to have been much lower at around
27–30 tonnes/year (Figure 4).

Shallow Water Export Fisheries
Export catches of trochus, sea cucumber and green snail initially
displayed an overall increasing trend since 1970 with a peak in
total catches of these three taxa in 1992 (Figure 5). However, after
1992, catches began to decline. Specifically, the sea cucumber
fisheries followed a typical boom-and-bust cycle and collapsed in
the early 2000s. The green snail fisheries collapsed in the mid-
1990s after decades of exploitation. Exports of trochus shells have
declined to levels of around a quarter of those in previous decades
(Figure 5).
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TABLE 3 | Derived taxonomic composition of the finfish, lobster, octopus, and

shellfish catches for the shallow water fisheries in Vanuatu, 1950–2014.

Target

group

Familya Number of

species

Estimated catch

composition (% weight)

Minimum Maximum Average

Finfishb 372

Main

targets

Acanthuridae 28 1.0 10 5.0

Balistidae 10 3.0 10 5.0

Belonidae 2 3.0 10 5.0

Carangidae 13 3.0 10 5.0

Haemulidae 7 3.0 10 5.0

Hemiramphidae 1 3.0 10 5.0

Holocentridae 21 3.0 10 5.0

Kyphosidae 1 3.0 10 5.0

Labridae 81 3.0 10 5.0

Lethrinidae 10 3.0 10 5.0

Lutjanidae 19 3.0 10 5.0

Mugilidae 5 3.0 10 5.0

Mullidae 11 3.0 10 5.0

Scaridae 21 3.0 10 5.0

Serranidae 49 3.0 10 5.0

Siganidae 6 3.0 10 5.0

Sphyraenidae 2 3.0 10 5.0

Secondary

targets

Albulidae 2 0.1 3 1.0

Atherinidae 2 0.1 3 1.0

Carcharhinidae 5 0.1 3 1.0

Chaetodontidae 31 0.1 3 1.0

Chanidae 1 0.1 3 1.0

Clupeidae 3 0.1 3 1.0

Dasyatidae 3 0.1 3 1.0

Diodontidae 2 0.1 3 1.0

Ephipiddae 2 0.1 3 1.0

Gerreidae 2 0.1 3 1.0

Nemipteridae 5 0.1 3 1.0

Ostraciidae 4 0.1 3 1.0

Pomacanthidae 18 0.1 3 1.0

Priacanthidae 4 0.1 3 1.0

Scombridae 2 0.1 3 1.0

Lobsterc 7

Palinuridae 5 80.0 99 90.0

Scyllaridae 2 1.0 20 10.0

Octopusd 1

Octopodidae 1 100.0 100 100.0

Shellfishd 43

Bivalves Arcidae 1 0.1 10 5.3

Cardiidae 4 0.1 10 5.3

Mytilidae 1 0.1 10 5.3

Ostreidae 2 0.1 10 5.3

Pterridae 1 0.1 10 5.3

Spondylidae 2 0.1 10 5.3

(Continued)

TABLE 3 | Continued

Target

group

Familya Number of

species

Estimated catch

composition (% weight)

Minimum Maximum Average

Tellinidae 2 0.1 10 5.3

Veneridae 5 0.1 10 5.3

Gastropods Fasciolariidae 2 0.1 10 5.3

Muricidae 2 0.1 10 5.3

Naticidae 2 0.1 10 5.3

Neritidae 4 0.1 10 5.3

Patellidae 1 0.1 10 5.3

Planaxidae 1 0.1 10 5.3

Strombidae 5 0.1 10 5.3

Tegulidae 2 0.1 10 5.3

Terebridae 1 0.1 10 5.3

Turbinidae 4 0.1 10 5.3

Vermetidae 1 0.1 10 5.3

aTarget families from Amos (2007), Friedman et al. (2008) and Beckensteiner (2011).
bFricke et al. (2011) and Kulbicki et al. (2011).
cPoupin and Juncker (2010).
dFriedman et al. (2008).

