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Introduction

Tuna is one of the top fish commodities in the international seafood trade. In 2010, it
constituted 4% of global seafood production for human consumption (FAO, 2012). The tuna
group consists of 15 species within the Scombridae family (Graham and Dickson, 2004) and
in 2011 total landings reached 5.38 million tonnes (FAO, 2013). Two species, skipjack tuna
(Katsuwonus pelamis) and yellowfin tuna (Thunnus albacares), dominated catches with 48%
and 23%, respectively. Only a few tuna species are sold through the selective sushi and
sashimi market and the bluefin tunas, Atlantic bluefin tuna (ABT) Thunnus thynnus, Pacific
bluefin tuna (PBT) T. orientalis, and Southern bluefin tuna (SBT) T. maccoyii, are the most
valuable of these. Members of bluefin tunas (hereafter called BFT; Tseng et al., 2012) can
attain very high market prices. For example, a 222-kg specimen of PBT was sold at Tsukiji
market in Tokyo (Japan) for US $1.7 million in January 2013 (BBC News, 2013). On average
prices are considerably lower than these every-year exceptional auctions at the beginning of
the year (New Year holiday season in Japan; see Kurokura et al., 2012) but the high demand,
overfishing, and added production costs for farming tend to increase prices (data related to
frozen BFT from 2002 to 2009; Miyake et al., 2010). Globally, quantities of captured BFT
decreased from approx. 89,000 tonnes in 1980 to less than approx. 42,000 tonnes in 2011
(FAO, 2013). Since 2005, the average decrease has been 10.2% per year. Thirty countries
regularly report catches of these species, although a small number of countries constitute the
bulk of landings with Japan, Australia, Mexico, Spain, Italy, and Morocco provided 83% of
total catches in 2011 (FAO, 2013). Continuous high demand has triggered the development of
BFT aquaculture (viz. live tuna, either wild caught or captive reared seed stocks, which are
caged and fed for a certain period of time before being harvested; Masuma et al., 2011) and

according to FAO (2013) BFT aquaculture constituted 18% of global BFT production in 2011
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(global BFT production of 8,954 tonnes). However, in light of the findings of the current
paper these quantities seem to be significantly underestimated.

All bluefin tuna populations remain heavily exploited with population sizes far below pre-
exploitation levels. The two Atlantic bluefin populations are estimated to be at less than 20%
of original spawning stock biomass (ICCAT, 2009; Taylor et al., 2011) while those of SBT
and PBT are both estimated to be at 5% or less of unfished levels (CCSBT, 2011; ISC, 2013).
IUCN considers SBT and ABT as critically endangered and endangered species, respectively
(Collette et al., 2011).

This study aims at giving an overview of current bluefin tuna aquaculture and discusses its
linkages to fisheries by identifying direct and indirect interactions with wild fish stocks. It
also outlines some of the challenges for future expansion as well as pointing out significant
mismatch of production statistics.

Tuna aquaculture — Emergence and current practices

The rise of large scale commercial BFT aquaculture is relatively recent (1970s but mostly
1980s). According to Miyake et al., 2010, small scale commercial bluefin farming began with
Atlantic bluefin in Canada in the 1960s and it started in Japan in 1969 where wild juveniles of
PBT were used to stock near-shore net-pens where they were then fed (i.e., fattening;
Kurokura et al., 2012). The ABT culture spread in the Mediterranean Sea in the late 1970s
(Miyake et al., 2003) and in the 1980s Australia started culture of SBT (Miyake et al., 2010).
PBT aquaculture along the Pacific Coast of Baja California in Mexico was first introduced
during late 1990s (Zertuche-Gonzalez et al., 2008). In complement, there have been some
commercial farming of other species, such as the Yellowfin tuna (T. albacares) and the
Bigeye tuna (T. obesus) over the last 20 years, but quantities have been irregular and minor
(FAO, 2013). Traditionally, the development of tuna aquaculture has been established on

capture-based fisheries for obtaining juveniles and sub-adults for stocking in net-pens
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(Ottolenghi, 2008). Two distinct modes of BFT aquaculture currently exist: capture-based
aquaculture and closed-cycle aquaculture. According to the International Commission for the
Conservation of Atlantic Tunas (ICCAT, 2008), capture-based aquaculture (CBA) can be
classified in two ways: fattening and farming. The “fattening” consists of rearing mature
individuals, whose weight exceeds 30 kg, for a shorter period of time (generally between 4
and 9 months). The “farming” consists of immature individuals (<25 kg) that are kept over a
longer time period (more than a year). This sub-classification can be debated since the
distinction is somewhat arbitrary, nevertheless clear pattern of these two practices of capture
based aquaculture are observed.

