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About Seafood Watch®

Monterey Bay Aquarium’s Seafood Watch program evaluates the ecological sustainability of
wild-caught and farmed seafood commonly found in the United States marketplace. Seafood
Watch defines sustainable seafood as originating from sources, whether wild-caught or farmed,
which can maintain or increase production in the long-term without jeopardizing the structure
or function of affected ecosystems. Seafood Watch makes its science-based recommendations
available to the public in the form of regional pocket guides that can be downloaded from
www.seafoodwatch.org. The program’s goals are to raise awareness of important ocean
conservation issues and empower seafood consumers and businesses to make choices for
healthy oceans.

Each sustainability recommendation on the regional pocket guides is supported by a Seafood
Watch Assessment. Each assessment synthesizes and analyzes the most current ecological,
fisheries and ecosystem science on a species, then evaluates this information against the
program’s conservation ethic to arrive at a recommendation of “Best Choices,” “Good
Alternatives” or “Avoid.” This ethic is operationalized in the Seafood Watch standards,
available on our website here. In producing the assessments, Seafood Watch seeks out research
published in academic, peer-reviewed journals whenever possible. Other sources of
information include government technical publications, fishery management plans and
supporting documents, and other scientific reviews of ecological sustainability. Seafood Watch
Research Analysts also communicate regularly with ecologists, fisheries and aquaculture
scientists, and members of industry and conservation organizations when evaluating fisheries
and aquaculture practices. Capture fisheries and aquaculture practices are highly dynamic; as
the scientific information on each species changes, Seafood Watch’s sustainability
recommendations and the underlying assessments will be updated to reflect these changes.

Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean
ecosystems are welcome to use Seafood Watch assessments in any way they find useful.
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Guiding Principles

Seafood Watch defines sustainable seafood as originating from sources, whether fished* or
farmed that can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems.

The following guiding principles illustrate the qualities that aquaculture farms must possess to
be considered sustainable by the Seafood Watch program. Sustainable aquaculture farms and
collective industries, by design, management and/or regulation, address the impacts of

individual farms and the cumulative impacts of multiple farms at the local or regional scale by:

1. Having robust and up-to-date information on production practices and their impacts
available for analysis;
Poor data quality or availability limits the ability to understand and assess the
environmental impacts of aquaculture production and subsequently for seafood purchasers
to make informed choices. Robust and up-to-date information on production practices and
their impacts should be available for analysis.

2. Not allowing effluent discharges to exceed, or contribute to exceeding, the carrying
capacity of receiving waters at the local or regional level;
Aquaculture farms minimize or avoid the production and discharge of wastes at the farm
level in combination with an effective management or regulatory system to control the
location, scale and cumulative impacts of the industry’s waste discharges.

3. Being located at sites, scales and intensities that maintain the functionality of ecologically
valuable habitats;
The siting of aquaculture farms does not result in the loss of critical ecosystem services at
the local, regional, or ecosystem level.

4. Limiting the type, frequency of use, total use, or discharge of chemicals to levels
representing a low risk of impact to non-target organisms;
Aqguaculture farms avoid the discharge of chemicals toxic to aquatic life or limit the type,
frequency or total volume of use to ensure a low risk of impact to non-target organisms.

5. Sourcing sustainable feed ingredients and converting them efficiently with net edible
nutrition gains;
Producing feeds and their constituent ingredients has complex global ecological impacts,
and the efficiency of conversion can result in net food gains or dramatic net losses of
nutrients. Aquaculture operations source only sustainable feed ingredients or those of low
value for human consumption (e.g. by-products of other food production) and convert them
efficiently and responsibly.

6. Preventing population-level impacts to wild species or other ecosystem-level impacts
from farm escapes;

1 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates.
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Aguaculture farms, by limiting escapes or the nature of escapees, prevent competition,
reductions in genetic fitness, predation, habitat damage, spawning disruption, and other
impacts on wild fish and ecosystems that may result from the escape of native, non-native
and/or genetically distinct farmed species.

Preventing population-level impacts to wild species through the amplification and
retransmission, or increased virulence of pathogens or parasites;

Aquaculture farms pose no substantial risk of deleterious effects to wild populations
through the amplification and retransmission of pathogens or parasites, or the increased
virulence of naturally occurring pathogens.

Using eggs, larvae, or juvenile fish produced from farm-raised broodstocks thereby
avoiding the need for wild capture;

Aquaculture farms use eggs, larvae, or juvenile fish produced from farm-raised broodstocks
thereby avoiding the need for wild capture, or where farm-raised broodstocks are not yet
available, ensure that the harvest of wild broodstock does not have population-level
impacts on affected species. Wild-caught juveniles may be used from passive inflow, or
natural settlement.

Preventing population-level impacts to predators or other species of wildlife attracted to
farm sites;

Aquaculture operations use non-lethal exclusion devices or deterrents, prevent accidental
mortality of wildlife, and use lethal control only as a last resort, thereby ensuring any
mortalities do not have population-level impacts on affected species.

Avoiding the potential for the accidental introduction of secondary species or pathogens
resulting from the shipment of animals;

Aguaculture farms avoid the international or trans-waterbody movements of live animals or
ensure that either the source or destination of movements is biosecure in order to avoid
the introduction of unintended pathogens, parasites and invasive species to the natural
environment.

Once a score and rating has been assigned to each criterion, an overall seafood
recommendation is developed on additional evaluation guidelines. Criteria ratings and the
overall recommendation are color-coded to correspond to the categories on the Seafood
Watch pocket guide:

Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways.

Buy but be aware there are concerns with how they’re caught or

farmed.

Avoid/Red: Take a pass on these. These items are overfished or caught or farmed in ways that
harm other marine life or the environment.



Final Seafood Recommendations

Gilthead seabream (Sparus aurata) produced in marine net pens in the EU

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 3.00

C5 Feed 5.21

C6 Escapes 2.00

C7 Disease

YELLOW

C8X Source

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 30.97
Final score (0-10) 4.42

OVERALL RANKING

4.42
YELLOW
2

FINAL RANK

NO

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Gilthead seabream farmed in the EU

The score for gilthead seabream produced in marine net pens in the EU is 4.42 with two Red-
ranked criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of
Avoid.



European seabass (Dicentrarchus labrax) produced in marine net pens in the EU

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 3.00

C5 Feed 5.38

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 31.15
Final score (0-10) 4.45
OVERALL RANKING
4.45
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: European seabass farmed in marine net pens in the EU

The score for European seabass produced in marine net pens in the EU is 4.45 with two Red-
ranked criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of

Avoid.



Meagre (Argyrosomus regius) produced in marine net pens in the EU

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 3.00

C5 Feed 4.28

C6 Escapes 2.00

C7 Disease

YELLOW

C8X Source

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 30.05
Final score (0-10) 4.29

OVERALL RANKING

4.29
YELLOW
2

FINAL RANK

NO

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in marine net pens in the EU
The score for meagre produced in marine net pens in the EU is 4.29 with two Red-ranked
criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of Avoid.



Gilthead seabream (Sparus aurata) produced in marine net pens in Turkey

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 1.00

C5 Feed 5.21

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 28.75
Final score (0-10) 411
OVERALL RANKING
4.11
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Gilthead seabream farmed in Turkey

The score for gilthead seabream produced in marine net pens in Turkey is 4.11 with two Red-
ranked criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of

Avoid.



European seabass (Dicentrarchus labrax) produced in marine net pens in Turkey

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 1.00

C5 Feed 5.38

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 28.92
Final score (0-10) 4.13
OVERALL RANKING
4.13
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: European seabass farmed in marine net pens in Turkey

The score for European seabass produced in marine net pens in Turkey is 4.13 with two Red-
ranked criterion for Chemicals and Escapes. The final ranking is Red and a recommendation of

Avoid.



Meagre (Argyrosomus regius) produced in marine net pens in Turkey

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 1.00

C5 Feed 4.28

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 27.82
Final score (0-10) 3.97
OVERALL RANKING
3.97
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in marine net pens in Turkey
The score for meagre produced in marine net pens in Turkey is 3.97 with two Red-ranked
criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of Avoid.
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Gilthead seabream (Sparus aurata) produced in semi-intensive ponds and lagoons in Egypt

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 5.21 YELLOW
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source -8.00

C9X Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total 4.51
Final score (0-10) 0.64

OVERALL RANKING

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Gilthead seabream farmed in Egypt

The score for gilthead seabream farmed in brackish ponds and lagoons in Egypt is 0.64. With
five Red-ranked criteria (Effluent, Habitat, Chemical Use, Disease, Source of Stock), one of
which is Critical (Effluent), the final ranking is Red and a recommendation of Avoid.
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European seabass (Dicentrarchus labrax) produced in semi-intensive ponds and lagoons in
Egypt

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 5.38 YELLOW
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source -8.00
CoX Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total 4.69
Final score (0-10) 0.67

OVERALL RANKING

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: European seabass farmed in Egypt

The score for European seabass farmed in brackish ponds and lagoons in Egypt is 0.67. With five
Red-ranked criteria (Effluent, Habitat, Chemical Use, Disease, Source of Stock), one of which is
Critical (Effluent), the final ranking is Red and a recommendation of Avoid.
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Meagre (Argyrosomus regius) produced in semi-intensive ponds and lagoons in Egypt using
commercial diets

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 4.28 YELLOW
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source -8.00
CoX Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total 3.59
Final score (0-10) 0.51

OVERALL RANKING

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in Egypt using commercial diets

The score for meagre farmed in brackish ponds and lagoons in Egypt using commercial diets is
0.51. With five Red-ranked criteria (Effluent, Habitat, Chemical Use, Disease, Source of Stock),
one of which is Critical (Effluent), the final ranking is Red and a recommendation of Avoid.
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Meagre (Argyrosomus regius) produced in semi-extensive ponds and lagoons in Egypt using
whole fish

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 0.00 CRITICAL
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source

YELLOW

C9X Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total -0.70
Final score (0-10) -0.10

OVERALL RANKING

6
RED
YES

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in Egypt using whole fish

The score for meagre farmed in brackish ponds and lagoons in Egypt using whole fish, is -0.10.
With six Red-ranked criteria (Effluent, Habitat, Chemical Use, Feed, Disease, Source of Stock),
two of which are Critical (Effluent, Feed), the final ranking is Red and a recommendation of
Avoid.
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Executive Summary

This report focuses on the production practices used to culture gilthead seabream, European
seabass and meagre in the European Union (EU), Turkey and Egypt. This geographic scope
incorporates over 93% of the total combined global production of these three species. Globally,
production volumes of cultured gilthead seabream and European seabass are approximately
the same, whereas production of meagre, a relative newcomer to aquaculture, is much less.

In 2017, just over 218,000 MT of gilthead seabream were farmed and almost 216,000 MT of
European seabass; by comparison, production of meagre amounted to nearly 32,000 MT. Taken
together, the combined, cultured output of these species that was reported to FAO for 2017
was slightly less than 466,000 MT: 47% gilthead seabream, 46% European seabass, and 7%
meagre. Furthermore, based on FAO 2017 data, four countries produce over 84% of the
production under consideration in this report: Turkey (35%), Greece (22%), Egypt (20%) and
Spain (8%). Production in the EU and Turkey typically takes place in sea cages, whereas in Egypt
earthen ponds and lagoons are utilized.

Although US trade data does not distinguish farmed produce from wild or offer complete
granularity of seafood imports at the species level, it can be extrapolated that in 2018, the US’
combined volume of seabream and seabass imports, from countries that culture gilthead
seabream and European seabass, was around 8,282 MT. Of this quantity, 7% was seabream and
93% was seabass. Turkey and Greece are by far the largest exporters of these products followed
by Spain then Cyprus. Importation data concerning meagre could not be determined as this
species is not specifically defined in trade statistics. Although Egypt is a major producer, and its
production of these species is rapidly increasing, the country’s aquaculture output is largely
retained for domestic consumption.

This Seafood Watch assessment involves a number of different criteria covering impacts
associated with: effluent, habitats, wildlife and predator interactions, chemical use, feed
production, escapes, introduction of non-native organisms (other than the farmed species),
disease, the source stock, and general data availability. Due to the similarity of production
methods used to farm gilthead seabream, European seabass and meagre, such that they are
often cultured together in the same facility, albeit in separate enclosures, all three species are
considered in tandem for each criterion.

Due to significant regional differences, in both production systems and legislative framework,
Egypt has been assessed separately from the European Union and Turkey for many of the
ensuing criteria. Although the production systems and methods used in the European Union
and Turkey are easily comparable to one another, and pose similar ecological concerns, the
governance in place in either jurisdiction is clearly distinct and is not always comparable; these
differences are explored and commented upon throughout the following report, and scoring
outcomes differentiated where appropriate. A review of the various feed metrics relevant to
each of the three different species under consideration also demonstrated that separate scores
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were warranted for each. This report, therefore, has resulted in ten separate recommendations
that take species divergence and regional differences into consideration.

Data quality and availability

Overall, there is an abundance of data available on the seabass, seabream and meagre sector in
the EU and Turkey. Over the last few decades, as the industry has expanded throughout this
region, the sector has benefited greatly from both European Commission-funded and industry-
funded research efforts. This is testimony both to the economic importance of this sector and a
growing awareness that environmental impacts need to be better understood for the industry
to move forward. In addition to the prodigious volume of peer-reviewed, published literature
that these endeavors have resulted in, there are also a great deal of collated government
statistics available from across the region. Of note, significant differences were identified in the
quality and availability of data pertaining to Criterion 4 — Chemical Use, thus the scores for the
EU and Turkey were differentiated in this regard. The final numerical score for Criterion 1: EU —
Data is 7.5 out of 10, whereas for Criterion 1: Turkey — Data it is 7.3 out of 10.

In contrast to the EU and Turkish sector, the availability of data pertaining to production of
these species in Egypt is much less. Much of the data that is available comes from initiatives
funded by international organizations such as FAO, WorldFish and CGIAR. According to FAO
statistics, significant Egyptian production of these species only commenced around 2010, hence
there has been limited time for literature on this sector to amass. Of additional note, only a few
percent of Egyptian production are comprised of these species — a factor which partially
elucidates the sparsity of data available. Notably, data concerning the sector’s use of chemicals
was not identified in literature and minimal information pertaining to management of the
industry or effluent and habitat impacts were forthcoming. While feed data from commercial
suppliers was easily obtained, it is hard to ascertain from the data available the extent to which
commercial diets are implemented by the sector. Likewise, data pertaining to the source of
stock criterion were sparse and data on predator interactions were not identified. Overall, the
final numerical score for this category, Criterion 1: Egypt — Data, is 3.6 out of 10.

Effluent

Recent scientific review pertaining to the impact of effluents arising from farms culturing
gilthead seabream, European seabass and meagre in the EU and Turkey concur that such farms
do not generally cause nutrient enrichment that is detectable beyond ~100 meters of the cage
field. Modern feeding practices, which utilize commercially formulated diets and feed
monitoring equipment to minimize waste, have done much to diminish nutrient loading. The
specific characteristics of each farm site play a major role in determining what the extent and
severity of effluent impacts may be within each location, and some environments inevitably
exhibit a greater degree of sensitivity than others. Effective site selection greatly reduces the
potential for fish farm effluents to create negative impacts within the receiving waterbody, a
concept which is widely implemented in the Mediterranean basin through use of allocated
zones for aquaculture (AZA). In this regard, studies of seabream and seabass farms in Turkey
and Greece have documented minimal negative trophic impacts occurring due to nutrients
being released into the water column as a result of farming activity, and this is attributed to the
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highly efficient nutrient dynamics that exist between different tropic levels in such oligotrophic
environments. Despite this, literature indicates occasional impacts to the benthic environment
and sensitive seagrass beds have and do occur beyond the allowable zone of effect (AZE). To
address this, both the EU and Turkey have enacted legislation that prohibits farming activities in
the vicinity of sensitive habitats, thus in recent years farms have relocated further offshore,
beyond the typical depth range of P. oceanica meadows. In Greek law, it is a prerequisite that
farms must be sited away from seagrass meadows and in deeper water if they want to obtain
permits for expansion, which in effect has moved the industry further off-shore. The situation is
similar in Turkey: over a decade ago, legislation was passed which compelled farms to relocate
into deeper water sites of 30 m depth or greater. However, at the regional level and over large
marine areas, the potential cumulative impacts arising from dissolved nutrient dispersal and
assimilation are poorly understood, highlighting the need for careful monitoring of industry
expansion. The final numerical score for Criterion 2: EU & Turkey — Effluent —is 5 out of 10.

In Egypt, no specific studies on the effluent impacts of typical fish farms were identified,
therefore the Risk-based assessment was used. This was assessed by analyzing two aspects of
effluent impact: firstly, the biological wastes discharged by farms, based on average FCRs and
protein content of feed, secondly, the content and enforcement of management measures. In
the first instance, it was estimated that biological waste discharges from fish farms in Egypt are
high; in the second instance, both the content and enforcement of management measures to
mitigate the impact of fish farm effluents on the environment are lacking. The final numerical
score for Criterion 2: Egypt — Effluent —is 0 out of 10 indicating that waste discharge is high and
regulatory control and management is weak; this is considered a Critical conservation concern
to Seafood Watch.

Habitat

Studies on seabream, seabass and meagre aquaculture taking place in the EU and Turkey
demonstrate that the sector has moderate habitat impacts within the immediate footprint of
the farm. Two of the most vulnerable habitats present in the water bodies included in the
scope are Posidonia seagrass meadows and maérl beds and studies reviewing the impact of fish
farming activities upon these habitats date back to the 1990s. In 1992 the EU Habitats Directive
was enacted to protect these and other identified priority habitats. Subsequently, member
states have introduced legislation at the national level to implement the requirements of this
directive. In alighment with this EU initiative, Turkey also introduced regulations to ensure
farms were not located above these sensitive habitats, in 2006; similar legislation was also
passed shortly thereafter in Greece, in 2009. The effectiveness of robust regulation is
somewhat limited by moderate enforcement, given the varying levels of capacity and adoption
of key environmental indicators, EU Directives, and GFCM resolutions across the sector,
resulting in a moderate impact score of 6 out of 10 for Criterion 3: EU & Turkey — Habitat.

There is a lack of data available concerning the habitat impacts of seabass, seabream and
meagre production in Egypt, which necessitates a precautionary approach in the scoring of this
Criterion. Habitats contiguous to fish farms are clearly adversely affected by anthropogenic
impacts, although the primary polluter would appear to be the dominant agriculture sector.
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There is a scarcity of both freshwater and arable land in Egypt, which means that land is only
approved for aquaculture if it is not suitable for agricultural production. Although the
importance of environmental management is recognized and broadly addressed in legislation, it
is poorly implemented and laws specifically pertaining to aquaculture and the species under
assessment are hard to identify. Specific monitoring requirements for aquaculture are lacking.
ElAs are theoretically required for some types of aquaculture although this is reportedly seldom
enforced. The final numerical score for Criterion 3: Egypt — Habitat - is 3 out of 10.

Chemical Use

Due to the regional differences highlighted in this production parameter review on chemical
use, three separate scores have been assessed: one for the EU, one for Turkey, and one for
Egypt.

In general, the regulatory framework that is in place to govern drug use by the aquaculture
sector in the EU and Turkey would appear to be somewhat effective in limiting the use of
antibiotics due to the requirement for veterinary prescriptions, though chemicals that are
highly and critically important to human medicine are approved for use in both jurisdictions.
Although some evidence of resistance to antibiotic treatments have been documented in
studies of Mediterranean farmed seabass and seabream, these studies do not attribute this
situation to misuse of antibiotics by the aquaculture sector, per se, but note that there are an
array of contributory anthropogenic factors. In recent years it has become mandatory in most
EU member states to report the quantities and types of antibiotics used in food-animal
production to the centralized European Medicines Agency and, in Turkey, veterinarians must
make their prescription records available for inspection when requested. New EU legislation
has also mandated that farm-level details of antibiotic use must be reported, with a phase-in
period commencing in 2022 — although data concerning sector-specific usage is not publicly
available at the present time in either the EU or Turkey. Communications with veterinary
professionals within the sector, both in the EU and Turkey, suggest that antibiotic use in the
sector has reduced significantly in recent years, commensurate with the increased availability
and routine application of effective vaccines by seabass, seabream and meager farmers, with
close to 100% of stocks reportedly being vaccinated against several bacterial diseases.
Antibiotic use data for fish are available in the EU, but not disaggregated at the species level,
thus specific usage data for the seabass, seabream and meagre sector are unknown. While
communication with some industry veterinarians have indicated that antibiotics are typically
used less than once per cycle, additional information suggests that antibiotic use is common in
Greece (>50% of total EU production), with no quantification of treatment frequency beyond a
minority of the industry exceeding 3 treatments per cycle. Further information indicates that
critically-important antimicrobials for human medicine were used in 6% of all antibiotic
treatments in Greece in 2019 (a decrease from 30% in 2017), though again, total volume and
number of treatments are unknown. No such quantifications of antibiotic use in Turkey could
be ascertained.

Overall, despite increased vaccinations and indications from veterinary professionals that
antibiotics are typically used less than once per production cycle, additional data indicate that
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the use of antibiotics in Greece, the major EU producer country, is common and at times,
frequent (>3 treatments per cycle). Given the available data and uncertainty in treatment
frequency, it is considered that highly important antimicrobials are being used in unknown
guantities in the EU, and critically important antimicrobials are being used in unknown
guantities in Turkey. In addition, parasiticides such as formalin are in use in both sectors, with
no indication of the treatment volumes or frequency able to be ascertained. Net pens are an
inherently open production system that allow the discharge of active chemicals, and therefore,
an intermediate score is warranted for each sector. The difference in the scores between the
EU and Turkey are driven by the unknown usage patterns of different antimicrobials, greater
data availability in the EU, as well as more stringent regulatory control in the EU. The final score
for Criterion 4 — Chemicals: EU is 3 out of 10, whereas the final score for Criterion 4 —
Chemicals: Turkey is 1 out of 10.

Data on the Egyptian sector suggests that there is a lack of regulatory control concerning
chemical use by producers of the species under consideration and this necessitates that a
precautionary approach is used to score this Criterion. This method of evaluation is further
supported by data which demonstrates the development of antibiotic resistant pathogens
within the aquaculture sector at large; this includes the usage of chemicals which are critically
important to human health, which appear to be being used in unknown quantities. The final
score for Criterion 4 — Chemicals in Egypt is O out of 10.

Feed

Data to inform this Criterion has been sourced directly from the main commercial aquafeed
suppliers to fish farms in both Egypt and the Mediterranean region. The economic FCRs used to
score this Criterion are 2.3 for seabass, 2.0 for seabream and 1.7 for meagre. In addition, it is
evident that production of meagre in Egypt is commonly fed whole fish, rather than commercial
diets, and in such instances an eFCR of 9 has been used. In light of this, two separate ratings
have been calculated for the Egyptian meagre sector.

With the exception of meagre produced in Egypt using whole fish, the FFER for seabass,
seabream and meagre is 0.87, 1.24 and 1.47, respectively. Since the source fisheries used in all
diets are the same, all three species score -6 out of -10 for Factor 5.1b. When added together,
these scores result in a final Factor 5.1 score of 6.77 out of 10 for seabass, 5.41 out of 10 for
seabream, and 4.57 out of 10 for meagre. Since most fish produced across the scope of this
assessment are consumed in domestic markets, where fish are most frequently served whole,
this has been factored into the calculations for Factor 5.2, and the resultant net protein
gain/loss values for seabass, seabream and meagre are -52.41%, -49.71%, -46.42%,
respectively, indicating a net loss of protein. The subsequent final Factor 5.2 score for seabass is
4 out of 10, whereas seabream and meagre both obtain a score of 5 out of 10. The total global
land and ocean area appropriated per MT of farmed fish for seabass, seabream and meagre is
16.32 hectares, 14.71 hectares and 18.58 hectares, respectively, resulting in scores of 4, 5, and
3 for Factor 5.3. When the scores for all three Factors are combined, the final Criterion 5 — Feed
score for seabass is 5.38 out of 10, for seabream it is 5.21 out of 10, and for meagre it is 4.28
out of 10.
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In consideration of farmed meagre produced in Egypt on a diet of whole fish, the FFER is
calculated to be 9, due to an eFCR of 9. Since the whole fish used as feed come from unknown
source fisheries, this warrants a score of -10 out of -10 for Factor 5.1b; when these scores are
combined, the final Factor 5.1 wild fish use score is zero out of 10. The Factor 5.2 score, which
assesses net protein gain or loss, is 1 out of 10, due to a -87.59% net loss of protein. In
consideration of the diet used, the ocean area appropriated per each MT of farmed meagre
produced is calculated to be 64.37 hectares, resulting in a Factor 5.3 score of zero out of 10.
The final Criterion 5 — Feed score for meagre farmed in Egypt using whole fish is therefore zero
out of 10, which is a Critical conservation concern to Seafood Watch.

Escapes

With regard to the EU and Turkey, given the available data and the high escape risk that is
inherent with open-net pen aquaculture systems, it is clear that multiple large escapes and
frequent trickle losses have occurred, and continue to occur, particularly in the seabream
sector, and any corrective actions have not been adequate to limit escapes. This warrants a
score of 0 out of 10 for Factor 6.1. However, the implementation of published best
management practices is assumed to occur to some degree, and some areas have begun
implementing mandatory escape prevention practices. This then partially warrants a score of 2
out of 10, and a final intermediate score of 1 out of 10 for Factor 6.1 is given for the EU and
Turkey.

While seabass and seabream are considered native throughout the geographic range
encompassed by this report, this is not entirely the case for meagre, which is evidently rare or
absent in the more northerly regions under consideration. In all jurisdictions, there are
concerns that domesticated escapees could cause genetic drift to occur in wild populations
should breeding take place between farmed and wild individuals. The ecological threat that this
presents has attracted the attention of numerous research projects and much funding has been
directed toward understanding the causative factors of such events and their ecological
impacts, plus the development of measures to mitigate against these threats. Escape through
spawning, whereby viable fertilized eggs emanate from cages, is also feasible, although this is
reportedly rare and is typically only associated with cultured seabream, not with seabass or
meagre. Selective breeding in aquaculture, which favors traits such as fast growth, appealing
morphology and disease resistance, inevitably results in loss of genetic diversity within farmed
stocks. Studies show that phenotypic variation exists between wild and farmed seabass,
seabream and meagre, and also indicate that some genetic introgression has occurred,
resulting in a score of 3 out of 10 for Factor 6.2 Competitive and Genetic Interactions: EU &
Turkey. When the scores for these two factors are combined, the final score assessed for
Criterion 6: Escapes - EU & Turkey is 2 out of 10.

In Egypt, culture of seabass, seabream and meagre primarily occurs in earthen ponds, which are
located between +3 and -1 meters above sea level. Although limited data on aquaculture
escapes were identified, it is evident that winter storms and floods are increasingly common in
the region and these weather conditions inevitably facilitate escape events from ponds located
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in this flood prone area. Factor 6.1 Escape Risk: Egypt scores 0 out of 10. However, since
juveniles are typically wild-sourced from local fisheries, escaped individuals pose a low concern
in terms of competitive and genetic interactions with wild conspecifics and this results in a
score of 9 out of 10 for Factor 6.2 Invasiveness: Egypt. When these factors are combined, the
final numerical score for Criterion 6: Escapes — Egypt is 5 out of 10.

Disease, pathogen and parasite interaction

While there is relatively sparse documentation of disease transmission occurring between wild
and farmed fish within the EU and Turkey, it appears likely that a dynamic and perpetual
circulation of pathogens and parasites is ongoing, since net pen systems are open to their
surroundings and consistently exchanging water with the surrounding environment. A review of
literature on the sector indicates that both policy makers and farmers have greatly increased
their awareness of disease issues in recent years, although it is hard to quantify the degree to
which biosecurity measures (e.g. disinfection of equipment, use of certified disease-free fry,
etc.) intended to stem the transmission of disease are implemented. Vaccination, which is
recognized as one of the most efficient forms of disease prevention, is now a routine procedure
on the majority of farms; this has undoubtedly done much to mitigate the spread of pathogens.
However, although significant mortality events are notifiable by law in either jurisdiction, it
does not appear that routine monitoring and reporting of disease incidence and/or mortality is
legally required by any regulatory body. Recent survey data indicates that the average disease-
related mortality rate for seabass and seabream farmed in the EU and Turkey is around 10% of
the total fish stocked post hatchery; the total mortality rate is 15 — 20%, indicating that 50% of
mortalities are attributable to disease. It is clear that some disease-related mortalities occur on
farms, and though there are a number of biosecurity protocols in place, their implementation
varies. Given the openness of net pens, the production system is open to the introduction and
discharge of pathogens and parasites. This results in a moderate score of 4 out of 10 for
Criterion 7: Disease - EU & Turkey.

There is not a great deal of literature detailing diseases impacting mariculture in Egypt, yet it is
evident that numerous bacterial and parasitic diseases hamper the sector and cause mortalities
in these flow through pond systems, which are open to the environment. Data on viruses is
notably absent and no studies were identified that address the potential of on-farm diseases to
become amplified and retransmitted to local wild species sharing the same water body. In light
of a deficiency of data to robustly inform this Criterion, and because disease control systems,
regulations, and management measures largely do not exist - and where they do, their
implementation and enforcement is unknown and/or ineffective - the potential ecological risk
of the sector is assessed to be moderately high which results in a score of 2 out of 10 for
Criterion 7: Disease — Egypt.

Source of stock — independence from wild fish stocks

As with many of the criteria considered in this report, there is a significant difference between
the source of juveniles stocked by farmers in Egypt compared to those used in the EU and
Turkey. For this reason, these sectors have been assessed independently for this Criterion.
Traditionally, seabass, seabream and meagre were captured from the wild and subsequently
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grown out in captivity throughout their natural range. On-growing typically took place in
managed lagoons and coastal ponds; initially, these water bodies were stocked by naturally
migrating fry and later on they were stocked through the efforts of targeted wild-capture. In
Europe, a decline in the abundance of wild juveniles was observed in the 1960s and subsequent
legislation, plus investment in research and hatcheries, brought about an almost complete
cessation of wild fry use by farmers. Nowadays, hatcheries in the EU and Turkey produce ample
fingerlings for the sector and this is primarily accomplished using domesticated broodstock. A
similar downward trend in the abundance of wild marine fry has recently been observed in
Egypt but, as yet, only limited quantities of hatchery-reared juveniles are available, and the
industry is heavily reliant on wild-sourced fingerlings. These divergent sources of stock result in
profoundly contrasting scores for either region: the final numerical score for Criterion 8X:
Source of Stock — EU & Turkey is a deduction of 0 out of -10, which indicates that there is no
environmental impact, whereas Egypt, due to its dependence on wild fry (>80% reliance on
wild-stocks), has a deduction of -8 out of -10 for Criterion 8X: Source of Stock - Egypt.

Wildlife and predator mortalities

In conclusion, with regard to the EU and Turkey, although production of the species under
consideration inevitably attracts predators, and interactions with wildlife do occur, data from
the literature and personal communications indicate that any mortalities that may occur appear
limited to exceptional cases. Even in the case of bottlenose dolphins, a Mediterranean
subpopulation considered “Vulnerable” by the IUCN, data suggest that despite frequent
interactions, entanglements and mortalities are rare. The final numerical score for Criterion 9X
— Wildlife and Predator Mortalities is therefore -2 out of -10 for the EU and Turkey.

With regard to Egypt, it is again understood that the production of seabass, seabream, and
meagre in ponds attracts wildlife and predators, primarily birds, amphibians, and reptiles. No
information could be found with regard to any quantification of these interactions, nor the
control methods (or lack thereof) employed by the industry, and information gleaned from
literature regarding other pond production sectors in Egypt (tilapia, mullet), where lethal and
non-lethal control methods are documented, was used as a proxy. In the absence of additional
information, it is assumed that similar lethal and non-lethal control methods are in place in the
seabass, seabream, and meagre sectors, and thus it is assumed that wildlife and predator
mortalities do occur with unknown impacts to said wildlife species. The final score for Criterion
9X — Wildlife and Predator Mortalities is -6 out of -10 for Egypt.

Escape of secondary species

The production of seabass, seabream and meagre within the scope of this assessment is not
considered to present a risk with regards to the unintentional trans-waterbody shipment of
non-native species. Since no deduction is warranted, the assessed score for Criterion 10X —
Escape of Secondary Species is 0 out of -10.

Final Recommendations

The final numerical scores for gilthead seabream, European seabass and meagre produced in
marine net pens in the EU are 4.28, 4.31, and 4.15 out of 10, respectively. With two Red criteria
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(Chemicals and Escapes), the overall, final ranking for all three species produced in the EU is
Red and a recommendation of Avoid.

The final numerical scores for gilthead seabream, European seabass and meagre produced in
marine net pens in Turkey are 3.96, 3.99, and 3.83 out of 10, respectively. With two Red criteria
(Chemicals and Escapes), the overall, final ranking for all three species produced in Turkey is
Red and a recommendation of Avoid.

The final numerical scores for gilthead seabream, European seabass, meagre fed commercial
diets, and meagre fed whole fish produced in brackish ponds and lagoons in Egypt are 0.64,
0.67, 0.51, and -0.10 out of 10, respectively. With five Red criteria (Effluent, Habitat, Chemicals,
Disease, and Source of Stock), and one Critical criterion (Effluent), the overall, final ranking for
all three species produced in Egypt fed commercial diets is Red and a recommendation of
Avoid. Meagre fed whole fish produced in Egypt has six Red criteria (Effluent, Habitat,
Chemicals, Feed, Disease, and Source of Stock), with two Critical criteria (Effluent and Feed),
and is rated Red with a recommendation of Avoid.
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Introduction

Scope of the analysis and ensuing recommendation

Species: Gilthead Seabream (Sparus aurata)
European Seabass  (Dicentrarchus labrax)
Meagre (Argyrosomus regius)

Geographic Region: European Union, Turkey, and Egypt
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Figure 1: Overview of the major areas producing cultured seabream, seabass and meagre
(Google Maps 2018)

Production Systems: Marine Net Pens in the European Union and Turkey
Brackish Ponds and Lagoons in Egypt

Species Overview

Brief Overview of Gilthead Seabream (Sparus aurata)

Gilthead seabream inhabit a wide geographic range, which spans from the Eastern Atlantic
across the Mediterranean to the Black Sea (Studer 2018, Fishbase 2018b). It is a euryhaline
species and therefore tolerant to a wide range of salinities, including brackish lagoons and
hyper saline environments (Fishbase 2018b). Gilthead seabream are a member of the Sparidae
family of fishes and the Latin name ‘aurata’ refers to the gold bar marking found between their
eyes (Studer 2018, FAO 2018c). They commonly grow to a length of 35 cm (Fishbase 2018b),
although an upper limit of 76 cm and a weight of 7.36 kg (IGFA 2018) has been documented.
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The maximum age that has been recorded for this species is 11 years (FAO 2018c, Fishbase
2018b) to 12 years (Studer 2018). They frequent the surf zone, seagrass beds and sandy
bottoms but they are also commonly found at depths of 30 m (Fishbase 2018b). Seabream are
primarily carnivorous, and shellfish and crustaceans are a common part of their diet (Studer
2018, Fishbase 2018b). This species is a protandrous hermaphrodite; most individuals start life
as males but become female at approximately three years of age (Gkagkavouzis et al. 2019,
Studer 2018, Fishbase 2018b). Spawning occurs during October through December when water
temperatures are between 16-20°C (Fishbase 2018b, Studer 2018).

Brief overview of European Seabass (Dicentrarchus labrax)

The extant range of the European seabass incorporates both the Mediterranean and Black Sea
regions, plus an area of the northeastern Atlantic Ocean that spans from northern Norway
down to Senegal (Fishbase 2018a, IUCN 2008). Interestingly, although the northeastern Atlantic
and the Western Mediterranean are contiguous waterbodies, two distinct population groups
have been identified in either region (Naciri et al. 1999). The European seabass is a member of
the Moronidae family, which is comprised of the ‘temperate basses’ (Fishbase 2018a). While
this species may venture down to depths of 100 m, it is more usually encountered in the littoral
zone, along riverbanks, in shallow estuaries and in lagoons (FAO 2018c, Fishbase 2018a). It is a
euryhaline, eurythermal, demersal species which is seasonally migratory; they travel inshore
during summer and offshore during winter (FAO 2018c, Fishbase 2018a). Juvenile European
seabass commonly feed on invertebrates and frequently move in schools, whereas adults tend
to be more piscivorous and solitary (FAO 2018c, Fishbase 2018a). The maximum recorded size
for European seabass is 103 cm and 10.13 kg (IGFA 2018) and they can live to around 30 years
(IUCN 2008). Females reach sexual maturity later than males, at around 5-8 years (FAO 2018c,
Fishbase 2018a). Males from the Atlantic stock start reproducing around 4-7 years old, whereas
males in the Mediterranean group are already sexually mature at around age 2-4 (FAO 20138c,
Fishbase 2018a). They are a pelagic spawner, with spawning events occurring in the open ocean
between January and June when temperatures are above 9°C (Fishbase 2018a, IUCN 2008).