Shallow Water Non-export Fisheries
Our reconstruction suggested that shallow water catches for
household and local use (i.e., subsistence and local artisanal
catches) have followed an increasing trend over time throughout
the country, which is entirely driven by the growth in and
distribution of the rural human population in coastal villages
(Figure 6). Total estimated catches increased by 480% from 1,400
tonnes in 1950 to 6,700 tonnes in 2014, resulting in an increase
in area catch rate from 3.2 to 15 tonnes/km2. In 2014, estimated
shallow catches reached 3,100 ± 1,300 tonnes of finfish, 2,100 ±
260 tonnes of shellfish, 1,300± 300 tonnes of lobsters and 150±
25 tonnes of octopus (Figure 6). Overall finfish represented 46%
of total reconstructed shallow water catches followed by shellfish
(32%), lobsters (20%), and octopus (2%).

Total Catch
Combining the reconstructed catches from the individual
components detailed above, suggests a total reconstructed catch
over the 1950–2014 time period of nearly 1.4 million tonnes. This
contrasts with reported catches of 977,997 tonnes over the same
time period. Thus, reconstructed total catches were over 40%
higher than reported data would suggest. This positive difference
was attributed to large-scale industrial catches (+ 230,000 tonnes,
+ 100%) and small-scale fisheries catches (+150,000 tonnes, +
200%), respectively.

DISCUSSION

Overall, the catch reconstruction for Vanuatu suggests that the
development of fishing sectors initiated 35 years ago at the
time of independence of Vanuatu has not been an unmitigated
success. The deep-bottom and offshore fisheries remain under-
exploited or dominated by foreign fleets, respectively. Thus,

Frontiers in Marine Science | www.frontiersin.org 6 October 2017 | Volume 4 | Article 306

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


Léopold et al. Republic of Vanuatu Catch Reconstruction, 1950–2014

FIGURE 3 | Total reconstructed offshore large-scale catches as derived here for Vanuatu waters, 1950–2014 by major taxonomic group. Others includes bycatch

species such as, marlins.

FIGURE 4 | Total reconstructed deep-bottom catches (included bycatch) in Vanuatu waters, 1950–2014.

neither fishery contributes as strongly as expected to the country’s
economy (David, 2014). In recent years, the non-export fisheries,
and the coral reef fisheries in particular have likely contributed
the most to the domestic fishing sector, which is the main
livelihood and food security contributor of all the fisheries in
Vanuatu.

Large-Scale Fisheries
The reconstruction of the offshore catches for tuna and billfishes
(and sharks) exhibited differences with FAO fisheries statistics.
In total the reconstructed large-scale industrial catches (over
1.1 million tonnes) were 127% higher than the 865,000 tonnes
reported by the FAO on behalf of Vanuatu for the same
period. Difference in annual estimates ranged between 0 and

17,000 tonnes (3,600 tonnes on average). This is due to
the fact that FAO fisheries statistics consider the catch of
all Vanuatu-flagged fishing vessels as catch of Vanuatu, with
no consideration given to the spatial location (e.g., EEZ) of
catches beyond the extremely broad FAO statistical areas. This
flag-state-only focus has two implications. First, the catches
that occurred during the first phase of the development of the
industry in the waters surrounding Vanuatu (and the former
New-Hebrides) have not been reported in FAO statistics for
Vanuatu, as they were taken by foreign flagged vessels. Second,
some of the Vanuatu-flagged vessels (i.e., purse seiner and
pole-and line vessels) whose catches exceeded those of the
longliners have not operated in the Vanuatu EEZ since the 1990s.
More insidious, the Vanuatu International Shipping Registry
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FIGURE 5 | Total reconstructed shallow water catches for export (i.e., artisanal) in Vanuatu, 1950–2014 by major taxonomic groups (all whole, wet weight).

FIGURE 6 | Total reconstructed shallow water catches not for export (i.e., subsistence and local artisanal) in Vanuatu, 1950–2014 by major taxonomic groups. 95%

confidence intervals of estimates are represented.

allows foreign fishing companies to register as Vanuatu-flagged
vessels under contract. The result is that Vanuatu is a Flag of
Convenience country, which creates substantial problems for
proper accounting and global data transparency of fisheries
catches. This leads also to considerable misrepresentation of the
contribution of fisheries to the food security and livelihood,
as well as economic benefits for Vanuatu. As a result, our
reconstruction of offshore catches showed that the FAO statistics
are not representative of offshore catches in the Vanuatu EEZ
over this period. Clearly, both flag-sate accounting as well
as spatial representation of fishing are important in data on
fisheries, as is being shown by the Sea Around Us (http://www.

seaaroundus.org) for all countries in the world (Pauly and Zeller,
2016).