In June 2002, a team at the Kinki University Fisheries Laboratory (Japan) became the first to
successfully breed tuna and raise the fry into adult tuna. According to Sawada et al. (2005),
over the summer of 2002, 1.63 million eggs from these fish were used for a mass rearing
experiment, and 17,307 juveniles were produced and transferred to an open sea net cage.
Worldwide, many scientific programs or commercial companies are targeting this type of
achievement (e.g., Mediterranean Sea and Australia) but so far only the Japanese are
producing BFT from larvae obtained by spawning of captive adult fish at commercial scale.
However, the fact is BFT aquaculture still rely on capture of individuals from the wild has
raised a lot of public concern as this may negatively affect wild stocks (Naylor and
Burke, 2005; WWF, 2006).

BFT aquaculture in the Mediterranean Sea and Australia is mainly based on “fattening” but
“farming” is also practiced, especially in Croatia where fish (5-25 kg of body weight) are
kept for more than 20 months (Ti¢ina et al., 2005). In Mexico, “fattening” is the only practice,
whereas both methods of capture-based aquaculture exist in Japan, where “farming” is
dominant using juveniles weighing around 150 and 500 grams. These individuals are raised

for three to four years before being sold (Ikeda, 2003). By definition, the juveniles should
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come from capture fisheries (Ikeda, 2003), but as mentioned previously, a non-negligible part
of PBT production is based on juveniles from captive brood stock kept in Kinki University
facilities (40,000 fingerlings produced in 2009; JFS, 2010). Japan seems to be the only
country producing tuna from closed cycle systems at a commercial level (named “Kindai”
bluefin) but its profitability may be questionable as it involves a costly production process.
Fish for fattening or farming are caught by purse-seine vessels and then transferred into
transport cages (called towing pens), which are being towed to land and where the fish enters
larger rearing pens. Depending on location of capture relative to location of the rearing pens,
transport cages may need to be towed for very long distances at low speeds (around 1.8—
2.8km h™'to minimize stress and can take up to 20 days; FAO/GFCM/ICCAT, 2005;
Glencross et al., 2002; Zertuche-Gonzalez et al., 2008; Mylonas et al., 2010). The fattening
process increases total mass and fat content, which substantially improve the selling price
especially at the Japanese market (Katavic et al., 2003a; Roy et al., 2009).

Periods of catch and harvesting depend on the regions where the fish are produced. In the
Mediterranean Sea, the harvesting period begins when prices are higher during the many
Japanese festivities in December (Ottolenghi, 2008). Harvesting can also take place during
periods when landing from wild fisheries are low as this also triggers market prices. Farmers
may however be forced to sell when market prices are inauspicious due to high production
costs (Ticina et al., 2005).

Bluefin tuna statistics

UN FAO statistics are the main source of comprehensive global fishery statistics. Capture
fisheries data from FAO have been accused of providing erroneous data (Pauly and
Zeller, 2003; Tesfamichael and Pauly, 2011), but the present aquaculture data seems to better
reflect actual production (Trujillo etal., 2012; Campbell and Pauly, 2013). However, the

bluefin tuna statistics that FAO receives from the Regional Fisheries Management


https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771
https://www.tandfonline.com/doi/full/10.1080/23308249.2014.907771

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

Organizations (RFMOs) seem unreliable for farmed BFT. Miyake et al. (2003) showed that
volumes calculated from tuna trade do not match with official volumes reported by countries
(imports recorded by the Japanese custom services vs. imports of farmed tuna recorded
through the Bluefin Tuna Statistical Documents; BTSD). Kurokura et al. (2012) also found
that FAO statistics do not provide a comprehensive aggregate of aquaculture tuna production
worldwide. Figure 1 shows the large discrepancy for bluefin tuna aquaculture production in
2009 between FAO and national statistics of major producing countries. FAO reported
approximately 12,000 tonnes and national sources more than 30,000 tonnes. The difference
can be even larger at the country level, e.g., the Maltese national statistics showing
approximately four times higher quantities than FAQO. The imbroglio of statistics is not recent
and the discrepancy has increased in recent years (Figure 2). The fact that tuna aquaculture
involves both a fishing phase and a farming phase is probably causing confusion with respect
to documenting and reporting correct volumes of fish (Miyake et al., 2003). This is something
that the scientific committee within ICCAT has expressed concern about for the
Mediterranean region (ICCAT, 2005).