Brief Overview of Meagre (Argyrosomus regius)

Meagre is a coastal, semi-pelagic species (Haffray et al. 2012), which is widespread throughout
the southern and eastern regions of the Mediterranean Sea; their range also extends eastward
into the Aegean Sea, the Black Sea, and the Red Sea, the latter of which has been accessed in
recent years via the Suez Canal (IUCN 2015). In northern Mediterranean counties, meagre is
rare or absent in local fisheries statistics (Abou-shabana et al. 2012). Meagre also have a
significant range in the Eastern Atlantic: from the southern regions of Norway, this fish is
resident all the way down the western coast of Africa to Congo (IUCN 2015). Meagre belong to
the Sciaenidae family, which are commonly referred to as drums, or croakers (Fishbase 2018c).
This nomenclature was derived from the noise that males make with their swim bladder during
mating season (FAO 2005c). Literature on this species variously report that males and females
become sexually mature at around 2-3 years old (Abou-shabana et al. 2012) or, somewhat
later, at 7 years old (Haffray et al. 2012). Meagre are demersal and exhibit anadromous
migration; between April and July they return to estuaries to form large spawning aggregations
(FAO 2005c, Fishbase 2018c). Although the range of this species is geographically large, only six
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spawning areas have thus far been identified, all of which are in coastal and estuarine regions.
Four of these spawning areas are located in the North Atlantic, one of which is situated beside
the large mud flats of Mauritania’s Lévrier Bay and Banc d’Arguin, while the others in this
locality are found at the mouths of three European rivers: the Gironde (France), the Tagus
(Portugal), and the Guadalquivir (Spain). Another spawning ground is located off Egypt, where
the the Nile delta meets the Mediterranean. In addition to these five spawning areas, one more
aggregation site has recently been identified in the Aegean Sea, at the mouth of the Menderes
river delta in Turkey (Haffray et al. 2012). Once they have completed the nursery phase,
juveniles subsequently migrate along the coast or move offshore in late summer (IUCN 2015).
Water temperatures dictate the migration patterns of this species: 17-21°C is the optimal
window for growth (and also spawning), although 14-23°C is within the acceptable range

(FAO 2005c). With an upper age limit of around 20 years (Abou-shabana et al. 2012), meagre
can grow to over 50 kg and reach a length of 2 m (FAO 2005c). Meagre sub-adults rely mainly
on a diet of fish and crustaceans while adults additionally prey on pelagic fish and cephalopods
(FAO 2005c, Fishbase 2018c). Schools of meagre frequent shipwrecks and are often found near
rocks in water depths of 15-100m (FAO 2005c).

Industry Statistics Overview

As can be noted in Figure 2, global production volumes of farmed gilthead seabream and
European seabass are approximately the same, whereas production of meagre, which is a
relative newcomer to aquaculture, is much less. Taken together, in 2017, the combined live
weight production volume of these three species was nearly 466,000 MT (FAO 2019).

Global Aquaculture Production of
Gilthead Seabream, European Seabass and Meagre
MT 2008 - 2017
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Figure 2: Global production volume comparison of cultured gilthead seabream, European
seabass and meagre (FAO 2019)
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Gilthead Seabream

Farmed production of gilthead seabream was first reported to FAO in 1970 by Italy, followed by
Portugal in 1979 and Tunisia in 1982; these early production volumes were all very small. By
2017, total global cultured production of gilthead seabream reached 218,099 MT. A steady
increase in global production of this species has occurred over the last decade, as is evident in
Figure 3. It should be noted that Turkey’s production is displayed at the bottom of each year’s
data column because Turkey has been the largest volume producer of this species in recent
years, although prior to 2015 Greece was the globally dominant producer. The scope of this
report incorporates almost 88% of the total global aquaculture production of gilthead
seabream (much of the balance that is outside the scope of this report comes from Tunisia,
which accounted for nearly 8% of global production in 2017).

Global Aquaculture Production of
Gilthead Seabream 2008 - 2017
(Sparus aurata)
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Figure 3: Global aquaculture production of gilthead seabream, 2008-2017 (FAO 2019)

European Seabass

The first country to report production of cultured European seabass to FAO was also Italy; this
occurred in 1973. Six years later, Greece and Portugal became the next countries to report
production of this species. The most recent data from FAO indicates that by 2017, total global
cultured production of European seabass was 215,636 MT (Figure 4) and the scope of this
report incorporates over 97% of this volume. Throughout the 1990s, Greece was the main
producer of this species but, in 2004, Turkish production volumes overtook those of Greece.
Turkey has remained the most dominant producer of seabass up until the present time,
accounting for over 46% of production in 2017, compared to Greece’s share of just under 21%.
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Global Aquaculture Production of
European Seabass 2008 - 2017
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Figure 4: Global aquaculture production of European seabass, 2008-2017 (FAO 2019)

Meagre
In 2017, global production of meagre was 31,935 MT; Egyptian production, at 25,013 MT,

accounted for over 78% of this amount. Cultured production of this species was first reported
to FAO in 1997 by France. A few years later, a number of other EU counties also started
reporting small production volumes: Italy in 2002, Spain in 2003 and Portugal in 2005. In 2008,
Egypt became the next country to report farmed production of meagre to FAO and this nation
has remained the dominant producer of this species since this time. Egypt’s dominance in the
cultured meagre sector is clearly evident in Figure 5; the total aggregate production of this
species reported to FAO to date (i.e. from 1997 to 2017) is 138,483 MT, of which Egypt has
produced 71% (98,225 MT). The second largest producer is Spain, which accounted for 11% of
the entire reported production volume. The scope of this report incorporates virtually all
(99.86%) of the total combined global aquaculture production of cultured meagre. Meagre has
been identified as an emergent aquaculture species with great potential by the Diversify
project, an initiative funded by the European Commission. The project, which has a particular
emphasis on encouraging the development of cage farming in the Mediterranean, has also
identified other promising new species in its efforts to encourage expansion of aquaculture in
the EU (The Fish Site 2016).
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Figure 5: Global aquaculture production of meagre, 2008-2017 (FAO 2019)
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Industry Scale and Production Systems

Culture of gilthead seabream and European seabass is a well-developed industry in the
Mediterranean, Black Sea and North-Eastern Atlantic regions (Eurostat 2018a, Eurostat 2018b).
When production rose exponentially in the 1990s, more players were attracted to invest in the
sector. This ultimately led to market over-supply and a subsequent slump in ex-farm prices,
which in turn led to many smaller producers being bought out and consolidated into the
portfolio of larger companies, such that there are far fewer small operators nowadays (UCN
2017). Aquaculture production of seabream and seabass in the Mediterranean region has
continued to increase since 2000, primarily been due to expansion in the Greek and Turkish
sectors (AquaSpace 2018b). Most grow-out takes place in near-shore, floating net-pens and this
is the production method favored by the main producing nations; however, around 15% is
reportedly produced in land-based pond systems in countries such as Portugal and Italy
(Gausen et al. 2014). Pond culture is also used predominantly in Egypt in the Nile delta region,
with only a small quantity of European seabass being produced in cages (FAO 2017b, Soliman &
Yacout 2016, Abdelhamid et al. 2013). In recent years, several intensive desert farms have been
established in Egypt also, which source brackish water from underground (Shaalan et al. 2017,
Sadek 2013, Crespi & Lovatelli 2011). Multi-species cultivation is commonly practiced by
farmers, due to the biological similarity of these fish, although each species is reared in a
separate cage or pond so that appropriate husbandry can be provided to each.

Overview of the Main Producers

Turkey
The Turkish aquaculture sector has grown rapidly in the last decade to the extent that by 2017

it was the world’s largest producer of both seabream (61,090 MT) and seabass (99,971 MT).
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Turkey had been the global leader in terms of seabass production for some time but, prior to
2015, Greece had consistently been the largest volume producer of seabream since the early
90s. Turkey also started to produce meagre in 2014, when it reported a production of 3,281
MT, however, Turkish output of this species has declined each year since then and in 2017 only
697 MT was reported. Production of these three species is predominantly conducted in
offshore ocean cages (Ylicel-Gier et al. 2009) and large, offshore installations, producing over
1000 MT, have proliferated in recent years (Rad & Sen 2016). The majority (96%) of Turkey’s
seabream and seabass is farmed off the Aegean coast, primarily around Mugla and izmir;
another 3% is produced in the Black Sea; and 1% is cultured off Turkey’s Mediterranean coast
(Rad & Sen 2016). A few land-based farms also produce seabass in earthen ponds. In 2015,
there were 427 licensed marine farming sites in Turkey, of which 380 were engaged in culturing
seabream and seabass (Rad & Sen 2016). The majority of Turkey’s fish processing facilities are
approved, in accordance with EU regulation, to export to the EU, which is the recipient of
around 65% of Turkish fisheries products - both cultured and wild?. Consolidated, vertically
integrated aquaculture companies are increasingly the norm in Turkey (Eurofish 2018). Turkish
company, Kilig¢ Deniz, is the world’s largest producer of seabass and seabream. It exports to 60
countries: the US, Russia and Europe are its main markets3.

Greece

Aqguaculture represents 69% of seafood production in Greece, with the balance coming from
wild-capture. Marine fish farming, predominantly seabass and seabream, accounts for 97% of
the volume (and 98% of the value) of the country’s cultured fish production (FGM 2017). In
2017, Greece produced 55,948 MT of seabream and 44,285 MT of seabass, making it the
second largest global producer of both of these species behind Turkey - it should be noted,
however, that prior to 2015 Greece was the world’s largest producer of seabream. Turkey’s
production increased in 2015 and Greece’s decreased, likely as a result of the economic and
political turmoil that the country experienced that year. In 2016, 31% of total global sales of
seabream and seabass, and 59% of total EU sales of these species, were of Greek origin (FGM
2017), however, Greece has lost some of its market share in recent years to Turkish production,
especially due to the pricing advantage that Turkish producers have had over Greek producers
of late (GLOBEFISH 2019). Like Turkey, Greece is highly export-oriented, with only 22% of
seabream and seabass production remaining on the domestic market. Of the balance that is
exported, Europe absorbs more than 90% (Italy is the biggest importer followed by Spain then
France) (FGM 2017) and 4% is sold into North American markets (FGM 2016). In 2015, 0.4% of
Greek seabream and seabass production was certified EU Organic (EUMOFA 2017). A small
amount of meagre is also farmed, which comprised 1,634 MT in 2017 (FAO 2019). In 2017,
Greece had 63 aquaculture companies which were operating 366 farms - and most of these
were small, family-run enterprises (FGM 2017). However, the industry has seen a great deal of
consolidation in recent years, with four companies dominating the national seabass and
seabream sector: Nireus, Selonda, Andromeda and Galaxidi (Nireus 2019, Selonda 2019, AG

2 https://www.eurofish.dk/turkey
3 https://www.seafoodsource.com/news/aquaculture/record-exports-for-leading-bass-bream-producer
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2019, GMFSA 2019). Toward the end of 2019, further consolidation occurred when the
Andromeda Seafood Group acquired both Nireus and Selonda (SeafoodSource 2019).

Spain

Spain is both the largest producer and consumer of fishery products within the EU: 70% of
production is wild capture (ocean), 29% aquaculture, and 1% wild capture (inland). National
aquaculture production includes around thirty different species; gilthead seabream and
European seabass are the main marine species produced. In 2017, Spain produced 17,005 MT
of seabream, 17,656 MT of seabass, and 3,524 MT of meagre. Three-quarters of farming
operations are small, with less than five employees each. In 2015, there were 96 farms
producing seabream and seabass (Eurofish 2018). Culmarex Group, which is a subsidiary of
Cooke Aquaculture, is Spain’s largest producer of seabass and seabream (Culmarex 2018).
Meagre production was first reported by Spain in 2003; this species has the potential to
become a more significant player in the Spanish aquaculture sector going forward (Eurofish
2018).

Croatia

In 2015, Croatia had 373 registered fish farms producing marine species, and this was mainly
comprised of seabream, seabass and bluefin tuna (ranching). Croatia played a pioneering role in
the development of seabass larval rearing and was home to one of the first and largest
hatcheries for this species in the early 1980s (Eurofish 2018). In 2017, Croatia produced 4,830
MT of seabream, 5,616 MT of seabass and 253 MT meagre. Croatia’s first FAO entry for
production of meagre was recorded in 2010 (FAO 2019), although the country’s first efforts to
culture this species reportedly occurred around 2000. Croatia has a long coastline reaching
along the Eastern Adriatic Sea; in the past, wild meagre used to be common in this region,
particularly in estuarine environments, nowadays however, it is largely absent (Kruzi¢ 2016).

Cyprus
The Cyprus Department of Fisheries and Marine Research reports that there are presently nine

operational/licensed ocean cage farms in the country, mainly culturing gilthead seabream and
European seabass (DFMR 2018). These species dominate Cyprus’ aquaculture production and,
in 2017, the volume of seabream (4,949 MT) produced was more than double that of seabass
(2,254 MT). Some small amounts of meagre production have been recorded since 2010 (FAO
2019).

France

France has a long tradition of aquaculture, but it is a net importer of seafood since national
production is not sufficient to supply domestic demand (The Fish Site 2010). Around 50% of
France’s seabream and seabass imports come from Greece (GLOBEFISH 2019). Currently, there
are 36 marine fish farming companies operating in the country, these produce sturgeon, turbot
and sole, as well as seabass, seabream and meagre. These farms are mainly located along the
Mediterranean coast (FranceAgriMer 2017). Seven of these companies focus on sturgeon
production. The other marine farms are mainly very small and cultivation of seabass, seabream
and meagre is dominated by just three companies (pers. comm. Jérome Lafon, FranceAgriMer,
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March 2019). The largest of these companies, Gloria Maris, reportedly produces almost 80% of
the country’s cultured marine fish (UCN 2017). Twenty percent of French seabass and seabream
production is certified EU Organic (EUMOFA 2017). In 2017, domestic aquaculture production
included 1,400 MT seabream, 2,200 MT seabass and 600 MT meagre (FAO 2019). France is
renowned for its expertise in fish reproductive management and juvenile production (FFUS
2015).

Italy
Small enterprises, with under 5 employees, dominate the aquaculture sector in Italy. Although

seabream and seabass are the main finfish that are cultured, around 30 species are produced,
including bivalves. Aquaculture takes place in all coastal regions, but the Adriatic region is
particularly well-developed. So-called valliculture, a traditional form of extensive aquaculture, is
also practiced; this takes place in natural, brackishwater lagoons (called “valli”) and occurs
predominantly in the north-east of the country (Eurofish 2018). Italy is the main importer of
seabream and seabass produced in Greece, accounting for about 40% of the former and 50% of
the latter (GLOBEFISH 2019). In 2017, Italy produced 7,600 MT seabream, 6,800 MT seabass
and 100 MT meagre (FAO 2019).

Portugal
Production of seabream and seabass is limited and takes place in earthen ponds (OSPAR 2009);

ocean conditions (waves and currents) and temperatures are not conducive to ocean farming of
these species and offshore cage farming is not practiced as yet (Encarnagao 2016). In 2017,
Portugal produced 1,200 MT seabream, 400 MT seabass and 70 MT meagre (FAO 2019).

Egypt

The main marine species cultured in Egypt is mullet, which accounts for almost three-quarters
of all marine production; the rest is comprised of seabream, seabass and meagre, plus a very
small quantity of shrimp. In contrast to the cage culture techniques practiced in the EU and
Turkey, Egyptian seabream, seabass and meagre production is almost exclusively reliant on
semi-intensive pond culture (GAFRD 2018b), although a small amount of cage production also
occurs (Soliman & Yacout 2016). For the purposes of this report, those ponds which apply
manufactured, commercial diets as feed are considered semi-intensive, while those which
apply whole fish as feed (some meagre production, see Criterion 5) are considered semi-
extensive. Damietta Governorate, which is located in the northeast of the Nile delta on the
Mediterranean coast, is where 91% of seabass, seabream and meagre production takes place
(GAFRD 2018b), particularly in the area known as the Deeba Triangle, which is located in the
north-western part of Lake Manzala (EI-Mezayen et al. 2018, USDA FAS 2016, Abdelhamid et al.
2013, FAO 2010). The balance of production comes from the neighboring governorates of Port
Said, Alexandria and Suez. Egypt’s Mediterranean coast is shallow and exposed to winds,
therefore not well-suited to cage farming, and the Red Sea, which is a major tourist destination
renowned for its beaches and coral reef, is also not well-appointed for aquaculture
developments (MADE 2013). In recent years, several intensive desert farms have been
established; these facilities source brackish water from underground (Shaalan et al. 2017, Sadek
2013, YouTube 2012, Crespi & Lovatelli 2011, DailyNews 2010) and a few farms are producing
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seabream and seabass in areas where the salinity is >26 g/liter (Soliman 2017). One of the
General Authority for Fisheries Resources Development’s (GAFRD) stated policies is to promote
the use of desert land for aquaculture (Goulding & Kamel 2013).

Although Egypt is not presently identified as an exporter of seabream, seabass and meagre to
North American markets, they are a significant aquaculture producer; in 2017, 21% of the total
production considered in the geographic scope of this report came from Egypt, up from 12% in
2015 (FAO 2019). During the last two decades, aquaculture in Egypt has been on a rapid growth
trajectory (Shaalan et al. 2017). To put this growth into perspective, the following illustrates
how much the production volumes of these three species has risen during the decade between
2008 through 2017: gilthead seabream production rose from 4,480 MT to 35,221 MT; European
seabass production rose from 4,383 MT to 30,720 MT; and meagre production rose from 2,031
MT to 25,013 MT (note that 2008 was the first year that Egypt reported production of meagre
to FAO). The nation’s aquaculture production surpasses its wild capture fisheries output by a
significant amount; if both of these seafood sources are considered together, the contribution
from aquaculture rose from 65% in 2008 to 80% in 2017 (FAO 2019).

Although Egypt is a significant global aquaculture producer, most production is retained on
local markets; in 2011, only around 1.5% of total production was exported (Goulding & Kamel
2013). Seafood exports reportedly reached 25,000 MT in 2015 and most of the fish included in
this amount was gilthead seabream and European seabass (USDA FAS 2016). Extensive research
on meagre culture is taking place in Egypt but culture of this species, plus culture of seabream
and seabass, is reportedly heavily reliant on wild caught fingerlings with minimal amounts
produced in hatcheries (FAO 2017b).

Import and export statistics:

Specific import/export codes, known as HS (international Harmonized System) codes exist for
all internationally traded commaodities. Specific HS codes have been assigned to gilthead
seabream (S. aurata) and European seabass (D. labrax) - in fact there are three codes for each,
which further define if the product is fresh/chilled, frozen or fillet. No such specific code has
been assigned to meagre, which indicates that the volume of international trade in this species
does not warrant individual classification. Any international trade in meagre would therefore be
included in a generic heading with “other fish” and as such, specific trade data for this species is
unavailable.

Despite the existence of specific HS codes for both gilthead seabream and European seabass,
US importation statistics do not distinguish imports of either of these species using this level of
granularity. Instead, imports of these species are categorized using a less detailed level of the
code, which groups species of the same genus together; hence, imports of gilthead seabream
are incorporated into the general “seabream” group, Sparidae spp., and European seabass is
included as “seabass”, together with other Dicentrarchus spp. This, compounded with the fact
that no distinction is made between farmed and wild-caught product, makes it impossible to
precisely quantify North American imports of cultured gilthead seabream, European seabass,
and meagre using national statistics. However, by disregarding importation data from nations
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which do not farm gilthead seabream and European seabass, and only considering data from
those countries that do, this allows for a more plausible assessment of the aquaculture derived
import volumes of these species. These extracted data are presented in Figures 6 and 7. In
2018, the combined volume of seabream and seabass imports, from countries that culture
gilthead seabream and European seabass, was almost 8,282 MT, of which 7% was seabream
and 93% was seabass (NOAA 2019). Also, it is relevant to note that wild capture volumes of all
three species is very minimal in comparison to aquaculture production. A review of FAO wild
and cultured production data reveals the following: in 2017, 98% of reported European seabass
was farmed versus 2% wild-caught; 95% of gilthead seabream was farmed versus 5% wild-
caught; and 78% of meagre was farmed while 22% was wild caught (FAO 2019). These data
indicate that virtually all imports of these species must be farmed.

Gilthead Seabream

Importation of seabream is first noted in United States importation statistics in 2012 and, since
this time, Greece has been the dominant provider of cultured US seabream imports. In 2018,
Greece accounted for 64% of US seabream imports (from countries that culture gilthead
seabream) and a further 19% came from Turkey and 13% from Cyprus. In 2018, the entire
amount of seabream imported from countries that culture gilthead seabream was 555 MT.

When the most recent production and importation figures are compared (i.e. 2017 FAO
production data and 2018 US importation statistics), it can be extrapolated that around 0.25%
of global production was exported to USA — although this assumption is based on the premise
that all the imports under consideration originated from aquaculture, whereas it is highly likely
that some of these imports included wild-caught seabream.

North American Imports of Seabream (Sparidae spp.)
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Figure 6: North American imports of seabream from countries that culture gilthead seabream
(NOAA 2019)

North American Imports of Seabass (Dicentrarchus spp.)
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Figure 7: North American imports of seabass from countries that culture European seabass
(NOAA 2019)

European Seabass

As noted in Figure 7, ‘seabass’ imports into the US from aquaculture producers of European
seabass have grown exponentially since 2012. As with imports of seabream, Greece has been
the dominant supplier of seabass in recent years, although in 2018 this trend changed: the most
recent trade data show that Turkey provided 48% of imports in 2018, Greece 37% and Spain
9%. The entire amount of this species that was imported in 2018 was around 7,727 MT.

FAQO’s most recent global production figures for European seabass pertain to 2017. When these
production data are compared with the most recent importation figures (i.e. US imports in
2018), it can be extrapolated that 3.58% of production was exported to USA — although this
assumption is again based on the premise that all the imports under consideration originated
from aquaculture, whereas it is highly likely that some of these imports included wild-caught
seabass.

Meagre
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As noted above, meagre has not been assigned a global trade code identifier, which indicates
that trade in this species is minimal. If any of this species has been imported into North
America, it would have been recorded in the “other fish” category. As is evident from Figure 5,
Egypt is by far the global leader in terms of cultured meagre production —and it is notable that,
even though Egypt also cultures both seabream and seabass, there have been no imports of
these products from Egypt.

Non-US Exports

Seafish (2015) notes that around 90% of gilthead seabream and European seabass are
consumed by domestic markets. Traditionally, seabream and seabass have been seasonally
available products within their range, but with the development of aquaculture, they are
available all year around. While Greece and Turkey are mainly export-oriented, other producer
countries in the region, especially Italy, Spain and France, are also importers of these species
(Eurofish 2014). Another major importer of these products is Russia (SeafoodSource 2018a).
Egypt’s domestic fish consumption is on the rise and its exports, primarily seabream and
seabass, are modest in comparison, amounting to just 25,000 MT in 2015 (USDA FAS 2016).
Egyptian aquaculture exports reportedly go to Gaza and Dubai; although Egypt can export wild
capture fisheries to the EU, it has not been able to export aquaculture products there since
2002 due to non-compliance with Directive 96/23/EC, a sanitary requirement (Goulding &
Kamel 2013), and this status has not changed in recent years®.

Future Outlook for Seabream and Seabass Markets

FAQO’s 2018 Globefish report on the farmed seabream and seabass sector forecast that
production of these species would increase by 5-7% during 2018. This report also noted that
although it was apparent that global demand for these commodities had increased, the sector
would be wary of creating downward pressure on prices in the event of over-supply
(GLOBEFISH 2018). Now that the 2019 Globefish report has been released, it is evident that
there has been a downward trend in the market, precipitated in particular by over-supply from
Turkish producers in the last period. Sector expansion during recent years has been typified by
such boom and bust cycles, and it is evident that the industry is very much in the ‘bust’ phase of
this process at present. Looking to the future, the current Globefish report notes that despite
current economic uncertainties in major markets for these species, the recent launch of the
Aquaculture Stewardship Council’s (ASC) new ‘Seabass, Seabream and Meagre Standard’ may
provide opportunities for product diversification and differentiation, which may bolster the
sector (GLOBEFISH 2019).

Product Forms and Common and Market Names

Gilthead seabream, European seabass and meagre are typically sold chilled as a whole, single
portion-sized fish with minimal processing. Cultured fish of these species are generally
harvested at around 300-500g (although meagre are often larger) and filleting, particularly with
smaller-sized fish, is not practical.

4 https://www.food.gov.uk/sites/default/files/media/document/fishery-products-guide-jan-2015.pdf
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Table 1: Common and market names for the three species under assessment

Scientific Name

Sparus aurata

Dicentrarchus labrax

Argyrosomus regius

Common Name

Gilthead seabream

European seabass

Meagre

United States

gilthead bream

European seabass/
branzino/ branzini

meagre/ salmon
bass

United Kingdom

gilthead seabream/
silver seabream

Mediterranean
seabass/ branzino/
branzini

croaker/ meagre/
shadefish

Spain dorada/ dourada lubina/ mero/ robalo corbina/ corvina

France dorada royale/ laurata | loup de mer/ lubin/ bar | bocca d’oro/
Européen curbina/ aigle

Italy orata spigola/ branzino ombrina boccad’oro

Turkey gipura levrek saragiz balig

Greece Xpuoooda Aaupakomoulo JOAOMOG

Egypt denis karous loot
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Criterion 1: Data quality and availability

Impact, unit of sustainability and principle

= Impact: poor data quality and availability limits the ability to assess and understand the
impacts of aquaculture production. It also does not enable informed choices for seafood
purchasers, nor enable businesses to be held accountable for their impacts.
Sustainability unit: the ability to make a robust sustainability assessment

Principle: having robust and up-to-date information on production practices and their
impacts publicly available.

Criterion 1 Summary: EU

Industry or production statistics 10 10
Management 7.5 7.5
Effluent 7.5 7.5
Habitat 7.5 7.5
Chemical use 5 5
Feed 7.5 7.5
Escapes 7.5 7.5
Disease 5 5
Source of stock 10 10
Predators and wildlife 5 5
Introduced species 10 10
Other — (e.g. GHG emissions) Not Applicable n/a
Total 82.5
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Criterion 1 Summary: Turkey

Industry or production statistics 10 10
Management 7.5 7.5
Effluent 7.5 7.5
Habitat 7.5 7.5
Chemical use 2.5 2.5
Feed 7.5 7.5
Escapes 7.5 7.5
Disease 5 5

Source of stock 10 10




Predators and wildlife 5 5

Introduced species 10 10
Other — (e.g. GHG emissions) Not Applicable n/a
Total 80
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Criterion 1 Summary: Egypt

Industry or production statistics

Management 2.5 2.5
Effluent 2.5 2.5
Habitat 2.5 2.5
Chemical use 0 0
Feed 2.5 2.5
Escapes 7.5 7.5
Disease 2.5 2.5
Source of stock 2.5 2.5
Predators and wildlife 0 0
Escape of Secondary Species 10 10
Other — (e.g. GHG emissions) Not Applicable n/a
Total 40
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Brief Summary

Overall, there is an abundance of data available on the seabass, seabream and meagre sector in
the EU and Turkey. Over the last few decades, as the industry has expanded throughout this
region, the sector has benefited greatly from both European Commission-funded and industry-
funded research efforts. This is testimony both to the economic importance of this sector and a
growing awareness that environmental impacts need to be better understood for the industry
to move forward. In addition to the prodigious volume of peer-reviewed, published literature
that these endeavors have resulted in, there are also a great deal of collated government
statistics available from across the region. Of note, significant differences were identified in the
quality and availability of data pertaining to Criterion 4 — Chemical Use, thus the scores for the
EU and Turkey were differentiated in this regard. The final numerical score for Criterion 1: EU —
Data is 7.5 out of 10, whereas for Criterion 1: Turkey — Data it is 7.3 out of 10.

In contrast to the EU and Turkish sector, the availability of data pertaining to production of
these species in Egypt is much less. Much of the data that is available comes from initiatives



funded by international organizations such as FAO, WorldFish and CGIAR. According to FAO
statistics, significant Egyptian production of these species only commenced around 2010, hence
there has been limited time for literature on this sector to amass. Of additional note, only a few
percent of Egyptian production are comprised of these species — a factor which partially
elucidates the sparsity of data available. Notably, data concerning the sector’s use of chemicals
was not identified in literature and minimal information pertaining to management of the
industry or effluent and habitat impacts were forthcoming. While feed data from commercial
suppliers was easily obtained, it is hard to ascertain from the data available the extent to which
commercial diets are implemented by the sector. Likewise, data pertaining to the source of
stock criterion were sparse and data on predator interactions were not identified. Overall, the
final numerical score for this category, Criterion 1: Egypt — Data, is 3.6 out of 10.

Justification of Rating

Industry and Production Statistics

Production statistics for this assessment have been sourced from the United Nations Food and
Agricultural Organization’s (FAO) global fisheries database, FishStatJ®, as well as the European
Commission’s Eurostat database®, plus Egypt’s General Authority for Fish Resources
Development (GAFRD)’. Up-to-date trade and industry statistics were informed by a variety of
fisheries resources and publications such as FAQ’s Globefish® reviews, Intrafish®, Undercurrent
News!® and SeafoodSource!. Additional industry information on the European sector was
sourced from the Federation of European Aquaculture Producers!? and Eurostat'3. The quality
of this data resulted in a high degree of confidence in its content as it pertains to the EU and
Turkey and a data score of 10 out of 10 for this aspect of the Data Criterion. Industry and
production statistics for the Egyptian sector were considered to be moderate-high and this
resulted in a score of 7.5 out of 10 for this aspect of the Data Criterion

Management and Regulations

Publicly available data pertaining to management and regulation of the aquaculture sector in
the EU and Turkey, as well as Egypt, is readily available online in both the FAOLEX database!*
and also in the General Fisheries Commission for the Mediterranean (GFCM)**> web portal.
GFCM materials also allow easy identification of the Competent Authority within each member
country, plus the relevant data flow systems that are in place in each jurisdiction (GFCM
2018b). At the country level, there is also a great deal of information available concerning

5 http://www.fao.org/fishery/statistics/software/FishStatl/en
5 https://ec.europa.eu/eurostat/data/database

7 http://www.gafrd.org

8 http://www.fao.org/in-action/globefish/background/who-we-are/en/
9 https://www.intrafish.com

10 https://www.undercurrentnews.com

1 https://www.seafoodsource.com

12 http://feap.info

13 https://ec.europa.eu/eurostat

1 http://www.fao.org/faolex/en/

15 http://www.fao.org/gfcm/en/
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management of aquaculture production in the EU and Turkey. Additionally, the European
Parliament provides online access to information pertaining to governance of the sector in each
of its member states'®, and the EURLex!” web portal provides access to European Union Law.
Multiple EU-funded, aquaculture-oriented projects have also been carried out, and the reports
produced as a result of these initiatives, alongside peer reviewed literature on the sector, is
considered to provide a reliable overview of sector management and regulations in the EU and
Turkey. As such, data quality regarding management and regulations in the EU and Turkey is
moderate-high and receives a score of 7.5 out of 10. In contrast, the volume of country-level
data pertaining to the Egyptian sector is much less, however, and questions and uncertainties
about the data that is available means that it is challenging to draw reliable conclusions on this
topic. As such, data quality regarding management and regulations in Egypt is low-moderate
and receives a score of 2.5 out of 10.

Criterion 2: Effluents & Criterion 3: Habitat

With reference to the EU and Turkish sector, an abundance of high-quality data was identified
which informed a robust assessment of the Effluent and Habitat Criteria. The environmental
impacts of aquaculture in the Mediterranean have been the focal point of numerous EU-funded
initiatives over the last two decades and the topic has received much attention by researchers
who in turn have published an abundance of literature on the subject. The MERAMED project,
which studied the physical, biological and chemical effects of several cage farming sites in
Greece, was instrumental in the early development of environmental management and
monitoring tools that have guided the industry’s development, and later the MERAMOD model
was used to predict solid particle dynamics and the benthic impacts of wastes generated by
seabream and seabass farms in a variety of diverse sites. Additionally, the MedVeg three-year
project tracked nutrients released from Mediterranean fish farms and studied the effect they
had upon macroalgae and seagrasses, particularly Posidonia oceanica meadows. An abundance
of literature is available from all of these research initiatives. Similar studies were identified for
fish farming sites in the Aegean Sea, where the bulk of Turkish production occurs, plus one
recent study on production in the Black Sea. The EU’s Horizon 2020 Framework Programme
funds numerous on-going research initiatives, such as the AquaSpace project and the TAPAS
project, which contribute to a robust overview of contemporary environmental monitoring and
assessment practices within the EU and Turkey. In addition to these EU-funded research
initiatives, the European Commission’s web-based platform provides access to policy
documents, regulations and directives, which facilitates an overview of the sector’s regulatory
framework with regard to environmental monitoring and management. Similarly, laws
pertaining to the seabream, seabass and meagre sector in Turkey are accessible on the FAOLEX
database web-portal. Other salient documents that have been pivotal in the formulation of
environmental governance strategies for aquaculture across the EU and Turkey are the 2007
and 2009 guidelines produced by the Marine Programme of the International Union for
Conservation of Nature (IUCN) as well as recommendations and resolutions published by the
General Fisheries Commission for the Mediterranean (GFCM). Taken together, the quality of

16 https://ec.europa.eu/fisheries/cfp/aquaculture/guidance-documents_en
17 https://eur-lex.europa.eu/homepage.html
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these data resulted in a moderate-high data score of 7.5 out of 10 for both Criterion 2: EU &
Turkey — Effluents and Criterion 3: EU & Turkey — Habitat.

In Egypt, no specific studies on the effluent impacts of fish farms were identified, therefore the
Risk-based assessment was used. Likewise, for the Habitat Criterion there was little data
available and no studies were identified which explored the habitat impacts of farming
seabream, seabass and meagre in Egypt. In the literature that is available on the Egyptian
aquaculture sector, authors frequently comment on the dearth of information pertaining to the
environmental impacts of fish farming, the lack of effective monitoring requirements, and the
paucity of studies on the country’s mariculture industry in general. Although a brief overview of
laws governing the sector can be gleaned from a few academic papers plus a number of reports
from international organizations (e.g. FAO'8, WorldFish?®, CGIAR?°) and local government
departments (e.g. the Ministry of Water Resources and Irrigation’s National Water Resources
Plan?! and the Ministry of Environment’s National Biodiversity Strategy and Action Plan??),
there is little detail available that specifically defines the legal requirements of farmers or what
their normal management practices are with regard to effluents. This lack of data has resulted
in a data score of 2.5 out of 10 for Criterion 2: Egypt — Effluents and a data score of 2.5 out of
10 for Criterion 3: Egypt — Habitat.

Criterion 4: Evidence or Risk of Chemical Use

Publicly available data which explain the regulatory framework for chemical use in aquaculture
in the EU and Turkey are readily available online; the Eur-Lex portal includes the array of laws
relevant to this aspect of governance in the EU, whereas Turkish laws are accessible on the
FAOLEX database. A recent review, which examined sea-based sources of chemical
contaminants in European seas, was also helpful in informing research for this Criterion; within
its contents were data showing which chemicals and therapeutants are approved for use in
aquaculture within the region and their ecological impacts are also discussed. Also of great
assistance were the websites of the European Medicine Agency (EMA)?3 and the European
Centre for Disease Control (ECDC)?4, which detail the licensing procedure for veterinary
medicines as well as the mandatory environmental risk assessment procedure that is in place;
although some equivalent data was available on the Turkish sector, information pertaining to
the EU sector is a great deal more comprehensive in this regard. Furthermore, the EMA’s
European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) reports?®, which
document EU sales of veterinary microbial agents per food-animal group, per antimicrobial
class, and by country, provide some data concerning the overall usage of such chemicals across

18 http://www.fao.org/home/en/

1% https://www.worldfishcenter.org

20 https://cgiar.org

21 https://www.mwri.gov.eg/en/

22 https://www.cbd.int/doc/world/eg/eg-nbsap-v2-en.pdf

2 https://www.ema.europa.eu/en

24 https://www.ecdc.europa.eu/en/home

% https://www.ema.europa.eu/en/veterinary-regulatory/overview/antimicrobial-resistance/european-
surveillance-veterinary-antimicrobial-consumption-esvac
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the region. However, while this data does include a category for ‘fish’, which encompasses all
aquaculture production, it does not disaggregate these data at the species level, thus the
specific types, dosages and quantities of antibiotics used explicitly in the production of
seabream, seabass and meagre are not identifiable. In Turkey, no equivalent data is available,
thus even for the national aquaculture sector at large, published data on the sector’s use of
antibiotics is unavailable. Information regarding the environmental impacts of chemicals used
by the aquaculture sector is limited, although several studies examining the presence of
antimicrobial resistance genes on farms and farmed fish, both in the EU and Turkey, were
identified. One recent study in Greece, which was conducted as part of the EU’s ongoing TAPAS
(Tools for Assessment and Planning of Aquaculture Sustainability) project, also provided some
useful insights for this Criterion as it included an analysis of antibiotic residues in sediments and
biota collected from 48 seabream and seabass farms. Since specific data pertaining to the
sector’s average on-farm usage of chemicals was unavailable in published data, and since such
data are critical components in the assessment of this Criterion, further input was sought from
numerous veterinary professionals across the EU and Turkey; these communications assisted in
further informing this Criterion. When the quality and availability of data are taken into
consideration, both with regard to published resources and personal communications, a greater
degree of clarity was obtained with regards to the sector’s chemical use practices in the EU
than was available for Turkey. In light of this, the overall quality and availability of data to
inform this criterion — the usage patterns, controls over, and ecological impact of chemicals -
for this Criterion, as it pertains to the EU, is considered to be moderate, thus a data score of 5
out of 10 has been assessed for Criterion 4: EU — Chemical Use; whereas for Turkey, the
availability of data is considered to be low-moderate, resulting in a score of 2.5 out of 10 for
Criterion 4: Turkey — Chemical Use.

Data pertaining to chemical use by the sector in Egypt and its governance was not identified,
although a number of studies were noted that discussed the emergence and development of
AMR (antimicrobial resistance) in pathogens that affect the species under consideration.
Culture of seabass, seabream and meagre in 2017 only constituted 6% of Egyptian aquaculture
production (up from 3% in 2015), so a lack of data on this niche sector is perhaps not surprising.
However, there is also a lack of data available on chemical usage by the Egyptian aquaculture
sector in general, which, given the nation’s globally dominant position as an aquaculture
producer, is surprising. This lack of data has resulted in a data score of 0 out of 10 for Criterion
3: Egypt — Chemical Use.

