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Key points

In this report, we give a brief summary of the sea bass and sea bream farming industry in some
key countries. We also discuss the technical/engineering challenges with installing electrical
stunners on harvest vessels.

Our highest priority countries are Turkey (large industry + large individual farms) and Spain
(very large individual farms). We are somewhat excited about Greece (large industry + close to
coast, but small individual farms), Egypt (on land, but very small farms), and Italy (smaller
industry). There are many other countries where implementing stunning of sea bass and sea
bream would probably be impactful in absolute terms.

Country Turkey Greece Egypt Spain Italy

Seabass and
seabream
slaughtered
annually

Number 346 M 235 M 131 M 86 M 37 M

Weight (t) 257,000 t 100,000 t 66,000 t 35,000 t 14,000 t

Share of
world

36% 25% 14% 9% 4%

Share of
EU-27

- 56% - 21% 9%

Farms

Description
of farms (%

of
production)

Sea cages
(96%)
Earthen

ponds (4%)

Sea cages Earthen ponds Sea cages
(~90%)
Wetlands
(~10%)

Sea cages
(78%)

Land-based
systems (16%)
Wetlands (6%)

Main
location of
farms

Coastal &
off-coast

Coastal On land Off-coast &
some coastal

Off-coast &
some coastal

Number of
farms in
country

237 sea
cage farms
173 earthen
pond farms

347 ? 24 24

Average
production
per farm

1,040 t (sea
cages)

59 t (ponds)

305 t Low 1,270 t 350 t

Percentage of production
that is exported

75% 92% < 30% 40% 40%

Destination of exports

Mostly Italy
and other
EU (~80%),

some
non-EU
(~20%)

Italy (41%)
Spain (21%)
France (11%)
Rest mostly
EU, only 5%
non-EU

Nearby,
non-EU

countries only

Mostly EU Mostly EU
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1. Which countries are a priority?

1.1 Where are seabass and seabream farmed?
The following table shows all countries where seabass and seabream are farmed.

Number slaughtered per year

Gilthead
seabream

European
seabass Sum Percent of world Percent of EU-27

World 530,801,229 423,852,044 954,653,273

EU-27 237,673,515 181,737,600 419,411,115 44%

Turkey 166,440,000 179,660,000 346,100,000 36%

Greece 140,758,000 94,570,222 235,328,222 25% 56%

Egypt 76,180,000 54,440,000 130,620,000 14%

Spain 35,419,714 51,013,756 86,433,470 9.0% 21%

Tunisia 34,765,714 5,697,778 40,463,492 4.2%

Italy 21,714,286 15,111,111 36,825,397 3.9% 8.8%

Croatia 11,717,029 11,800,044 23,517,073 2.5% 5.6%

Cyprus 14,397,143 3,371,111 17,768,254 1.9% 4.2%

France 4,000,000 4,888,889 8,888,889 0.9% 2.1%

Malta 6,346,314 86,267 6,432,581 0.7% 1.5%

Saudi Arabia 6,342,857 0 6,342,857 0.7%

Israel 5,900,000 148,889 6,048,889 0.6%

Portugal 3,321,029 896,200 4,217,229 0.4% 1.0%

United Arab Emirates 1,571,429 666,667 2,238,096 0.2%

Algeria 771,429 200,000 971,429 0.1%

Occupied Palestinian
Territory 714,286 0 714,286 0.1%

Mauritius 0 651,111 651111 0.1%

Bosnia and
Herzegovina 267,714 176,667 444,381 0.0%

Montenegro 168,571 175,556 344,127 0.0%

Morocco 0 297,778 297778 0.0%

Bahrain 5,714 0 5,714 0.0%
Assumes that seabream are harvested at a weight of 0.35 kg and that seabass are harvested at a weight
of 0.45 kg.
Source: Open Philanthropy (1)
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The following map shows the locations of fish farms in Turkey, Greece, Spain, and Italy. Note
that only marine farms are shown, so the small proportion of land-based sea bass and sea
bream farms are excluded. Teal points denote exact locations, and red points denote
approximate, estimated locations. Data points are from the data published by Clawson et al (2).
Access the map via Google Earth Engine here.

1.2 How much power do these countries have in the European Union?
The Council of the European Union is one of the two legislative bodies of the EU. Typically, any
legislation passed by the EU needs to be first approved by the Council.

The Council aims to represent the interests of Member States, not voters or parties (like the
European Parliament, the other legislative body). This means that targeting one, or a small
number of, key Member States may make the Council more supportive of animal welfare
reforms, which in turn could increase both the frequency and magnitude of the EU's animal
welfare reforms.
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The following table shows the power of each EU Member State that farms seabass and/or
seabream on the Council. See appendix for a full explanation of the NBI and PPI.