Eurostat (2013) and national sources confirm the situation of under-reporting and the global
underestimation of BFT farming estimates is worrying and specifically so concerning
numbers from Japan, the Mediterranean Sea, and Australia. Japan has in various documents,
including the scientific literature and media, been identified as a producer of farmed BFT
(e.g., Kumai etal., 2011; Business Line, 2013; Minato-Tsukiji, 2013) but FAO report no
farmed BFT. Japanese documents reveal a Japanese production of around 8000 tonnes
produced in 2009 (Kumai et al., 2011). This value is in accordance with the first official
volumes recently released for 2012 by the Japanese Ministry of Agriculture, Forestry and
Fisheries (9600 tonnes; MAFF, 2013) with the official numbers of farms allowed to practice

BFT aquaculture are to date between 129 and 140 farms.
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Expansion of tuna fattening operations in the Mediterranean Sea involves a large number of
countries and actors actively involved in BFT capture fisheries and farming operations.
Bregazzi (2007) reported that only a third of the Mediterranean BFT production was
presented by FAO statistics (approx. 10,000 vs. 28,450 tonnes). National statistics of farmed
BFT were also not available for all Mediterranean countries or data were not detailed at the
group or species level, e.g., Cyprus, Malta, or Turkey. In 2003, 66% of the declared quotas
were put into farms and much of the fishing was targeting juvenile BFT, something that risks
causing declines in wild stocks (Sumaila and Huang, 2012). In addition, due the uncertainties
in statistics there is also a risk of underreporting, i.e., “tuna laundering” (Miyake
et al., 2003). Table 1 shows a nonexhaustive comparison of reported volumes of farmed BFT
in Mediterranean Sea from various sources (FAO, Eurostat and National reports or database).
Statistics from FAO and Eurostat differ and some national reports do also not match with one
of the two supranational organizations statistics. Only the Portuguese statistics are totally in
line with FAO or Eurostat. Libya, who has one farming facility registered to ICCAT, was not
reporting quantities to FAO (even before the 2011 civil war) whereas WWF (2006) reported
3107 tonnes in 2004. Eurostat reported a quantity for France (12, 19, 504, and 235 tonnes for
the year 2002, 2003, 2004, and 2005, respectively) but no farming activity been reported to
ICCAT.

Farming of SBT is currently the single most valuable sector of South Australia's aquaculture
industry (Clarke and Ham, 2009). Over the past decade the farming sector has grown to the
point where around 98% of the Australian SBT quota is now from farming (Clarke and
Ham, 2009). This is a unique situation, which simplifies the general management of the SBT
stock, as capture fisheries for direct landings is only minor. Figure 3 shows Australian
aquaculture and fisheries statistics for the last ten years and how they differ according to the

sources: it is clear that FAO data (FAO, 2013) differ from National statistics (DAFF, 2013)
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and also from the RFMO data set (CCSBT, 2013) in terms of landings. National statistics
provided quantities of “tuna” without mentioning the species, something that actually
confuses the visualization of capture fisheries data since other tuna species (albacore and
yellowfin tuna) are caught by the Australia fleet and landed in Australia. Nevertheless, as
SBT almost exclusively is being caught for aquaculture, the capture fisheries landing reported
for SBT by FAO do not agree with catch reported to CCSBT (>2 times higher than what is
landed; CCSBT, 2013). The aquaculture production reported by the National authorities
implicitly refers to SBT only and the number was up to two times higher than that reported by
FAO for SBT (Figure 3). The volume of catch provided by the CCSBT (2013) could explain
this difference as the volumes are in line with FAO fisheries landings. In addition, the
Commission for the Conservation of Southern Bluefin Tuna (CCSBT; the RFMO in charge of
Southern Bluefin tuna), has for the last two years reported farmed volumes and volumes
landed for trade (based on BTSD). If calculating initial quantity before the fattening process
using these landing data (see Figure 3; based on a biomass gain between 50-100% and
assuming no mortality; Ottolenghi, 2008), the results obtained are in accordance with reported
volumes catch for aquaculture provided by CCSBT.

The large difference between statistics reported from various sources is difficult to explain.
This might be due to misreporting, unreporting, failing “vertical” information transfer,
different conversion factors used at different reporting stages or as stated earlier confusion
related to separating between catch vs. landings/harvesting.