Criterion 5: Feed

Feed data to inform this Criterion was obtained from the main feed suppliers to the
geographical scope of this assessment. While a great deal of data used to inform this Criterion
is available online, other aspects were gathered through personal communications. In order to
protect the proprietary nature of these data, and also to provide an accurate overview of the
sector, information from a variety of sources has been aggregated and formatted to present an
average snapshot of the industry. Due to the size of the area covered in the scope, it was
necessary to seek the advice of experts with relevant regional experience in order to determine
the average economic FCRs of each species being considered. Numerous scientific papers from
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across the scope were also referenced during assessment of this Criterion, including a number
of FAO documents. Additionally, the Sustainable Fisheries Partnership FishSource database was
used to assess the sustainability and status of the reduction fisheries used as the source of
fishmeal and fish oil in the dietary formulations under assessment. These data sources are
considered to be robust and gave the assessor a high degree of confidence in the information
they provided to inform this Criterion. This results in a score of 7.5 out of 10 for Criterion 5:
Feed for the EU & Turkey. However, a reduction in this data score, as it pertains to the Egyptian
sector, is warranted: although not apparent in identified literature, consultation with experts
indicated that the meagre sector is known to use whole fish as feed. This illustrates that there
are knowledge gaps in Egyptian data regarding the sector’s feed use, thus the Criterion 5: Feed
data score, as it pertains to the Egyptian sector, is scored 2.5 out of 10.

Criterion 6: Escapes

Despite the fact that fish farms in the Mediterranean do not have any legal requirements to
report escape events, the issues surrounding escapes have attracted the attention of numerous
researchers and there is a good deal of peer-reviewed literature available on this topic as it
pertains to the EU and Turkey. Much data was generated by an EU-funded project, entitled
‘Prevent Escape’, the aim of which was to better understand the cause of escape events from
open-net pen systems and to develop preventative solutions. Genimpact, another EU-funded
study, also analyzed escape events and their potential for genetic repercussions upon wild
conspecifics. In addition to the literature generated by these studies, there is also a significant
body of literature which details re-capture efforts as well as studies which analyze
morphological and molecular differences between wild and farmed fish. A number of
documents are also readily available which detail best management practices for prevention
and mitigation of escapes. A reliable representation of escape events and their subsequent
ecological impacts was easily accessed to inform this topic, a data score of 7.5 out of 10 has
been assessed for Criterion 6: EU & Turkey — Escapes.

Although there was not a great deal of data identified which referenced aquaculture escapes in
Egypt, the data that were available are considered to give a reliable representation of the
situation. A good overview of the areas where culture takes place and the likelihood of escapes
occurring from pond systems was obtained from general literature on the sector, a particularly
helpful resource was the USDA’s Global Agricultural Information Network (GAIN) report on
Egyptian aquaculture. Likewise, ample data was identified to ascertain that the majority of
juveniles are wild-sourced. Although there was not an abundance of material available on this
topic, it was adequate to inform this Criterion, subsequently, a data score of 7.5 out of 10 has
been assessed for Criterion 6: Egypt — Escapes.

Criterion 7: Diseases

The pathology of seabass and seabream has been the focus of many European aquaculture
research projects over the last few decades. As a consequence, there is a good deal of literature
available on the topic with regard to EU and Turkish production, as well as researchers who
were easy to contact and communicate with on the topic. In more recent times, as culture of
meagre has developed, diseases of this species have been the subject of numerous research
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initiatives, some examples of which are the European Commission-funded five-year
collaborative TargetFish project, which sought to prevent the spread of bacterial and viral
diseases by developing new aquaculture vaccines and improving existing ones; also the ongoing
MedAID (Mediterranean Aquaculture Integrated Development) project that aims to improve
the competitiveness and sustainability of the marine fish-farming sector in the Mediterranean;
and the ParaFishControl consortium, which seeks to address the impact of parasites on the
sector and explore the feasibility of anti-parasitic vaccine development. These endeavors have
resulted in much published data which greatly helped to inform the review of this Criterion.
Disease transmission between wild and farmed stocks has rarely been documented but a few
studies that attempted to do this, by implementing molecular tools, were identified.
Information regarding the prevalence of pathogens, morbidity, and mortality on farms was
obtained from literature and personal communications. A particularly valuable source of data in
this regard was the Deliverable 1.2 report, produced by the Horizon 2020 MedAID project; this
recent report provides survey data from seabream and seabass farms across the EU and Turkey
and shows average mortality rates and their causes. The body of literature that is available
concerning the disease status of the species under review and their potential ecological impacts
are considered to provide a moderately reliable representation of the present situation and a
data score of 5 out of 10 has been assessed for Criterion 7: EU & Turkey — Diseases.

Only a sparse amount of data was available to inform this Criterion with regard to the Egyptian
sector. Although a detailed WorldFish report on Egyptian fish diseases exists, this review does
not mention marine species and the pathogens that they are susceptible to. A large EU-funded
survey, which sought to gain an understanding of the range and prevalence of aquatic animal
diseases in North Africa, noted that only one useful response was received from the Egyptian
sector. This lack of industry-response to information requests has also been the general
experience of the author of this report. Of note, the annual survey of the European Union
Reference Laboratory for Fish Diseases (EURL), which aims to track the development and
impact of fish diseases on mariculture in the Mediterranean region, identifies viral
encephalopathy and retinopathy (VER) as the disease of most concern in the North African
region adjacent to the southern Mediterranean — however, viruses, including VER, are not
mentioned by Egyptian researchers, save for one comment stating that there is little
information available on viral impacts. While the data that is available from a few recent
studies does offer some useful insights into a range of bacterial and parasitic impacts, it
seems unlikely that these limited data sources fully represent the situation. Furthermore, no
information concerning the potential impact of disease amplification and retransmission from
farmed to wild stocks was identified. In light of this, a low-moderate data score of 2.5 out of 10
has been assessed for Criterion 7: Egypt — Diseases.

Criterion 8X: Source of Stock — Independence from Wild Fisheries

Data concerning the source of stock utilized by the EU and Turkish sector were considered to
provide a highly detailed, complete and up-to-date overview of this aspect of production. Data
resources included personal communications with experts, numerous peer-reviewed research
papers, literature from the European Commission, industry publications and hatchery manuals.
A great body of literature has been generated by the sector in the three decades since seabass
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and seabream hatcheries first started to operate in the Mediterranean region and robust data
on this topic was easily accessible. This results in a high degree of confidence in the quality of
data which informed this Criterion and a data score of 10 out of 10 has been assessed for
Criterion 8: EU & Turkey — Source of Stock.

Data for the Egyptian sector was much less abundant and it was only through the application of
assumptions and extrapolations that the degree to which the industry relies on wild collection
of juveniles could be determined. Literature that informed this Criterion included FAO and
WorldFish sector reports, GAFRD (the Egyptian General Authority for Fisheries Resources
Development) statistics plus a small number of peer-reviewed papers. Although these data
were considered to be reliable, no specific data was identified that robustly addressed the
source of stock used by the sector, thus a low-moderate data score of 2.5 out of 10 has been
assessed for Criterion 8X: Egypt — Source of Stock.

Criterion 9X: Wildlife and Predator Mortalities

Although data concerning wildlife and predator mortalities in the EU and Turkish sector is not
abundant, it does adequately deliver a reliable representation of the typical predator and
wildlife interactions that occur on farms within the scope. Literature concerning European
Commission Directives, and guidance on the implementation of these, was informative and
provided an overarching perspective on the governance framework in place with regard to this
Criterion. Numerous studies on the sector refer in passing to predator issues and concur on the
range of species involved; the population statuses of these affected species were clarified
through literature and sources such as the IUCN. The number of studies specifically focusing on
the impacts of predation are limited, although a few were identified, such as one which
assessed the potential of fish farms to disrupt the migratory routes of predatory bluefish, and a
nine-year long study which logged the observations of predation on a seabass and seabream
farm during this period, particularly with regard to bottlenose dolphins. Despite this, no data
guantifying mortality or other wildlife and predator interactions with farms were available,
however information obtained via personal communications with industry experts indicates
that these interactions do not commonly result in mortalities. A data score of 5 out of 10 has
been assessed for Criterion 9X: EU & Turkey — Wildlife and Predator Mortalities.

There was a dearth of data pertaining specifically to the Egyptian sector and the species under
consideration, although some useful information concerning wildlife and predator mortalities
within the national fisheries sector in general was identified. This lack of specific data is perhaps
unsurprising, since the target species of this report only comprise a small percentage of overall
aquaculture production in Egypt. Data that was available to inform this Criterion included FAO
publications and a few peer-reviewed studies, which discussed the general status of threatened
and endangered species in the vicinity of the Nile delta and Egyptian Mediterranean coastal
region, plus information concerning the invasive red swamp crayfish, which predates upon
juvenile fish. However, since no sector specific data on this criterion were identified, the data
score for Criterion 9X: Egypt — Wildlife and Predator Mortalities is O out of 10.

Criterion 10X: Escape of Secondary Species

47



The production of seabass, seabream and meagre within the scope of this assessment takes
place in a contiguous waterbody, the Mediterranean Sea. Therefore, it is not considered to
present a risk with regards to the unintentional trans-waterbody shipment of non-native
species, and the data score for this Criterion is 10 out of 10.

Conclusions and final score

Overall, there is an abundance of data available on the seabass, seabream and meagre sector in
the EU and Turkey. Over the last few decades, as the industry has expanded throughout this
region, the sector has benefited greatly from both European Commission-funded and industry-
funded research efforts. This is testimony both to the economic importance of this sector and a
growing awareness that environmental impacts need to be better understood for the industry
to move forward. In addition to the prodigious volume of peer-reviewed, published literature
that these endeavors have resulted in, there are also a great deal of collated government
statistics available from across the region. Furthermore, numerous academic and industry
experts provided valuable input by responding to enquiries, which made a significant
contribution to the volume of data that was taken into consideration during preparation of this
report — particularly in areas where data gaps were identified in published literature. For the
purposes of this report, a commonality of environmental impacts and management measures
were often identified between the EU and Turkey, notwithstanding the significant governance
differences in place in either jurisdiction. With regard to Criterion 4 — Chemical Use, however,
there was a need to differentiate the data score to account for differences that were identified
in the quality of data that was available to inform this Criterion. The final numerical score for
Criterion 1: EU — Data is 7.5 out of 10, whereas for Criterion 1: Turkey — Data it is 7.3 out of 10.

In contrast to the EU and Turkish sector, the availability of data pertaining to production of
these species in Egypt is much less. Much of the data that is available comes from initiatives
funded by international organizations such as FAO, WorldFish and CGIAR. According to FAO
statistics, significant Egyptian production of these species only commenced around 2010, hence
there has been limited time for literature on this sector to amass. Of additional note, only a few
percent of Egyptian production is comprised of these species — a factor which partially
elucidates the sparsity of data available. Notably, data concerning the sector’s use of chemicals
was not identified in literature and minimal information pertaining to management of the
industry or effluent and habitat impacts were forthcoming. While feed data from commercial
suppliers was easily obtained, it is hard to ascertain from the data available the extent to which
commercial diets are implemented by the sector. Likewise, data pertaining to the source of
stock criterion were sparse and data on predator interactions were not identified. Overall, the
final numerical score for this category, Criterion 1: Egypt — Data, is 3.6 out of 10.
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Criterion 2: Effluent

Impact, unit of sustainability and principle

= |mpact: aquaculture species, production systems and management methods vary in the
amount of waste produced and discharged per unit of production. The combined discharge
of farms, groups of farms or industries contributes to local and regional nutrient loads.
Sustainability unit: the carrying or assimilative capacity of the local and regional receiving
waters beyond the farm or its allowable zone of effect.

Principle: not allowing effluent discharges to exceed, or contribute to exceeding, the
carrying capacity of receiving waters at the local or regional level.

Criterion 2 Summary: EU & Turkey
Effluent Evidence-based Assessment

[coeuentFinalscore 000 ] s YeLLOW

Criterion 2 Summary: Egypt
Effluent Risk-based Assessment

F2.1a Waste (nitrogen) production per of fish (kg N ton-1) 125.85

F2.1b Waste discharged from farm (%) 100

F2 .1 Waste discharge score (0-10) 0

F2.2a Content of regulations (0-5) 1

F2.2b Enforcement of regulations (0-5) 1

F2.2 Regulatory or management effectiveness score (0-10) 0.4

0.00

Critical? YES

Brief Summary

This Criterion has been split into two separate recommendations: one for the EU and Turkey
and one for Egypt; this differentiation is required due to significant regional differences in both
production systems and legislative framework.

Recent scientific review pertaining to the impact of effluents arising from farms culturing
gilthead seabream, European seabass and meagre in the EU and Turkey concur that such farms
do not generally cause nutrient enrichment that is detectable beyond ~100 meters of the cage
field. Modern feeding practices, which utilize commercially formulated diets and feed
monitoring equipment to minimize waste, have done much to diminish nutrient loading. The
specific characteristics of each farm site play a major role in determining what the extent and
severity of effluent impacts may be within each location, and some environments inevitably
exhibit a greater degree of sensitivity than others. Effective site selection greatly reduces the
potential for fish farm effluents to create negative impacts within the receiving waterbody, a



concept which is widely implemented in the Mediterranean basin through use of allocated
zones for aquaculture (AZA). In this regard, studies of seabream and seabass farms in Turkey
and Greece have documented minimal negative trophic impacts occurring due to nutrients
being released into the water column as a result of farming activity, and this is attributed to the
highly efficient nutrient dynamics that exist between different tropic levels in such oligotrophic
environments. Despite this, literature indicates occasional impacts to the benthic environment
and sensitive seagrass beds have and do occur beyond the allowable zone of effect (AZE). To
address this, both the EU and Turkey have enacted legislation that prohibits farming activities in
the vicinity of sensitive habitats, thus in recent years farms have relocated further offshore,
beyond the typical depth range of P. oceanica meadows. In Greek law, it is a prerequisite that
farms must be sited away from seagrass meadows and in deeper water if they want to obtain
permits for expansion, which in effect has moved the industry further off-shore. The situation is
similar in Turkey: over a decade ago, legislation was passed which compelled farms to relocate
into deeper water sites of 30 m depth or greater. However, at the regional level and over large
marine areas, the potential cumulative impacts arising from dissolved nutrient dispersal and
assimilation are poorly understood, highlighting the need for careful monitoring of industry
expansion. The final numerical score for Criterion 2: EU & Turkey — Effluent —is 5 out of 10.

In Egypt, no specific studies on the effluent impacts of typical fish farms were identified,
therefore the Risk-based assessment was used. This was assessed by analyzing two aspects of
effluent impact: firstly, the biological wastes discharged by farms, based on average FCRs and
protein content of feed, secondly, the content and enforcement of management measures. In
the first instance, it was estimated that biological waste discharges from fish farms in Egypt are
high; in the second instance, both the content and enforcement of management measures to
mitigate the impact of fish farm effluents on the environment are lacking. The final numerical
score for Criterion 2: Egypt — Effluent —is 0 out of 10 indicating that waste discharge is high and
regulatory control and management is weak; this is considered a Critical conservation concern
to Seafood Watch.

Justification of Rating

The environmental impacts of wastes discharged from fish farms are considered in both the
Effluent and the Habitat Criteria; the former assesses the effects of discharges outside the farm
boundary or beyond an allowable zone of effect (AZE), whereas the latter considers effluent
impacts within the AZE, i.e. the immediate ecosystem inside the farm’s boundary. There is
inevitably a great deal of overlapping data taken into consideration in assessing these two
criteria, however, the final scoring of each pertains to the distinct and separate impact zones
described above. The General Fisheries Commission for the Mediterranean (GFCM) defines the
AZE as follows: “The area of sea-bed or volume of the receiving water body in which the
competent authority allow the use of specific Environmental Quality Standard (EQS) for
aquaculture, without irreversibly compromising the basic environmental services provided by the
ecosystem,” and further clarify that “The main idea is that within the AZE (i.e. in the immediate
vicinity of the farm) some deviation from national and international standards is expected but not
beyond a point (threshold) where critical goods and services provided by the marine ecosystem
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are irreversibly compromised,” (FAO-GFCM 2013). For the purposes of this assessment, the AZE
is considered to be the area within 30m from the net pen edge.

Around two-thirds of the species covered in the scope of this report come from farm sites
located in the northern Mediterranean and Black Sea countries. A further 20% (FAO 2017a) are
produced at sites off the North Atlantic coasts of Spain, Portugal and France and the balance
comes from Egypt. In contrast to the open net pen production systems utilized for these species
in the EU and Turkey, much of Egypt’s marine finfish production occurs in marine and brackish
ponds and lagoons primarily located in the north-eastern Nile delta region, which is contiguous
with the southern coast of the Mediterranean basin (Soliman & Yacout 2016, USDA FAS 2016,
Abdelhamid et al. 2013, FAO 2010). In recent years, several intensive desert farms have also
been established. These source brackish water from underground and a number of different
finfish species are cultivated in these facilities, dependent upon the salinity of water, which
varies between < 0.5 to 26 gr/L (Shaalan et al. 2017, Sadek 2013, YouTube 2012, Crespi &
Lovatelli 2011, DailyNews 2010). Since the production systems used in Egypt are notably
different to those used by the rest of the producers within the scope, and the availability of
data is much less, the Egyptian sector is assessed separately for this criterion.

Evidence-based assessment: EU & Turkey

As the availability and quality of effluent data pertaining to production within the EU and
Turkey is moderate-high (i.e. Criterion 1 score of 7.5 of 10 for the effluent category) the
Evidence-based assessment has been utilized for this sector.

The organic wastes, nutrients and chemicals, which are generated as a by-product of farming
fish in open net pens, inevitably flow unimpeded from the culture zone into the surrounding
environment. These wastes primarily include fish feces and uneaten food, which are dispersed
as solid particles, alongside dissolved nutrients (primarily nitrogen and phosphorus), which are
released from the gills and also from the urine of fish. The deposition of particulate material is
often regarded as the most significant cause of benthic impacts (Riera et al. 2017), although the
effect that farming activity has upon the seabed, water column and surrounding environment
varies according to the specific attributes of the farm, or cluster of farms, and how it/they are
sited. Effective site selection greatly helps to mitigate against negative impacts of effluent
dispersal. The greater the intensity of aquaculture in the region, and the shallower and less
dynamic the flow of water is, the greater the potential for negative environmental impact
(Massa et al. 2017, Mayor et al. 2017, SEP 2015, Price et al. 2015, IUCN 2009). The seabream,
seabass and meagre sector in the Mediterranean started to develop rapidly in the mid-1990s,
particularly in northern coastal areas. As expansion of the industry has continued, the need for
improved, transregional, streamlined governance of the aquaculture sector became
increasingly apparent to authorities both in the EU and also Turkey (Yicel-Gier et al. 2009). This
has resulted in a regulatory framework that has evolved, and which continues to evolve, in
response to the growth strategy of the sector and as a result of ongoing research. These legal
instruments, and the research that has guided them, are explored in more detail below.
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Recognition of the need for harmonized regional governance strategies

Development of aquaculture in the Mediterranean has primarily been driven by the seabream
and seabass sector, which presently accounts for 95% of marine finfish production (AquaSpace
2018b). The need for a common and effective inter-regional approach to governance of the
sector has long been acknowledged and is mentioned in numerous reports, some of which date
back to the mid-1990s, an era that witnessed particularly notable industry expansion in Spain,
Greece and Turkey (AquaSpace 2018b, IUCN 2009). However, since the Mediterranean basin
touches the borders of 21 nations, realization of an effective, multi-regional governance
strategy for the whole sector has proved challenging to implement (Karakassis 2013). With
reference to the EU, even though there are over 300 EU rules that have regulatory ramifications
for the sector, the efficacy of these legal provisions is ultimately dependent on how well they
are administered at the regional level by EU member states (IUCN 2009). Progress toward
harmonization of the sector has been an ongoing endeavor in recent years with numerous
research initiatives contributing toward the realization of this goal.

Primary EU Directives and legal instruments governing environmental monitoring of fish farms
Two of the most important EU Directives that govern marine environmental policy, which
thereby significantly affect regulation across the seabream, seabass and meagre sector, are the
Water Framework Directive (WFD) (Directive 2000/60/EC) and the Marine Strategy Framework
Directive (MSFD) (Directive 2008/56/EC), which were enacted in 2000 and 2008, respectively.
The purpose of the WFD (Directive 2000/60/EC) is to keep inland and coastal waters clean by
controlling the input of nutrients and chemicals, whereas the MSFD (Directive 2008/56/EC)
aims to make the seas ‘clean, healthy and productive’, requiring that member states develop
strategies to achieve ‘good environmental status’ in their marine waters by 2020 and these
strategies must be developed around eleven descriptors, which include minimization of
eutrophication. These descriptors are explained in more detail in Criterion 3: Habitat. The MSFD
Directive covers the area immediately beyond one nautical mile of the shore, whereas the WFD
applies to the coastal area that reaches from the shore out to one nautical mile. Although
Turkey is not in the EU, it implements comparable legal instruments to the WFD and MSFD
(AquaSpace 2018b).

While the aforementioned EU legislation ensures that a common baseline of environmental
standards is adhered to across the region, the adoption of EU Regulation No. 1380/2013 (EC
2013), effectuated by reforms to the Common Fisheries Policy (CFP)?®, further developed the
EU’s agenda on aquaculture. Adoption of this Regulation made it incumbent upon member
states to develop their own multiannual national plans to facilitate the development of
sustainable aquaculture within their own jurisdictions. The intent of these national plans is to
further streamline, simplify and harmonize governance of the aquaculture sector in line with
the EU’s Blue Growth Strategy?’. Included within Regulation No. 1380/2013 is Article 34,
entitled ‘Promoting sustainable aquaculture’, which states that: “With a view to promoting

26 http://www.europarl.europa.eu/factsheets/en/sheet/114/the-common-fisheries-policy-origins-and-
development
27 https://ec.europa.eu/maritimeaffairs/content/blue-growth-—shaping-next-five-years-together_en
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sustainability and contributing to food security and supplies, growth and employment, the
Commission shall establish non-binding Union strategic guidelines on common priorities and
targets for the development of sustainable aquaculture activities. Such strategic guidelines shall
take account of the relative starting positions and different circumstances throughout the Union
and shall form the basis for multiannual national strategic plans”, and following on from this
statement, the Regulation stipulates a number of aims, including the following:

By 30 June 2014, Member States shall establish a multiannual national strategic plan for the
development of aquaculture activities on their territory. The multiannual national strategic plan
shall include the Member State’s objectives and the measures and the timetables necessary to
achieve them. Multiannual national strategic plans shall, in particular, have the following aims
(inter alia):

e Administrative simplification, in particular regarding evaluations and impact studies and
licenses;
e Indicators for environmental, economic and social sustainability;

e Assessment of other possible cross-border effects, especially on marine biological
resources and marine ecosystems in neighbouring Member States.

The multiannual national strategic plans of all relevant?® member states are now available on
the website of the European Commission?® and the strategic guidelines discussed in EU
Regulation No. 1380/2013 are addressed in each of these country reports.

Legislative adoption of IUCN guidelines for environmental monitoring

Another major influencer of environmental policy in the region, as it pertains to aquaculture
and specifically environmental monitoring, has been the Marine Programme of the
International Union for Conservation of Nature (IUCN). The IUCN, through the collaborative
efforts of the Centre for Mediterranean Cooperation, developed two extensive guides that
promote sustainable growth of the sector, these were published in 2007 and 2009, respectively
(ITUCN 2007, IUCN 2009). The first guide focuses on interactions that occur between aquaculture
and the environment. One of the main principles included in this guide is that: “The organic
matter in the effluents from aquaculture farms should, in quantity and quality, be capable of
assimilation by the ecosystem, thereby not producing negative effects on the local
environment,” (IUCN 2007) and the document goes on to provide management strategies to
achieve this. The primary focus of the second guide is that of aquaculture site selection and site
management, a core aspect of which is the application of best management practices in order
to mitigation the potential environmental impacts of effluents and wastes discharged from fish
farms (IUCN 2009). According to a recent EU-funded study, entitled Aquaspace, these
guidelines have now been legally adopted by the majority of nations across the Mediterranean,

28 Note: All member states of the EU, with the exception of Luxembourg, have produced a multiannual national
strategic plan; Luxembourg has no commercial aquaculture, hence no plan is required from this member state.
2 https://ec.europa.eu/fisheries/cfp/aquaculture/multiannual-national-plans_en

53



including Turkey, in that the concepts have been incorporated into local laws at the national
level (AquaSpace 2018b).

FAO/GFCM guidelines for environmental monitoring

In 2012, in line with FAQ’s Blue Growth Initiative, GFCM adopted Resolution GFCM/36/2012/1,
which promoted the implementation of allocated zones for aquaculture (AZAs) across the
Mediterranean and Black Sea regions. (Note that while Turkey is not a member state of the EU,
it is a member of GFCM.) In 2015, the GFCM Aquaculture Task Force was established to further
develop transboundary strategies that would enable good governance of the sector (GFCM
2018a). To this end, resolution GFCM/41/2017/1 was adopted in 2017, which includes within its
remit the harmonization of regional site selection strategies and carrying capacity evaluation
methods within AZAs (GFCM 2017a). During their review of aquaculture in the Mediterranean,
the EU-funded Aquaspace study found that the AZA concept had been widely implemented by
farms producing seabream, seabass and meagre throughout the region (AquaSpace 2018a), and
this status is echoed by numerous other authors (FAO 2018a, FAO-GFCM 2013, Hilmi et al.
2015, Sanchez-Jerez et al. 2016). Given the dominance of Turkey and Greece within the
seabream, seabass and meagre sector, it is pertinent to note that these nations adopted the
principles of AZA in 2006 and 2009, respectively (AquaSpace 2018a). The concept of AZA is also
integral to the EU’s Integrated Coastal Zone Management (ICZM) Protocol (EU 2009b), which is
discussed in more detail below. GFCM minimum guidelines for AZE environmental monitoring
are shown in Figure 8; it is recommended that these parameters are tested twice a year, during
opposite seasons, or, failing that, once a year during the period of maximum biomass (GFCM
2017b).

Water monitoring Sediment monitoring
Temperature (°C) Macro-benthic community
Salinity (psu) Visual inspection
Turbidity (meters) Redox potential (Eh, mV)?
Dissolved oxygen (% saturation; mg/l) Sulphide (uM)
Chlorophyll a (mg/1)*® Organic matter (LOI, %)
pH (unit) pH (unit)
TSM - Total Suspended Matter (mg/1) Total Organic Carbon (TOC, %)’
POM - Particulate Organic Matter (mg/1) Total Nitrogen (mg/g)
Total Phosphorous (mg/g)
Gas bubbles (Outgassing)
Litter present on the seabed in the vicinity of
the farm

Figure 8: GFCM minimum guidelines for environmental monitoring (GFCM 2017b)

Although research shows that monitoring programs have been implemented extensively across
GFCM member countries (noted exceptions being Egypt, Montenegro, Lebanon, Albania and
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possibly Slovenia), the need for further uniformity of regulations and thresholds has been
identified (AquaSpace 2018b). In their ‘Guidelines on a harmonized environmental monitoring
programme (EMP) for marine finfish cage farming in the Mediterranean and the Black Sea’
(GFCM 2017b), GFCM specify that:

The responsibility for the EMP and data recording should be:

e Within the AZE: Aquaculture farms should record the data for the EMP. Alternatively,
data collection will be under the responsibility of the competent authorities;

e QOutside the AZE: data recording should be under the responsibility of the authorities in
charge of granting maritime concessions and/or of environmental/nature protection.

o Data recorded within and outside the AZE should be analysed by the authorities in
charge of granting maritime concessions and/or environmental/nature protection.

e The data and results from the EMP should be recorded and stored in a way that is easy
to understand and which would be easily accessible for the sake of transparency, in
order to strengthen the image of aquaculture products with the society at large.

The ICZM Protocol

The ICZM Protocol (EU Official Journal L34/19, 4 Feb 2009) is a unique piece of legislation;
globally, there is presently no other legal instrument which specifically governs ICZM
(AquaSpace 2018a). With relevance to production of seabream, seabass and meagre in the
region, the protocol draws on many of the guidelines put forth by IUCN and FAO/GFCM, such as
those for effluent monitoring and the strategic implementation of AZA for site selection
(AquaSpace 2018b). Article 19 of the Protocol states that EIA must be performed for “Projects
likely to have significant environmental effects on the coastal zones, and in particular on their
ecosystems, [and] take into consideration the specific sensitivity of the environment and the
inter-relationships between the marine and terrestrial parts of the coastal zone,” furthermore,
“Environmental assessments should take into consideration the cumulative impacts on the
coastal zones, paying due attention, inter alia, to their carrying capacities,” (EU 2009b).

Research initiatives: Studies on the effects of effluent discharge at the local and regional level
Scientific research into the environmental impacts of aquaculture in the Mediterranean have
been the focal point of many collaborative projects, which have been contributed to by
multiple countries across the region (IUCN 2009). Over the last two decades, these
collaborative efforts have resulted in a great abundance of literature on the subject (Karakassis
2013, Sanz-Lazaro & Marin 2008). The EU’s Horizon 2020 Framework Programme funds
numerous, contemporary research initiatives, such as the AquaSpace project (Ecosystem
Approach to making Space for Aquaculture)3® (AquaSpace 2018b) and the TAPAS (Tools for
Assessment and Planning of Aquaculture Sustainability)3! project (Telfer et al. 2018), both of
which include refinement and streamlining of environmental monitoring and assessment within
their remit.

30 http://www.aquaspace-h2020.eu
31 https://tapasproject.org
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One of the 17 case studies discussed in the AquaSpace project focuses on aquaculture in the
multiple Exclusive Economic Zones (EEZs) of the Mediterranean Sea. The report includes an
overview of the specific geographical and biological qualities of the region, a focal point of
which is the oligotrophic quality of Mediterranean waters. Typically, ocean primary productivity
is nitrogen limited, but the Mediterranean’s low level of nutrients means that primary
production here is phosphorus limited, therefore eutrophication is only likely in this
environment if phosphates are introduced (Aquaspace 2018b). The report additionally states
that although the Mediterranean hosts many endemic species, their abundance is limited by
these oligotrophic conditions (Aquaspace 2018b). These are important attributes of the region,
which need to be taken into consideration when reviewing the potential regional impact of fish
farm effluents (Karakassis 2013). The oligotrophic quality of the Mediterranean is such that
photosynthesis occurs at greater depths than in many other water bodies, facilitated by
heightened transparency of the water column (AquaSpace 2018b).

In the 2000s, a great deal of research efforts focused on the development of predictive
deposition models. The ‘Development of Monitoring Guidelines and Modelling Tools for
Environmental Effects from Mediterranean Aquaculture’ project, also known as the MERAMED
project, studied the physical, biological and chemical effects of several cage farming sites in
Greece and was instrumental in developing environmental management and monitoring tools
for the industry (Black et al. 2002). Later, the MERAMOD (Predicting the deposition and benthic
impact of aquaculture in the eastern Mediterranean Sea) model, which was based on an earlier
monitoring tool developed for fish farms in Scotland, was used to predict solid particle
dynamics and the benthic impacts of wastes generated by seabream and seabass farms
(Cromey et al. 2012). MERAMOD was used to research and monitor impacts from a variety of
sites which exhibited a diversity of characteristics in the Eastern Mediterranean Sea (Cromey et
al. 2012). Although these deposition models have been fine-tuned and adapted for application
in a variety of regional environmental settings and have been instrumental in refining site
selection criteria to diminish the ecological footprint of farm effluents, they do not as yet
appear to have been adopted into the compulsory regulatory approach of any producer
nations, as has the modelling tool which was developed in Scotland (DEPOMOD: Predictive
depositional modelling), which is now a compulsory element of the aquaculture licensing
process in that country. Recently, a model has also been adapted to predict particulate
dispersal from seabream, seabass and meagre farms in the North Atlantic, where
oceanographic hydrodynamics are more vigorous than those in the Mediterranean. This region
is called Macaronesia, hence the deposition modelling tool adapted for this area is called
MACAROMOD (Riera et al. 2017).

Protection of sensitive habitats: seagrass meadows and maérl beds

Within the EU, both Posidonia oceanica meadows and maérl beds are protected under the
Habitats Directive (92/43/EEC). In the 2000s, numerous research efforts were conducted in
order to investigate the impact that nutrient release from Mediterranean fish farms had upon
these sensitive habitats (Holmer et al. 2008, Diaz-Almela et al. 2008, Karakassis 2013).
Seagrasses, which thrive in the Mediterranean’s clear, oligotrophic coastal waters, are
particularly sensitive to anthropogenic impacts, including those arising from fish farm effluents.
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The region’s most dominant, and ecologically important seagrass is P. oceanica, a species that
has suffered significant decline over the last several decades (Homer et al. 2008, Huntington et
al. 2006) and which can take decades (AquaSpace 2018b), even centuries, to recover from
adverse impacts (Homer et al. 2008). Research has demonstrated that the potential impacts of
fish farm effluents released in the vicinity of P. oceanica meadows varies greatly, depending on
the specific characteristics of the site being studied (Price & Morris 2013). One such research
initiative was the EU MedVeg project, which monitored and evaluated nutrient release from a
number of seabream and seabass farms in Cyprus, Greece, Italy and Spain. Researchers
concluded that the high level of primary productivity evident in the immediate vicinity of fish
cages rapidly decreased with distance from the farms; the farthest limit at which nutrients were
detected at any of these farms was 150 meters downstream in the dominant current direction
(Dalsgaard and Krause-Jensen, 2006). Homer et al. (2008), a research team working on the
same project, subsequently recommended that farming activities should be located at least
400m distance from P. oceanica habitats and this safety buffer is frequently cited in
contemporary literature which discusses this topic also (AquaSpace 2018b, Karakassis 2013).

While the production volumes of seabass and
seabream in the Mediterranean region have
stagnated (GFCM 2018b) or remained flat in some
European countries®? since these nutrient release
studies were conducted in the 2000’s, Turkey and
Greece, the two largest volume producers, have
generally seen a year on year increase in output
since this time (White 2017). Between 2005 and
2017, this has averaged a compound annual
growth rate (CAGR) of 6.09% and 7.84% for
Turkish seabream and seabass production
volumes, respectively, whereas Greek seabream
and seabass production has grown at a CAGR of
1.9% and 2.79%, respectively (FAO 2019). In 2008,
a Greek study (Rountos et al. 2012) investigated
the impacts on P. oceanica with specific reference
to effluents discharged from seabream and
seabass farms that were sited in shallow water.
This study observed large rates of decline in
seagrasses variously at 200m and 100m from
farms; although some of this damage was
evidently attributable to grazing herbivores (sea
urchins and fish), the abundance of grazers was
deemed to be a secondary consequence of the
nutrient enrichment introduced into the vicinity
by the farms. This study further flagged the need

Figure 9: Appearance of the Posidonia
oceanica meadow, at a distance of 80 m
and 300 m from seabream and seabass
cages sited in the Figari Bay (Corsica)
during April 1994 (Pergent-Martini et al.
2006)

32 http://www.success-h2020.eu/case-studies/sea-bass-sea-bream/
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for judicious site selection, which has been a
guiding factor in more recent governance of the
sector. In response to concerns of this nature,
Greece introduced a new regulatory scheme for
marine aquaculture in 2009, which prohibits fish
farming in P. oceanica meadows (MEE 2015,
Karakassis et al. 2013). While there are still a
few old fish farms sited in such localities, the
majority have reportedly relocated to other,
deeper locations, beyond the typical depth
range of P. oceanica meadows (pers. comm.
Nafsika Papageorgiou, October 2019) and any
farm sites which have not sought to relocate will
automatically lose their concession to operate
upon license expiry (pers. comm. Nafsika
Papageorgiou, March 2020). In Cyprus it is also a
prerequisite that farms must be sited away from
seagrass meadows and in deeper water if they want to obtain permits for expansion (Kletou et
al. 2018), thus farms that were previously in sensitive habitats have relocated (pers. comm.
Periklis Kleitou, March 2020). This is also the case in Spain and Turkey, where AZA’s stipulate
the siting of farms in deeper water (> 30 m) (pers. comm. Nafsika Papageorgiou, October 2019;
pers. comm. Ferit Rad, October 2019). Although farms at this depth could still potentially
impact maérl beds, which can be found at depths of up to 30 m in the northeast Atlantic, down
to 90 m — 100 m in the west Mediterranean, and in the eastern Mediterranean they can be
found down to depths of 180 m (Barbera et al. 2003). Of additional note, one study in Spain
which sought to determine if the effluents generated by off-shore fish farms can still impact
near-shore Posidonia beds found that while there was no significant impact on the seagrass
meadows, “The idea that concentrating aquaculture facilities in offshore areas is a strategy
totally exempt of environmental risk cannot be supported and hence site-selection processes for
new aquaculture facilities must be careful with regard to the distribution of this and other
sensitive habitats, even when these are located at distances greater than one kilometre,” (Ruiz
et al. 2010).