Rank among
EU-27

Normalised
Banzhaf Index

(NBI)

Preventive
Power Index

(PPI)

France 2 10.0% 65.6%

Italy 3 9.2% 60.6%

Spain 4 7.6% 50.2%

Greece 9 3.0% 19.5%

Portugal 10 2.9% 19.2%

Croatia 20 2.2% 14.3%

Cyprus 25 1.8% 11.7%

Malta 27 1.7% 11.3%

2. Description of industry in priority countries
2.1 Turkey
In 2019, aquaculture enterprises in Turkey produced a total of 137,400 tonnes (t) of sea bass
and 99,730t of sea bream (3). These two species are mostly farmed using floating cages (96%
of production), though a minority of production involves earthen ponds (4%) (3).

For sea bass and sea bream, there were 410 enterprises in 2018 (excluding hatcheries) (3). Of
these 410 enterprises, 237 were sea cages (accounting for 96% of production) and 173 were
earthen ponds (accounting for 4% of production). This means that sea cage enterprises tend to
have relatively large volumes of production, with the mean sea cage enterprise producing
around 1,040 t.

Most of the sea bass and sea bream produced in Turkey is exported. For the two species
combined, Turkey exports approximately 75% of production. The major destination countries are
Italy, Spain, France and other EU Member States (4), with a small amount of production going to
the Far East, Middle East, Asia and the Americas (3).

The key pieces of legislation governing the welfare of fish in aquaculture in Turkey are:
● Fisheries Law No. 1380. An important regulation in this law requires that new

aquaculture facilities be planned to minimise their environmental impact.
● The Aquaculture Regulation, published in the Official Gazette No. 25507 dated

29.06.2004.
● Circular on welfare of fish in aquaculture (2018/3), which is based on the Aquaculture

Regulation. "This circular aims to determine the minimum standards of rearing, care and
welfare of fish grown for food production and other purposes taking into account general
biological characteristics and to harmonise the national regulation with the European
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Union Council Directive 98/58/EC concerning the protection of animals kept for farming
purposes." (3).

Since late 2020, new farms can only be established 500+ metres from shore (1,250 metres for
sensitive marine areas) at a depth of 30+ metres (40 metres for sensitive marine areas) (3). This
means that Turkish fish farms would be classified as "coastal" or "off-coast".

A photo of floating sea cages in Turkey (3).

2.2 Greece
In 2019, aquaculture enterprises in Greece produced a total of 41,300 tonnes (t) of sea bass
and 55,500t of sea bream (5). These two species are farmed using inshore floating sea cages
(6). These cages are much closer to the shore than in Italy. Videos of seabass and seabream on
Greek farms are available from Essere Animali's undercover investigations (Youtube) (7).

For sea bass and sea bream, there were 347 enterprises in 2018, with an average of eight
full-time equivalent employees per enterprise (8). Most enterprises belong to larger parent
companies (6,8). The industry is continuing this consolidation into larger companies.

Most of the sea bass and sea bream produced in Greece is exported. For the two species
combined, Greece exported 88,700 t in 2019 (9). This represents about 92% of production. The
major destination countries are Italy (41% of exports), Spain (21%), and France (11%). Overall,
95% of exports are destined for the EU, and 5% are destined for third countries.

On average, Greek fish farms are 68 metres from the coastline (10,11). This means that Greek
production would be mostly "coastal".
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The Greek aquaculture industry has expressed interest in fish welfare. The Federation of Greek
Maricultures participates in programs to research fish welfare and establish guidelines. The
'Fish from Greece' certification scheme, which is widespread, certifies products according to six
pillars - one of these pillars is fish welfare (see https://fishfromgreece.com). There has been
initial, experimental interest in electrical stunning before slaughter (12). However, despite the
industry's concern for fish welfare, the industry has not yet adopted a humane slaughter method
like electrical stunning (12).

Charity Entrepreneurship is currently incubating a new organisation working on fish welfare in
Greece. Their research report contains the following information that is relevant here (13):

● There are some pessimistic signs about the tractability of fish welfare work in Greece:
farmers are concerned that they can't fit electrical stunners on the boats they currently
use to harvest fish; the government seems to be pushing towards deregulation of the
industry and so might not have a lot of appetite for welfare legislation; and Greece is
generally seen as a laggard in the EU when it comes to animal welfare. The government
is "currently trying to deregulate the market as they are competing with Turkey to try and
capture the American market and so they are attracting American investment to set up
aquaculture farms and trying to attract funding for facilities that wouldn't be allowed
anywhere else on terms that are very friendly to investors."