Bluefin aquaculture within the context of allowable catches

In order to improve BFT stocks and thus capture fisheries, RFMOs are in charge of the tuna
stocks, including BFT. RFMOs provide the framework by which member states come to
agreement on conservation and management measures, and the implementation of those

measures occurs at the country level (Boustany, 2011). The RFMOs also constitutes a
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mechanism to monitor compliance by Member States and to collect fishery data (without
enforcement). Four RFMOs are responsible for the management of bluefin tuna fisheries; the
organization of each RFMO differs, but decisions are usually made by consensus.
Consequently, enacting major changes to fisheries management is a gradual and often difficult
process. Differences also exist in how the science of population assessments is conducted and
used in management (Boustany, 2011).

Most RFMOs define a total allowable catch (TACs) each year for their region and thus for
each member country within the region defined by RFMOs. Nations must ensure compliance
with quotas by their fishing fleet (Aranda etal., 2012). However, nongovernmental
organizations believe that these measures are insufficient for ensuring sustainable stocks
(WWEF, 2006; Greenpeace, 2006). RFMO decisions, however, do not always follow scientists’
recommendations and, for example, ICCAT set in 2010 for the first time their TACs within
the range recommended by scientists (IFREMER, 2013). Another problem is the existence of
illegal, unreported and unregulated (IUU) tuna catches. Tuna “laundering” activities have
been documented by commercial transactions analysis (Bregazzi, 2007; Polacheck, 2012).
Another potential problem in obtaining accurate statistics is the difference between weight of
captured fish and weight at harvest after fattening period. Quotas (or TAC) assigned to
countries are based on biomass and they are supposed to cover total tuna mortality caused by
that nation — due to fishing, farming, and bycatch mortality. The amount “charged” to the
quota for fish put into cage operations is calculated based on size at capture and not size at
harvest at the farm. This is problematic, as fish destined for farming are not being measured.
Fish for aquaculture swim from the purse seine net into the tow pen, and later from the tow
pen directly into the net pen. The sizes and weight of farmed fish at capture are instead
estimated by back-calculating from size at harvest at the farm, considering time in the pen and

estimated growth rates. Without any independent control, growth rates used in aquaculture
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could be defective and unrealistically large, resulting in smaller estimated sizes at capture and
less tonnage being charged to the quota. ICCAT is currently trying to get a handle this
specific case (ICCAT, 2013b).

Currently, the only way to know the sizes of the fish being transferred to the net-pen is to
estimate an average length/weight and number of fish by eye. Even if underwater video
recording sometimes is used this is an imprecise method (Lovatelli, 2005). However, some
current efforts are made (viz. ICCAT funded research) through innovation and technology
involving, e.g., dual lasers and sonar to estimate length and number of fish (Espinosa
et al., 2011), but these technologies are still not common practice.

Role of aquaculture for increasing sustainability of BTF fisheries

Development of aquaculture stands as an economic alternative route for supplying seafood
and it also has the potential to relieve pressure on fish stocks (Naylor et al., 2000). To what
extent that this really is happening is difficult to say, and it will depend on where and how
aquaculture is performed and to an even larger extent how the fisheries and aquaculture are
being governed. Compared to many other aquaculture species bluefin tuna aquaculture still
rely on wild BFT stocks for both juveniles and adults, and also to a large extent on small
pelagic fish used as feeds (Figure 4). In addition to the feed aspect, the time the fish spend in
towing pens imply extra energy cost on tugboats that need to be included in any economic and
environmental performance model (such as Life Cycle Assessment model; see LCA example
related to fisheries in Hospido and Tyedmers, 2005).

Feeding ratio for tuna range between 2% and 10% of total tuna biomass (Lovatelli, 2005) and
this varies with physiological stage of the tuna, among countries and season (lower rates with
lower temperatures). Literature indicates a feed conversion between 10:1 to 20:1 (10-17:1 for
Australia, 12:1 for Mexico 10-20 for Japan, and 10-20:1 for Mediterranean, with 15-20:1 in