Figure 10: Maérl beds, such as this one
photographed off the Spanish coast, are
very sensitive to depositions from fish
farms (Dempster & Sanchez-Jerez 2008)

Although it is not part of the EU, Turkey’s regional governance framework and management
strategies have been developed with the support of EU research initiatives (Aguilar-Manjarrez
et al. 2017, Yicel-Gier et al. 2009), and often with reference to EU laws, as is shown in Figure 15
in the following Criterion (Criterion 4: Habitat). The environmental monitoring data that farms
are required to collect are subject to frequent inspections by the Ministry of Food, Agriculture
and Livestock as well as the Ministry of the Environment; if performance results fall below a
certain threshold then licenses will be revoked (Ylicel-Gier et al. 2009). The designation of
aquaculture zones in Turkey was facilitated in 2006 with the passing of the most recent version
of the Environmental Law No. 5491; the assignment and continued monitoring of these
‘mariculture parks’ has been achieved using the TRIX index, a monitoring tool originally
developed by Vollenweider et al. (1998) which defines the trophic conditions of marine
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environments based on a range of water quality parameters, alongside other criteria pertaining
to water currents, depth and the distance from shore. (Aguilar-Manjarrez et al. 2017)33. This act
compelled fish farms to relocate from near-shore areas into deeper water sites (230 m) within
one year of its legal adoption and prohibits farming activities in the vicinity of sensitive habitats,
such as P. oceanica meadows (pers. comm. Ferit Rad, October 2019; FAOLEX 2019c, Aguilar-
Manjarrez et al. 2017; Rad & Sen 2016, Balci Akova 2015). Posidonia meadows in Turkey are
also protected by the ‘Circular on sea and inland waters No. 37/1"34,

A major factor that dictates the extent and severity of effluent impacts are the specific
characteristics of the site location, and some environments inevitably exhibit a greater degree
of sensitivity than others (Dempster & Sanchez-Jerez 2008). The authors of a Spanish study,
which monitored the effect of seabass and seabream effluent upon maérl bed habitat (a type of
calcified, unattached coralline algae), concluded that “The benthic habitat beneath the fish
farm, Maérl bed, was seen to be very sensitive to aquaculture impact compared with other
unvegetated benthic habitats,” and that “Environmental protection agencies should define
different aquaculture waste load thresholds for different benthic communities affected by finfish
farming, according to their particular degree of sensitivity, in order to maintain natural
ecosystem functions,” (Sanz-Lazaro et al. 2011). Like, P. oceanica meadows, Maérl beds are
protected by European legislation under the Habitats Directive (Council Directive 92/43/EEC)
and the IUCN (2009) guidelines, which have largely been adopted across the region (AquaSpace
2018b) and encourage that a > 800m exclusion zone be designated around such sensitive
habitats with regards to the siting of cage farms.

Regional impacts from dispersal of fish farm effluents

The area that is covered in the scope of this report includes multiple regions, which have a
great diversity of climatic, hydrogeological, environmental and geomorphological
characteristics. Within this scope, numerous reviews on the environmental impacts of fish farm
sediments have been conducted in a variety of different settings and in consideration of a wide
variety of site parameters and benthic habitats. In an overall review of the EU sector, the
European Commission’s Sustainable Aquaculture Brief comments that: “Nutrients released from
fish farms have the potential to cause eutrophication. There is evidence that levels of nutrients
may be elevated up to a distance of about 100 metres around a farm, but there is, as yet,
limited evidence of regional impacts” (SEP 2015), although this document does reference a
study (Sara et al. 2011) in the Gulf of Castellammare (Italy), where chlorophyll-a concentrations
were increased 3x-10x relative to open waters and was attributed to nutrient loading from
seabream, seabass, and bluefin tuna farming in the region.

Figure 11 provides a spatial model of the dispersal of organic matter from an off-shore gilthead
seabream cage farm. This farm is located in the North Atlantic, off the Canary Isles archipelago
in an area which experiences strong tidal currents.

33 https://www.ecolex.org/details/legislation/law-no-5491-amending-the-environmental-law-no-2872-lex-
faoc065097/
34 https://www.iucnredlist.org/species/153534/135156882
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organemater  Figure 11: Simulation of areas
e impacted by varying daily
sedimentation densities of organic
matter from a 600 MT gilthead
4 seabream farm located off the
Canary Isles archipelago — the
shaded central area is the estimated
area occupied by the installation,
’ which is comprised of 22 cages of
15m depth x 22m diameter (Rabassé
& Hernandez 2015)

A study by Price et al. (2015), which compiled an overview of recent global research efforts into
the environmental impacts of mariculture on water quality and primary productivity, concluded
that improvements in the management practices that are typically implemented by
contemporary marine farms have done much to improve water quality in the vicinity of cage
farms. The paper states: “Effects on dissolved oxygen and turbidity are largely eliminated
through better management. Nutrient enrichment of the near-field water column is not
detectable beyond 100 metres of a farm when formulated feeds are used, and feed waste is
minimized. We highlight the role of siting fish farms in deep waters with sufficient current to
disperse nutrients and prevent water quality impacts.”

While production has remained fairly static in many Mediterranean countries, this is not the
case with the two main producers, Turkey and Greece (FAO 2019, White 2017), thus it is
interesting to consider the findings of the following two studies, both of which suggest that
oligotrophic environments are very efficient at transferring nutrients up the food chain. A study
of Gullik Bay in Turkey, the aquaculture zone where 55% of all national mariculture production
occurs (Aguilar-Manjarrez et al. 2017), which analyzed water column nutrient concentrations
and the accumulation of heavy metals in sediments caused by the sector’s activities, concluded
that, “Results pointed out that concentrations of nutrients and heavy metals were in tolerable
levels for the marine ecosystem. It is possible to conclude that the oligotrophic nature of the
water in the study area was able to assimilate organic and inorganic loads produced by the fish
farms,” (Basaran et al. 2010).

While these results are over ten years old now, the findings of a recently published Greek study,
which analyzed historical and contemporary benthic sampling data from a bay where seabass
and seabream had been farmed continuously since 1982, also concluded that oligotrophic
environments are highly effective at assimilating nutrients arising from fish farming activities.
The bay in question was shallow and sheltered, both of which are geographic features
inherently more likely to limit the natural flushing of farm-generated wastes. The authors noted
that, despite these predisposing factors, ecological deterioration was not detected, further
indicating that nutrient-poor environments readily assimilate such farm inputs. This study
provided an opportunity to review the long-term effects of production, utilizing twenty years’
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worth of monitoring data, from 1995 through to 2015, a time span which had seen an almost
doubling of output from the farm (Tsikopoulou et al. 2019, Tsikopoulou et al. 2018).

Conclusions and final score: EU & Turkey

In conclusion, although farms culturing seabream, seabass and/or meagre do produce effluents
that are detectable within the allowable zone of effect, evidence suggests that these effluents
are generally easily dispersed by ocean currents as they move outside the immediate farm
boundary and that they do not over-burden the carrying capacity of receiving waters at the
local level; this appears to be especially so in the oligotrophic waters of the Mediterranean,
where primary production is notably low, and warrants a score of 6 out of 10. Despite this,
literature indicates occasional impacts to the benthic environment and sensitive seagrass beds
have and do occur beyond the AZE, which warrants a score of 4 out of 10. To address this, both
the EU and Turkey have enacted legislation that prohibits farming activities in the vicinity of
sensitive habitats; thus, most farms have relocated further offshore, beyond the typical depth
range of P. oceanica meadows, in recent years. In Greek law, it is a prerequisite that farms must
be sited away from seagrass meadows and in deeper water if they want to obtain permits for
expansion, which in effect has moved the industry further off-shore. The situation is similar in
Turkey: over a decade ago, legislation was passed which compelled farms to relocate into
deeper water sites of 30 m depth or greater. However, the impacts of fish farm effluents across
large marine areas are not well-understood, meaning there is a potential for negative,
cumulative effects at the regional level, particularly if industry expansion occurs. Overall, an
intermediate score is applied, and the final numerical score for Criterion 2: EU & Turkey —
Effluent —is 5 out of 10.

Risk-based assessment: Egypt

The Effluent Criterion considers environmental impacts that occur beyond the immediate farm
area, i.e. outside the allowable zone of effect (AZE). As is described in further detail in Criterion
3 — Habitat, there is a dearth of information pertaining to the environmental impacts of fish
farming in Egypt (AquaSpace 2018b, Soliman & Yacout 2015, Samy 2015) and a lack of effective
monitoring requirements (EI-Mezayen et al. 2018, Shaalan et al. 2017, FAO 2017b, Samy 2015,
Sadek 2013, Goulding & Kamel 2013). Although one study was identified that modelled a
simulation of dispersed uneaten feed and feces from a cage in Lake Maryut and followed this
up by collecting field data, this study was not considered to provide ample evidence to inform
this Criterion nor is it relevant to the majority of production, which predominantly occurs in
earthen ponds — not cages (Brigolin et al. 2016, Abdelhamid et al. 2013). Due to a lack of data
on this topic, (the Criterion 1 — Data score for the effluent category was 2.5 out of 10), the Risk-
based assessment option was used instead.

Factor 2.1a — Biological waste production per MT of fish: Egypt

The Risk-based assessment uses species-specific economic FCR and feed formulation data in its
scoring algorithm, therefore average values for all three species under assessment have been
used to facilitate this calculation. Feed data for the following analysis comes from a number of
sources. Specific details concerning feed components has been sourced directly through
personal communications with the main manufactured feed suppliers to Egypt. These data have
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been further supported by information obtained from scientific literature, plus personal
communications with industry experts. It should be noted, however, that cultivation of these
species in Egypt is not necessarily always conducted solely with commercial diets; the use of
whole fish, colloquially referred to as ‘trash fish’ (small tilapia, palaemonidae shrimp, sardines,
etc.) has been noted in particular with meagre production (pers. comm. Dr. Shérif Sadek,
December 2019). To take this into consideration, two separate calculations for meagre farmed
in Egypt are presented below; the portion of meagre production that is produced in each
method is unknown, and therefore each is considered to represent 50% of production and are
averaged together to determine a single meagre score. The data in Table 2 shows how these
average values have been derived — note that feed data is explored further in Criterion 5 —
Feed.

Table 2: Metrics used to calculate average values for protein content of formulated feed,
economic FCR and protein content of whole harvested fish with respect to the three species
under assessment

Seabass Seabream Meagre
Protein content of feed 42% 44% 43%
Economic FCR 2.3 2.0 1.7
Protein content of harvested whole fish | 18.9% 19.2% 20.1%
% of total production of all 3 species 36% 40% 24%
(2016)

With reference to Table 3, Factor 2.1a — Biological waste production per MT of fish —is
calculated as follows:
- Nitrogen Input per MT fish produced = (axex b x 10) +c
- Harvested Nitrogen Output per MT fish harvested = (d x e x 10)
- Biological Waste Production per MT of fish = Nitrogen Input — Harvested Nitrogen
Output

Table 3: Calculation of biological waste, i.e. nitrogen, produced per MT of harvested fish

Seabass Metrics

a | Protein content of feed 42%

b | Economic FCR 2.3

c | Fertilizer nitrogen input per MT fish produced 0

d | Protein content of harvested whole fish 18.9%

e | Protein nitrogen content factor 0.16%
Biological Waste (N) Production per MT of fish 123.32 Kg N/MT
Seabream Metrics

a | Protein content of feed 44%

b | Economic FCR 2.0

35 fixed value; protein is 16% nitrogen

62



c | Fertilizer nitrogen input per MT fish produced 0

d | Protein content of harvested whole fish 19.2%

e | Protein nitrogen content factor 0.16
Biological Waste (N) Production per MT of fish 110.08 Kg N/MT
Meagre (fed pellets) Metrics

a | Protein content of feed 43%

b | Economic FCR 1.7

c | Fertilizer nitrogen input per MT fish produced 0

d | Protein content of harvested whole fish 20.1%

e | Protein nitrogen content factor 0.16
Biological Waste (N) Production per MT of fish 84.8 Kg N/MT
Meagre (fed whole fish) Metrics

a | Protein content of feed 18%

b | Economic FCR 9.0

c | Fertilizer nitrogen input per MT fish produced 0

d | Protein content of harvested whole fish 20.1%

e | Protein nitrogen content factor 0.16
Biological Waste (N) Production per MT of fish 227.04 Kg N/MT

The biological waste (N) production per metric ton of seabass is 123.32 kg N, of seabream is
110.08 kg N, and of average meagre (combined pellets and whole-fish fed) is 155.92 kg N. The
industry average biological waste production per MT of fish (i.e. the weighted average per 2016
production figures) is 125.85 kg N/MT and is used as the final Factor 2.1a value.

Factor 2.1b — Production system discharge

This factor assesses how much of the waste produced by fish is actually discharged from the
farm; it acts as a multiplier value (between 0 and 1) for Factor 2.1a. Soliman (2017) notes that:
“Most of the current production practices are carried out as run-through system with no
recirculation of water or treatment of effluent prior to its disposal”. Without any data to
indicate otherwise and based on the available scientific literature on nutrient dynamics in
different aquaculture systems, it is assumed that 100% of the waste produced by the fish is
discharged from flow through production systems in Egypt.

Final Factor 2.1 Score: Waste discharge

The Factor 2.1 score is the product of the amount of waste produced per MT of fish and the
percentage of waste that leaves the farm. This value is allocated a 0-10 score based on an
aquaculture-relative range from zero discharge (score 10) to a high discharge of >90 Kg N/MT
(score 0 of 10). For each species under assessment (seabass, seabream, and meagre), the
biological waste discharge per ton of production is >90 kg N, as is the aggregated weighted
value used to represent all species (based on 2016 production; see Factor 2.1a); as such, the
final score for Factor 2.1 for all three species is 0 out of 10.
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Factor 2.2 — Management of farm-level and cumulative impacts: Egypt

Although Egypt is a major global aquaculture producer, the environmental impacts of the sector
are not well-covered in legislation (FAO 2017b); neither are they well-documented or well-
understood and numerous authors note that studies on this issue are lacking (Soliman & Yacout
2015, Samy 2015, Cataudella et al. 2015). EI-Mezayen et al. (2018) note that in the Deeba
Triangle, the main area where culture of seabream, seabass and meagre takes place, “There is
no monitoring of water quality, coastal aquaculture practices, and of the environmental factors
that influence fish production in any of the multitude of fish farms”. As a result, the pursuit of
data to inform Factor 2.2 is challenging. This Factor is further subdivided into two aspects:
Factor 2.2a — Content of effluent management measures, and Factor 2.2b — Enforcement of
effluent management measures.

Factor 2.2a — Content of effluent management measures

Water management and
access

Arable land and
freshwater are extremely
limited resources in Egypt
since most of the land
mass is covered in desert
(Sadek 2013). There is
virtually no rainfall in
Egypt, which means that
agriculture, which
accounts for 95% of
Egypt’s water
consumption, is almost
exclusively dependent on
water sourced from the
Nile via a huge network of
0 10 20 30 40 S50km irrigation channels, which
in turn is discharged into
a vast network of
drainage canals — picking
up pesticide residues plus
industrial and domestic
effluents in the process
(NWRP 2017). Water is a pressing, challenging and complex issue in Egypt and, unsurprisingly,
laws that govern aquaculture are greatly impacted by this situation. Due to the scarcity of
freshwater in Egypt, use of this resource is highly regulated and authorities have prioritized its
use for agricultural activities and urban usage (Sadek 2013).

DB PR 148

Figure 11: Irrigation canals in the Nile delta (NWRP 2017) — the
black arrow points to Damietta Governorate, where 91% of
seabream, seabass and meagre are farmed
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As stipulated in Law No. 12 of 198436 promulgating the Law of Irrigation and Drainage (and also
Law No. 124 of 198337 regarding fishing, aquaculture and fish farms regulations), aquaculture
cannot be conducted in environments that are suitable for agriculture, as defined by the
Ministry of Agriculture (MoA), hence it is often practiced in areas where soil salinization has
occurred and where the surrounding waters are brackish (Sadek 2013, USAID 2000). However,
this law is not specific to aquaculture; rather, it is a broad legal instrument which governs
general water management. Indeed, scant reference is made to the aquaculture sector in this
piece of legislation and specific discharge limits for seabream, seabass and meagre farms are
not explicitly included. The other principle law that deals with irrigation and drainage is Law No.
48 of 198238 which pertains only to inland waters and is concerning with the protection of the
River Nile, on which Egypt is primarily dependent for its water needs (Goulding & Kamel 2013).

When water quality is mentioned in literature on aquaculture, the focus is mostly concerned
with the fact that fish farmers must make do with polluted water that has already been
contaminated by other upstream industries and users (as stipulated in Law No. 12 of 1984) —
rather than the effects of effluents generated by aquaculture itself. Some authors have
explored methods of treating influent water (Ghanem & Haggag 2015). A recent EU-funded
project, which reviewed aquaculture production in GFCM member nations, noted that Egypt
was one of the few countries in the region that had not implemented a monitoring program for
aquaculture (AquaSpace 2018b).

Overview of the regulatory framework which governs aquaculture in Egypt

Egypt’s political landscape has changed significantly during the last decade, including the
introduction of a new amended constitution in 20143°, which states that “Environment
protection is a national duty” (CARE 2014). The new constitution specifically references
provisions for fisheries and agriculture, although no specific mention of aquaculture is made. A
review of the country profile for Egypt on FAOs FAOLEX database, which includes the country’s
policies, legislation and international agreements, indicates that little has changed in recent
years in terms of governance of the aquaculture sector (FAOLEX 2019b).

The governing body which has overarching responsibility for the development of policies for
agriculture and aquaculture is the Ministry of Agriculture and Land Reclamation (MoALR). With
relevance to aquaculture, there are three agencies under the umbrella of MoALR: the General
Authority for Fish Resource Development (GAFRD); the General Organization for Veterinary
Services (GOVS); and the Central Laboratory for Aquaculture Research (CLAR). GAFRD, which
was established with the passing of Law No. 190 of 19834, is the government agency which
oversees the administration and enforcement of all fish production activities (both fisheries and

36 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC121428
37 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC121570/
38 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC018642/

39 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC127542/
0 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC122312/
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aquaculture); the main legal instrument applied by GAFRD is Law No. 124 of 1983, According
to Law No. 124 of 1983, a permit specifying the quantity and source of water for the farm plus
the method of drainage and other conditions of use must be obtained from the Ministry of
Water Resources and Irrigation (MoWRI) prior to obtaining a license from GAFRD (Goulding &
Kamel 2013). Further details of these permit requirements could not be obtained.

With regards to wastes discharged from fish farms, this is governed by Law No. 4 of 199442,
which was later amended by Law No. 9 of 2009 (Goulding & Kamel 2013). Formation of the
Egyptian Environmental Affairs Agency (EEAA) was decreed with the passing of this law and,
within its initial remit, this agency was tasked with the development of environmental policies,
which it subsequently has the responsibility to implement and monitor. This law is relevant to
the environmental governance of all industries though and fish farming is only specifically
mentioned once, wherein it is stipulated that pesticides and other chemical compounds must
not be sprayed near fish farms (EgyLaw4 1994). The annex section of the law includes specific
allowable thresholds for an array of potential environmental pollutants pertaining to noise, air
and water. Annex 1 of the Law, which is entitled ‘Criteria and Specifications for Certain
Substances when Discharged into the Marine Environment’, is shown in Table 4.

While not specific to aquaculture, the guidance provided by Annex 1 is the only relevant
provision in the law that specifies effluent limits for a number of water parameters. The
preamble to this table notes: “Without prejudice to the provisions of Law No. 48 of 1982
concerning the Protection of the River Nile and its Executive Regulations, the discharge of the
substances indicated hereunder shall not exceed the levels indicated opposite each. In all cases,
discharge into the marine environment is not permitted except at a minimum distance of 500
meters from the shoreline and may not be effected in fishing zones, bathing zones or nature
reserves in order to preserve the economic or aesthetic value of the area,” (EgyLaw4 1994).

Of note, and as mentioned above, the referenced Law No. 48 of 1982%* concerning the
Protection of the River Nile and its Executive Regulations applies only to Egypt’s inland waters
(Goulding & Kamel 2013). These inland waters, as clarified in the law, include underground
water reservoirs, thus the effluents generated by the few, recently established desert fish farms
fall under the remit of this act. According to the law, an effluent discharge license must be
obtained from the Ministry of Irrigation, “Which will issue a decree according to the Ministry of
Public Health recommendation to fix the measures and specifications concerning each case
separately,” thus effluent discharge limits are prescribed on a case by case basis.

41 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC018648/
42 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC004984/
3 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC152133/
4 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC018642/
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Table 4: Law Number 4 of 1994 Promulgating the Environment Law, Presidential, Decree, Egypt:
Annex 1 - ‘Criteria and Specifications for Certain Substances when Discharged into the Marine
Environment’ (EgyLaw4 1994)

Maximum limits of Criteria and
Item Specifications (mg/Lir-unless otherwise
indicated.)
Temperature Not to exceed 10 degrees over the
prevailing rate.
PH 6-9
Colour Free of colouring materials
Biochemical Oxygen Demand ( BOD) 60
Chemical Oxgyen Demand (COD) 100
Total Dissolved Solids 2000
Volatile Solids 1800
Suspended materials 60
Turbidity NTU 50
Sulphides 1
Oil and Greases 15
Hydrocarbons of oil origin 0.5
Phosphates 5
Nitrates 40
Phenolates 1
Fluoride 1
Aluminium 3
Ammonia (nitrogen) 3
Mercury 0.005
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Lead 05
Cadmium 0.05
Arsenic 0.05
Chromium 1
Copper 1.5
Nickel 0.1
Iron 15
Manganese 1
Zmc 5
Silver 0.1
Barium 2
Cobalt 2
Pesticides 02
Cyanide 0.1
Estimated Fecal Coliform Count in 100 5000
cm3

The EEAA is also the agency responsible for reviewing EIA applications (Goulding & Kamel
2013), though it is understood that an EIA is typically not required for culturing seabream,
seabass or meagre in Egypt. Under current regulatory frameworks, an EIA is required for
aquaculture production taking place in the open ocean, while aquaculture activities conducted
in freshwater or brackish-water environments are still regulated by older legal frameworks
through a variety of ministries that do not require an EIA (FAO 2009). The most recent ‘Fish
Statistics Year Book’ published by GAFRD (2018b) states that production of seabream, seabass
and meagre takes place almost exclusively in brackish and marine ponds, and thus production
of the species under consideration is generally exempt from conducting an EIA.

Overall, the management structure governing aquaculture discharges appears to be unclear,
and discharge limits into the marine environment are not specific to aquaculture. As such, the
score for Factor 2.2a — Content of effluent management measures as it pertains to the farming
of seabream, seabass and meagre in Egypt is 1 out of 5.

Factor 2.2b — Enforcement of effluent management measures

It is evident from a review of literature on the sector that legal instruments governing water
guality and the control of effluents is a complex issue in Egypt, with multiple government
agencies involved. The status of enforcement of regulations and management measures in
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Egypt is summed up well in a recent report and strategy plan prepared by the country’s
Ministry of Water Resources and Irrigation (MoWRI): “The management of pollution in Egypt is
rather fragmented. Ministries have responsibilities for certain aspects, but there is no overall co-
ordination. Although measures of prevention, treatment and impact modifying are being
applied, they are not implemented on the basis of a common and co-ordinated set of priorities.
Therefore, there is a need for more co-ordination between responsible institutions at the same
level or between institutions at different levels, to allocate the resources in an optimal way. The
rather ‘vertical’ institutional organisation of the government clearly hampers the management
of an ‘integrated’ aspect as pollution control. As a result, effects of investments are not optimal.
For example, when treated effluent is mixed with untreated effluent from other sources, the
drain water is just as unusable as it was before,” (NWRP 2017). This MWRI strategy plan
proposes a comprehensive review of the current policies, including those which govern
aquaculture as mentioned in Factor 2.2a.

Similarly, the Ministry of Environment’s National Biosecurity Strategy Action Plan for 2015-2030
(NBSAP 2016) comments on the challenges presented by “Weak enforcement of laws related to
pollution” and highlights the need to “Develop, monitor and enforce minimum national
standards on soil, water and air quality” as a Priority Action. The NBSAP also draws attention to
the “Lack of practical national guidelines for valuation of ecosystem services”, the “Lack of
common understanding of cumulative impacts on ecosystem services”, plus the “Lack of
capacity or human resources to conduct valuation of ecosystem services” as impediments and
includes within its targets: “By 2018, ensure that the national strategy is supported by effective
legislation and institutional frameworks to improve its enforcement”. An update on the
progress of the NBSAP does not appear to be available as yet.

Limited evidence was found with regard to on-farm and discharged water quality from seabass,
bream, and meagre farms in Egypt. One study conducted by EI-Mezayen et al. (2018) found on-
farm water quality to be on average largely compliant with the regulatory limits described
above with the exception of nitrogenous waste — in particular, ammonia (NHs) — though noted
that all parameters fluctuated widely on a temporal/seasonal basis. Of note, the authors
concluded that municipal effluents had a significant impact on the quality of water available to
aquaculture, particularly nitrogenous waste generated by a nearby petrochemical plant which
dumps waste, under permit from the Environmental Affairs Agency (EEAA), 500 meters
offshore. The authors also comment that extremely high nutrient levels experienced in
springtime are likely linked to the seasonal drainage of agricultural irrigation water via the
Hadus drainage canal, which flows into Lake Manzala (EI-Mezayen et al. 2018). This evident
conflux of pollutants makes it challenging to disaggregate the causative elements of effluent
impacts within the immediate vicinity of fish farms, and further underscore the lack of effective
enforcement of effluent discharge quality regulations, as these other polluting industries are
regulated by the same laws as aquaculture.

A recent EU-funded project (EU Seventh Framework Programme — FP7 /2007-2013), entitled

‘Fisheries and Aquaculture-Oriented Research Capacity in Egypt’ (FORCE), has reportedly
enhanced collaboration between the EU and Egypt by engaging with the National Institute of
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Oceanography and Fisheries (NIOF) plus other Egyptian Institutions. The aim of the project was
to support the sustainable development of the fisheries and aquaculture sector using an
ecosystem-based approach, which included the development of modelling tools for site
selection and environmental impact assessment. A report on the project states that “FORCE
played an important role in building institutional capacity among all partners, stakeholders and
contributes to the preparation and development of Environmental Impact Assessment (EIA) and
Terms of Reference (TOR) as guide lines for fish farming. This will assist potential investors in
choosing appropriate sites and preparing an environmental management plan for the
management of their farm, thus helping GAFRD and EEAA in applying innovative systems for
follow-up of fish farms impact on surrounding environment”, (FORCE 2013). The report also
notes that this project has paved the way for the participation of Egyptian institutions in future
European research funding programs and ongoing collaboration. Although this project
concluded in 2014, the project website* is still available online. The final report on the project
describes the success of each deliverable (FORCE 2013) but the longer-term outcomes of this
initiative, and its application, are unclear.

Broadly, it is clear that enforcement of effluent regulations in Egypt is insufficient, given the
fragmented nature of regulatory jurisdiction and the little evidence of monitoring or
compliance data. Despite promising recent developments to increase enforcement
effectiveness and capacity, the score for Factor 2.2b — Enforcement of effluent management
measures is 1 out of 5. The final score for Factor 2.2 is a combination of Factor 2.2a (1 out of 5)
and Factor 2.2b (1 out of 5), which results in a final score of 0.4 out of 10.

Conclusions and final score: Egypt

In conclusion, there is a significant challenge with effluent pollution in Egypt’s water bodies and
irrigation canals — although agriculture, not aquaculture, is the primary source of these
contaminants, since this sector accounts for 95% of Egypt’s water use. It is evident that both
the content of management measures and their enforcement are ineffective in addressing this
issue. Additionally, there is a lack of data available on aquaculture effluents; no studies were
identified which robustly addressed the environmental impacts of the sector. The final
numerical score for Criterion 2: Egypt — Effluent is O out of 10 indicating that waste discharge is
high and regulatory control and management is weak, and as such is considered a Critical
conservation concern to Seafood Watch.

4Shttp://www.forceproject.eu/indexeell.html?option=com_content&view=category&layout=blog&id=95&Itemid=435&lang=e
n
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Criterion 3: Habitat

Impact, unit of sustainability and principle

= |mpact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat
types and have greatly varying levels of impact to both pristine and previously modified
habitats and to the critical “ecosystem services” they provide.

= Sustainability unit: The ability to maintain the critical ecosystem services relevant to the
habitat type.

= Principle: being located at sites, scales and intensities that maintain the functionality of
ecologically valuable habitats.

Criterion 3 Summary: EU & Turkey

F3.1 Habitat conversion and function 7
F3.2a Content of habitat regulations 4
F3.2b Enforcement of habitat regulations 3
F3.2 Regulatory or management effectiveness score 5
6
Critical? NO YELLOW

Criterion 3 Summary: Egypt

F3.1 Habitat conversion and function 4
F3.2a Content of habitat regulations 2

F3.2b Enforcement of habitat regulations 0

F3.2 Regulatory or management effectiveness score

Critical? NO

Brief Summary

This Criterion has been split into two separate recommendations: one for the EU and Turkey
and one for Egypt; this differentiation is required due to significant regional differences in both
production systems and legislative framework.

Studies on seabream, seabass and meagre aquaculture taking place in the EU and Turkey
demonstrate that the sector has moderate habitat impacts within the immediate footprint of
the farm. Two of the most vulnerable habitats present in the water bodies included in the
scope are Posidonia seagrass meadows and maérl beds and studies reviewing the impact of fish
farming activities upon these habitats date back to the 1990s. In 1992 the EU Habitats Directive
was enacted to protect these and other identified priority habitats. Subsequently, member
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states have introduced legislation at the national level to implement the requirements of this
directive. In alighment with this EU initiative, Turkey also introduced regulations to ensure
farms were not located above these sensitive habitats, in 2006; similar legislation was also
passed shortly thereafter in Greece, in 2009. The effectiveness of robust regulation is
somewhat limited by moderate enforcement, given the varying levels of capacity and adoption
of key environmental indicators, EU Directives, and GFCM resolutions across the sector,
resulting in a moderate impact score of 6 out of 10 for Criterion 3: EU & Turkey — Habitat.

There is a lack of data available concerning the habitat impacts of seabass, seabream and
meagre production in Egypt, which necessitates a precautionary approach in the scoring of this
Criterion. Habitats contiguous to fish farms are clearly adversely affected by anthropogenic
impacts, although the primary polluter would appear to be the dominant agriculture sector.
There is a scarcity of both freshwater and arable land in Egypt, which means that land is only
approved for aquaculture if it is not suitable for agricultural production. Although the
importance of environmental management is recognized and broadly addressed in legislation, it
is poorly implemented and laws specifically pertaining to aquaculture and the species under
assessment are hard to identify. Specific monitoring requirements for aquaculture are lacking.
ElAs are theoretically required for some types of aquaculture although this is reportedly seldom
enforced. The final numerical score for Criterion 3: Egypt — Habitat - is 3 out of 10.

Justification of Rating

In contrast to the Effluent Criterion, which reviews environmental impacts outside the allowable
zone of effect, the Habitat Criterion assesses more proximal impacts within the immediate farm
boundary. As stated before, the General Fisheries Commission for the Mediterranean (GFCM)
defines the AZE as follows: “The area of sea-bed or volume of the receiving water body in which
the competent authority allow the use of specific Environmental Quality Standard (EQS) for
aquaculture, without irreversibly compromising the basic environmental services provided by the
ecosystem,” and further clarify that “The main idea is that within the AZE (i.e. in the immediate
vicinity of the farm) some deviation from national and international standards is expected but not
beyond a point (threshold) where critical goods and services provided by the marine ecosystem
are irreversibly compromised,” (FAO-GFCM 2013). For the purposes of this assessment, the AZE
is considered to be the area within 30 m from the net pen edge.

Although the Effluent Criterion focuses on a more distal impact location than the Habitat
Criterion, both consider the effects of soluble and particulate wastes emanating from fish farms
into their surrounding environment. While soluble wastes can increase nutrient loading in the
vicinity of farms, particulate wastes increase deposition of sediments, particularly in coastal
waters. Sedimentation and organic loading from fish farms can make benthic communities
vulnerable to biochemical changes which can change their composition and function. Since the
production systems used in Egypt are notably different to those used by the rest of the
producers within the scope, and the availability of data from the region is much less, the
Egyptian sector will be assessed separately for this criterion.
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Factor 3.1 Habitat conversion and function: EU & Turkey

Cage culture in the EU and Turkey

Multiple studies from the Mediterranean have focused on environmental impacts caused by
dispersal of organic waste materials from seabream and seabass farming operations — data
specifically pertaining to meagre farming is sparse, however, since this species is a relative
newcomer to aquaculture and present production is limited.

Sensitive habitats: seagrass meadows and maérl beds

As has already been mentioned in Criterion 2: EU & Turkey — Effluent, the semi-enclosed
Mediterranean Sea is considered to be oligotrophic, meaning that it is naturally deficient in
nutrients. Since benthic communities and sediments in this waterbody typically experience a
low influx of nutrients and particulate matter from the water column, elevated inputs from fish
farming activities can have a significant impact (Sanz-Lazaro & Marin 2008). The Mediterranean
also has a low tidal range and experiences the formation of a seasonal thermocline

each summer (Sanz-Lazaro and Marin 2008, Grigorakia & Rigos 2011).

The Mediterranean’s coastal habitats and shallow reefs host a complex array of extremely
biodiverse and productive ecosystems, such as seagrass meadows, mollusc reefs, coralligenous
maérl formations, and macroalgal assemblages. Due to the restricted availability of nutrients,
such ecosystems are dominated by slow growing species that take a long time to recover if they
are disturbed. “The Mediterranean Sea is considered as one of the 25 hotspots of global
biodiversity, hosting 7% of the world’s species (4-18% according to the considered phylum) living
in 0.82% of the ocean area and 0.28% of the ocean volume. Species diversity in the Black Sea is
3.5 times poorer than in the Mediterranean Sea. This difference reflects the considerably lower
salinity in the Black Sea and large volume of anoxic waters,” (Hilmi et al. 2015).

The MedVeg project, which took place between 2001 and 2004 (and discussed previously in
Criterion 2: EU & Turkey — Effluent), identified fish farm waste sediments as the primary driver
of benthic deterioration in seagrass meadows and a recommendation was made that fish farms
should be sited at a distance of at least 400 meters from such sensitive habitats, particularly
with reference to Posidonia oceanica meadows (Mirto et al. 2010, Diaz-Almela et al. 2008,
Holmer 2008). Posidonia beds and coralligenous outcrops (under ‘1170 Reefs’*®) are designated
as a ‘priority habitat’ and protected under the EU’s Habitats Directive (Council Directive
92/43/EEC): Article 11 of this legislative act declares that “Member States shall undertake
surveillance of the conservation status of the natural habitats and species” ... “with particular
regard to priority natural habitat types and priority species,” (EU 1992). However, as the
website of the European Union*’ notes, directives are not legally binding, rather they set out
goals for member states, and each nation is ultimately responsible for its own legislation and
enforcement with regards to fish farm siting and protection of ‘priority habitats’. Writing in
2013, Karakassis opined that: “There are fears that a large proportion of fish farming activity is

46

47 https://europa.eu/european-union/eu-law/legal-acts_en#directives
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sited above such meadows despite the existing regulations in most Mediterranean countries,”
further noting that, in 2009, a new regulation was passed in Greece which, amongst other
provisions, stipulated that there should be no new farms sited over Posidonia meadows and no
expansion, or renewal of concessions, would be granted for farms currently sited in such
localities (Karakassis 2013). As a result of this legislation, the majority of farms have reportedly
now relocated into deeper water (pers. comm. Nafsika Papageorgiou, October 2019) and any
farms that have not relocated are thus automatically phased out as their licenses expire (pers.
comm. Nafsika Papageorgiou, March 2020). A recent Cypriot study, which also describes the
relocation of farms into deeper waters, due to regulatory amendments disallowing expansion in
the vicinity of P. oceanica meadows, found that seagrass recovery was already occurring to
some extent in areas where farms had previously been sited (Kletou et al. 2018). The most
dominant country producers, Greece and Turkey, both implemented the AZA concept over a
decade ago, in 2009 and 2006, respectively (AquaSpace 2018a). As a result, and to protect
seagrass beds from aquaculture impacts, both countries subsequently passed laws prohibiting
fish farming in the vicinity of P. oceanica meadows, stipulating that farms must be sited in
water depths of 30 m or more, a depth which is on the perimeter of P. oceanica’s survival range
(pers. comm. Nafsika Papageorgiou, October 2019; Ferit Rad, October 2019). Similarly, under
Spanish law, farms must also be sited at least 30 m or more from P. oceanica habitats (pers.
comm. Nafsika Papageorgiou, October 2019).

Benthic impact studies

As noted above, in order to mitigate against near-shore environmental impacts, fish farming
sites in the Mediterranean have been moving further away from coastal areas in recent times.
Benthic studies from more exposed farm sites, located farther out to sea, have identified that
the impacts of particulate fish waste from such farms are less than those of farms closer to
shore, due to the greater dispersal of these products in deeper, more dynamic ocean
environments. Writing in 2010, Holmer, noted that “None of the available studies at off-coast
and offshore farms have detected significant nutrient enrichment or effects on the water
column, suggesting a rapid dispersal of dissolved compounds or a rapid transfer of waste
products to higher trophic levels”. However, she also comments that “The lack of scientific
knowledge on offshore fish, mammal and benthic communities is problematic for the
development of offshore mariculture, as cautionary principles have to be applied until sufficient
documentation is available,” (Holmer 2010). The results of an off-shore farm complex study in
Spain broadly concur with this: using stable isotope analysis to determine if an off-shore farm
could still impact near-shore seagrass beds, researchers found that the influence of the farm
“Was not sufficient to produce significant meadow alterations, unlike those described in near
shore case studies under a more severe influence of nutrients”. However, they also stated that
their results provided “Consistent evidence that waste delivered by offshore farms has a large
area of influence (spanning kilometres) that affects Posidonia oceanica meadows located in
remote near shore environments,” (Ruiz et al. 2010).