● There are also some optimistic side: the Greek government took the lead in developing
fish welfare guidelines which were adopted by the EU Platform on Animal Welfare; and
technical experts in Greece have worked with the sector to produce detailed guidance
specifically for seabass and sea bream and so perhaps they would have interest in
working to improve this welfare.

● "Greece holds the presidency of the Council of the EU in July-December 2027. It will not
hold this presidency again for 13.5 years. This would be the time that it would be able to
have the biggest influence of EU policy and agenda setting, so it would be great if we
could get Greek policymakers on the side of fish welfare and have some fish welfare
legislation enshrined in legislation in Greece before this."

2.3 Egypt
In 2017, aquaculture enterprises in Egypt produced a total of 30,700 tonnes (t) of sea bass and
35,200t of sea bream (14). Egypt is unique in that the sea bass and sea bream industry takes
place almost entirely in earthen ponds (15). Almost all of these farms are small- or
medium-scale (15). Sea bass and sea bream account for only about 2% of aquaculture
production (15). Most production takes place on Egypt's northern coast in the Mediterranean,
with the majority taking place in Damietta Governorate and some in other areas (e.g.
Alexandria, Ismaila, Port Said) (15).

The government of Egypt intends to expand production substantially by establishing new,
large-scale production enterprises (16). In 2016, it was reported that Egypt was building new
farms in the Suez Canal, Kafr El Sheikh, and East Port Said (17). These three projects would
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have a combined annual production capacity of 400,000 t of fish, including sea bass and sea
bream.

Most of the sea bass and sea bream produced in Egypt is consumed domestically. Exports are
modest. In 2015, 25,000 t of saltwater fish were exported, though most of these were sea bass
or sea bream (17). Egypt cannot export fish to the EU, as Egypt does not comply with European
Council Directive 91/493/EEC on health conditions for the production and placing on the market
of fishery products (15).

Egypt has a number of laws regulating the environmental impact of aquaculture (15).

Left: A map of aquaculture enterprises in Egypt (18) Right: A photo of an
Egyptian earthen pond fish farm (15).
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2.4 Spain
In 2017, aquaculture enterprises in Spain produced a total of 17,700 tonnes (t) of sea bass and
17,000t of sea bream (14). These two species are mostly farmed using floating sea cages (90%
of production), though a minority of production takes place in wetlands/brackish water (10%) (8).
Sea bass and sea bream are the main species produced by Spain in terms of value (19), and
most of the production takes place in the coast of the Mediterranean (8).

For sea bass and sea bream, there were 24 enterprises in 2018 (excluding hatcheries) (8). This
means that Spain has a mean production volume of 1,270 t, higher than any other country we
consider in-depth in this report (Turkey, Greece, Egypt, and Italy).

Annually, Spain exports around 13,000 t of sea bass and sea bream, while it imports around
29,000 t (20,21). This means that most (~60%) of the country's production is consumed
domestically and that imported products make up almost half of the domestic market.

On average, Spanish fish farms are 1,106 metres from the coastline (10). This means that most
fish farms would be classified as "off-coast", though there is a lot of variation and some farms
would be classified as "coastal".

A floating-cage sea bass farm in Spain (22)
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2.5 Italy
Most fish farmed in Italy belong to freshwater species. In comparison, there is a small amount of
fish farming in marine (i.e., saltwater) farms. The key marine species farmed in Italy are seabass
and seabream (23).

There is a complete lack of legal provisions detailing how fish should be treated. The main
regulatory authority for aquaculture is the Ministry of Agriculture and Forest Policies (24);
however, the focus of that Ministry is environmental sustainability and economic development,
rather than fish welfare (25,26). Existing international guidelines fare no better, with international
codes of conduct failing to provide any meaningful consideration for fish welfare (27). Even
existing protections for the welfare of animals at the time of killing fail to extend to fish. To
illustrate, the European Union's Regulation (EC) 1099/2009 (28) provides some guidelines for
the slaughter of animals, but justifies a lack of recommendations for fish on the basis of ‘a need
for further scientific opinion and economic evaluation in this field’. The lack of legal provisions
means that farmers are incentivised to make husbandry decisions according to economic
motivations, rather than the welfare of the fish.