Croatia; Ikeda, 2003; Katavi¢ et al., 2003b; Lovatelli, 2005; Fernandes et al., 2007; Zertuche-
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Gonzalez etal., 2008). Using the data available for each producing countries (Feed
Conversion Ratios, biomass gains, mortality rates, and the national reports for 2009), we were
able to back calculate an initial biomass of tuna caught for aquaculture of 14,000-18,000
tonnes (not a volume per year since the period of farming varies from countries to countries).
A rough estimation of small pelagic fish needed as feed for BFT aquaculture can also be made
by estimating biomass gain, duration of farming and farmed volumes (hereto 2009 quantities
of farmed bluefin tuna and assuming 100% dependence on small pelagic fish): the global
quantity of small pelagic fish needed would range between 178 and 362 thousand tonnes (the
100% assumption providing thus the maximum amount required). These fish mainly
originates from local/regional fisheries and possibly to less extent also from more distant
fisheries (fresh or frozen) that can be provided from local or global market (see Figure 4).
There is an ongoing debate about the sustainability of using fish to feed farmed fish and the
aquaculture industry is aware of future limitation for this resource and is, therefore, putting a
lot of effort into finding alternative feed ingredients (Watanabe, 2002; Klinger and
Naylor, 2012). However, tuna farming may prove challenging out from this perspective as it
still depends on very large inputs of raw fish resources per output.

The high dependency on raw fish resources is a matter of concern also for the tuna
aquaculture industry and compound feeds suited for tuna are under development (Mourente
and Tocher, 2009). Compound feeds could reduce the dependence on small pelagic stocks
through inclusion of alternative protein and fatty acid sources that can fit the nutritional
requirement of blue fin tuna in captivity (Fauvel and Suquet, 2004; Smullen, 2009; for more
specific details on feeding farmed tuna, see the review made by Mourente and Tocher, 2009).
The fact that BTF is a top carnivorous species that requires large inputs of marine based
proteins constitutes a challenge for reducing its dependency on fish resources (Naylor and

Burke, 2005). It should also be noted that besides fish also squids are used as feeds for BFT,
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particularly during the few days before slaughter (e.g., in Tunisia; Hattour, 2011). One way to
reduce feed usage would be to shorten the production time and provide a smaller fish than
usual to the market. But to what extent this is possible will mainly depend on the acceptance
of consumers (e.g., tastes, preferences, willingness to pay, etc.).

In 2002, the General Fisheries Commission for the Mediterranean (GFCM) called for the
establishment of a Working Group, to be convened jointly with the ICCAT, with a mandate to
develop practical guidelines to address known problems, with emphasis on fishing and
farming statistics, and to propose needed research to address these problems
(FAO/GFCM/ICCAT, 2005). ICCAT also ruled in 2003 that each country is required to report
authorized farming facilities and has established a list of these, which, amongst other
information, also includes farming capacity (ICCAT, 2013a). FAO/GFCM/ICCAT (2005)
pointed out that the critical phase for obtaining accurate estimated of catch is the period when
fish are transferred from the fishing gear to the transport and/or farming cages.

Conclusions and recommendations

Drivers for investing in tuna farming are to provide fish outside the fishing season when the
supply from capture fisheries is limited and being able to supply a fattier fish to the market
(Roy et al., 2009). The main challenges for improved sustainability involve closing the live
cycle in captivity and develop feeds based on alternative protein sources to fish. There is also
a need to improve management of BFT capture fisheries with respect to increasing
transparency of fishing volumes allocated for aquaculture. A roadmap for BFT aquaculture in
the Mediterranean Sea was presented 8 years ago by FAO, GFCM, and ICCAT
(FAO/GFCM/ICCAT, 2005). Besides ICCAT RFMOs only a few improvements have been
made since then and there is a need to extend also to other BFT producing regions.

As it has been done for Chinese fisheries (FAO, 2012), Japan and other countries should

revise their statistics of BFT aquaculture production, leading to harmonization of the data.
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This should, however, be a collective effort between the producing countries and various
official supranational organizations (e.g., FAO, Eurostat, and RFMOs). Such harmonization
will help the scientific stock assessment and thus facilitate for sustainable quotas or TACs.
This would also have to involve better estimation of fish (sizes and weights) caught for
aquaculture. Maybe more than a need for simple innovations in term of technology used to
accurately quantify fish, there is a need for increased transparency in on-farm management
and also on-board fishing boats.