Data uncertainty also affected the reconstruction of offshore
catches. For example, longliners from the SPFC were reported
to undertake long-distance fishing trips from their Palekula
base (Jacquet, 2016). Available information on fishing locations
between 1979 and 1981 suggests that only a small part of the
SPFC landings (i.e., <10%) for 1958–1986 may actually have
been caught in the immediate waters surrounding Vanuatu.
Thus, the reconstruction presented here may have overestimated
tuna catch and bycatch in the EEZ waters around Vanuatu
between 1958 and 1986. Furthermore, although the use of Vessel
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Monitoring Systems (VMS) on fishing vessels has provided
increasing information on the spatial allocation of effort (even
if not publicly available), logbook coverage of foreign fishing
fleets has been variable across years. Consequently, foreign
catches in Vanuatu’s EEZ may have been miss-estimated for
some years, particularly in the 1990s. Both limitations created
uncertainties that should be taken into account when interpreting
catch variations in the waters surrounding Vanuatu. This also
reinforces the need for better data collection and reporting
systems, with both flag-state and detailed spatial dimensions.

Growing attention is given by the VFD and regional agencies
(e.g., the Secretariat of the Pacific Community and the Forum
Fishing Agency) to fill critical data gaps and to provide more
reliable estimates of catches and effort in the Vanuatu EEZ.
Catch and fishing effort data have been recorded extensively
from the fleets of Vanuatu, Fiji and China since the 2000s.
Since 2009, the VFD has also accomplished full on-board
observer coverage for the locally-based foreign fishing vessels
and full port sampling of fresh fish unloaded in ports, including
transshipments. Furthermore, the total number of licenses has
been limited to 115 (i.e., 75 foreign access licenses and 40 locally-
based foreign licenses) while annual license fee has increased
by 50% to ensure appropriate financial returns to the Vanuatu
government.

Small-Scale Fisheries
Deep-Bottom Fisheries
Our reconstruction of deep-bottom catches likely
underestimated real withdrawals, particularly since the 2000s.
First, deep-bottom fish is occasionally used for self-consumption
throughout Vanuatu, although one may reasonably assume
that this use of deep-bottom fish represented only a negligible
proportion of catches, given the clear market-oriented nature
of these fisheries. Second, some catches of the commercial
sector have likely been sold directly to households or tourist
operators, and thus remained unreported to the VFD. Third,
the capacity of the Fisheries Extension Centers for maintaining
a reliable and accurate monitoring program throughout the
Vanuatu archipelago has varied over the years. In particular,
data gaps have increased to an unknown level since the 2000s,
despite the role of these fisheries in local economies. Overall,
the reconstructed deep-bottom catches should therefore be
interpreted as rough approximations.

Yet a plausible interpretation may be hypothesized from
estimated trends. The deep-bottom fisheries have not emerged
as a structuring fishing sector in Vanuatu as documented since
their early stage of development by David and Cillaurren (1992).
Variations in catches were likely linked to fluctuations in fishing
effort rather than changes in resource abundance except in the
vicinity of main urban areas, and the overall economic potential
of this sub-sector has likely been maintained. If the deep-bottom
fishery is in fact the only not overexploited commercial coastal
fishery in Vanuatu, then there is an opportunity here for the
government to create a sustainable management plan. This could
allow the fishery to grow to a sustainable capacity, and provide
a valuable source of protein to communities while increasing the
economic contributions and benefits of this fishery. This strongly

reinforces the need for maintaining an accurate data collection
system for deep bottom catches and fishing effort, including their
spatial dimensions.

Shallow Water Export Fisheries
The shallow water export fisheries have shown an alarming
decreasing trend since 1950 following the recurrent exploitation
of the valuable invertebrate resources since the nineteenth
century. Specifically, the sea cucumber and green snail exports
collapsed in the 2000s, leading to national closures in 2008
(for 6 years) and 2005 (projected for 15 years), respectively.
Limited catches of sea cucumbers were allowed in 2014 based on
species-specific total allowable catches (Léopold, 2016). Trochus
resources displayed early signs of depletion as far back as 1957
(Devambez, 1959) and the fishery was consequently closed for
2 years. Overexploitation of trochus resources intensified in the
1980s due to high demand on world markets and resultant
increases in purchase prices (Marchandise, 1990). Finally, the
number of operational shell-processing factories dropped from
six in 1994 to one after 2004. This factory relied on imports
of trochus shells in 2014 to maintain production (M. Léopold,
pers. obs.) providing evidence of severe resource depletion in
most islands of Vanuatu. Reconstructed catch data in 2013 (∼41
tonnes) and 2014 (∼55 tonnes) therefore likely overestimated
real domestic trochus catches within the Vanuatu EEZ.