Seabass and seabream are the two major marine fish species farmed in Italy. The majority (ca.
78%) of sea bass and sea bream are farmed in intensive, floating sea cages (see figure below)
[2,7]. The size of the marine cage depends on the life stage of the fish and the water depth.
During the grow out phase, the cages typically have a diameter of 30-50m and a net depth of
between 12-20m (29). Beyond this, some are farmed in land-based systems (ca. 16%), and a
small minority are farmed in wetlands (ca. 6%) [8], specifically in extensive brackish water 'valli',
ponds, and lagoons. This generally occurs off the northern Adriatic regions and in Sardinia,
Sicily, Apulia and Lazio (30).

Annually, Italy exports around 8,000 t of sea bass and sea bream, while it imports around
77,000 t (20,21). This means that most (~60%) of the country's production is consumed
domestically and that imported products dominate the domestic market. Therefore, it is also
important to consider the conditions in which these fish are raised in other countries, particularly
Greece.

On average, Italian fish farms are 991 metres from the coastline (10). This means that most fish
farms would be classified as "off-coast", though there is a lot of variation and some farms would
be classified as "coastal".
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Left: A map showing the geographic location of the farms that produce sea bream
and sea bass in Italy. (31) Right: A photo of one such farm.

3. Electrical stunning
Electrical stunning involves exposing fish to an electric current to rapidly render the fish
unconscious, either temporarily or permanently.

Electrical stunning comes in two forms: in-water and in-air. The efficacy of each depends on the
electrical current and duration of the stun. Either method can potentially be followed by a
secondary killing method or an additional, percussive stun. To illustrate, sea bass and sea
bream are raised in cages and captured using brailing or pumping. (Brailing involves the use of
a large net that is hoisted by a crane (34).) Where fish are captured by brailing, the more
appropriate stunning system is in-water; fish are placed in a tank in batches and exposed to an
electric field until they are permanently insensible. Likewise, where fish are captured by
pumping, in-water stunning can also be used. Fish are passed along a channel through which
an electrical current is passed (39). In-air stunning can be used in either case but requires the
fish to be dewatered beforehand. Previous experiments by Tesco for their supply chain in the
UK found that pumping systems were preferable as it reduced crowding, and thus the stress on
the fish (40), while maintaining a similar rate efficiency in moving fish (41).

Several studies have found that electrical stunning produces immediate loss of consciousness
or sensibility in seabass (35,42,43) and seabream (37). The use of higher currents and a longer
duration generally have greater efficacy and result in longer periods of insensibility (39,44,45). It
is important that current and duration are carefully selected based on the method of electrical
stunning, the method of handling, and the subsequent killing method will be used.

It is important to note that no single stunning method has proved to be 100% effective. Thus, in
addition to the primary stunning method, it is critical for staff to be trained to provide a backup
stun when staff observe signs of consciousness. For example, a backup percussive stun can be
delivered by trained staff members.
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4. Equipment options
Animal Ask spoke with a number of companies offering equipment for humane slaughter in
aquaculture in Europe to validate the European Commission's figures.

The following information summarises the options available for electrical stunning
equipment installed on land. On-boat stunners for sea bass and sea bream may cost
more and present greater engineering challenges [10]. We discuss on-board stunners in
the next section of this report.

For stunning equipment, Animal Ask spoke to Ace Aquatec who offer in-water electrical
stunners for a variety of fish species, including trout, sea bass, and sea bream. These stunners
are connected to a centrifugal fish pump capturing fish from sea pens or raceways. Fish are
rendered insensible in water during capture without any prior need for handling. One of Ace
Aquatec's clients, Scottish Sea Farms, found that the fish are significantly easier to handle as
they are only handled when unconscious. This allowed the company to double their harvest rate
using the same labour [25]. This also reduced the risks faced by staff who would otherwise have
to handle large, stressed fish.

Although the true cost of this equipment will vary according to the specific context, Ace Aquatec
was able to provide us with a general quote of approximately 100,000 € for a stunner for trout,
and 120,000 € sea bass and sea bream.

(source: Ace Aquatec)

One alternative to this is a dry stunner, such as those available from OPTIMAR which can be
outfitted for both trout and sea bass/bream (https://optimar.no). The stunner is appropriate for
capture and stunning in both freshwater and sea cage aquaculture after dewatering and has
been used on small vessels.
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(source: Optimar)

The final method of stunning available is percussive stunners, such as those available from
BAADER (https://fish.baader.com/products/baader-101). However, we were unable to obtain
general quotes for either of these products.