Aguado-Giménez et al. (2012) conducted a study to assess benthic recovery at an ex-seabream
and meagre farm in the Spanish Mediterranean after the abatement of fish farming activity.
The study commenced one year before, and ended one year after, farming activity ceased.
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Upon completion, researchers concluded that improvements in the benthic geochemical
conditions were occurring, indicating a process of recovery that was still on-going. These
findings echo those of earlier studies on benthic, non-vegetated systems, in areas that had
previously been used for farming seabream and seabass, which also observed the process of
recovery, noting that complete recovery took longer than one year (Sanz-Lazaro & Marin 2006,
Karakassis et al. 1999).

Regeneration of benthic communities has been effectively accomplished through use of
fallowing and rotation practices (Holmer 2010) and is a common procedure in salmon
production but this approach is seldom implemented in areas culturing seabass and seabream
(Sanz-Lazaro & Marin 2008), apparently due to space constraints (Sanchez-Jerez et al. 2016,
Hofherr et al. 2015) and a lack of access to appropriate sites where fallowing can be
implemented (AE 2014, IUCN 2009). A multiplicity of businesses exist along the coastal zone of
the Mediterranean, especially tourist-related enterprises, and competition for land and ocean
use is high; a recent study of the region’s aquaculture sector, which specifically considered
space constraints, noted that the industry presently occupies around 3% of the coastline in the
EU (Hofherr et al. 2015). Although the waters of the Mediterranean Sea are typically calm and
benign, the Meltami wind, which blows from mid-May to mid-September, can cause sudden
rough seas and strong gales up to force 8 or 9 (TripSavvy 2018), which has no doubt been an
inhibiting factor in locating farms farther off-shore in affected areas.

Some studies have used fatty acids as biomarkers to trace the trophic relationships that occur
as a result of biotic uptake of wastes dispersed by fish farms. One such study in Spain
demonstrated that “Aquaculture activities have an influence on almost every macroinvertebrate
species associated with fish farm sea-cage structures, taking advantage of uneaten feed pellets
and faeces,” and concluded that “The uptake of feed wastes by the macrobenthic fauna might
be a beneficial effect, since they reduce its accumulation and use by bacteria, thus preventing
the appearance of anoxic zones. Nevertheless, although no negative effects could be detected
from this work, the results suggest that better control of aquaculture-derived wastes is
necessary to protect the surrounding wild fauna and their feeding behavior,” (Gonzalez-Silvera
et al. 2015).

Ninety-six percent of Turkish seabream and seabass production takes place in the Aegean Sea
(Ylcel-Gier et al. 2009). In this region, a number of studies have been conducted to investigate
the impacts that farming of these species has on water column nutrient concentrations and
benthic sediments (Basaran et al. 2010, Yiicel-Gier et al. 2007, Cinar et al. 2004). The more
recent of these studies concluded that: “Concentrations of physicochemical variables and heavy
metals were within the range of tolerable levels for the marine ecosystem, and the oligotrophic
nature of the water column in the study area was able to assimilate organic and inorganic loads
caused by the fish farms,” (Basaran et al. 2010). These findings were similar to those of another
Turkish study that investigated the impact that seabream and seabass farming had on benthic
communities in the (south eastern) Black Sea, where 3% of Turkey’s production of these species
takes place. A total of three cage sites were involved in this project: samples were taken
directly underneath the cages and also at numerous locations 50 meters away from them.
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While benthic impacts were overall low, seasonal variations were observed; these were partly
due to fluctuations in water flow, but impacts were also less evident in summer, when farming
activity was at its lowest (Bascinar et al. 2014).

In Macaronesia, Riera et al. (2017) conducted benthic trials using the MACAROMOD modelling
tool to examine the benthic impacts of eight offshore seabream, seabass and meagre farms.
The researchers found that benthic impacts were minimal and commented that, “In the present
study, fish aggregations played a pivotal role, consuming most of [the] uneaten pellets (ca. 97%
in the Canaries and 75% in Madeira). These percentages may be explained by the oligotrophic
nature of Macaronesian waters, underpinning low fish biomass in coastal environments. Hence,
the organic output from offshore cages constitutes a high nutritional and easily accessible food
source for fish aggregations.”

One of the findings of the recent AquaSpace project (AquaSpace 2018b) is that Mediterranean
aquaculture producers in EU and GFCM countries normally only perform benthic monitoring
once every three years, due to the time and costs involved. Overall, however, literature
indicates that the functionality of benthic habitats within the AZEs of seabass/bream/meagre
farm sites in the EU and Turkey are considered to be maintained but moderately impacted.
Although localized impacts under net pens have been identified, the provision of ecosystem
services at any one farm site may be relatively rapidly restored through fallowing, and the
broader ecosystem functionality appears to be maintained. Of note, producers in Greece, the
EU’s main producer of the species under consideration, have extensively adopted the routine
application of BMPs, including year-class separation, species rotation, and site fallowing (pers.
comm. John A. Theodorou, PhD, December 2019). The score for Factor 3.1, as it pertains to the
EU and Turkey, is 7 out of 10.

Factor 3.1 Habitat conversion and function: Egypt

Pond culture in Egypt

Factor 3.1 evaluates habitat impacts within the immediate footprint of farms culturing the
species under review, taking both current and historical impacts into consideration. Literature
which discusses the wider Egyptian aquaculture sector at large notes that there is a dearth of
data on this topic in general (Soliman & Yacout 2015; Samy 2015), thus no studies were
identified which specifically explored the habitat impacts of culturing seabream, seabass and
meagre in Egypt.

As shown in Table 5, Damietta Governorate, which is located in the northeast of the Nile delta
on the Mediterranean coast, is where 91% of seabream, seabass and meagre culture takes
place, this occurs predominantly in the area known as the Deeba Triangle. Almost all of this
production is semi-intensive and is conducted in marine/brackish ponds (GAFRD 2018b). This
region is located at the north-western end of Lake Manzala and comprises around 14,000 ha of
reclaimed land on which aquaculture ponds have been excavated, as have a number of canals
which lead to the ocean (Cataudella et al. 2015). In addition to seawater inlets, ponds receive
water from estuary and lake inlets also, in addition to brackish ground water which becomes
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available as ponds are dug. This land reclamation came about as a result of the construction of
the Aswan High Dam in the 1960’s (USAID 2000), which impacted the inflow of water into the
northern lakes; subsequently, the drought-affected areas were converted to aquaculture and
agricultural uses. Note that the salinity of earthen ponds in the Deeba Triangle ranges from 25
ppt up to an extreme of 50 ppt (pers. comm. Dr. Shérif Sadek, December 2019).

Table 5: Production areas and quantities (MT) of Egyptian mariculture in 2016 (exclusive of
mullet) - General Authority for Fish Resources Development: 2018 Fish Statistics Year Book

(GAFRD 2018b)

Governorate Seabream Seabass Meagre Shrimp Total
Damietta 23,224 21,780 16,162 14 61,180
Alexandria 2859 1797 4,656
Ismailia 565 432 - 55 1,052
Port Saied - 261 261
Fayyoum (cages) 219 219
Others 15 9 - 32 56
Total 26,663 24,498 16,162 101 67,424

Lake Manzala, like all of the other coastal lagoons, is a shallow water body, with an average
depth of between 0.8-1.0 meters (Cataudella et al. 2015). The southernmost part of the Deeba
triangle borders Manzala lagoon while the most westerly part lies close to the Mediterranean
port town of Damietta; in the east, it stretches toward Port Said (Cataudella et al. 2015). Figure
13 shows the location of Egypt’s Mediterranean coastal Lagoons, with Manzala in the middle.
Both Bardawil and Burullus lagoons are Ramsar Sites, the former of which was designated in
1988 and the latter in 1998. Of note, aquaculture activities in the vicinity of Burullus, which is a
wetland of international importance, have resulted in environmental concerns*® due to habitat
impacts but according to government data, culture of the species under consideration does not
take place in this vicinity, as shown in Table 5.
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Figure 12: Location of Egypt’s Mediterranean coastal lagoons (Cataudella et al. 2015)

48 https://www.swos-service.eu/2018/06/18/impact-of-aquaculture-expansion-on-lake-burullus/
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Although studies on the habitat impacts of seabream, seabass and meagre culture were not
identified, it is evident that the sector has expanded significantly in recent years, as is amply
demonstrated by its rapid growth trajectory (Shaalan et al. 2017). When FAO Egyptian
production volumes of the three species under consideration are aggregated, it is evident that
total production of these species has increased more than eight-fold between the years of 2008
and 2017 (FAO 2019). During this time, fish farmers in the Deeba Triangle have facilitated these
production increases by consistently and gradually expanding and subdividing ponds, such that
around 75% of the area is now used for marine/brackish aquaculture production (EI-Mezayen et
al. 2018). It is interesting to view this area using the satellite imagery tools available on Google
Maps*, which clearly show the profusion of fish farms in the Damietta region, located in the
midst of an extensive zone of heavy industrial, agricultural and urban developments. A small
portion of the Deeba Triangle is shown in Figure 14.
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Figure 13: Satellite image of the northwestern (seaward) part of the Deeba Triangle, Damietta
Governate, Egypt, showing Damietta estuary on the left and a seawater inlet toward the
top/center of the image — note that the scale is 1 cm = 200 m (Google Maps 2019)

The fact that many influences, asides from aquaculture, evidently have a significant impact on
habitats within the footprint of seabream, seabass and meagre farms in Egypt means that it is
challenging to tease out those impacts that specifically pertain to the farms under
consideration. This lack of specific data warrants a precautionary approach toward the scoring
of this factor — particularly when rapid expansion of the sector over the last decade is taken into
consideration. However, this needs to be tempered with the fact that sector growth is occurring
in an area that was already converted from high-value wetland around 50 years ago, and the
reclaimed land that present-day farms are built on is in the midst of a heavily industrialized
zone. The score for Factor 3.1, as it pertains to Egypt, is 4 out of 10, which reflects the present-
day moderate value of the coastal delta region in which farming of the species under

4 https://goo.gl/maps/8nsCo2X5HpP7ralp6
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assessment takes place, acknowledging that the loss of functionality as a high-value habitat
occurred more than 15 years ago.

Factor 3.2 Farm siting regulation and management effectiveness: EU & Turkey

Scoring for Factor 3.2 is subdivided into Factor 3.2a (content of habitat management measures)
and Factor 3.2b (enforcement of habitat management measures).

Factor 3.2a — Content of habitat management measures

Net pen culture in the EU and Turkey: An overview of habitat management measures

The scope of this report includes numerous countries spread across the Mediterranean and
Black Sea region, which represent a broad diversity of environmental features and
characteristics and varying degrees of aquaculture production and development. This in turn
means that the regulatory framework, site selection procedures, and environmental impact
assessment (EIA) requirements for aquaculture producers varies somewhat across this large
geographical area and between its countries.

As referenced in the introduction to this report, over 84% (per 2017 FAO data) of the
aquaculture production under review is produced by four countries: Turkey (35%), Greece
(22%), Egypt (20%) and Spain (8%). Of these four nations, Greece and Spain are member states
of the EU, whereas Egypt and Turkey are not. However, all producer nations within the scope
are members of one organization: the General Fisheries Commission for the Mediterranean
(GFCM). Additionally, Regional Sea Conventions (RSCs) are in place to oversee protection of the
various water bodies in the region: OSPAR (Convention for the Protection of the Marine
Environment in the North-East Atlantic), HELCOM (Convention on the Protection of the Marine
Environment in the Baltic Sea), Barcelona Convention (Convention for the Protection of Marine
Environment and the Coastal Region of the Mediterranean), and Bucharest Convention
(Convention for the Protection of the Black Sea) (Tornero & Hanke 2016).

General Fisheries Commission for the Mediterranean

The GFCM, which is also discussed in Criterion 2 above, is a collaborative forum that was
established by FAO in 1948 to facilitate communal management of fisheries resources across
the Mediterranean and Black Sea region. Part of its remit is to promote regional dialogue and to
facilitate policy coordination and, to this end, the GFCM passed a resolution (Resolution
GFCM/36/2012/1) in 2012 concerning guidelines on allocated zones for aquaculture (AZA)
which stipulated that all contracting parties “Shall include in their national marine spatial
planning strategy of aquaculture development and management schemes for the identification
and allocation of specific zones reserved for aquaculture activities.” Furthermore, the resolution
stipulates that for each unique AZA, an allowable zone of effect (AZE) must be defined and a
mandatory environmental monitoring program put in place at the national level (GFCM 2012).
Adoption of this area-based management approach takes the scale and intensity of aquaculture
production into consideration and is intended to support and maintain the ecological
functionality of habitats in the proximity of fish farms. The Resolution states that “AZAs shall be
established within the remit of local or national aquaculture plans of CPCs [Contracting Parties
and Cooperating non-contracting Parties of the GFCM] with the aim of ensuring the
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sustainability of aquaculture development and of promoting equity and resilience of interlinked
social and ecological systems” (GFCM 2012).

Allocated zones for aquaculture (AZA)

As discussed earlier, in Criterion 2: EU & Turkey — Effluent, recent reviews of the sector indicate
that the AZA concept that was proposed by GFCM to its members in 2012 has been widely
implemented by farms producing seabream, seabass and meagre across the region, albeit with
some regional adaptations that take local environmental characteristics into consideration
(AquaSpace 2018a, FAO 2018a, FAO-GFCM 2013, Hilmi et al. 2015, Sanchez-Jerez et al. 2016).
New regulations were adopted in Turkey in 2007, which saw the establishment of two new
AZAs in Gulluk Bay, the county’s primary mariculture zone (Aguilar-Manjarrez et al. 2017).

European Union Directives: Environmental Strategies

A high degree of commonality in general legislation is shared by producers whose aquaculture
facilities lie within the jurisdiction of the European Union (EU). The EU has adopted many
overarching resolutions and directives that are specific to the aquaculture sector (European
Parliament 2018); the two main legal instruments that pertain to management measures within
the AZE of seabream, seabass and meagre farms are the Water Framework Directive (WFD) and
the Marine Strategy Framework Directive (MSFD) (EEA 2018, EC 2016). The purpose of the WFD
(Directive 2000/60/EC) is to keep inland and coastal waters clean by controlling the input of
nutrients and chemicals, whereas the MSFD (Directive 2008/56/EC) aims to make the seas
‘clean, healthy and productive’, requiring that member states develop strategies to achieve
'good environmental status' in their marine waters by 2020 and these strategies must be
developed around the following eleven ‘descriptors’:

e Biodiversity is maintained

e Non-indigenous species do not adversely alter the ecosystem

e The population of commercial fish species is healthy

e Elements of food webs ensure long-term abundance and reproduction

e Eutrophication is minimised

e The sea floor integrity ensures functioning of the ecosystem

e Permanent alteration of hydrographical conditions does not adversely affect the
ecosystem

e Concentrations of contaminants give no effects

e Contaminants in seafood are below safe levels

e Marine litter does not cause harm

e Introduction of energy (including underwater noise) does not adversely affect the
ecosystem

In 2014, the Maritime Spatial Planning (MSP) Directive (Directive 2014/89/EU) was introduced.

This Directive, which is the primary legislative instrument concerned with establishing a
framework for maritime spatial planning, has already been adopted by some member states
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but must be implemented by all of them by 2021 (EU 2014b). The MSP Directive applies to
aquaculture facilities which are over one nautical mile from the shore (AquaSpace 2018b).

The progress of member states toward achievement of these environmental strategies is
reviewed every six years and, applying an adaptive management approach, the Marine
Strategies themselves are reviewed and updated on this cyclical basis to ensure that targets are
being met (EC 2019, EC 2018a). Since the MSFD applies to marine waters that are over one
nautical mile from the shore — whereas the WFD applies to near-shore waters - this means that
the MSFD is becoming of greater relevance to aquaculture as the industry moves further
offshore (EU 2009a).

The Environmental Impact Assessment (EIA) Directive, which was adopted into the EU
legislative framework in 1985, is another governance instrument that is relevant to the
aquaculture sector, although ElAs are not always mandatory. Extensive guidance and checklists
to enable countries to decide whether an EIA is necessary or not is provided by the EU, and
details of this process must be documented and be available for public inspection if requested.
If an EIA is deemed necessary, guidelines for scoping and EIA report preparation are also
provided by the EU (EU 2017). This means that EU member states ultimately set their own
criteria and thresholds for the conditions that trigger requirement of an EIA, although these
thresholds are guided by the EU’s screening guidelines. For example, the thresholds for Greece
and Spain are as follows (EC 2009):

Greece
e All fish hatcheries when not located in AZA

e Marine fish farms not located in AZA

e Marine fish farms located in AZA and in NATURA 2000 areas®

e Marine fish farms located in AZA but not in NATURA 2000 areas and > 500 tons/year
e Shellfish farms not located in AZA

e Shellfish farms located in AZA and > 200 tons/year

e Freshwater farms located in NATURA 2000 areas

e Freshwater farms > 200 tons/year and not located in NATURA 2000 areas

e Technologies and types of aquaculture appearing for first time

e Protected species

e Alien species

In cases that EIA is not needed, farms instead issue and submit for approval a “Letter of
Commitment to Environmental Norms”.

50 NATURA 2000 areas: Stretching over 18% of the EU’s land area and almost 6% of its marine territory, it is the largest
coordinated network of protected areas in the world. It offers a haven to Europe's most valuable and threatened species and
habitats (http://ec.europa.eu/environment/nature/natura2000/indexen.htm)
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Spain
e 500 MT production/year (national requirement; regional governments can require EIA
also below this threshold).
e Also for <500 MT production/year in Natura 2000. Always to designate allocated zones
for aquaculture.

Turkey
In Turkey, the main authority which issues permits for new marine cage farms is the Ministry of

Agriculture and Forestry (previously named the Ministry of Agriculture and Rural Affairs).
Turkey has integrated many adaptations of EU directives into governance of its aquaculture
sector and one such instance of this was implementation of the EIA process (Yicel-Gier et al.
2009). As per Article 8 of Aquaculture Regulation No. 25507, aquaculture entities which have an
annual production capacity in excess of 1000 MT must be compliant with the Regulation of
Environmental Impact Assessment (EIA) No. 26939 before a new operations license can be
granted. In instances where a farm’s production capacity is 30 MT or less, no EIA is required,
whereas farms with a capacity between 30-1000 MT are assessed on a case-by-case basis. This
assessment, and any subsequent EIA review, is conducted by the Directorate General for EIA
which resides within the Ministry of Environment and Urban Planning (FAO 2005-2018a). The
legal, regulatory and institutional frameworks applicable to Turkish marine aquaculture are
summarized in Figure 15.

aw______________________________________ comtemt _____ _

Fishery Law (Fishery Law No. 1380, 1971) and All fisheries and aquaculture activities are regulated by the Fishery

its amendment (Fishery Law No. 3288, 1986; Law. With the last revision (2003) important legislative principles and

Fishery Law No. 4950, 2003). standards were provided for the establishment and management of
aquaculture facilities.

Environmental Law (Environmental Law Its associated regulations laid the general legal basis and framework for

No. 2872, 1983) and its amendment environmental protection similar to many other European countries. The

(Environmental Law No. 5491 in 2006). last Turkish Environmental Law (2006) forced marine aquaculture facilities
to move offshore within one year.

Regulation on Aguaculture (No. 25507) in 2004 It addressed major issues related to aquaculture like license renewal and

(MARA, 2004), as amended in 2005 (MARA, development in terms of management, technology and related matters.

2005 and 2006). A minimum capacity of 250 tonnes/year and water quality criteria were

fundamental considerations in these proposed licensing requirements for
marine aguaculture.
In 1993, detailed EIA regulations were enacted; A major component of this regulation regarding aquaculture activities is

these regulations were again extended and the need for the Environmental Impact Assessment (EIA). This is a process
revised in 1997, 2002, 2003, 2008 and finally to define the environmental alterations that any developmental projects
in 2013. They accommodated adaptations may have and, subsequently, to determine whether a project can be

in accordance with the European Union EIA approved, or needs to be amended before approval, or rejection. EIA only
Directives 85 /337/EC and 97/11/EC. applies to 1,000 tonne/year capacity farms.

Regulation for Water Pollution Control (MEF, Also, according to the Regulation for Water Pollution Control, Article 15
2004) were revised in 2008 (MEF, 2008) gives the general criteria of quality required for marine environments.

In 2007 a regulation (MEF, 2007) was made to Fish farms already established in enclosed bays and sensitive areas were
identify the criteria for closed bays and gulfs to be reevaluated in accordance with physical and chemical criteria.
qualifying as sensitive areas where fish farms are

not allowed.

Figure 15: Legal, regulatory and institutional frameworks applicable to Turkish marine
aquaculture (Aguilar-Manjarrez et al. 2017)




Broadly, the above management measures are considered to be robust, as cumulative
aquaculture farm siting is based on maintaining ecosystem functionality and operates at the
area level. The assessed score for 3.2a (content of habitat management measures) for the EU &
Turkey is 4 out of 5.

Factor 3.2b - Enforcement of habitat management measures

The recent, EU-funded AquaSpace project (AquaSpace 2018b) included a review of the efficacy
of management measures governing aquaculture in the Mediterranean (both EU and GFCM
countries) within its remit: the study analyzed the laws, degrees and policies that govern the
sector across the region. Researchers found that the legal framework governing the sector was
generally overly bureaucratic, confusing and complex, and that often the designation of
responsibility between authorities was unclear due to an overlapping of procedures. For
example, it was found that in 40% of the countries reviewed, more than seven different
regulatory authorities were involved in the process of aquaculture licensing. Furthermore, it
was found that the greater the number of authorities involved, the less efficient the co-
ordination of the process was likely to be. Of particular note, and with regard to the main
seabream, seabass and meagre producers in the region, Turkey, Greece, Spain and France have
in place 15, 11, 10, and 12 such authorities, respectively (AquaSpace 2018b).

Implementation of EU Directives that govern aquaculture is delegated to the Competent
Authority of each EU member state, which in turn is responsible for the oversight and
enforcement of these habitat management measures within their respective countries. The
need to streamline the regulatory framework that governs the aquaculture sector has long
been recognized within the EU and GFCM countries and numerous projects and initiatives have
contributed toward realization of this goal. In 2009, the IUCN highlighted the “Lack of an
appropriate legal framework that promotes the aquaculture industry,” in the Mediterranean
(IUCN 2009) and now, nearly a decade later, this sentiment still prevails: the European
Parliament’s resolution on aquaculture, dated 12 June 2018, states, “Whereas EU
environmental legislation is based on directives (the Marine Strategy Directive, the Birds and
Habitats Directives), and whereas it is therefore left to Member States and to local and regional
authorities to transpose and apply them with a certain degree of discretion; whereas,
consequently, there is no uniform implementation throughout the EU and this leads to legal
uncertainty for enterprises and farms and a lack of predictability for investors, and creates an
uneven playing field,” (EU 2018a).

The AquaSpace project found that while the sector had made good progress in recent years in
improving environmental management of the sector, some specific concerns with regards to
environmental monitoring were apparent (these pertained not only to the EU but also to other
producing countries covered in the review):
e Ina number of countries although monitoring is incorporated in the regulations no specific
monitoring guidelines are given,
e There is a lack of a uniform monitoring system, with thresholds calibrated for the different
areas,
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e Benthic monitoring, as conducted, is costly and time consuming and consequently is not done
very often (normally once every three years)

In conclusion, countries producing seabream, seabass and meagre within the EU and Turkey
have identifiable and active organizations in place to administer the habitat management
measures that govern the sector. However, it is clear that ongoing concerns exist with regards
to the effective enforcement of such measures due to a lack of common criteria and
environmental indicators across the region, resulting in some monitoring gaps and limitations in
the implementation of the EU Directives and GFCM resolutions. Until all producers in the sector
have completely implemented all Directives and guidelines these concerns will continue, and
furthermore, cumulative habitat impacts may not be fully addressed.

As it pertains to the EU & Turkey, the score for 3.2a (content of habitat management measures)
is 4 out of 5 whereas Factor 3.2b (enforcement of habitat management measures) receives a
moderate score of 3 out of 5. When the scores for these two factors are combined (i.e. [(3.2a x
3.2b) / 2.5] to give a score in the range 0 - 10), the final Factor 3.2 management score is 4.8 out
of 10.

Factor 3.2 Farm siting regulation and management effectiveness: Egypt
Scoring for Factor 3.2 is subdivided into Factor 3.2a (content of habitat management measures)

and Factor 3.2b (enforcement of habitat management measures).

Factor 3.2a — Content of habitat management measures

Aguaculture in Egypt: An overview of habitat management measures

The FAOs FAOLEX (2019a) database on national legislation, policies and agreements provides
access to the laws, acts, decrees and resolutions that pertain to Egyptian aquaculture. In
reviewing these legal provisions, it is evident that little has changed with regard to specific
regulation of the Egyptian aquaculture sector in several decades, despite its dramatic growth
during this time. The main statutes that pertain to the sector, and the agencies responsible for
their implementation, are explored in further detail below.

The Ministry of Agriculture and Land Reclamation (MoALR) is the government agency which has
overall responsibility for the development of policies governing agriculture, aquaculture and
land reclamation, and they must perform these functions in accordance with national
development plans. The main legislative instruments of MoALR are Law No. 53 of 1966°! and
Resolution No. 162 of 1996 (Goulding & Kamel 2013). With relevance to aquaculture, three
principle agencies are housed under MoALR to facilitate regulation of the sector, these are: the
General Authority for Fishery Resources Development (GAFRD), the General Organization for
Veterinary Services (GOVS), and the Agricultural Research Center (including the Central
Laboratory for Aquaculture Research (CLAR)). Egypt’s basic fisheries law, which is contained

51 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC153081
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within Law No. 124 of 1983°2 on Fishing, Aquatic Life and the Regulation for Fish Farms,
designates GAFRD as the agency responsible for administering the provisions of this law. Thus,
GAFRD is the main authority that controls and monitors the activities of fish farms and the
fisheries sector, including environmental monitoring, farm licensing, aquaculture land use
regulations, as well as extension and research service. GAFRD is headquartered in Cairo but also
has numerous branch offices in the main regions that have fisheries related industries,
including Damietta.

As well as designating GAFRD as the principle administrator of Law No. 124 of 1983, this piece
of legislation is also the primary act that guides the activities of GAFRD. This law is divided into
three sections that are comprised of 65 articles; the first section pertains to general provisions,
the second to water pollution, and the third to aquatic resources and the regulation of fish
farms. In this legislation, agriculture is prioritized over aquaculture such that article 48 of Law
No. 124 of 1983 forbids the construction of fish farms in areas that are suitable for agriculture,
thus fish farms are only allowed to be constructed on land that is infertile. This law further
states that fish farms can only be established once a license has been obtained from GAFRD,
and this in turn is contingent upon the approval of the Ministry of Water Resources and
Irrigation (MoWRI), in that a permit specifying the quantity and source of water for fish farms,
plus the method of drainage and other conditions of use, must be granted by this agency
before GAFRD can issue a license; this permitting process is reviewed on a case by case basis.
MoWRI is responsible for administering the two main acts that deal with water resources: these
are Law No. 12 of 1984°3 and Law No. 48 of 1982°%. Law No. 12 of 1984 is concerned with the
right of access to water for agricultural landowners, including aquaculture, however, this law
applies to inland waters only. Law No. 48 of 1982 is concerned with the protection of the River
Nile from pollution and the license conditions which need to be met in order to obtain a
discharge license that allows wastes to be discharged into canals. Governance pertaining to fish
farms that are reliant on groundwater, such as those in the Deeba Triangle, is absent in
legislation (Goulding & Kamel 2013).

MOoALR, as previously mentioned, is the government agency which has overall responsibility for
the development and control of policies governing agricultural and aquacultural land use in
Egypt. Under the authority of MoALR, and as defined in Presidential Decree No. 465 of 1983,
GAFRD are authorized to lease land that is within 200 m of the shoreline to fisheries and
aquaculture related enterprises. However, only land which has been designated for aquaculture
(and is not suitable for agriculture) may be leased; the designation of land on which
aquaculture is permissible is the responsibility of a GAFRD committee, who in turn make such
land allocations in accordance with Decision No. 70 of 1986°° (Goulding & Kamel 2013).

52 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC018648/
53 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC121428
54 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC018642
55 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC070574
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As discussed in Criterion 2 — Effluent, Laws pertaining to environmental policy lie within the
jurisdiction of the Ministry of Environmental Affairs and the Egyptian Environmental Affairs
Agency (EEAA), which is housed under this ministry, is responsible for the implementation and
monitoring of these policies. The main environmental act is Law No. 4 of 1994°%, which was
later amended by Law No. 9 of 2009°’; this legislation prohibits the discharge of pollutants into
ocean and inland waters — from any source - unless a license is obtained, and such a license can
only be approved by the EEAA upon successful completion of an EIA. License holders must
conduct self-monitoring pertaining to the wastes that they discharge and are subject to periodic
inspections by the Ministry of Environmental Affairs. This law is not specific to fish farming but
is applicable to the environmental governance of all industries (Goulding & Kamel 2013).
Although EIA requirements are in place for marine aquaculture, this procedure reportedly
seldom applies to inland aquaculture (Soliman & Yacout 2016). The most recent ‘Fish Statistics
Year Book’ published by GAFRD (2018b) notes that production of seabream, seabass and
meagre is almost exclusively conducted in brackish ponds, which in effect means that EIA is
typically not required for cultivation of these species since it takes place in inland brackish
water environments and not in open water marine environments (FAO 2009). Thus, although
the aforementioned legislation is in place, the vast majority of farms culturing seabream,
seabass and meagre are constructed without an EIA being required, since they are located in
the Nile delta. However, it should be noted that there are a few farms culturing these species in
national parks (EI-Rayan depression lake in EI-Fayum governorate and Nabq, South Sinai) and
also on the Egyptian Red Sea coast, where an EIA is a requirement (pers. comm. Dr. Shérif
Sadek, December 2019), although these localities only account for around 2% of current
production volumes (see Table 5).

In light of the regulations described here, no information could be found describing the extent
to which environmental factors regarding habitat conversion (beyond those governing water
pollution from discharges, more directly covered in Criterion 2 — Effluent) are considered in the
site licensing process, and thus the content of these management measures is considered to be
limited. The score for 3.2a (content of habitat management measures) in Egypt is 2 out of 5.

Factor 3.2b - Enforcement of habitat management measures

A recent review of aquaculture in GFCM countries concurs that, in the Egyptian sector, EIAs are
typically not required and that the country lacks a monitoring program for the industry
(AquaSpace 2018b). Of additional note, a recent review of the sector by WorldFish notes that:
“There is a clear lack of coherence in Egypt’s state policy towards the aquaculture sector,” and
“Aquaculture operators utilizing seawater, or groundwater, or using marine cage production

56 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC004984/
57 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC152133/
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operate without a clear legal basis,” ... “Furthermore, the lack of a coherent strategy across
different Ministries has resulted in a long list of license and permit requirements requiring
separate approvals of multiple competent authorities. As a result, unlicensed fish farms
constitute nearly 60% of the sector,” (Goulding & Kamel 2013). This lack of effective legislation
and monitoring requirements for the aquaculture sector is echoed by other authors also
(Shaalan et al. 2017, FAO 2017b, Samy 2015, Sadek 2013), as is the lack of studies on the
environmental impacts of the sector (Soliman & Yacout 2015). Soliman & Yacout (2016)
comment that although the hosha farming technique is banned, it still continues illegally to
some extent. This traditional extensive production system, which involves making a mud pond
at the edge of a lake and allowing wild fish to enter, is reportedly mainly used to grow out
tilapia, although seabream, seabass and meagre are sometimes no doubt included amongst the
influx of wild species. For the purposes of this assessment, this practice is not considered within
the scope of production for seabream, seabass, and meagre in earthen ponds in Egypt, though
it does shed some light on the enforcement effectiveness of the governing bodies of the
sectors.

As it pertains to Egypt, the score for 3.2a (content of habitat management measures) is 2 out of
5, which reflects the limited nature of habitat management measures that are in place. Due to
minimal evidence of monitoring or compliance data, compounded with limited evidence of
penalties for infringements, plus the apparent continuation of persistent illegal siting activities,
the score for Factor 3.2b (enforcement of habitat management measures) is 0 out of 5. When
the scores for these two factors are combined (i.e. [(3.2a x 3.2b) / 2.5] to give a score in the
range 0 - 10), the final Factor 3.2 management score is 0 out of 10.

Conclusions and final score: EU & Turkey

The final score for the Habitat Criterion combines the habitat conversion score (Factor 3.1) with
the effectiveness of the management or regulatory system to deal with potential cumulative
habitat impacts (Factor 3.2). Studies on seabream, seabass and meagre aquaculture taking
place in the EU and Turkey demonstrate that the sector has moderate habitat impacts within
the immediate footprint of the farm. Two of the most vulnerable habitats present in the water
bodies included in the scope are Posidonia seagrass meadows and maérl beds and studies
reviewing the impact of fish farming activities upon these habitats date back to the 1990’s. In
1992 the EU Habitats Directive was enacted to protect these and other identified priority
habitats. Subsequently, member states have introduced legislation at the national level to
implement the requirements of this directive. In alignment with this EU initiative, Turkey also
introduced regulations to ensure farms were not located above these sensitive habitats, in
2006; similar legislation was also passed shortly thereafter in Greece, in 2009. The effectiveness
of robust regulation is somewhat limited by moderate enforcement, given the varying levels of
capacity and adoption of key environmental indicators, EU Directives, and GFCM resolutions
across the sector. The final numerical score for Criterion 3: EU & Turkey — Habitat - is 6 out of
10, indicating that Mediterranean seabass/seabream/meagre farming has moderate habitat
concerns in this region.
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Conclusions and final score: Egypt

A lack of data pertaining to the habitat impacts of seabass, seabream and meagre farms in
Egypt meant that a precautionary approach was adopted in the evaluation of this Criterion.
While habitats adjacent to fish farms are clearly negatively impacted by a range of
anthropogenic activities, the primary polluter would appear to be the dominant agriculture
sector. There is a scarcity of both freshwater and arable land in Egypt, which means that land is
only approved for aquaculture if it is not suitable for agricultural production. Although the
importance of environmental management is recognized and broadly addressed in legislation, it
is poorly implemented and laws specifically pertaining to aquaculture and the species under
assessment are hard to identify. Specific monitoring requirements for aquaculture are lacking.
In theory, ElAs are required for some types of aquaculture, although this is reportedly seldom
enforced. The final numerical score for Criterion 3: Egypt — Habitat - is 2.67 out of 10 indicating
that the content and enforcement of aquaculture habitat management measures in this region
are a cause for concern.
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Criterion 4: Evidence or Risk of Chemical Use

Impact, unit of sustainability and principle
= Impact: Improper use of chemical treatments impacts non-target organisms and leads to

production losses and human health concerns due to the development of chemical-resistant

organisms.

= Sustainability unit: non-target organisms in the local or regional environment, presence of
pathogens or parasites resistant to important treatments

= Principle: limiting the type, frequency of use, total use, or discharge of chemicals to levels
representing a low risk of impact to non-target organisms.

Criterion 4 Summary: EU

C4 Chemical Use Score (0-10)

Critical? NO

Criterion 4 Summary: Turkey

C4 Chemical Use Score (0-10)

Critical? NO

Criterion 4 Summary: Egypt

C4 Chemical Use Score (0-10) 0
Critical? NO

Brief Summary
Due to the regional differences highlighted in this production parameter review on chemical
use, three separate scores have been assessed: one for the EU, one for Turkey, and one for

Egypt.

In general, the regulatory framework that is in place to govern drug use by the aquaculture
sector in the EU and Turkey would appear to be somewhat effective in limiting the use of
antibiotics due to the requirement for veterinary prescriptions, though chemicals that are
highly and critically important to human medicine are approved for use in both jurisdictions.
Although some evidence of resistance to antibiotic treatments have been documented in
studies of Mediterranean farmed seabass and seabream, these studies do not attribute this
situation to misuse of antibiotics by the aquaculture sector, per se, but note that there are an
array of contributory anthropogenic factors. In recent years it has become mandatory in most
EU member states to report the quantities and types of antibiotics used in food-animal
production to the centralized European Medicines Agency and, in Turkey, veterinarians must
make their prescription records available for inspection when requested. New EU legislation
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has also mandated that farm-level details of antibiotic use must be reported, with a phase-in
period commencing in 2022 — although data concerning sector-specific usage is not publicly
available at the present time in either the EU or Turkey. Communications with veterinary
professionals within the sector, both in the EU and Turkey, suggest that antibiotic use in the
sector has reduced significantly in recent years, commensurate with the increased availability
and routine application of effective vaccines by seabass, seabream and meager farmers, with
close to 100% of stocks reportedly being vaccinated against several bacterial diseases.
Antibiotic use data for fish are available in the EU, but not disaggregated at the species level,
thus specific usage data for the seabass, seabream and meagre sector are unknown. While
communication with some industry veterinarians have indicated that antibiotics are typically
used less than once per cycle, additional information suggests that antibiotic use is common in
Greece (>50% of total EU production), with no quantification of treatment frequency beyond a
minority of the industry exceeding 3 treatments per cycle. Further information indicates that
critically-important antimicrobials for human medicine were used in 6% of all antibiotic
treatments in Greece in 2019 (a decrease from 30% in 2017), though again, total volume and
number of treatments are unknown. No such quantifications of antibiotic use in Turkey could
be ascertained.