Management of shallow export fisheries aimed at rebuilding
overexploited stocks through strict enforcement of national
fishing rules (e.g., size limits, spatially explicit total allowable
catch, and rotational fishing closure) is urgently needed in
Vanuatu. This would allow at least some of the economic
potential of these historical fisheries to recover. Indeed, given
the recurrent demand for such shells on world markets, our
reconstructed catch patterns predict that these fisheries will not
recover and will eventually close if national governing agencies
do not actively engage in effective harvest control.

Shallow Water Non-export Fisheries
The reconstruction of shallow water catches not destined for
export (i.e., largely subsistence and local artisanal fisheries)
was affected by high uncertainty due to an obvious scarcity of
data since the early 1980s, particularly for subsistence activities.
Specifically, we assumed that annual household catch rates in
rural areas have remained similar for the last 30 years to
infer these catches from population census data. Although this
seemed reasonable based on available information, whether or
not shallow water areas have been able to cope with the estimated
increase in fishing effort and resultant catch density since 1984
(e.g., for finfish: from 3.9 ± 1.6 tonnes/km2 in 1984 to 6.9 ±

2.8 tonnes/km2 in 2014) is highly questionable, especially those
close to market networks. Updated data on household fishing at
national scale is required to estimate their current catch levels
across islands. This is particularly important in light of the
importance of these largely subsistence oriented fisheries in the
Pacific (Zeller et al., 2015).

Such new and improved data would also allow for
improving the precision of catch estimates and their taxonomic
composition, and for interpreting the increasing trend of
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shallow water non-export catches that was derived here. For
instance, estimated catches increased more slowly than Vanuatu’s
population growth over the period, thus suggesting a decreasing
per capita consumption rate from 32 kg/person in 1950 (all
species included) to 26 kg/person in 2014. Similarly estimated
per capita finfish consumption decreased from 14.7 ± 6 kg
in 1950 to 12.1 ± 4.9 kg in 2014. This trend is driven by the
assumed fixed household catch rate and the fact that Vanuatu’s
overall population growth has been higher than that of the
rural population since 1950. The potentially decreasing trend
should be examined in more detail through a new countrywide
socioeconomic survey, which should also include marine and
land crab fisheries. The latter were not included in our analysis
although they constitute important local food and commercial
resources.

CONCLUSION

The reconstruction process faced major data gaps, particularly
and unsurprisingly with regards to the composition and
the level of the catches of the coastal small-scale sector.
Therefore, uncertainty of estimates has been acknowledged. This
reconstruction of total marine fisheries catch of Vanuatu for
1950–2014 showed that the reconstructed total catches were
40% higher than those reported by the FAO on behalf of
Vanuatu for the same period. In recent years, this difference
was mainly attributed to misreporting of non-export catches.
Interestingly we observed different trends in catches among the
fisheries studied (i.e., roughly stabilized or slightly decreasing
within the large-scale and small-scale deep-bottom fisheries;
collapsing within the shallow water export fisheries; and
continuously increasing within the shallow water non-export
fisheries). The study therefore stresses the need for (i) meaningful
management insights for apparently overexploited fisheries
such as, export invertebrate fisheries, and (ii) appropriately
monitoring developing small-scale fisheries (subsistence and
artisanal) to confirm or deny estimated trends and inform
management decisions. Although poorly monitored, shallow
non-export fisheries have been facing increasing sustainability
challenges due to the general population growth and the
increasing number of people requiring livelihoods. Given the

resource limitations (both financial as well as technical) faced
by the VFD as most developing small-island countries, such
monitoring needs to emphasize the use of targeted fisheries
questions in regular household surveys and general survey and
census approaches, combined with country-wide raising factors
(Zeller et al., 2015).
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