A potential action at the national level and in addition to already existing measure to keep
track of the licenses delivered for the BFT farms (see Figure 5 for the global number of tuna
farms) would be to act on the allowed capacity of the registered farms. A reduction or an
increase of their authorized volume capacities (max amount of fish authorize to farm) when
the scientific recommendation for the TAC fluctuates: decrease of the National TAC would
imply a restriction of the farming capacities. This would be a similar action already done for
ITQ decided for the bluefin tuna vessels (seen, e.g., in France or in Spain). This raises the
question of how the current authorization for farming tuna is provided since these numbers
are significantly larger than production quantities. As an example, farming capacities in
Mediterranean Sea is over 60,000 tonnes (Figure 5; ICCAT, 2013a) which is larger than the
global reported landing of bluefin tuna worldwide in 2010 (viz., 41,664 tonnes; FAO, 2013).
This overcapacity of tuna farms has increased around the Mediterranean by approximately
20,000 tonnes since 20042005 (WWF, 2006) whereas the ICCAT TAC has been declining in
recent years (from 32,000 tonnes to the current 12,900 tonnes; ICCAT, 2003, 2012). If
appropriate system is in place, production through aquaculture could potentially improve
overall record keeping as farming activities should theoretically be easier to monitor and to
get accurate estimates from compared to current wild capture/direct landings fisheries.
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Figure captions

Figure 1. Bluefin tuna aquaculture production in 2009: comparison between FAO data and
national statistics (or other sources).

Figure 2. Global trends of bluefin tuna farming 2002—2011: FAO data and national statistics
(or other sources).

Figure 3. Australian case study for Southern bluefin tuna aquaculture viewed from different
sources of statistics.

Figure 4. Schematic vision of bluefin tuna production and dependence to wild stocks of tuna
and small pelagic fish (1) capture fisheries, (2) fattening, (3) farming (4), and full cycle

production.
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Figure 5. Geographic distribution of bluefin tuna farms (number of farms and reported
farming capacities; data from ICCAT, 2013a; CCSBT, 2013; MAFF, 2013; Pedersen and Ito,

2010).



545  Table 1 Production of the Mediterranean Sea's countries (in tonnes) from various sources

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Sources

Croatia 202 302 575 782 1910 1710 3350 2090 1860 2100 1680 1610 FAO

202 302 575 782 920 747 — — 3711 4200 3368 3223 EUROSTAT
— — — — — — — 4180 3711 4200 — — CBS (2013)
Cyprus 0 0 270 296 210 190 130 70 10 FAO
— — — — — 247 1030 940 1020 — — — EUROSTAT
— — — — — 1480 1000 1000 1000 0 0 — MANREC (2013)
Greece 0 0 0 0 0 0 210 110 180 40 90 95 FAO
— — — — — 60 — — — — — — EUROSTAT
Italy 0 61 323 222 431 458 370 860 370 120 20 FAO
0 61 323 222 431 458 1163 2577 344 23 20 435 EUROSTAT
— — — 1000 1800 1163 1262 3439 5225 — — MiPAAF (2013)
Malta 0 0 0 0 0 0 840 940 1010 690 990 960 FAO
— — — 6069 6813 5035 3441 4955 1759 EUROSTAT
Portugal 1 12 13 22 40 FAO
1 12 13 22 40 — — EUROSTAT
— — — — — 1 12 13 22 40 0 — DGPA (2013)
Spain 740 890 980 740 1280 670 510 820 640 480 360 575 FAO
546 714 — — — — — — 3217 2379 1793 2866 EUROSTAT
— — 5185 5194 6296 3364 2572 4076 3217 2379 1793 2866 MAGRAMA
— — — 3687 6423 3700 2939 3102 — — — — MedAquaMarket
Tunisia 0 0 5 152 44 213 450 430 420 740 350 70 FAO
0 0 0 — — — 511 519 600 380 373 329 FAO/NASO FR
250 260 476 450 430 420 740 Campbell and Pauly, 2013
1300* 1500* FAO/NASO EN
1urkey ] 0 ] 0 440 390 390 80 10 y10 580 100 FAQ
— — — — 440 390 82 148 — — — — EUROSTAT
546 FAO: Food and Agriculture Organisation (FAO, 2013); Eurostat: Eurostat Fisheries database (Eurostat, 2013).
547 MedAquaMarket: Mediterranean marine finfish aquaculture sector and development of a strategy for marketing and
548 promotion of Mediterranean aquaculture; see Barazi-Yeroulanos, 2010).
549 *According to FAO6 NASO EN, this is the total quantity of bluefin tuna fattening cages; the value-added to
550 production by fattening is estimated at 250 tonnes in 2003 and 260 tonnes in 2004 and 476 tonnes in 2005.

551
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