Overall, despite increased vaccinations and indications from veterinary professionals that
antibiotics are typically used less than once per production cycle, additional data indicate that
the use of antibiotics in Greece, the major EU producer country, is common and at times,
frequent (>3 treatments per cycle). Given the available data and uncertainty in treatment
frequency, it is considered that highly important antimicrobials are being used in unknown
guantities in the EU, and critically important antimicrobials are being used in unknown
guantities in Turkey. In addition, parasiticides such as formalin are in use in both sectors, with
no indication of the treatment volumes or frequency able to be ascertained. Net pens are an
inherently open production system that allow the discharge of active chemicals, and therefore,
an intermediate score is warranted for each sector. The difference in the scores between the
EU and Turkey are driven by the unknown usage patterns of different antimicrobials, greater
data availability in the EU, as well as more stringent regulatory control in the EU. The final score
for Criterion 4 — Chemicals: EU is 3 out of 10, whereas the final score for Criterion 4 —
Chemicals: Turkey is 1 out of 10.

Data on the Egyptian sector suggests that there is a lack of regulatory control concerning
chemical use by producers of the species under consideration and this necessitates that a
precautionary approach is used to score this Criterion. This method of evaluation is further
supported by data which demonstrates the development of antibiotic resistant pathogens
within the aquaculture sector at large; this includes the usage of chemicals which are critically
important to human health, which appear to be being used in unknown quantities. The final
score for Criterion 4 — Chemicals in Egypt is O out of 10.

Justification of Rating

A wide variety of veterinary medicinal products (VMPs) and other chemicals may be used by
fish farmers during the production cycle. Aquaculture VMPs that are typically highlighted as
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potentially being of most ecological concern are antibiotics (used to combat bacterial disease),
antiparasitic VMPs or biocides (used to control parasites), and chemical antifoulant products
(used to minimize biofouling) (Guardiola et al., 2012). A recent report published by the
European Environment Agency, which studied trends in European aquaculture, noted that
there is little data available concerning the impact of chemicals discharged by the industry (EEA
2018). A recent review (Tornero & Hanke 2016), which examined general, sea-based sources of
chemical contaminants in European seas, identified numerous individual pollutants which were
divided into three separate classes as follows: 22 antifouling biocides, 32 aquaculture medicinal
products, plus 34 warfare agents. The 14 medicinal chemicals that the report identifies as being
approved for marine aquaculture in the EU are shown in Table 6, these are comprised of: seven
antibiotics, one bactericide, four parasiticides, plus one disinfectant and one antiseptic (note
that although Sarafloxacin is included in this list, it is not currently a VMP used in the EU
according to ESVAC data (ESVAC 2019); ESVAC reports are discussed in more detail below).
Three of these antibiotics are listed as critically important for human medicine (flumequine,
amoxicillin and oxolinic acid) by the World Health Organization (WHO) and three as highly
important (sulfadiazine:trimethoprim, oxytetracycline and florfenicol) (WHO 2019). In addition
to the names of these approved VMPs, Table 6 also shows their typical dosage rates and
environmental toxicity concerns.

Table 6: Substances used in VMPs approved for marine aquaculture in the EU and their typical
dosage rates and toxicity concerns (adapted from Tornero & Hanke 2016, supplementary data —

Table S2)

Substance

Remarks on usage and toxicity

Antibiotics

Amoxicillin

Used in aquaculture for many years in Japan and in the UK since 1990. Used in other European
countries like Italy. Typical dosage in aquaculture is 80-160 mg active ingredient/kg fish day,
for a standard period of 10 days. Very limited studies available on its pharmacokinetics and
residue depletion. Not effective against vibriosis and motile aeromonads are inherently
resistant. Because of this and its relatively high cost, is rarely used now in aquaculture (GESAMP
1997; Marine Institute for SWRBD, 2007). Very short environmental half-life (hours).
Environmental concerns with respect to persistence of the B-lactam group of antibiotics are
minimal (Armstrong et al., 2005).

Florfenicol

Authorized in many countries for use in aquaculture, including Japan, Canada, Norway and UK.
Typical dosage is 10-30 mg active ingredient/kg fish day, usually 10 days. Not known to be
significantly bioaccumulated (Marine Institute for SWRBD, 2007). Degrades rapidly in the
sediment with a half-life of 4.5 days and displays low toxicity to aquatic organisms (Marine
Institute for SWRBD, 2007; Ferreira et al., 2007). However, it presents a serious environmental
concern in terms of induction of resistance (Armstrong et al.,, 2005). Moreover, recent
research suggests that water-borne pharmaceutical mixtures as low as ng/L levels may still
have potential risks to aquatic life (Lai et al., 2009). Despite their wide use, its toxicity to
marine algae and invertebrates has been scarcely investigated and the need for more studies
on long-term and mixture effects has been pointed out (Ferreira et al., 2007).

Flumequine

Widely used in aquaculture in Europe, Japan and other countries in Asia and Latin America.
Typical dosage is 1 g/100 kg fish day, for 10 days. Potential to accumulate in aquatic
environments (Armstrong et al., 2005). High efficacy and relatively low toxicity (Armstrong et
al., 2005). Research studies suggest that, apart from peak concentrations following treatments,
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the chronic presence of flumequine in sediments inside and outside farms must be considered
(Lalumera et al., 2004).

Oxolinic acid

Widely used in Europe, Japan and other countries in Asia and Latin America. Typical dosage is
1g/100 kg fish day, for 10 days. Potential to accumulate in aquatic environments. High efficacy
and relatively low toxicity (Armstrong et al., 2005). Found to be very persistent in sediments.
In the deeper layer of the sediment hardly any degradation occurred after 180 days and a
calculated half-life of more than 300 days was estimated. The residues in the top layer of the
sediment disappeared more rapidly (OSPAR, 2009).

Oxytetracycline

Probably the most widely used antibiotic in aquaculture. Typical dosage is 50-125 mg active
ingredient/kg fish day, for a 4-10 day treatment period. The ultimate sink for this compound
seems to be in dissolved and particle-associated phases in the water column (Armstrong et al.,
2005). It can persist for relatively long periods in sediments (half-lives in marine sediments
were found to be 151 days in the top layer, 0-1 cm, and more than 300 days at 5-7 cm deep). It
also persists in fish tissues. It has a low bioavailability when administered orally and
immunosuppressive effects on fish and may cause liver damage. Furthermore, a high incidence
of bacterial resistance has been observed. For these reasons it has being increasingly replaced
by other drugs (Fisheries and Oceans Canada, 2003; Ferreira et al., 2007).

Sarafloxacin
(note, this is not
identified as a VMP
in use in the EU in
ESVAC reports)

Widely used in Europe, Japan and other countries in Asia and Latin America. Typical dosage is
10 mg active ingredient/kg fish day, for a period of 5 days. Very persistent in sediments with
half-life higher than 80 days. Rapidly photodegraded in water with half-life <1h. Assigned to the
‘highest risk’ category with respect to the relative potential for veterinary medicines to cause
harm (Boxall et al., 2002).

Sulfadiazine

Typical dose for sulfadiazine: trimethoprim (in a 5:1 ratio) is 30-75 mg/kg, for 5-10 days.

The environmental implications of release of this type of antibiotic into the environment are
unknown (Armstrong et al., 2005). However, given its broad spectrum and the fact that may be
degraded slowly, it may affect bacteria of the marine sediments and fish pathogens selecting
for resistance (Burridge et al., 2010). It is more persistent than trimethoprim, with which it is
commonly combined (Marine Institute for SWRBD, 2007).

Trimethoprim

One of the most widely used antibiotics in aquaculture (synergistically in combination with
sulphonamides). Typical dose for sulfadiazine: trimethoprim (in a 5:1 ratio) is 30-75 mg/kg d,
for 5-10 days. The environmental implications of release of this type of antibiotic into the
environment are unknown (Armstrong et al., 2005). However, given its broad spectrum and
the fact that may be degraded slowly, it may affect bacteria of the marine sediments and fish
pathogens selecting for resistance (Burridge et al., 2010).

Bactericides

Bronopol

The European Agency for Evaluation of Medicinal Products (EMEA) enrols bronopol as a safe
chemical for aquaculture and it has been used in European countries. Typical dosage in
aquaculture is 50-500 mg/L. It is moderately to highly toxic to estuarine/marine invertebrates
and slightly toxic to estuarine/marine fish. It undergoes rapid hydrolysis and biodegradation,
which could explain its absence in environmental samples (Remberger et al., 2006).

Parasiticides-Bath treatment

Azamethiphos

Used in the UK. Typical dosage in aquaculture is 0.1-0.2 mg/L for 60 minutes. Unlikely to
accumulate in tissues (Fisheries and Oceans Canada, 2003) or in sediments (Haya et al., 2005).
It decomposes by hydrolysis in natural water with a half-life of 8.9 days. Dispersion studies
indicated that after release of an experimental treatment, the concentration was below
detection (0.1 pg/L) in a short period of time (hours) (Burridge et al., 2014). Highly toxic to
crustaceans and many marine invertebrates; its effects on fish are less well characterized
(PAN pesticide database®®). No negative effect on survival of non-target organisms except
when held within the treatment cage (Burridge et al., 2010).

58 http://www.pesticideinfo.org
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Cypermethrin

Applied in Europe, relatively more often in countries like Scotland. Typical dosage in
aquaculture is 5 pg/L for 60 minutes. Weakly antiestrogenic and antiandrogenic. It may
degrade to produce oestrogenic residues (Costello et al., 2001). Unlikely to be accumulated to
a significant degree in fish and aquatic food chains since it is rapidly metabolized. However, it
can persist in sediments for weeks and may be desorbed and affect benthic invertebrates.
Large amount of ecotoxicological data for freshwater environments, but limited knowledge for
marine species. Field studies indicated that it is lethal to lobsters and some planktonic
crustaceans, but not to mussels, sea urchins or planktonic copepods (Haya et al., 2005).
Although it showed an immediately reduction of plankton density and diversity in lab studies,
in open systems concentrations are expected to drop quickly and that plankton migration and
immigration would lead to recovery of the community (Burridge et al., 2010).

Parasiticides-In-feed additives

Emamectin
benzoate

Widely used. Typical dosage in aquaculture is 0.05 mg active ingredient/kg fish day for 7 days.
Moderate to high bioaccumulation potential (Telfer et al., 2006). Likely to be rapidly bound to
particulate material or surfaces, so potential impacts could be predicted on sediment dwellers
or fauna which feed on suspended particulate material, such as filter feeders. However, no
evidence of toxic impacts on organisms in either water column or sediments around fish farm
cages after treatment was found (Telfer et al., 2006). Induces molting in lobsters (Fisheries and
Oceans Canada, 2003). Feeding to Atlantic salmon at up to ten times the recommended
treatment dose resulted in no mortality. However, signs of toxicity, lethargy, dark coloration
and lack of appetite were observed at the highest treatment concentration (Haya et al., 2005).
Sort-term exposure can impact biological processes in spot prawn (Pandalus platyceros)
(Veldhoen et al.,, 2012). Based on the current state of knowledge and monitoring
requirements, it has the highest risk quotient because of the very low PNEC (Predicted
environmental concentrations), but measured concentrations in sediments close to the farm
indicate a much smaller localised risk (OSPAR, 2009).

Teflubenzuron

Apparently no longer produced as an anti-louse treatment. Typical dosage in aquaculture is 10
mg active ingredient/kg fish day, for 7 days or 2-3 mg active ingredient/kg fish day, for 14
days. Around 90% of the ingested teflubenzuron is evacuated from fish via faeces in the
period immediately following treatment, with the remainder entering the environment in the
form of uneaten waste feed (Méndez, 2006). Few marine studies suggest that sediment is a
significant sink in the marine environment. Some indication of re-suspension and
redistribution of sediment after several weeks, suggesting risk to indigenous sediment
dwelling crustaceans, such as crab or lobster. However, the mussels eliminated teflubenzuron
readily. It is relatively non-toxic to marine species of birds, mammals and fish, due to its mode
of action, but it is potentially highly toxic to any species which undergo molting within their
life cycle (Haya et al., 2005). Variation in sensitivity between individuals made it difficult to
determine a break point (Samuelsen et al., 2014).

Anaesthetics

Tricaine
methane
sulphonate
(MS-222)

Worldwide use. Typical dosage in aquaculture is 15-300 mg/L. No adverse environmental
effects are foreseen with its use (Fisheries and Oceans Canada, 2003). It is assumed to be
biodegradable, but it is recommended not to discard it into the environment (OSPAR, 2009).
Several authors illustrated that it could significantly alter fish blood plasma chemistry, but this
has not been adequately investigated in marine species (Popovic et al., 2012). It elicited an
aversive response in zebrafish at 50% of the effective dose, supporting the anecdotal evidence
of its aversive nature put forward for salmonids and other species (Readman et al., 2013).

Disinfectants

Hydrogen
peroxide

Not in common use. Typical dosage in aquaculture is 500 mg/L for up to 20 minutes. There is
little information of the toxicity to marine organisms. There is evidence that the
concentrations used in sea lice treatments can cause gill damage and reduced growth rates for
2 weeks post treatment (Haya et al., 2005). Although is toxic to some aquatic organisms,
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including marine phytoplankton and crustacean, the rates of dilution and dissociation
encountered on fish farms ensure that harmful effects on the environment are minimised
(Marine Institute for SWRBD, 2007; Burridge et al., 2014).

Antibiotics: EU & Turkey

There is a growing awareness that over-use of antibiotics, for both human and animal health
care, presents a serious concern as it could result in antibiotic resistance (antimicrobial
resistance/AMR) and the proliferation of drug resistant diseases (PerformFISH 2019, Okocha et
al. 2018, Caruso 2016, Gonzalez-Renteria et al. 2016, Aly & Albutti 2014, EU 2014a, Douet et al.
2009, Gagirgan 2009). The European Parliament addressed the issue of maximum residue limits
(MRLs) of VMPs permissible in foodstuffs of animal origin in 2009; based on their
recommendation, the EU Commission formulated a proposal, which in turn was accepted by all
EU member states, and subsequently led to the introduction of Regulation (EC) No. 470/2009>°.
Awareness of this issue in the EU is now such that most member states have developed
national action plans and strategies to tackle MRL and AMR. These publications are available on
the website of the European Centre for Disease Prevention and Control (ECDPC)®°, Additionally,
the European Commission adopted the ‘One Health Action Plan against Antimicrobial
Resistance’®' in 2017, the overarching goal of which is to “Preserve the possibility of effective
treatment of infections in humans and animals”. The WHO Regional Office for Europe, whose
member states include EU countries plus Turkey®?, is also actively engaged in tackling AMR
across the region. Turkey is also a member of WHO’s Central Asian and Eastern European
Surveillance on Antimicrobial Resistance (CAESAR)®3 network, a similar initiative which collects
data on antibiotic use and aims to prevent the emergence and spread of AMR. Since
implementing their AMR surveillance system in 2011, Turkey has reportedly noted a decline in
general antibiotic use in recent years®*. CAESAR’s data, taken together with data from the
European Antimicrobial Resistance Surveillance Network (EARS-Net), facilitates an overview of
AMR surveillance records across the region.

A recent report on ‘Best therapeutics practices for Mediterranean farmed fish’, published as
part of the EU-funded PerformFISH project, notes that there is minimal information available on
minimum inhibitory concentrations (MIC) pertaining to the antibiotics used to treat the various
bacterium that affect farmed seabass and seabream and that establishing standardized data in
this regard would help further reduce antibiotic use (PerformFISH 2019). Asides from human
and target organism concerns with over-use of antibiotics in aquaculture, antibiotic use may
also impact non-target organisms (Rico et al 2018). In instances where antibiotics are used on
fish farms in Europe, they are generally administered in feed (PerformFISH 2019), which

59 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R0470&from=EN

60 https://ecdc.europa.eu/en/publications-data/directory-guidance-prevention-and-control/antimicrobial-
resistance-strategies

61 https://ec.europa.eu/health/amr/action_eu_en

62 http://www.euro.who.int/__data/assets/pdf_file/0005/136454/e94889.pdf

63 http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-resistance/surveillance/central-
asian-and-european-surveillance-of-antimicrobial-resistance-caesar

54 http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-
resistance/news/news/2017/11/turkey-takes-strong-action-to-reduce-antibiotic-consumption-and-resistance
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arguably reduces the amount of therapeutants dispersed into the environment in comparison
to bath treatments (OSPAR 2009). However, the bioavailability of antibiotics is much reduced in
seawater compared to freshwater and the leaching of antibiotics from medicated feeds, which
are also less palatable than regular feeds (PerformFISH 2019), is of greater concern when
administered in marine environments (Daniel 2009). An EU brief on the development of
sustainable aquaculture notes that the effect of discharged antibiotics from aquaculture
facilities is poorly understood, and references one study of a Greek seabass farm, which
estimated that 60-73% of the oxytetracycline included in medicated feeds was expelled in feces
(SEP 2015). Other authors have also studied the pharmacokinetics of antibiotics administered in
fish feed (PerformFISH 2019) to estimate the percentage that is excreted after being ingested:
Lulijwa et al. (2019) suggest that 30-90% is expelled in this manner, whereas the approximation
offered by Cabello et al. (2013) is 80%. In this regard, a recent study in Greece, which was part
of the ongoing TAPAS (Tools for Assessment and Planning of Aquaculture Sustainability)®
project, included an analysis of sediments and biota collected from 48 seabream and seabass
farms, in order to measure the quantities of antibiotics that were present. The authors
concluded, “This study shows that the contamination with antibiotics in sediments underneath
Greek cages is very sparse (only 7% of the farms showed antibiotic residues), and concentration
levels are relatively low (in the order of [a] few ug/kg dw). Flumequine was the only compound
detected. Besides antibiotic application practices (which were not assessed in this study), this
result could be related to the high persistence of this compound in marine sediments,” (Van den
Brink et al. 2019, Kalantzi et al. 2019).

It is relevant to note that when antibiotics are administered in European aquaculture, this most
often occurs during the early stages of development, particularly while fish are still within the
confines of the hatchery, which falls outside of the scope of this assessment (Van den Brink et
al. 2019). The aforementioned EU brief on the development of sustainable aquaculture also
notes that improvements in husbandry practices combined with stricter regulations mean that
antibiotics are generally only “used as a last resort” in European aquaculture, though no usage
rates or patterns are described in this document (SEP 2015). The advice of EU veterinary
experts also echo this, noting that the few antibiotics currently approved for use in medicated
aquaculture feeds are strictly regulated and have been subject to stringent EIA procedures
(pers. comm. Bill Vandaele, Dr Vet Med-Lic Zoot-E.P.A-MAVC, November 2019, PerformFISH
2019). As noted in the VICH (International Cooperation on Harmonisation of Technical
Requirements for Registration of Veterinary Medicinal Products) guidelines, which are adhered
to during the process of EIA in all VICH regions (currently EU, US and Japan), EIAs conducted for
the purpose of obtaining an aquaculture VMP market authorization require the compilation of
a detailed dossier, incorporating a physical/chemical analysis of each proposed VPM, as well as
environmental fate and environmental effects studies to determine if there is an indication of
risk attributable to these substances®®. Experts and veterinary professionals within the sector
also note that antibiotic use in European aquaculture has diminished drastically in recent years,
commensurate with increased availability and use of effective vaccines, though no

85 https://tapasproject.org
56 https://www.vichsec.org/en/about/what-is-vich.html
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guantification of this reduction is available (pers. comm. Bill Vandaele, Dr Vet Med-Lic Zoot-
E.P.A-MAVC, November 2019; John A. Theodorou, PhD., December 2019; Nafsika Papageorgiou,
PhD., November 2019; Van den Brink et al. 2019, Rico et al. 2018), as is also attested to by
experts in the Turkish sector, who note that vaccination of fish at 20-40 g has had a positive
impact in reducing antibiotic use on seabass and seabream farms in the region (Ferit Rad, PhD.,
November 2019).

According to the European Commission’s recent ‘Overview Report on Measures to Tackle
Antimicrobial Resistance (AMR) Through the Prudent use of Antimicrobials in Animals’, which
submitted questionnaires to the relevant Competent Authorities in each EU member state, all
antibiotics used for aquaculture must be obtained via a prescription, generally from a
veterinarian but occasionally through a fisheries biologist (EU 2018c). It should be noted here
that the new Regulation 2019/6, discussed in more detail below, will prohibit this use via
fisheries biologists and prescriptions will only be issued by a veterinarian (pers. comm. Bill
Vandaele, Dr Vet Med-Lic Zoot-E.P.A-MAVC, November 2019). In practice, however,
oxytetracycline, sulphadiazine/trimethoprim, and florfenicol are typically the only antibiotics
used in production of the species under consideration; this is because commercial products
based on other approved antibiotics are either not available or not easy to obtain (pers. comm.
Philippe Sourd, DVM PhD, November 2019). Of note, Rico et al. (2018) state that
oxytetracycline and florfenicol are the primary antibiotics used in aquaculture in the whole
European Economic Area (EEA), which includes Norway and Iceland. In Turkey, the antibiotics
most widely used are oxytetracycline, florfenicol and enrofloxacin (pers. comm. Ibrahim
Cengizler, Prof., May 2018; Cagirgan 2009), and to a lesser extent, sulphadiazine/trimethoprim,
amoxicillin and erythromycin (pers. comm. Ahmet Mefut, DVM, September 2019).

As noted above, oxytetracycline is considered highly important for human medicine by the
WHO, while oxolinic acid, flumequine and amoxicillin are all considered critically important for
human medicine (WHO 2019), and enrofloxacin and erythromycin, which are approved for use
in marine aquaculture in Turkey but not in the EU, are also both listed as being critically
important antibiotics for human medicine (WHO 2019). Although minimal research has been
conducted into the potential aquatic environmental impacts of enrofloxacin (Tornero & Hanke
2016), fluoroquinolones, the antibiotic group to which enrofloxacin belongs, are known to sorb
strongly to sediment and sludge, which may limit or destroy its antimicrobial activity (Borecka
et al. 2015). Substances which are banned for use in food-producing animals in Turkey are:
chloramphenicol, furazolidone nitrofurans, chlorpromazine, chloroform, colchicine, dapsone,
dimethridazole, metridazole and ronidazole (pers. comm. Ahmet Mefut, DVM, September
2019).

Since 2010, European sales of veterinary antimicrobials have been recorded and monitored by
the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) (ESVAC 2019,
Okocha et al. 2018). As can be noted in Table 7, according to the EMA’s most recent ESVAC
report, it is mandatory for all EU seabass, seabream and meagre producing countries to report
their antibiotic usage to their relevant country authorities (with the exception of Spain,
although Spain evidently still provide data on antibiotic usage to EMA). ESVAC reports also
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provide the specific country-by-country quantities of each type of antibiotic that are used, as
well as the aggregated quantities of these that are used by each country for each group of food-
producing animals that are farmed. In ESVAC reports, sales of antibiotics are calculated with

reference to the weight of active ingredient per unit of livestock biomass, or PCU (Population

Correction Unit).

Table 7: Data extracted from the European Medicines Agency’s ninth ESVAC report on ‘Sales of
veterinary antimicrobial agents in 31 European countries in 2017’ - showing trends from 2010 to

2017 (ESVAC 2019)

Country Years Legal basis | National data Estimated Sales data, prescription
collecting provider to ESVAC PCU* data or purchase data***
data of Fish**

treated (i.e.
total biomass
in MT 1,000s)

Croatia 4 years Mandatory | Ministry of 17 Sales to pharmacies and

to report Agriculture, veterinarians
Veterinary
Directorate

Cyprus >5years | Mandatory | Ministry of zero or Sales to veterinarians,

to report Agriculture, Natural insignificant pharmacies and farmers
Resources and amount
Environment - reported
Veterinary Services

France >5years | Mandatory | National Agency for 45 Sales to veterinarians,

(includes to report Veterinary Medicinal pharmacies, wholesalers

usage in Products and feed mills

Atlantic (AnsesANMV)

Ocean)

Greece 3 years Mandatory | Greek National 126 Sales to pharmacies and

to report Organisation for veterinarians
Medicines

Italy >5years | Mandatory | Italian Ministry of 59 Sales to wholesalers,

(includes to report Health pharmacies, feed mills,

usage in and farms authorised to

Atlantic produce medicated feed

Ocean) for self-consumption

Portugal >5years | Mandatory | General Directorate 11 Sales to retailers,

(Atlantic to report for Food and veterinarians, farmers,

Ocean) Veterinary Affairs producer organisations,

veterinary clinics and feed
mills

Spain >5years | Not Spanish Agency for 351 Sales to veterinarians and

(includes mandatory | Medicines and Health veterinary organisations

usage in to report Products

Atlantic

Ocean)

* The population correction unit (PCU) has been established as a denominator for the sales data included in
ESVAC calculations, i.e. the estimated weight at treatment of livestock and of slaughter animals.
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** Note that these data are for the calculated biomass of all fish treated in the country in question, not only
seabass, seabream and meagre.

*** purchase/import data from, e.g., pharmaceutical industry and/or from wholesalers in other countries.

The ESVAC program does not presently identify drug usage that is specific to the seabass,
seabream and meagre sector, as only one generalized group of ‘fish’ is identified in the
reporting format, which encompasses the entire aquaculture sector. As is noted in the following
section, legislation to facilitate mandatory farm-level collection of such data will be initiated in
2022, thus species-specific data in this regard should be available in the near future. Of note,
farmers in some jurisdictions are establishing a voluntary data reporting system regarding their
usage of chemotherapeutants and antibiotic treatments (pers. comm. John A. Theodorou, PhD.,
December 2019), which should help facilitate a smooth transition to this new regulatory
regimen. Publicly available data concerning the quantities of antibiotics specifically used by the
aquaculture sector do not appear to be available in Turkey at the present time either (pers.
comm. Ahmet Mefut, DVM, September 2019).

Although quantitative data in this regard is not readily available in the public realm, industry
veterinary experts advise that, on average, antibiotics are administered significantly less than
once per production cycle by farmers in the EU (pers. comm. Philippe Sourd, DVM PhD,
November 2019). However, information gathered from the Hellenic Aquaculture Producers
Organization (HAPO), representing >90% of the Greek aquaculture industry and over half of
all seabass, seabream, and meagre production in the EU, indicated that 17% of seabass, 11%
of seabream, and 0% of meagre production received an average of >3 antibiotic treatments
per growout cycle from 2016-2018 (pers. comm. John A. Theodorou, PhD., December 2019);
by first principles, this means that 83% of seabass, 89% of seabream, and 100% of meagre
production received an average of 0-3 antibiotic treatments per production cycle over the same
time period. Critically important antimicrobials for human medicine were used in 6% of total
treatments in 2019, a decline from 31% in 2017 and 13% in 2018. Unfortunately, no further
guantification of antibiotic treatments could be obtained, particularly with respect to the
percentage of production that has never been treated. Despite the statements of veterinary
experts suggesting that antibiotics are applied significantly less than once per production cycle
in the EU, available data could not confirm this and given the lack of clarity with regard to
treatment frequency, type, and volume, it is considered that highly and critically important
antimicrobials are being used in unknown quantities.

It is pertinent to note that scientific literature has, for some time, been reporting on the
increased use of vaccines by the sector (Subasinghe 2009). Numerous experts comment that
there has been a dramatic decline in antibiotic use in European aquaculture in recent years and
that the primary reason for this is the development and implementation of effective vaccines
(pers. comm. Bill Vandaele, Dr Vet Med-Lic Zoot-E.P.A-MAVC, November 2019, Nafsika
Papageorgiou, PhD., November 2019, Ferit Rad, PhD., November 2019). Additionally, 100% of
fish stocks are routinely vaccinated by virtually all producers in the EU and Turkey, where area
management agreements between producers typically stipulate 100% vaccination of stocks as a
requirement (pers. comm. Philippe Sourd, DVM PhD, November 2019). An expert from the
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Greek sector also commented that, as a consequence of routine vaccination against Vibriosis
and Pasteurellosis, neither of these diseases present a significant threat to the seabass industry
anymore and that the last significant outbreak of Vibriosis in the country occurred in 2000
(pers. comm. John A. Theodorou, PhD., December 2019). Although vaccines are not assessed in
this Chemical Use Criterion, since Seafood Watch does not consider their use to have an
ecological impact, their increased uptake has arguably had an indirect, yet commensurately
positive ecological effect by reducing the industry’s reliance on antibiotics. The application of
vaccines will be discussed further in Criterion 7 — Disease.

A number of antibiotic resistance assays have been conducted on farmed fish in the
Mediterranean region. These have detected some evidence of bacterial resistance to a range of
antibiotics, particularly with regard to the aetiological agents of vibriosis and pasteurellosis,
diseases that have a significant impact on Mediterranean aquaculture. One study of farmed
gilthead seabream in Italy detected antibiotic resistance of Vibrio spp. to both licensed and
unlicensed antibiotics (Scarano et al. 2014), and a similar study on Vibrio alginolyticus, which
was isolated from diseased farmed seabass in Turkey, also detected instances of resistance
when a range of antibiotics were tested (Korun et al. 2013). Another study in Italy, which
assayed the resistance of bacterial pathogens, Vibrio and P. damselae subsp. Piscicida that had
been isolated from fish, including seabass and seabream, plus shellfish and crustaceans, also
detected varying degrees of sensitivity to a range of antibiotics (Lagana et al. 2011). It is
important to acknowledge, however, that many anthropogenic activities have evidently
contributed to this development of antibiotic resistance in the Mediterranean marine
environment, not only aquaculture (PerformFISH 2019).

Antifoulants: EU & Turkey

The aforementioned EU brief on the development of sustainable aquaculture (SEP 2015) also
highlights the potential ecological ramifications of antifoulant use. Copper, which is the most
commonly used active component in antifoulant formulations, is known to negatively impact
non-target organisms (Tornero & Hanke 2016). Tributyltin, a commonly used antifoulant in the
past, has not been permitted for use in aquaculture for around thirty years and was specifically
banned in the EU by Directive 2002/62/EC (OSPAR 2009). Other antifouling compounds used in
aquaculture include chorothalonil, copper pyrithione (CuPT), dichlofuanid, sea-nine 211, diuron,
irgarol-1051, TCMS pyridine, zinc pyrithione (ZnPT), and zineb (Guardiola et al. 2012). To
enhance efficacy, biocides®’ are often included in antifouling formulations. Guardiola et al.
(2012) note that: “Several studies have evaluated the toxicity of booster biocides on non-target
species and have found most of them to be growth inhibitors for freshwater and marine
autotrophs, influencing key species, such as sea grasses and corals. Therefore, there is
increasing interest in the impact of these compounds on the aquatic ecosystems,” and “With the
rapid expansion of the aquaculture industry and with the tightening of the legislation on the use

57 The official website of the European Union defines a biocide thus: “According to the Biocides Directive (98/8/EC),
biocidal products are those that are intended to destroy, render harmless, prevent the action of, or otherwise exert
a controlling effect on any harmful organism by chemical or biological means. Examples include disinfectants,
preservatives, antiseptics, pesticides, herbicides, fungicides and insecticides”.
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of antifouling biocides, the problems of aquaculture biofouling have increased.” It should be
noted that the only biocides currently authorized for use in EU aquaculture are those which
have received approval pursuant to an EIA (pers. comm. Bill Vandaele, Dr Vet Med-Lic Zoot-
E.P.A-MAVC, November 2019) in accordance with EU Regulation 528/2012%. In addition to this,
the risks of all chemicals in the EU are assessed by the REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals) regulation, which “places the burden of proof on
companies” to convey how their products can be used safely, including the communication of
any risk mitigating measures that must be taken to achieve this®. Similar provisions are in place
in Turkey in Law No. 5996 on Veterinary Services, Plant Health, Food and Feed”®.

Parasiticides: EU & Turkey

Turkish Law No. 5996 is also applicable to parasiticide use in the aquaculture sector. In the EU,
parasiticides are regulated as a VMP, therefore an EIA is required before they can be authorized
(pers. comm. Bill Vandaele, Dr Vet Med-Lic Zoot-E.P.A-MAVC, November 2019). However,
limited discussion of parasiticide use by the sector under consideration was noted in literature,
even though it is evident that seabream suffer significantly from seasonally fluctuating
occurrences of Sparicotyle chrysophrii, an ectoparasite that attaches itself to the gill epithelium.
Presently, there is evidently no effective remedy available for the treatment of fish parasitized
by S. chrysophrii, asides from the use of formalin baths, which the most recent PerformFISH
report (2019) indicates is commonly used. The need to develop effective treatments for this
condition is one of the priorities being addressed currently by the ongoing EU-funded
ParaFishControl (Piazzon e al. 2019, PerformFISH 2019) project, and is discussed further in the
Disease Criterion. Although a limited number of chemical substances, such as diflubenzuron,
have been used experimentally over the last few decades to treat parasite infestations in
farmed seabass and seabream, formalin baths are the only legally permissible antiparasitic
agent available to fish farmers in many jurisdictions, including Greece and Spain, thus this
control strategy has been the one most widely employed by industry in the treatment of
ectoparasites for many years. Reportedly, however, there is a high possibility that this
compound will be banned for use in food-fish in future. Minor use of in-feed antiparasitics, such
as emamectin benzoate, has been noted as a treatment for copepodic parasites, such as
Lernanthropus kroyeri, in Greek seabass production (pers. comm. John A. Theodorou, PhD.,
December 2019). Hydrogen peroxide, which is commonly used as a disinfectant in aquaculture,
is also used to combat ectoparasites (PerformFISH 2019). Asides from formalin, the Turkish
sector also use the disinfectant chloramine-T (pers. comm. Ibrahim Cengizler, Prof., May 2018,
Cagirgan 2009). No quantification of parasiticide application frequency could be made.

Legal provisions for the maintenance of good chemical and ecological status in European waters
As discussed in Criterion 2, the overarching purpose of the EU’s WFD (Directive 2000/60/EC) is

to keep inland and coastal waters clean by controlling the input of nutrients and chemicals. This
objective has been further supported over the years by an array of legislative acts (PerformFISH

58 https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2012:167:0001:0123:EN:PDF
59 https://echa.europa.eu/regulations/reach/understanding-reach
70 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC106155/
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2019, EC 2016) and most recently by adoption of ‘Regulation (EU) 2019/6 of the European
Parliament and of the Council of 11 December 2018 on veterinary medicinal products and
repealing Directive 2001/82/EC’ (EU 2018b). As alluded to in its full title, Regulation (EU) 2019/6
repeals and replaces Directive 2001/82/EC, which was previously the main legislative
instrument governing the aquaculture sector’s use of chemicals and veterinary medicinal
products. The introduction of Regulation (EU) 2019/6 EU was deemed necessary in order to
keep abreast of current scientific progress but it is also important to note that, by definition,
this updated EU act infers a tightening of legislation in this regard due to the change of
nomenclature of this governance tool from ‘directive’ — a goal that leaves flexibility to the
member state in order to meet it — to ‘regulation’ — a binding legislative act applied across the
EU.

The Regulation also requires the collaborative development of a ‘Union pharmacovigilance
database’”* which will facilitate transparency and the efficient dissemination of information
between member states concerning the efficacy and safety of VMPs used by the sector. The
development and implementation of this database aims to ensure that good practices, with
regard to VMP usage, are adhered to by all parties and facilitated by the sharing of evolving
knowledge (EU 2018b). The Regulation stipulates that an EIA is mandatory for all new
veterinary medicines prior to seeking marketing authorization approval, and this process must
particularly address the following:

e The target animal species and the proposed pattern of use,

e The method of administration, in particular the likely extent to which the product will
enter directly into the environmental system,

e The possible excretion of the product, its active substances into the environment by
treated animals, persistence in such excreta,

e The disposal of unused or waste product”?

This risk/benefit approval process is to ensure that any environmental impacts brought about
by the use of veterinary medicines will be minimal when these products are used in accordance
with their label; EIA requirements, including the provision of ecotoxicity data, were first
instigated with the passing of Directive 92/18/EC in 1992, and has been a standard part of
market authorization (MA) submissions since this time. Guidance documents concerning ElAs
have evolved over the last few decades (CVMP 2016) and the new Regulation seeks to further
harmonize and simplify the process.

At present, there are three potential avenues through which a VMP can become authorized for
use in the EU: either via a centralized route (single market authorization), a decentralized route,
or a national route (pers. comm. Bill Vandaele, Dr Vet Med-Lic Zoot-E.P.A-MAVC, November

"1 https://www.ema.europa.eu/en/human-regulatory/overview/pharmacovigilance-overview
72 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0006&from=EN
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2019); regardless of the route taken, an EIA is mandatory for all new applications’3. Centralized
approval for medicines is conducted by the European Medicines Agency (EMA)’4, which was
initially established in 1993 by Regulation (EEC) No. 2309/937°; VMPs approved in this way are
automatically licensed for use throughout the EU in all member states and the majority of new
and innovative medicines are approved via this route. However, most medicines in use in the
EU have sought market authorization via the decentralized procedure or at the national level,
either because they were introduced prior to the establishment of the EMA in 1993 or because
their use lies outside the mandatory scope of the EMA; in such cases, the VMP is not
automatically authorized in all member states. At present, there is only one EMA centrally
authorized aquaculture medicine (aimed at Atlantic salmon); all other aquaculture VMPs
currently in use are approved at the regional level by the veterinary Competent Authority of
each member state’®.