(source: BAADER)

There are a variety of pumps that can be used to capture fish prior to stunning with one of the
above systems. Brands producing these pumps include FAIVRE (http://www.faivre.fr/), VAKI
(https://vakiiceland.is/pumps/), Washpower (https://washpower.com/bluecomfort/) and Milanese
(http://www.milaneseitalia.com/en/185vs.htm). There are pumps suitable for trout, sea bass, and
sea bream of all sizes. Depending on the particular pump, the capacity ranges from 5 to 85
tons/hour, with prices varying accordingly from 20,000 to 66,000 €. One model to highlight is the
pump produced by the Italian company Milanese’s Art. Their ‘185/Maxi’ pump costs 20,800 €
with a 3,000 € dewatering unit, and handles fish up to 0.9kg at 30 tonnes per hour.
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(source: VAKI) (source: FAIVRE)

5. Marine engineering challenges
If stunning equipment is to be installed on aquaculture vessels a good overview of the feasibility
and costs of installing is required. Examples of stunning devices being installed on work vessels
in the Mediterranean are rare, and technical information and cost overviews are not available.
Of key influence on the installation costs is whether stunning equipment can be installed on a
new build or existing vessel.

5.1 New build vessels
Installing stunning equipment on new build vessels, if planned correctly, would require less
work, time and capital compared to refitting an existing vessel. Any necessary equipment could
be installed during the general construction phase of the vessel. The figures below show a top
and side view of a Greek vessel where an Ace Aquatec system was installed during ship
construction. In this case the stunning device is installed along with a centrifugal fish pump and
a system that can transport the stunned fish to the ice slurry crates.
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(source: VIM MEDIA) (source: aquaculturemag)

5.2 Existing vessels
Outfitting an existing vessel with stunning equipment is likely to require some changes to the
vessel's structure. Considering that deck space is essential for storing fish and conducting
operations, it's expected that boat operators may be hesitant to reduce the deck area currently
used for fishing activities. Consequently, part of the equipment may need to be installed below
deck. The feasibility and costs of installing stunning equipment depend on the type of vessel
being considered. To get a clear picture, reaching out to shipyards for a price estimate is crucial.
However, it can be challenging to find readily available information about the types of vessels
commonly used for this purpose. Some key considerations for outfitting existing vessels with
stunning equipment are:

● Can the stunning rate match the original harvest rate?
● Is the hull structure suitable for below deck equipment? (e.g. catamaran vs. monohull)
● Can installation of stunning equipment be combined with other ship maintenance, and

with that reduce installation costs?
● Can the installed power generation support the stunning devices? (Is the propulsion

diesel-electric, diesel or other?)
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Another important aspect to consider is how well the existing operational methods on the vessel
align with the integration of stunning equipment. Currently, fish are mainly brought aboard using
smaller nets lifted by an onboard crane. Examples of combining this technique with stunning
were not found and would likely complicate the harvesting procedure. Changing the structure
and procedures on a vessel could also lead to problems with the vessels classification. Most
aquaculture vessels found have a length below 24 metres. For ships below 24 m regulations
specific for small service crafts apply. In the subset of small service crafts there no specific
aquaculture regulations seem to exist, however it could be that regional or national regulations
are present.

(Source: Esseri Animali)
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Appendix: Council of the European Union
When the Council votes on a proposal, the procedure is:

● The proposal passes if it is supported by at least 55% of Member States (i.e. 15 of 27
Member States), which together need to represent at least 65% of the population of the
EU.

● The proposal fails if it does not meet that criterion and if it is opposed by at least 4
Member States. In other words, a proposal can be blocked by a coalition of at least 4
Member States who represent at least 35% of the population of the EU.

This procedure can vary in a few corner cases, but those tend to be rare (51).

Our ability to study the voting process of the Council is hindered by one key fact: the results of
votes are made public, but the actual negotiations on particular proposals take place behind
closed doors. It is only when an agreement is reached that a public vote takes place (52). The
Council members typically negotiate until they achieve a consensus - when that happens, a
public vote occurs, and the vote is usually unanimous (52,53). The actual negotiations occur
well before the vote, behind closed doors. Whether a Member State is able to obtain
concessions on a particular proposal - and the size and nature of those concessions - depends
on the power of that Member State in a forming coalition to either support or block the proposal
(53). This is an informal process.

How, then, can we figure out which Member States hold the most sway over the Council's
decisions? In a series of modelling studies, Kleinowski calculates the voting power of each
Member State post-Brexit (51,53,54). Kleinowski calculates two mathematical metrics that
describe the voting power of Member States:

● The Normalised Banzhaf Index (NBI) indicates the probability that an EU Member State
will find itself in a position where a proposal's approval hinges on the support of that
Member State.

● The Preventive Power Index (PPI) indicates the percentage of blocking coalitions in
which an EU Member State is a critical member.
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