In addition to compulsory ElAs, Regulation (EU) 2019/6 also includes provisions for the
Competent Authority of member states to be audited to ensure the effectiveness of their VMP
controls. The Regulation also introduces the concept of limiting the accessibility of
antibiotics that are of high and critical importance to humans, in consideration of
recommendations from international organizations, such as WHO, the World Organisation for
Animal Health (OIE), and the Codex Alimentarius (EU 2018b). Of note, Article 57 of the new
veterinary Regulation 2019/6 requests member states to collect data on the sales and use of
antimicrobials, including those used for food-producing animals at the farm level, and this
requirement will become applicable in January 2022, with a five-year phase-in period before it
becomes mandatory. Some European nations, notably Norway, already collect farm-level data,
and others, such as France, have a dedicated web platform on which they report national
antibiotic usage’’. In comparing the ESVAC reports from previous years’® to the most recent
one for and 2017 (ESVAC 2019), it is evident that changes in antibiotic reporting are occurring
at the national level in countries where seabass, seabream and meagre are farmed: although
both France and Italy reported their 2014 usage levels to EMA, this did not become a
mandatory national requirement in these two countries until 2015; Greece, by comparison, did
not collect antibiotic usage data at all in 20147°, however it became a mandatory requirement
in 2015. Turkish laws governing the use of VMP in aquaculture, specifically Law No. 5996 on
Veterinary Services, Plant Health, Food and Feed® plus Aquaculture Regulation No. 255072,

73 https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-6/ne_en_doc/2009-03-17_era-
cvmp_nta_en.pdf

74 https://www.ema.europa.eu/en/about-us/what-we-do/authorisation-medicines

75 regulation (eec) no 2309/93/ec

78 https://www.ema.europa.eu/en/partners-networks/eu-partners/eu-member-states/national-competent-
authorities-veterinary

77 https://www.anses.fr/en/content/monitoring-sales-veterinary-antimicrobials

78 https://www.ema.europa.eu/en/veterinary-regulatory/overview/antimicrobial-resistance/european-
surveillance-veterinary-antimicrobial-consumption-esvac

7 http://www.saveourantibiotics.org/media/1755/farm-antibiotic-use-in-greece.pdf

80 http://www.fao.org/faolex/results/details/en/c/LEX-FAOC106155/

81 https://www.ecolex.org/details/legislation/aquaculture-regulation-no-25507-lex-
faoc044968/?q=Aquaculture+Regulation+No.+25507
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are also aligned with EU Directives and Regulations (Cengizler et al. 2017, Cagirgan 2009, Yiicel-
Gier et al. 2009), and lay out the procedures necessary for VMP’s to be approved and produced.
It is unclear if similar measures to those described above, i.e. the collection of farm-level data
concerning antimicrobial use, will be adopted in Turkey also, however, Turkish law stipulates
that all VMPs for aquaculture must be prescribed by a veterinarian (FAO 2005-2018a) and Law
No. 5996 stipulates that veterinarians must submit all prescription records to MARA (Ministry
of Agriculture and Rural Affairs) when requested to do so.

Chemical Use & Governance: Egypt

Information pertaining to chemical use by the Egyptian seabass, seabream and meagre sector is
somewhat lacking. No information concerning governance of chemical and drug use for the
sector was identified in literature. Concerning tilapia production, which accounts for 67% of
domestic aquaculture production (FAO 2019), Eltholth et al. (2014) comment that: “About 30%
of producers use treatments; 66.7% use antibiotics, 16.7% use growth promoters, 13.3% use
probiotics, and 3.3% use potassium permanganate. Of those who use medication, 73.3% buy
them from private veterinarians, 20% from pharmacies, and 6.7% from local shops,” indicating
that numerous chemicals are evidently in use by the Egyptian aquaculture sector at large.

It is also evident from general literature on Egyptian aquaculture that concerns exist with
regard to chemical contamination of farmed fish arising not from aquaculture practices but
from agricultural run-off laden with heavy metals and pesticides (Eltholth et al. 2018, Shaalan et
al. 2017, Eissa et al. 2016, Eltholth et al. 2015, Heijden et al. 2014, CGIAR 2012). Interestingly,
Eltholth et al. (2015) comment that: “The main constraints to tilapia exports in Egypt are the
absence of both a residue monitoring system and a disease testing framework required by EU
and US authorities”; broadly, Egypt does not export these products to the EU and US, and thus
no information from any import data could be used to infer chemical usage in the sector.

Although no data was found which demonstrates that controls are in place to govern the
sector’s use of chemicals, a number of studies were identified which discuss the efficacy of a
range of antibiotics on pathogens impacting cultured seabream, seabass and meagre in the
region. These data show that many pathogens affecting these cultured species are becoming
resistant to a range of antibiotics, including those which are ranked by WHO as being highly
important or critically important for human medicine (WHO 2019). One such study produced an
antibiogram profile of the pathogenic Vibrio/Photobacterium species which were identified
during a disease outbreak that caused mass mortalities in cultured Egyptian seabream and
seabass in 2013 (Abdel-Aziz et al., 2013). During the study, these pathogenic microorganisms
were exposed to an array of antibiotics to test their sensitivity. It was discovered that, while the
isolated pathogens were sensitive to ciprofloxacin, chloramphenicol, enrofloxacin, nalidixic acid
and oxolinic acid, they were resistant to ampicillin, amoxicillin, and lincomycin. While the
disease outbreak was likely caused by numerous factors (e.g. seasonal effects, poor water
quality, etc.), the authors posit that the evident resistance was a consequence of repetitive
antibiotic usage in controlling previous outbreaks, as well as the consistent presence of
antibiotics in coastal waters due to agricultural and municipal runoff. While this study does not
provide conclusive evidence that irresponsible drug use by the seabream, seabass and meagre
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sector in Egypt is contributing toward antimicrobial resistance (AMR), it does indicate that
national controls are lacking with regard to VMP use.

A similar study on Egyptian cultured seabream stated that haphazard use of broad-spectrum
antibiotics within the sector was causing resistant strains of Pseudomonas aeruginosa to
emerge (Khalifa et al. 2016). Numerous other authors have also noted the emergence of
resistant strains of pathogens affecting national production of seabream, seabass and meagre,
documenting the inefficacy of critically and highly important antibiotics upon these isolates
(Fadel et al. 2018, Essam et al. 2016, El-Barbary 2010). These data are generally inconclusive
about the source of AMR but strongly suggest that the aquaculture sector is contributing to this
impact. Of note Essam et al (2016) identify that ampicillin, rifampicin, gentamicin,
nitrofurantoin, ciprofloxacin, cefotaxime, oxytetracycline, trimethoprim/sulfamethoxazole,
florfenicol, and vibriostatic agent O/129 are drugs which are used commercially in the
treatment of disease in the region.

Of note, a new government agency, the National Food Safety Authority (NFSA)®2, was recently
established with the enactment of Law No. 1 of 201783, This new authority is tasked with the
development of mandatory food safety and traceability systems, which are aligned with
international standards. This act, in which farm-raised fish is specifically referenced, should
effect greater control measures with regard to the potential accumulation of antibiotic residues
in aquaculture products, as well as the quality of the water source available for fish farms in the
Nile delta, which is primarily agriculture drainage water (pers. comm. Dr. Shérif Sadek,
December 2019).

Conclusions and final score
Due to the regional differences highlighted in this production parameter review on chemical
use, three separate scores have been assessed: one for the EU, one for Turkey, and one for

Egypt.

In general, the regulatory framework that is in place to govern drug use by the aquaculture
sector in the EU and Turkey would appear to be somewhat effective in limiting the use of
antibiotics due to the requirement for veterinary prescriptions, though chemicals that are
highly and critically important to human medicine are approved for use in both jurisdictions.
Although some evidence of resistance to antibiotic treatments have been documented in
studies of Mediterranean farmed seabass and seabream, these studies do not attribute this
situation to misuse of antibiotics by the aquaculture sector, per se, but note that there are an
array of contributory anthropogenic factors. In recent years it has become mandatory in most
EU member states to report the quantities and types of antibiotics used in food-animal
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production to the centralized European Medicines Agency and, in Turkey, veterinarians must
make their prescription records available for inspection when requested. New EU legislation
has also mandated that farm-level details of antibiotic use must be reported, with a phase-in
period commencing in 2022 — although data concerning sector-specific usage is not publicly
available at the present time in either the EU or Turkey. Communications with veterinary
professionals within the sector, both in the EU and Turkey, suggest that antibiotic use in the
sector has reduced significantly in recent years, commensurate with the increased availability
and routine application of effective vaccines by seabass, seabream and meager farmers, with
close to 100% of stocks reportedly being vaccinated against several bacterial diseases.
Antibiotic use data for fish are available in the EU, but not disaggregated at the species level,
thus specific usage data for the seabass, seabream and meagre sector are unknown. While
communication with some industry veterinarians have indicated that antibiotics are typically
used less than once per cycle, additional information suggests that antibiotic use is common in
Greece (>50% of total EU production), with no quantification of treatment frequency beyond a
minority of the industry exceeding 3 treatments per cycle. Further information indicates that
critically-important antimicrobials for human medicine were used in 6% of all antibiotic
treatments in Greece in 2019 (a decrease from 30% in 2017), though again, total volume and
number of treatments are unknown. No such quantifications of antibiotic use in Turkey could
be ascertained.

Overall, despite increased vaccinations and indications from veterinary professionals that
antibiotics are typically used less than once per production cycle, additional data indicate that
the use of antibiotics in Greece, the major EU producer country, is common and at times,
frequent (>3 treatments per cycle). Given the available data and uncertainty in treatment
frequency, it is considered that highly important antimicrobials are being used in unknown
guantities in the EU, and critically important antimicrobials are being used in unknown
guantities in Turkey. In addition, parasiticides such as formalin are in use in both sectors, with
no indication of the treatment volumes or frequency able to be ascertained. Net pens are an
inherently open production system that allow the discharge of active chemicals, and therefore,
an intermediate score is warranted for each sector. The difference in the scores between the
EU and Turkey are driven by the unknown usage patterns of different antimicrobials, greater
data availability in the EU, as well as more stringent regulatory control in the EU.

The final score for Criterion 4 — Chemicals: EU is 3 out of 10, whereas the final score for
Criterion 4 — Chemicals: Turkey is 1 out of 10.

Data on the Egyptian sector suggests that there is a lack of regulatory control concerning
chemical use by producers of the species under consideration and this necessitates that a
precautionary approach is used to score this Criterion. This method of evaluation is further
supported by data which demonstrates the development of antibiotic resistant pathogens
within the aquaculture sector at large; this includes the usage of chemicals which are critically
important to human health, which appear to be being used in unknown quantities. The final
score for Criterion 4 — Chemicals in Egypt is O out of 10.
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Criterion 5: Feed

Impact, unit of sustainability and principle

= |mpact: feed consumption, feed type, ingredients used, and the net nutritional gains or
losses vary dramatically between farmed species and production systems. Producing feeds
and their ingredients has complex global ecological impacts, and their efficiency of
conversion can result in net food gains, or dramatic net losses of nutrients. Feed use is
considered to be one of the defining factors of aquaculture sustainability.

Sustainability unit: the amount and sustainability of wild fish caught for feeding to farmed

fish, the global impacts of harvesting or cultivating feed ingredients, and the net nutritional

gains or losses from the farming operation.

edible nutrition gains.

Criterion 5 Summary: European Seabass

Principle: sourcing sustainable feed ingredients and converting them efficiently with net

F5.1a Fish In: Fish Out ratio (FIFO) 0.87

F5.1b Source fishery sustainability score -6.00

F5.1: Wild fish use score 6.77

F5.2a Protein IN (kg/100kg fish harvested) 77.80

F5.2b Protein OUT (kg/100kg fish harvested) 37.02

F5.2: Net Protein Gain or Loss (%) -52.41 4

F5.3: Feed Footprint (hectares) 16.26 4
— 5.38

Critical? YELLOW

Criterion 5 Summary: Gilthead Seabream

F5.1a Fish In: Fish Out ratio (FIFO) 1.24

F5.1b Source fishery sustainability score -6.00

F5.1: Wild fish use score 5.41

F5.2a Protein IN (kg/100kg fish harvested) 71.36

F5.2b Protein OUT (kg/100kg fish harvested) 35.89

F5.2: Net Protein Gain or Loss (%) -49.71 5

F5.3: Feed Footprint (hectares) 14.66 5
— 521

Critical? YELLOW

Criterion 5 Summary: Meagre

‘ F5.1a Fish In: Fish Out ratio (FIFO) 1.47 6.33 \
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F5.1b Source fishery sustainability score -6.00

F5.1: Wild fish use score 4.57

F5.2a Protein IN (kg/100kg fish harvested) 57.24

F5.2b Protein OUT (kg/100kg fish harvested) 30.67

F5.2: Net Protein Gain or Loss (%) -46.42 5

F5.3: Feed Footprint (hectares) 18.53 3
Critical? NO YELLOW

Criterion 5 Summary: Meagre farmed in Egypt using whole fish

Critical?

Brief Summary

F5.1a Fish In: Fish Out ratio (FIFO) 9.00 0.00

F5.1b Source fishery sustainability score -10.00

F5.1: Wild fish use score 0.00

F5.2a Protein IN (kg/100kg fish harvested) 162.00

F5.2b Protein OUT (kg/100kg fish harvested) 20.10

F5.2: Net Protein Gain or Loss (%) -87.59 1

F5.3: Feed Footprint (hectares) 64.37 0
0.00

Data to inform this Criterion has been sourced directly from the main commercial aquafeed
suppliers to fish farms in both Egypt and the Mediterranean region. The economic FCRs used to
score this Criterion are 2.3 for seabass, 2.0 for seabream and 1.7 for meagre. In addition, it is
evident that production of meagre in Egypt is commonly fed whole fish, rather than commercial
diets, and in such instances an eFCR of 9 has been used. In light of this, two separate ratings

have been calculated for the Egyptian meagre sector.

With the exception of meagre produced in Egypt using whole fish, the FFER for seabass,
seabream and meagre is 0.87, 1.24 and 1.47, respectively. Since the source fisheries used in all
diets are the same, all three species score -6 out of -10 for Factor 5.1b. When added together,
these scores result in a final Factor 5.1 score of 6.77 out of 10 for seabass, 5.41 out of 10 for
seabream, and 4.57 out of 10 for meagre. Since most fish produced across the scope of this
assessment are consumed in domestic markets, where fish are most frequently served whole,
this has been factored into the calculations for Factor 5.2, and the resultant net protein

gain/loss values for seabass, seabream and meagre are -52.41%, -49.71%, -46.42%,

respectively, indicating a net loss of protein. The subsequent final Factor 5.2 score for seabass is
4 out of 10, whereas seabream and meagre both obtain a score of 5 out of 10. The total global
land and ocean area appropriated per MT of farmed fish for seabass, seabream and meagre is
16.32 hectares, 14.71 hectares and 18.58 hectares, respectively, resulting in scores of 4, 5, and
3 for Factor 5.3. When the scores for all three Factors are combined, the final Criterion 5 — Feed




score for seabass is 5.38 out of 10, for seabream it is 5.21 out of 10, and for meagre it is 4.28
out of 10.

In consideration of farmed meagre produced in Egypt on a diet of whole fish, the FFER is
calculated to be 9, due to an eFCR of 9. Since the whole fish used as feed come from unknown
source fisheries, this warrants a score of -10 out of -10 for Factor 5.1b; when these scores are
combined, the final Factor 5.1 wild fish use score is zero out of 10. The Factor 5.2 score, which
assesses net protein gain or loss, is 1 out of 10, due to a -87.59% net loss of protein. In
consideration of the diet used, the ocean area appropriated per each MT of farmed meagre
produced is calculated to be 64.37 hectares, resulting in a Factor 5.3 score of zero out of 10.
The final Criterion 5 — Feed score for meagre farmed in Egypt using whole fish is therefore zero
out of 10, which is a Critical conservation concern to Seafood Watch.

Justification of Rating

Overview of feed use by the sector

Feed data for the following feed analysis comes from a number of sources. Specific details
concerning feed components has been sourced directly through personal communications with
the main feed suppliers to the EU, Turkey and Egypt. These data have been further supported
by information obtained from scientific literature, plus personal communications with industry
experts. It should be noted, however, that cultivation of these species in Egypt is not necessarily
always conducted solely with commercial diets; the use of whole fish, colloquially referred to as
‘trash fish’ (small tilapia, palaemonidae shrimp, sardines, etc.) has been noted in particular with
meagre production (pers. comm. Dr. Shérif Sadek, December 2019). To take this into
consideration, two separate calculations for meagre farmed in Egypt are presented below.

A Note on the Variability of Feed Conversion Ratios (FCRs)

The scope of this report incorporates an array of different management systems and site
characteristics, which means that the range of reported FCRs for seabream, seabass and
meagre varies somewhat across the scope and between these different farming scenarios. It
should also be noted that the Seafood Watch Feed Criterion bases its scoring upon the
economic FCR (eFCR), a measure of the total feed applied relative to the total harvest; this is
different than the biological FCR, which simply describes the physical relationship between the
units of feed consumed that are required to grow one unit of fish. For example, Janssen et al.
(2017) define the biological FCR of seabream to be 1.8 and the economic FCR (eFCR) to be 1.92
(i.e. the latter figure takes all feed applied and all losses into account whereas the former does
not).

Recent years have seen the vegetable protein component of feed increase while marine inputs
have decreased; in addition to this, a greater percentage of these marine inputs are sourced
from by-products (trimmings from processing, etc.). According to a recent article in
International Aquafeed magazine, Mediterranean companies use between 1.8 and 2.2kg of
feed to produce one kg of seabream (of 400g harvest weight)(International Aquafeed 2016).
While many farmers elect to use commercial diets, some, particularly in Greece and Turkey, opt
to produce their own diets via toll milling (pers. comm. feed expert, anonymous, June 2018).
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This inevitably results in a wide variation in FCRs achieved across the scope. Data from the
Federation of European Aquaculture Producers (FEAP) places the FCR for seabass and seabream
at 2.0 and 2.3, respectively (AE 2014). These figures are broadly aligned with input received
from industry experts who requested to remain anonymous, i.e. the FCR for seabream is 1.8
(eFCR 2 —2.3) and for seabass it is 1.8 — 2.1 (eFCR 2.3 — 2.8). The lower end of these industry
figures are based on average harvest-size 300-400g fish, whereas the higher FCRs reflect fish
harvested at a larger size; additionally, the higher economic FCR for seabass is indicative of the
higher mortalities experienced with this species for the duration of the production cycle (pers.
comm. industry expert, anonymous, July 2018).

Some research studies, however, report substantially lower FCRs. Mongile et al. (2014), for
example, reported a range of biological FCRs for seabream, ranging from 1.37 to 1.53,
dependent upon water temperature and lipid content of diet. Studies in NW Greece
(Nathanailides & Anastasiou 2015, Nathanailides et al. 2013) have recorded even lower FCRs for
all three species under consideration.

With regards to meagre, the general consensus in literature is that this species displays more
favorable FCR potential than either seabream or seabass (Duncan et al. 2013). FAO data sources
(FAO 2005-2018b, Monfort 2010) indicate an average FCR of 1.7 for meagre, whereas a more
recent Turkish study (Bodur et al. 2014), conducted during summer months with pond-grown
meagre, reported an FCR of 1.48.

Clearly, there is some variability in reported FCRs, however, for the purposes of this report, the
eFCRs obtained from FEAP and industry experts (for 300-400g fish) have been used for both
seabass (2.3) and seabream (2.0). For meagre, the reported FAO FCR of 1.7 has been used. With
regards to meagre farmed in Egypt using whole fish as feed, an FCR of 9 has been utilized in
calculations, as per the advice of an expert in the sector (pers. comm. Dr. Shérif Sadek,
December 2019).

Factor 5.1 Wild Fish Use

This Factor measures the amount of wild fish used to produce farmed fish, combined with the
sustainability of the fisheries from which they are sourced. Factor 5.1 combines the amount of
wild fish used (Factor 5.1a) with the sustainability of the source fishery (Factor 5.1b) to give a
score from 0-10 for ‘wild fish use’.

Factor 5.1a — Feed Fish Efficiency Ratio (FFER)3*
Dependency on wild fisheries is measured by considering the quantity of wild fish used in feed
in comparison to the harvested volume of farmed fish produced.

As Table 8 shows, there is a range of fishmeal and oil inclusions in seabass, seabream, and
meagre feeds applied in the EU, Turkey, and Egypt. As noted, these data were sourced directly

84 Also commonly referred to as the FFDR — Forage Fish Dependency Ratio or FIFO — Fish In: Fish Out Ratio
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through personal communications with the main feed suppliers to the EU, Turkey, and Egypt
and further bolstered through literature and personal communications with industry experts.

While there are several different methods of calculating FFER, the calculation used by Seafood
Watch is the ‘academic’ calculation, as used in such literature as Tacon and Metian (2008) and
in the multi-stakeholder Salmon Aquaculture Dialogue.

Table 8: The parameters used and their calculated values to determine the use of wild fish in
feeding farmed seabass, seabream, and meagre in the EU, Turkey, and Egypt

Fishmeal inclusion level 16% 17% 29% 22.5%
Percentage of fishmeal from by-products 62% 59% 40% 0%
Fishmeal yield (from wild fish) 22.5%°%° 22.5% 22.5% 22.5%
Fish oil inclusion level 10% 10% 12% 5%
Percentage of fish oil from by-products 81% 69% 64% 0%
Fish oil yield 5.0%8%° 5.0% 5.0% 5.0%
Economic Feed Conversion Ratio (eFCR) 2.3 2.0 1.7 9.0
Calculated Values

Feed Fish Efficiency Ratio (FFER) 0.62 0.62 131 9.00
(fishmeal)

Feed Fish Efficiency Ratio (FFER) (fish oil) 0.87 1.24 1.47 9.00
Seafood Watch FFER Score (0-10) 7.82 6.90 6.33 0.00

The Seafood Watch Feed Criterion considers the FFER from both fishmeal and fish oil, and uses
the higher of the two to determine the score.

As can be noted, the score for Factor 5.1a — Feed Fish Efficiency Ratio is somewhat different for
each of the three species under consideration: for seabass it is 7.82 out of 10; for seabream it is
6.90 out of 10; and for meagre it is 6.33 out of 10.

With regards to meagre farmed in Egypt using whole fish as feed, and using an eFCR of 9, the
calculated FFER score is zero out of 10.

Factor 5.1b — Sustainability of the Source of Wild Fish

In order to assess the sustainability of the sources of wild fish used in the diets of seabream,
seabass and meagre, information concerning these inputs has been sought from the main feed
suppliers to the geographic scope of this report. The sustainability and status of these source
fisheries have in turn been referenced in the FishSource database®’, an online resource which is
maintained by the Sustainable Fisheries Partnership; Table 9 shows the FishSource

8522.5% is a fixed value from the Seafood Watch Aquaculture Standard based on global values of the yield of
fishmeal from typical forage fisheries. Yield estimated by Tacon and Metian (2008).

86 5% is a fixed value from the Seafood Watch Aquaculture Standard based on global values of the yield of fish oil
from typical forage fisheries. Yield estimated by Tacon and Metian (2008).

87 https://www.fishsource.org
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sustainability scores of the wild fish stocks that are reportedly used in commercial seabream,
seabass and meagre diets.

Table 9: Management quality and stock health status scores for wild capture species used in
commercial diet formulations for seabream, seabass and meagre (FishSource database —
https://www.fishsource.org)

FishSource Scores
Common Scientific Country Management Quality Stock Health
Name Name Of Origin (NYS = Not yet scored)
N-North Manage | Manager’s Fisher’s Current | Future
C-Central ;nt(::ttegy Compliance | Compliance | Health Health
S-South
E-East
Anchoveta | Engraulis S Peru/N Chile | 26 >8 >8 >6 >6
ringens regions XV-I-lI
Anchoveta | Engraulis N-C Peru, incl.S | > 6 >8 10 >6 >6
ringens Ecuador
Anchoveta | Engraulis C-S Chile 26 10 26 26 7.4
ringens regions V-X
Anchoveta | Engraulis C-S Chile 26 10 10 8 8.9
ringens regions llI-1V
Atlantic Scomber Morocco NYS NYS NYS NYS NYS
Mackerel scombrus
Atlantic Scomber NE Atlantic 26 0 10 10 7
Mackerel scombrus
Atlantic Scomber Spain/Portugal | NYS <6 NYS >6 >6
Chub colias
Mackerel
Atlantic Brevoortia USA 26 26 10 7.2 9.4
Menhaden | tyrannus
Blue Micromesisti | Denmark 9.4 10 6.3 10 6.4
Whiting us poutassou
Capelin Mallotus Denmark >8 10 10 26 26
villosus
Chilean Trachurus SE Pacific >6 >8 10 8.1 10
Jack murphyi
Mackerel
European Sardina Morocco/ >6 >6 >6 >6 >6
Pilchard pilchardus Spain
European Sardina Morocco/ >6 >6 <6to=>6 >8 >6
Pilchard pilchardus Mauritania
European Sprattus Denmark 26 9.5 10 10 2.2
Sprat sprattus
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Herring Clupea Denmark 8.4 10 10 10 9.3
harengus

Factor 5.1b uses an average, or annual weighted mass-balance estimate of the fishery sources
used in a typical feed to decide the appropriate sustainability of the source of wild fish score. It
should be noted that, while Table 9 shows the FishSource score for each species used in
commercial diets, there are often more than one source fishery for each species and not all
fisheries will share exactly the same scores for each management or stock aspect considered;
this is why the ‘Fisher’s Compliance’ score for European pilchard is presented as a range of
values (<6 to = 6). While the majority of FishSource scores for species used in commercial diets
for seabream, seabass and meagre are > 6, four of these species have one score which falls
below this level, indicating that there are a number of concerns to be taken into consideration
in assessing their sustainability as feed inputs. However, the Seafood Watch Standard also
considers certification by the Marine Stewardship Council (MSC)2 or The Marine Ingredients
Organisation (IFFO)® in assessing source fishery sustainability. In light of the fact that all of the
wild fish inputs used in diets supplied to the sector under consideration are either MSC or IFFO
certified, the appropriate score for Factor 5.1b is -6 (out of a possible range from 0 to -10).

The score for Factor 5.1b — Sustainability of the Source of Wild Fish is -6 out of -10 for all three
species. The final Factor 5.1 scores, which are arrived at by combining the Factor 5.1a and
Factor 5.1b scores, are as follows: for seabass it is 6.77 out of 10; for seabream it is 5.41 out of
10; and for meagre it is 4.57 out of 10.

With regards to meagre farmed in Egypt using whole fish as feed, the score for Factor 5.1b —
Sustainability of the Source of Wild Fish is -10 out of -10 for unknown source fishery, as only a
limited description of several species groups used as feed was given. When this is combined
with the calculated FFER score of zero out of 10, the overall Factor 5.1 wild fish use score is zero
out of 10 and is a Critical conservation concern.

Factor 5.2 Net Protein Gain or Loss

As is evident in Factor 5.1a and Table 8, the commercial diets for the three species under
consideration differ somewhat and have discrete FM and FO inclusion levels. This is also
evident in the scoring of Factor 5.2 — Net Protein Gain or Loss — since each species’ feed has a
slightly different protein percentage in its composition.

Concerning the edible yield of harvested fish, it is interesting to note a comment from
Aqguaculture Europe (AE 2014), which compares the farmed seabass and seabream market to
that of farmed Atlantic salmon: “Whole fish represents only 5-10% of the salmon market vs.
>90% for seabass and seabream. On the other hand, the yield for fillet is 63% for salmon vs. 45%
for seabass/seabream”. This is of great relevance to yield calculations since the edible yield
obtained from a whole cooked fish is much higher than that obtained from a processed fillet. In

88 https://www.msc.org
8 http://www.iffo.net

112


https://www.fishsource.org/stock_page/1829

the domestic markets of the Mediterranean region, where 90% of cultured seabream and
seabass are consumed (Seafish 2015), fish are traditionally served whole (UCN 2018); this is
evidently the case for 600g to 1kg meagre also (The Fish Site 2009), although demand for
portion-sized meagre is apparently growing (KruZi¢ et al. 2016). It is worth noting that meagre
in the wild can reach 50kg (KruZzi¢ et al. 2016, Sanchez-Jerez 2013), seabass can grow to around
12kg (EC 2018b) and seabream to 4kg (Studer 2018). With this in mind, the calculations for
Factor 5.2 are based on whole fish, since the majority of these farmed species are sold whole,
gutted.

Factor 5.2 has two scoring options, depending upon the clarity of available information
concerning the non-marine protein components of feed formulations. If feed formulations are
completely transparent, then the non-edible®® portion of formulations can be factored into the
equation; however, if this level of detail is unknown then the entire protein quantity is
calculated as being edible®. For this report, such detailed information has been provided in
confidence by feed suppliers to the region under assessment; however, due to the proprietary
nature of feed formulations, these data have been aggregated into the average values shown in
Table 10. In general, the major protein providing crop ingredients include soybean meal,
rapeseed meal, corn gluten, and whole wheat, while limited inclusions of land animal
ingredients — poultry meal, feather meal, and blood meal —also contribute to the dietary
protein levels in some diets. The majority of crop ingredients are considered edible, whereas
land animal ingredients are not — please see Table A2 in the appendix of the Seafood Watch
Aquaculture Standard for reference®?.

Calculating Edible Feed Protein Input

As per data in Factor 5.1a, varying amounts of marine protein inputs in the diets used to culture
each species are from by-products, which are not considered to be edible in the calculation of
this Factor. Any non-edible, non-marine components are also accounted for in this calculation
and an adjustment made, as appropriate. It should also be noted that the protein content of
fishmeal rendered from whole fish and from marine by-products is automatically calculated in
the Seafood Watch scoring platform as 66.5%.

Table 10: The parameters used and their calculated values to determine the protein gain or loss
in the production of farmed seabass, seabream, and meagre

Parameter Seabass | Seabream | Meagre Meagre
(whole

fish)

Protein content of feed* 42% 44% 43% 18%

% Note “edible” in this context relates to feed ingredients that would be suitable (or equivalent to those suitable)
for human consumption.

%1 |n this scenario, all protein from non-marine ingredients is considered to be from edible crops, which are
considered to be the least efficient source of protein in aquaculture feeds (compared to the biological value of land
animal proteins and marine proteins).

92 https://www.seafoodwatch.org/-
/m/sfw/pdf/criteria/aquaculture/mba_seafood%20watch_aquaculture%20standard_version%20a3.2.pdf?la=en
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Percentage of total protein from non- 19.46% 18.91% 21.69% 0.00%
edible sources (by-products, etc.)

Percentage of protein from edible sources 80.54% 81.09% 78.31% 100.00%
Percentage of protein from crop sources 70.91% 70.56% 51.4% 0.00%
Feed conversion ratio 2.3 2.0 1.7 9.0
Protein INPUT per MT of farmed fish 966 kg 880 kg 731 kg 162 kg
Protein content of whole harvested fish** 18.9% 19.2% 20.1% 20.1%
Percentage of farmed fish by-products 100% 100% 100% 100%
utilized

Utilized protein OUTPUT per MT of farmed | 370.2 kg | 358.9kg | 306.7 kg 20.1 kg
fish

Net protein gain or loss -52.41% -49.71% -46.42% -87.59%
Seafood Watch score (0-10) 4 5 5 1

* Average crude protein content of grower diets for each species (aggregated feed data
obtained through pers. comms. with a number of feed companies, June 2019)

** Protein % of whole seabass and seabream (Nasopoulou et al. 2011) and meagre (Luten et al.
2006)

As can be noted in Table 10, the score for Factor 5.2 — Net Protein Gain or Loss is somewhat
different for each of the species under consideration, although all three demonstrate a
substantial net loss of protein: for seabass the final score is 4 out of 10 and for seabream and
meagre it is 5 out of 10.

With regards to meagre farmed in Egypt using whole fish, the protein content of whole feed
fish was assumed to be 18%, per guidance of the Seafood Watch Aquaculture Standard in the
absence of specific data of whole-fish protein content for Factor 5.2. Given the eFCR of 9.0 and
consideration of all feed as edible protein, the Factor 5.2 score is 1 out of 10.

Factor 5.3. Feed Footprint

This factor is an approximate measure of the global resources used to produce aquaculture
feeds (i.e. the inclusion levels of marine, terrestrial crop, and terrestrial land animal feed
ingredients). These calculations are based on the average global ocean and land area used for
production of one MT of farmed fish.

Table 11: The parameters used and their calculated values to determine the ocean and land
area appropriated by feed ingredients in the production of farmed seabass, seabream and

meagre
Parameter Seabass Seabream Meagre Meagre
(whole fish)
Marine ingredients inclusion 26% 27% 41% 100%
Crop ingredients inclusion 70.91% 70.56% 51.4% 0%
Land animal ingredients inclusion 3.75% 3.75% 3.75% 0%
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Ocean area (hectares) used per 15.55 ha 14.04 ha 18.13 ha 64.37 ha
MT of farmed fish

Land area (hectares) used per 0.71 ha 0.62 ha 0.40 ha 0.00 ha
MT of farmed fish

Total global area (hectares) used 16.26 ha 14.66 ha 18.53 ha 64.37 ha
per MT of farmed fish

Seafood Watch Score (0-10) 4 5 3 0

As shown in Table 11, the ocean area necessary for production of marine ingredients required
to produce one MT of farmed seabass is 15.55 ha; for seabream it is 14.04 ha; and for meagre it
is 18.13 ha. The land area necessary for production of terrestrial (crop and land animal)
ingredients required to produce one MT of farmed seabass is 0.71 ha; for seabream it is 0.62
ha; and for meagre it is 0.4 ha. The combination of these two values results in an overall feed
footprint of 16.26 ha/MT for farmed seabass; 14.66 ha/MT for farmed seabream; and 18.53
ha/MT for farmed meagre. Thus, the final score for Factor 5.3 — Feed Footprint varies
somewhat between each of the three species under consideration: both seabass and seabream
returned moderate scores of 4 and 5 out of 10, respectively, whereas meagre achieves a
moderate-high score of 3 out of 10.

With regards to meagre farmed in Egypt using whole fish, the ocean area appropriated per each
MT of farmed meagre is calculated to be 64.37 hectares, resulting in a Factor 5.3 score of 0 out
of 10.

Conclusions and final score

The final score for Criterion 5 — Feed is the average of the three factor scores with a double-
weighting on Factor 5.1 — Wild Fish Use. For seabass, seabream and meagre, respectively, the
score for Factor 5.1 - Wild Fish Use is 6.77, 5.41, and 4.57; for Factor 5.2 - Net Protein Gain or
Loss the score is 4, 5, and 5; and for Factor 5.3 - Feed Footprint the score is 4, 5 and 3. Taken
together, the scores for these three factors combine to give a final Criterion 5 — Feed numerical
score of 5.38, 5.21, and 4.28 out of 10 for seabass, seabream and meagre, respectively.

With regards to meagre farmed in Egypt using whole, the Factor 5.1 — Wild Fish Use score is 0
out of 10; the Factor 5.2 - Net Protein Gain or Loss score is 1 out of 10; and the Factor 5.3 - Feed
Footprint score is 0 out of 10. When the scores for these three factors are added together, the
final Criterion 5 — Feed score for meagre farmed in Egypt using whole fish is 0 out of 10, a
Critical conservation concern, resulting in an overall Red rating and an “Avoid”
recommendation.
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Criterion 6: Escapes

Impact, unit of sustainability and principle

= Impact: competition, genetic loss, predation, habitat damage, spawning disruption, and
other impacts on wild fish and ecosystems resulting from the escape of native, non-native
and/or genetically distinct fish or other unintended species from aquaculture operations

= Sustainability unit: affected ecosystems and/or associated wild populations.

= Principle: preventing population-level impacts to wild species or other ecosystem-level
impacts from farm escapes.

Criterion 6 Summary: EU & Turkey

F6.1 System escape risk 1

F6.1 Recapture adjustment 0

F6.1 Final escape risk score

F6.2 Competitive and genetic interactions 3

2
citcor | wo | EOR

Criterion 6 Summary: Egypt

F6.1 System escape risk 0
F6.1 Recapture adjustment 0
F6.1 Final escape risk score 0
F6.2 Competitive and genetic interactions 9

— 5
Critical? NO YELLOW

Brief Summary

This Criterion has been split into two separate recommendations: one for the EU and Turkey
and one for Egypt. This differentiation was required due to significant regional differences in
both the production systems utilized and the source of juveniles stocked.

With regard to the EU and Turkey, given the available data and the high escape risk that is
inherent with open-net pen aquaculture systems, it is clear that multiple large escapes and
frequent trickle losses have occurred, and continue to occur, particularly in the seabream
sector, and any corrective actions have not been adequate to limit escapes. This warrants a
score of 0 out of 10 for Factor 6.1. However, the implementation of published best
management practices is assumed to occur to some degree, and some areas have begun
implementing mandatory escape prevention practices. This then partially warrants a score of 2
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out of 10, and a final intermediate score of 1 out of 10 for Factor 6.1 is given for the EU and
Turkey.

While seabass and seabream are considered native throughout the geographic range
encompassed by this report, this is not entirely the case for meagre, which is evidently rare or
absent in the more northerly regions under consideration. In all jurisdictions, there are
concerns that domesticated escapees could cause genetic drift to occur in wild populations
should breeding take place between farmed and wild individuals. The ecological threat that this
presents has attracted the attention of numerous research projects and much funding has been
directed toward understanding the causative factors of such events and their ecological
impacts, plus the development of measures to mitigate against these threats. Escape through
spawning, whereby viable fertilized eggs emanate from cages, is also feasible, although this is
reportedly rare and is typically only associated with cultured seabream, not with seabass or
meagre. Selective breeding in aquaculture, which favors traits such as fast growth, appealing
morphology and disease resistance, inevitably results in loss of genetic diversity within farmed
stocks. Studies show that phenotypic variation exists between wild and farmed seabass,
seabream and meagre, and also indicate that some genetic introgression has occurred,
resulting in a score of 3 out of 10 for Factor 6.2 Competitive and Genetic Interactions: EU &
Turkey. When the scores for these two factors are combined, the final score assessed for
Criterion 6: Escapes - EU & Turkey is 2 out of 10.

In Egypt, culture of seabass, seabream and meagre primarily occurs in earthen ponds, which are
located between +3 and -1 meters above sea level. Although limited data on aquaculture
escapes were identified, it is evident that winter storms and floods are increasingly common in
the region and these weather conditions inevitably facilitate escape events from ponds located
in this flood prone area. Factor 6.1 Escape Risk: Egypt scores 0 out of 10. However, since
juveniles are typically wild-sourced from local fisheries, escaped individuals pose a low concern
in terms of competitive and genetic interactions with wild conspecifics and this results in a
score of 9 out of 10 for Factor 6.2 Invasiveness: Egypt. When these factors are combined, the
final numerical score for Criterion 6: Escapes — Egypt is 5 out of 10.

Justification of Rating

This criterion combines two factors; Factor 6.1 assesses the risk of escapes from a typical farm
based on characteristics of the production system used whereas Factor 6.2 assesses the
potential for competitive and genetic interactions and impacts due to the presence of escaped
species. The potential for interbreeding between farmed fish and wild conspecifics is a cause
for concern due to the impact that this may have upon genetic diversity. Aside from genetic
impacts, escapees may impact populations of wild fish by causing competition for prey and
habitat. Since culture of the species under assessment predominantly takes place in brackish
ponds in Egypt and in ocean cages in the EU and Turkey — and also because the former typically
relies on wild-caught juveniles whereas the latter is supplied by hatcheries — this Criterion is
assessed separately for both regions.

Factor 6.1 Escape risk: EU & Turkey
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Due to the open nature of net-pens, it is inevitable that escape events will occur from time to
time. Escapes may arise from a variety of circumstances, such as inclement weather, poor
handling, human error, equipment failure, or from predator damage to nets. ‘Escape through
spawning’ also poses a threat; some species of fish can attain sexual maturity in cages during
on-growing, and thus they have the potential to disperse viable, fertilized, domesticated eggs
into the natural environment (SEP 2015, Sanchez-Jerez 2013). Although this has been
documented in seabream cages, such incidents are reportedly rare (pers. comm. Anna Toffan,
DVM, PhD., November 2019). One Greek study that focused on this topic concluded that:
“Whilst we documented low daily survival rates of fertilized eggs in the vicinity of sea-cages, our
findings imply that the escape of eggs from sea bream farms may have ecological
consequences, which likely depend on the sex ratio and intensity of farming within specific
regions.” (Somarakis et al. 2013). Escape through spawning is not associated with meagre
culture (PreventEscape 2013) and is unlikely to occur with seabass under normal farming
conditions, since they are generally harvested before reaching maturity (Brown et al. 2015).

Due to a lack of reliable data on escapes, it is challenging to accurately assess the escape risk of
farms across the sector, but a number of regional studies give some useful insights. One study
by Brown et al. (2015), which took place in Cyprus, sought to determine the prevalence and
survival of seabass escapees from farms by using microsatellite markers; this was conducted in
2012 and 2013 and was the first study of its kind in the region. At the end of the study period,
the aggregated average percentage of escapees detected at sampling sites was 15%, a quantity
closely aligned with a similar study in the Adriatic, which detected that 14% of fish sampled
were escapees (Segvi¢-Bubic et al. 2017). However, as Brown et al. elucidate, this average
percentage was heavily influenced by a number of targeted sampling sites, all of which were
within 10 kilometers of each other and
which transpired to be areas where
recent escapees tended to congregate,
kept together by their innate shoaling
behavior. When these sites were
removed from the calculation, the
average percentage of escapees caught
elsewhere was reduced to 4%. Of
additional note, the majority of escapees
caught were between 300-500 g,
indicating that they were recent farm
escapes (Brown et al. 2015).

" A N RN
Figure 16: Recently escaped farmed seabream in a
shoal formation below an ocean cage - picture taken
by Arturo Boyra, Oceanografica © (Arechavala-
Lopez et al. 2017a)

Concerning meagre, Sanchez-Jerez
(2013) comments that in south-eastern
Spain, prior to meagre culture
commencing in the vicinity, this species
had not been caught by local fishermen
for over 100 years and was considered extinct in the region, whereas now it is a relatively
common component of their catch.
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An EU-funded project, entitled ‘Prevent Escape’ (PreventEscape 2013), ran for three years
between 2009 and 2012 with the goal of “Assessing the causes and developing measures to
prevent the escape of fish from sea-cage aquaculture”. Literature generated by the project
noted that while there were no statistics available documenting the extent of Mediterranean
aquaculture escapes, since the region does not have such reporting requirements in place, it
was evident from insurance claims that such incidents make up a sizeable component of
reported losses and result in significant economic impacts. Over seven million fish (a
combination of seabream, seabass, meagre) escaped over the study period (2009-2012) with
seabream escapes accounting for nearly 90% of escapees, with structural failures being cited as
the most significant causative factor (Jackson et al. 2015). Figure 17 quantifies the escape
incidents of seabream, seabass and meagre during the three-year study period and Figure 18
categorizes the causes of these events. These data were obtained from countries in the
project’s scope via questionnaires.

No. of sites per Escape No. of fish escaped Escapes per 2007 Nominal cost No. of % overall Nominal cost of Total value of
species from incidents over 3 years annum price/kg (500 g) sites sites lost annual production
questionnaires production (million €) 2007
Spain 24 15 Bream 5,849,000 1,949,666 €430 €4,191,781 111 21% €19,960,861 95.5
25 2 Bass 520,000 173,333 €498 €431599 108 23% €1876,521 52.2
3 1 Meagre 200,000 66,666 30 10%
Greece® 6 15 Bream 909,200 303,066 €3.57 €540972 210 2.8% 19,320428 282
5 9 Bass 65,100 21,700 €5.12 €55,552 130 3.8% €1461,894 2457
Malta 3 22 Bream 87,900 29,300 €433 €63,434 4 75% €84,579 48
2 4 Bass 14,500 4833 €14.71 €35,546 3 b67% €53,053 1.1
Total €42,757,336

Figure 17: Cultured fish losses in Spain, Greece and Malta — 500g market size average for both
seabream and seabass (Figure reproduced from Jackson et al. 2015)

Species Total Structural Biological Operational External Unknown
No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of
incidents escapes incidents escapes incidents escapes incidents escapes incidents escapes incidents escapes
Atlantic Salmon 113 820,158 40 678,279 5 6758 47 88,065 3 13,194 18 33,862
Cod 61 457,005 6 16,466 38 118974 6 11,839 3 180,717 8 129,009
Sea bass 15 599,600 9 540,000 5 52,100 1 7500
Sea bream 52 684,6100 22 6,181,900 25 604,000 1 20,000 2 25,200 2 15,000
Meagre 1 200,000 1 200,000
Totals 242 8922863 78 7,616,645 73 781,832 54 119,904 9 226611 28 177.87

Figure 18: Causes of escape incidents and numbers of escaped fish as identified by ‘Prevent
Escape’ project questionnaire (Figure reproduced from Jackson et al. 2015)

As can be noted in Figure 18, when the number of seabream, seabass and meagre escapees are
considered together, the vast majority of escapes were seabream (almost 90%) with much
smaller quantities of seabass (just under 8%) and meagre (just under 3%). Although the study
data included a number of catastrophic escape incidents involving seabream, it is relevant to
note that seabream have a behavioral trait of nibbling on the net, which allows holes to
develop, and net biting was identified as the biggest cause of escapes during the study period.
Although seabass do not share this trait, they are apparently more opportunistic at identifying
escape routes (Arechavala-Lopez et al. 2017a).
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Interactions Implications and risks Sps. Geographic area/s H Author/s.
Ecological Dispersion, competition, predation Br W-Mediterranean D/s Arechavala-Lopez et al,, 2012a
Br C-Mediterranean D/s Segvié-Bubié et al, 2017b
Bs W-Mediterranean D/S Arechavala-Lopez et al,, 2014a
Establishment/local-absent sps. Br CE-Atlantic D/s Gonzilez-Lorenzo et al,, 2005
Bs CE-Atlantic D/s Toledo-Guedes et al., 2009,2012
Bs CE-Atlantic D Toledo-Guedes et al., 2014ab
Bs CE-Atlantic D/S Ramirez et al., 2015
Pathogens transmission Br W-Mediterranean ) Arechavala-Lopez et al., 2012a
Bs W-Mediterranean S Arechavala-Lopez et al,, 2011
Bs CE-Atlantic S Toledo-Guedes et al,, 2012
Br, Bs Mediterranean Sea S Arechavala-Lopez et al., 2013a
Interbreed, hybridization, etc. Br C-Mediterranean S De Innocentiis et al., 2004
Br Mediterranean and NE-Atlantic S Miggiano et al., 2005
Br C-Mediterranean S Seqvic-Bubi¢ et al,, 2011a
Br C-Mediterranean and NE-Atlantic S Franchini et al,, 2012
Br C-Mediterranean D Seqvic-Bubic et al,, 2014
Bs Mediterranean S Bahri-Sfar et al., 2005
Bs Mediterranean and NE-Atlantic S Haffray et al., 2006
Bs E-Mediterranean S Brown et al,, 2015
Bs C-Mediterranean D Seqvic-Bubi¢ et al,, 2017a
Gametes/eggs escapes Br E-Mediterranean S Dimitriou et al., 2007
Br C-Mediterranean S Segvic-Bubic et al,, 2011a
Br C-Mediterranean S Franchini et al., 2012
Br E-Mediterranean D Somarakis et al., 2013
Socioeconomic Farm economic losses Br, Bs Mediterranean D Jackson et al,, 2014
Impacts on fish/mussel farms Br C-Mediterranean D Segvié-Bubi¢ et al,, 2011b
Interactions with fisheries Br E-Mediterranean D Dimitriou et al., 2007
Br W-Mediterranean D Arechavala-Lopez et al,, 2012a,2018
Br W-Mediterranean D lzquierdo-Gomez et al,, 2014,2017
Br W-Mediterranean 5 lzquierdo-Gomez et al.,, 2016
Bs W-Mediterranean D Arechavala-Lopez et al,, 2011,2018
Bs CE-Atlantic D Toledo-Guedes et al, 2014ab

Figure 19: A summary of literature investigating the genetic, ecological and socioeconomic
implications and risks of escaped farmed seabream (Br) and seabass (Bs) - H: hypothesis, S:
suggested; D: demonstrated (Figure reproduced from Arechavala-Lopez et al. 2017a)

A recent review of the seabream and seabass sector, which assessed the risks and related
implications of escapes from farms, compiled a table of literature on the topic: this is shown in
Figure 19. The authors of this review highlighted the fact that, “None of the Mediterranean
aquaculture legal frameworks encompass the management of fish escapes whatsoever.”
(Arechavala-Lopez et al. 2017a). In addition to identifying this gap in governance of the sector,
the authors note that fish farm workers in the region are often not given formal guidance in
escape prevention and mitigation, and that this should be incorporated into mandatory best
practice training for staff. The report also identifies a number of resources that are available to
assist in disseminating codes of best practice, such as the FAQO’s guidelines on cage deployment
and management, which provides specific measures to prevent escapes (Cardia & Lovatelli
2007), and the IUCN Marine Programme guidelines, published in 2007 and 2009 (Arechavala-
Lopez et al. 2017a, IUCN 2007, IUCN 2009). The first guide focuses on interactions that occur
between aquaculture and the environment and includes guidance on escape management
related to system design, escape contingency plans, and additional prevention measures during
high risk activities (e.g. grading, moving, or harvesting fish). According to a recent EU-funded
study these IUCN guidelines have now been incorporated into aquaculture planning at the
national level across the region and legally adopted by Croatia, Italy, Spain and Turkey
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(AquaSpace 2018b). The Federation of European Aquaculture Producers®? (FEAP) also have a
Code of Conduct which states:

e Farmers will seek to minimise the potential risks that are presented by farmed fish
escapes to wild fisheries.

e Farmers will, in the event of escapes, co-operate and inform the respective authorities
to assure that appropriate actions will be taken.

Other examples of the dissemination of best practice guidelines to the industry were two
guides produced as the result of the EscaFEP (Prevention and mitigation of escapes in
aquaculture) Project, an initiative funded by the EU’s European Fisheries Fund (EFF)%4. These
guides aimed to facilitate and increase the ongoing training of aquaculture personnel working
with floating cage facilities with the goal of reducing escapes. The first guide (lzquierdo-Gémez
et al. 2014b) identifies the critical points that arise during routine on-growing when escape
events are most likely to happen; it then goes on to explain preventative measures that can be
implemented to avoid these occurrences, such as during net changes and fish transfers. This
guide also highlights the importance of appropriate site selection and covers cage deployment
and mooring, plus the maintenance of nets and associated equipment, in some detail. This
document further comments that escapes should be monitored and reported, both within the
company and at the administrative level, in order that such incidents can be better understood,
and prevention measures improved. The second guide (lzquierdo-Gémez et al. 2014b)
comments that while existing management measures emphasize the need to prevent escapes
through implementation of good practices and the use of cage equipment that meets rigorous
quality standards, there is a pressing need for legislative controls to be developed to govern
this aspect of production and that these need to include penalties for non-compliance.

While the various guidelines mentioned above have been utilized in workshops and company
training sessions, it is impossible to quantify their commercial implementation, since there is no
legal requirement to document or implement such measures. Of note, the Canary Islands,
which are located in Spanish Atlantic waters, have very recently adopted a new “Protocol for
the prevention and mitigation of fish escapes from sea cages in the open sea”. Adherence to
this Protocol is now mandatory for all farms in the region since it was passed in 2018. Across
the sector, this is the first such regulation to be implemented that specifically and explicitly
addresses the management of escapes (pers. comm. P. Arechavala-Lopez, PhD., June 2019). In
addition to this, communications with a Greek aquaculture expert confirms that best
managements practices for escape prevention are routinely implemented by farmers here.
These measures include regular, scheduled dive inspections of moorings, nets and pens during
which any maintenance or repairs are actioned and recorded. Additionally, fish counters are
employed to facilitate accurate fish counts during fish movements and durable, high strength

% http://feap.info
9 https://ec.europa.eu/fisheries/cfp/eff_en
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netting (Dyneema®®) is employed by farmers, which is particularly effective at preventing
damage incurred by fish bites (pers. comm. John A. Theodorou, PhD., December 2019).

Given the available data and the high escape risk that is inherent with open-net pen
aquaculture systems, it is clear that multiple large escapes and frequent trickle losses have and
continue to occur, particularly in the seabream sector, and any corrective actions have not been
adequate to eliminate escapes. This warrants a score of 0 out of 10 for Factor 6.1. However, the
implementation of published best management practices evidently occurs to some degree, and
some areas have begun implementing mandatory escape prevention practices. This then
partially warrants a score of 2 out of 10, and a final intermediate score of 1 out of 10 for Factor
6.1 is given for the EU and Turkey. The Seafood Watch Aquaculture Standard allows for this
score to be adjusted in instances where there is evidence of re-capture occurring and this is
reviewed in more detail below.

Re-Capture Efforts

Segvi¢-Bubié et al. (2018) comment that in the Mediterranean, “Escape reporting is still not
mandatory for farmers, though the legislation stipulates the right of the farmer to recapture fish
within the farming concession following a request to do so. In practice, permissions for fish
recapture are rarely requested.” In addition to farmer’s attempts to re-capture escaped stock,
these fish may also be captured by recreational fishers, given the sizeable recreational fishery in
the region (Hyder et al. 2017). One study that was part of the ‘Prevent Escape’ project noted
that recreational fishing efforts were higher around fish farms in the Mediterranean in
comparison to near-by areas without farms, as was the presence of predatory wild fish, and
that escaped seabass and seabream, even when not captured, had a high mortality rate -
though this was not quantified (Arechavala-Lopez et al. 2011). However, it is also evident that
sometimes escapees do manage to assimilate into the wild successfully, even attaining similar
longevity to their wild counterparts (Arechavala-Lopez et al. 2017a).

In order to help formulate contingency plans for the industry, a recent Spanish study simulated
a number of escape events at different coastal fish farms. Three separate localities were used
for the escape simulations; each farm released either meagre, seabream or seabass and, in
each instance, a total of 1000 tagged fish ‘escaped’. To recreate as genuine a scenario as
possible, and to avoid an abnormally large fishing effort, only local fishermen were informed in
a timely way about the ‘escape’ and asked to report landings of tagged individuals, including
location, fishing method and date. From this information, the data in Figure 20 was compiled.

% https://www.dsm.com/products/dyneema/en_GB/applications/nets/aquaculture-nets.html
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Species Location N fish released Mean W + SE Exp. Fishing (T) Recreational (U1) Artisanal (U2) Recapture rate (%)

N CPUE* Angling Spear MNets Traps T T+Ul+U2
Sea bass Milaga 1000 131 + 15 0 0 46 8 0 = 0 5.4
Sea bream Almeria 1000 122 + 27 8 1.33 30 4 29 - 0.8 7.1
Meagre Jl\guil.‘rs 1000 143 = 18 38 2.64 1 0 47 1 3B 87

Figure 20 : Number of recaptured fish, mean weight in grams (£Standard error; SE) and
recapture rates obtained by experimental fishing (T: targeted fishing) and untargeted fishing
(U1: recreational; U2: artisanal) by type of gear. *CPUE refers to the number of captured
individuals per 100 m? of net (Arechavala-Lopez et al. 2018)

As can be noted in Figure 20, 8.7% of meagre were documented as having been re-captured,
7.1% seabream and 5.4% seabass. The study also showed that each of these three species vary
in their post-escape behavior and that successful re-capture methods vary between species,
with the time that has elapsed since the escape event and the distance from the farm being of
great relevance. Previous studies on the recapture of escaped farmed seabream in the region
demonstrated similar success rates ranging from 7.1% (Arechavala-Lopez et al. 2012), 6.3% and
11.2% (Santos et al. 2006, Sanchez-Lamadrid 2004, Sdnchez-Lamadrid 2002). A study in the
western Mediterranean Sea had a lower rate of success in recapturing seabass (1.3%) although
this may have been due to the inefficacy of the specific techniques employed by participating
recreational fishers (Arechavala Lopez et al. 2014), since a study conducted further west, off the
Canary Islands, realized a re-capture rate of 22.2% following a large seabass escape event
caused by a storm. Professional fishermen reportedly used a wide range of techniques to catch
the escapees (Toledo-Guedes et al. 2014). Similar studies on escaped farmed meagre indicate
that this species exhibits little site fidelity post-escape and that re-capture efforts must be
implemented within 24 hours of the escape event in order to have any degree of success
(Arechavala-Lopez et al. 2017b, Arechavala-Lopez et al. 2015). Of note, the FAO species profile
on meagre comments that: “Recently a few hundred meagre escaped from a cage in Tuscany
but all were collected nearby within a few days by the local trawling fleet, indicating that this
species does not move very fast and is easily recaptured; this reduces the risk of altering the
existing fish community structure,”(FAO 2005-2018b).

Another study that reviewed escapes from Spanish coastal farms concluded that trickle losses
may have an overall greater environmental impact than single, large escape events due to the
fact that the latter is more likely to stimulate greater fishing efforts by recreational and
artisanal fishers, which in turn increases the likelihood of successful recapture (lzquierdo-
Gbémez, et al. 2016).

Despite literature and anecdotal evidence that suggests escapees are commonly caught by
recreational and commercial fishers, it appears that recaptures totalling <10% of escaped stock
are the norm. Therefore, no scoring adjustment is applied, and the final Factor 6.1 Escape Risk
Score, as it pertains to the EU & Turkey, is 1 out of 10.
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Factor 6.1 Escape risk: Egypt

Damietta Governorate, which is located in the northeast of the Nile delta on the southern
Mediterranean coast, is where 91% of seabass, seabream and meagre production takes place
(GAFRD 2018b), particularly in the area known as the Deeba Triangle, which is located in the
north-western part of Lake Manzala (EI-Mezayen et al. 2018, USDA FAS 2016, Abdelhamid et al.
2013, FAO 2010). The balance of production comes from the neighboring governorates of Port
Said, Alexandria and Suez. While no specific data on aquaculture escapes or the
implementation of escape prevention measures were identified, it is evident that winter storms
and floods are increasingly common (Guardian 2017) in this highly productive mariculture
region and that these weather conditions inevitably facilitate escape events.
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Figure 14: Map of the Egyptian Nile River Delta and Mediterranean coast showing the relative
locations of Damietta, Port Said, Kafr El Sheikh, Berket Ghalyoun and Alexandria (Google Maps,
2019, maps.google.com)

In December 2018, a state of emergency was declared after a major flooding event inundated
the coast of Kafr El Sheikh Governate (Al-Monitor 2018). Coastal protection projects are being
implemented in the governate, including the coast north of Berket Ghalyoun, where a new
large-scale fish farm development is underway (Feidi 2018). In addition to the coastal
protection project underway in Kafr El Sheikh, the governates of Damietta and Alexandria are
also implementing flood protection measures to shield Egypt’s Mediterranean coast from the
effects of rising sea levels and storm surge (Al-Monitor 2018).

While new flood protection measures are encouraging, fish escapes from storm and flood

events have been reported in the past; EI-Mezayen et al. (2018) comment that fish escaped
from coastal ponds after storms damaged irrigation gates of the farms in 2015. The Nile delta’s
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coastal zone is low lying, ranging between +3 and -1 meters above sea level (IDRC 2012) and the
region is particularly vulnerable to climate change impacts (Soliman 2017, Masria et al. 2014).
In 2011, the government released a report which estimated that around 13% of the northern
coastline is at risk from the Mediterranean’s rising sea levels (UNDP 2011). A recent FAO report
specifically notes that coastal fish ponds may be prone to flooding due to climate change (FAO,
2017b).

Without any evidence that escape prevention measures are implemented on farms, and in
consideration of the fact that seabream, seabass and meagre farms are located in flood-prone
areas, the risk of escape events occurring as a result of flooding is assessed to be high and the
Factor 6.1 Escape Risk Score, as it pertains to Egypt, is 0 out of 10.

Factor 6.2 Competitive and genetic interactions: EU & Turkey

Factor 6.2 is a trait-based measure of the likelihood of genetic and/or ecological disturbance
from escapees based on their native or non-native status, and/or their domestication and
ecological characteristics. While seabass and seabream are considered native throughout the
entire culture range of the scope of this report, this is not entirely the case for meagre, which is
reportedly rare or absent in northern Mediterranean counties (Abou-shabana et al. 2012) and
has become uncommon off Croatia’s Adriatic coast (Kruzi¢ 2016).

It is evident that farmed specimens of each species do display a variety of phenotypic variations
from wild conspecifics (Segvi¢-Bubi¢ et al. 2017, Saavedra et al. 2017, Segvi¢-Bubié et al. 2014).
In addition to the potential for negative genetic impacts, escapes pose a further ecological
threat in term of competition for resources and space. Despite the aforementioned research
indicating high mortality rates of escaped seabass and seabream, other researchers have
identified escapees that have evidently adapted successfully and have survived in the wild
(Arechavala-Lopez et al. 2017a), including the observation by one author of two large females
with mature eggs, which clearly demonstrates that these fish can survive and do have the
potential to breed outside of captivity (Brown et al. 2015).

Data and research regarding the potential impacts of meagre escapes is generally less abundant
than that pertaining to the escapes of farmed seabass and seabream. The quantity of farmed
meagre produced, thus far, is much smaller than that of seabass and seabream and its timeline
of domestication is much shorter. The FAO species profile on meagre notes that they are
endemic throughout the Mediterranean and that their range continues far down the west coast
of Africa to the bay of Dakar off Senegal (FAO 2005-2018b), although, as noted above, meagre
are evidently uncommon or absent in the northern Mediterranean. Despite regional variation in
distribution and abundance, the FAO meagre profile further states that farmed escapees are
generally not considered a risk, given their endemic status in the Mediterranean (FAO 2005-
2018b). Experts note that while the introduction of exotic species is covered by aquaculture
legislation in the EU, the farming of species which are locally absent or extinct, as is evidently
the case with meagre in some localities, is not factored into the existing legal framework (pers.
comm. P. Arechavala-Lopez, PhD., June 2019). In such regions, any escapes of farmed meagre
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from aquaculture operations would constitute the introduction of a new species into the
ecosystem (pers. comm. Dr. Pablo Arechavala-Lopez, November 2019).

Hatchery domestication and breeding programs

In comparison to meagre, the genetic impacts of escaped seabass and seabream are potentially
higher since these species have been farmed for longer and their domestication is therefore
somewhat more advanced. In practice, there is often no specific selection of broodstock
implemented in seabass and seabream hatcheries, but broodfish are generally aquaculture-
raised and wild genetic inputs are limited to the occasional addition of a few wild broodstock (if
at all) to avoid inbreeding (pers. comm. Donatella Crosetti, PhD., April 2019). As is discussed
further in Criterion 8X, a number of seabass and seabream hatcheries also produce fry using
selective breeding programs, which endeavor to artificially select for desirable traits, such as
rapid growth, adaptation to the farm environment, improved yield, and disease-resistance
(Chavanne et al. 2016). The longest lineage of domesticated seabass in 2016 was eight
generations distant from the original wild population, though broadly, domestication of seabass
is still considered in the onset, with roughly 50% of farmed seabass originating from selective
breeding programs (Vandeputte et al. 2019); this echoes the estimation of Janssen et al. (2016),
which puts the number at around 43-56%. With regard to seabream, there are evidently “Very
few ‘real’ long-term breeding programmes” for this species (pers. comm. Donatella Crosetti,
PhD., April 2019), although such programs are evidently in development: Janssen et al (2016)
note that commercial breeding programs for seabream were initiated in the 2000s and these
endeavors presently account for around 60-66% seabream production.

Growth  Morphology  Disease Processing Product Maturity, Feed

resistance  yield quality fecundity  efficiency”
Sea bream 6 4 2 0 2 0 1
Sea bass 6 4 1 2 1 1 1
Turbot 2 0 1 0 0 0 0
Rainbow trout 10 8 5 5 3 5 2
Salmon 7 3 7 6 6 2 2
Carp 4 4 2 1 0 1 0
All species 35 23 18 14 12 9 6
# Indirect genetic selection response assumed

Figure 22: The main genetic traits targeted by selective breeding programs in a variety of

European aquaculture species, as identified in a comprehensive survey* (Chavanne et al. 2016)
*Note that this survey of breeding companies included 4 named producers of gilthead seabream in Greece and
Spain and also four named producers of European seabass in France, Turkey and Greece, however, the authors of
the study comment that other participants requested to remain anonymous

Figure 22, which features data from a survey of European aquaculture breeding programs,
shows that the most commonly strived for genetic trait in the target species is, unsurprisingly,
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fast growth, closely followed by desirable morphology characteristics and disease resistance.
Novel selective breeding strategies have also emerged, which use molecular tools to allow
genomic selection of broodfish. The risk of progressive genetic erosion that such domestication
strategies present, should farmed fish escape and admix their homogenized gene set with that
of wild conspecifics, has prompted considerable research into this topic (Chavanne et al. 2016).

Research efforts into competitive and genetic interactions

Numerous studies have been conducted to quantify and analyze the genetic impacts of escaped
farmed seabass and seabream. To accomplish this, a variety of techniques have been employed
to identify escapees in the wild, such as morphology, scale and otolith analysis, fatty acid
analysis, microsatellite DNA markers and mitochondrial DNA markers. The most effective of
these are the genetic tools, since they are not subject to environmental influences (Brown et al.
2015).

Prior to the ‘Prevent Escape’ project, the EU funded a related initiative called ‘Genimpact’;
commencing in 2005, its objective was to “Review and discuss the current knowledge about the
genetic impacts of farming activities and their implications for aquaculture management, stock
conservation and environment safety, and to integrate the scientific basis for the establishment
of preventive measures, for important aquaculture species,” (Genimpact 2005). This formative
project identified numerous knowledge gaps with regards to seabass and seabream, concluding
that further genetic analysis of wild populations of both species was needed across their range,
particularly in the eastern Mediterranean Sea where cultured production was highest.
Genimpact researchers concluded further that more work was required to assess the impacts of
domestication on the fitness of cultured fish and how this may affect their ability to survive in
the wild and breed and highlighted the potential genetic risk posed by the transfer of
broodstock, juveniles, eggs and larvae across geographical distances (Svasand et al. 2007). A
number of similar EU-funded projects have subsequently followed on from this initiative and at
present the AquaTrace®® project, which seeks to detect and address the magnitude of
interbreeding between farmed fish and wild conspecifics, is underway. It is important to note
that Genimpact (2005) also indicated that there are two genetically distinct wild stocks of
seabream and three of seabass, while describing the impact of hatchery restocking programs
on reducing the differentiation between the two wild seabream stocks; this indicates that some
degree of genetic impact, unrelated to aquaculture escapes, has already occurred.

Although seabream is native throughout the range of the scope of this report, farmers of this
species in the EU and Turkey have traditionally favored Atlantic-sourced broodstock, due to the
good growth characteristics they exhibit (Grigorakia & Rigos 2011). A similar strategy has also
been employed by the seabass sector in this region, with broodfish usually being comprised of
Atlantic and Western Mediterranean stocks (Grigorakia & Rigos 2011). This has resulted in a
predominant eastward movement of stocks, in terms of the broodstock, eggs and juveniles that
supply hatcheries and farms (Svasand et al. 2007).

% https://fishreg.jrc.ec.europa.eu/web/aquatrace/about-aquatrace
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One Spanish study noted that wild seabream caught close to fish farms demonstrated different
morphological characteristics to those caught further away indicating a high likelihood that
genetic introgression had been occurring between wild and farmed fish (Izquierdo-Gomez et al.
2017). Another recent morphological study of seabream noted that farmed fish tend to have
smaller heads and stockier bodies than wild conspecifics (Talijanci¢ et al. 2017). A separate
study, which set out to differentiate wild from farmed seabream by implementing both
molecular and morphological methods, concluded that while morphological differences were
evident, and a useful tool to tell the two groups apart (e.g. wild fish are more slender while
farmed are more stocky), analysis of microsatellite markers identified a “weak neutral genetic
differentiation” between each group. The authors further commented that morphological
differences between wild and farmed specimens could be attributed to the different
environment factors and feeding regimens that either group had been influenced by (Segvié¢-
Bubic et al. 2014). Similarly, a study in Greece, which analyzed wild seabream DNA samples
collected from eight different locations along the coast at varying proximities to farms culturing
this species - and then repeated this 7-9 years later - found genetic stability in wild stocks,
despite numerous escape events having been reported from farms in the region (Gkagkavouzis
et al. 2019). A study on seabass, however, noted localized evidence of introgression of wild
stocks by domesticated genomes in the Adriatic Sea; the authors concluded: “Our results
indicate that farmed seabass successfully introgress and change the genetic profiles of some
wild populations,” (Segvi¢-Bubié et al. 2017).

Overall, it is apparent that farmed seabass, seabream, and meagre demonstrate phenotypic
variation from their wild conspecifics, and >50% of farmed stock is sourced from hatcheries
where at least some degree of selection/domestication (e.g. hatchery raised for three or more
generations) has occurred, warranting a score of 4 out of 10. There is additional evidence
indicating that genetic introgression of wild populations has occurred, and the potential for
further introgression exists, warranting a score of 2 out of 10. Thus, the final score for Factor
6.2 — Competitive and genetic interactions: EU & Turkey is 3 out of 10.

Factor 6.2 Competitive and genetic interactions: Egypt

Seabass, seabream and meagre are all indigenous to the areas in which they are cultured in
Egypt (El Sayed & Karachle 2017, EgyptToday 2017). In contrast to production in EU and Turkey,
and as is explored in further detail in Criterion 8X: Source of Stock, juveniles for the Egyptian
sector are almost entirely wild-caught (a score of 10 out of 10 for Factor 6.2), with roughly 15%
of farm stocks being produced in hatcheries using wild broodstock (a score of 8 out of 10 for
Factor 6.2) (Abdelhamid et al. 2013, EI-Gamal 2018). Accordingly, the risk of negative
competitive and genetic interactions arising from farm escapes and their subsequent impact
upon wild conspecifics is considered to be very low. This results in an intermediate Factor 6.2
Invasiveness: Egypt score of 9 out of 10.

Conclusions and final score

Since production of these species predominantly takes place in brackish ponds in Egypt and in
ocean cages in the EU and Turkey — and also because the former typically relies on wild-caught
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juveniles whereas the latter is supplied by hatcheries — this Criterion is assessed separately for
both regions.

The open-net cage systems used in the EU and Turkey inherently present a high risk of escape
events occurring, due to the likelihood of ongoing trickle losses and documented multiple large
escape events. Additionally, while much work has been done to compile and disseminate
guidance on best management practices to the industry, it is not possible to quantify the
success of such initiatives in mitigating the incidence of escapes which, given their continued
occurrence, are considered a high concern. The score for Factor 6.1 Escape Risk: EU & Turkey is
1 out of 10. Studies show that phenotypic variation exists between wild and farmed seabass,
seabream and meagre, and also indicate that some genetic introgression has occurred,
resulting in an outcome of 3 out of 10 for Factor 6.2 Competitive and Genetic Interactions: EU &
Turkey. When the scores for these two factors are combined, the final score assessed for
Criterion 6: Escapes - EU & Turkey is 2 out of 10.

In Egypt, culture of seabass, seabream and meagre primarily occurs in earthen ponds, which are
located between +3 and -1 meters above sea level. Although limited data on aquaculture
escapes were identified, it is evident that winter storms and floods are increasingly common in
the region and these weather conditions inevitably facilitate escape events from ponds located
in this flood prone area. Factor 6.1 Escape Risk: Egypt scores 0 out of 10. However, since
juveniles are typically wild-sourced from local fisheries, escaped individuals pose a low concern
in terms of competitive and genetic interactions with wild conspecifics and this results in a
score of 9 out of 10 for Factor 6.2 Invasiveness: Egypt. When these factors are combined, the
final numerical score for Criterion 6: Escapes — Egypt is 5 out of 10.
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Criterion 7: Disease; pathogen and parasite interactions

Impact, unit of sustainability and principle

= |mpact: amplification of local pathogens and parasites on fish farms and their
retransmission to local wild species that share the same water body

= Sustainability unit: wild populations susceptible to elevated levels of pathogens and
parasites.

= Principle: preventing population-level impacts to wild species through the amplification and
retransmission, or increased virulence of pathogens or parasites.

Criterion 7 Summary: EU & Turkey
Disease Risk-based assessment

C7 Disease Score (0-10) 4
Critical? NO YELLOW

Criterion 7 Summary: Egypt
Disease Risk-based assessment

C7 Disease Score (0-10)

Critical? NO

Brief Summary
This Criterion has been split into two separate recommendations: one for the EU and Turkey
and one for Egypt.

While there is relatively sparse documentation of disease transmission occurring between wild
and farmed fish within the EU and Turkey, it appears likely that a dynamic and perpetual
circulation of pathogens and parasites is ongoing, since net pen systems are open to their
surroundings and consistently exchanging water with the surrounding environment. A review of
literature on the sector indicates that both policy makers and farmers have greatly increased
their awareness of disease issues in recent years, although it is hard to quantify the degree to
which biosecurity measures (e.g. disinfection of equipment, use of certified disease-free fry,
etc.) intended to stem the transmission of disease are implemented. Vaccination, which is
recognized as one of the most efficient forms of disease prevention, is now a routine procedure
on the majority of farms; this has undoubtedly done much to mitigate the spread of pathogens.
However, although significant mortality events are notifiable by law in either jurisdiction, it
does not appear that routine monitoring and reporting of disease incidence and/or mortality is
legally required by any regulatory body. Recent survey data indicates that the average disease-
related mortality rate for seabass and seabream farmed in the EU and Turkey is around 10% of
the total fish stocked post hatchery; the total mortality rate is 15 —20%, indicating that 50% of
mortalities are attributable to disease. It is clear that some disease-related mortalities occur on
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farms, and though there are a number of biosecurity protocols in place, their implementation
varies. Given the openness of net pens, the production system is open to the introduction and
discharge of pathogens and parasites. This results in a moderate score of 4 out of 10 for
Criterion 7: Disease - EU & Turkey.

There is not a great deal of literature detailing diseases impacting mariculture in Egypt, yet it is
evident that numerous bacterial and parasitic diseases hamper the sector and cause mortalities
in these flow through pond systems, which are open to the environment. Data on viruses is
notably absent and no studies were identified that address the potential of on-farm diseases to
become amplified and retransmitted to local wild species sharing the same water body. In light
of a deficiency of data to robustly inform this Criterion, and because disease control systems,
regulations, and management measures largely do not exist - and where they do, their
implementation and enforcement is unknown and/or ineffective - the potential ecological risk
of the sector is assessed to be moderately high which results in a score of 2 out of 10 for
Criterion 7: Disease — Egypt.

Justification of Rating

Culture of the species under assessment predominantly takes place in brackish ponds in Egypt
but in ocean cages in the EU and Turkey. Due to the differences that these production systems
present, the potential risk of local pathogens and parasites becoming amplified on fish farms
and then retransmitted to local wild species that share the same water body is somewhat
different for either farming scenario. For this reason, two separate reviews have been prepared
for this Criterion.

Disease: Risk-based assessment - EU & Turkey

As disease data quality and availability is moderate (i.e. Criterion 1 scored 5 out of 10 for the
disease category), the Seafood Watch Risk-based assessment was utilized for review of the
sector in the EU and Turkey.

Since there is no impermeable barrier, a characteristic of open net-pen culture systems is their
vulnerability to disease transmission between cages and also between wild and farmed stocks —
although evidence of such pathogen exchanges has rarely been documented (ICES 2012). Water
currents are one of the main mobilizers of aquatic pathogens, together with other potential on-
farm vectors such as infected juveniles, feed and/or equipment. Large-scale fish losses due to
bacterial or viral diseases are reportedly not a common occurrence in contemporary
Mediterranean aquaculture due to advances that have been made in the development of
disease prevention and treatment tools (FFE 2018). The ongoing development of effective
vaccines has also resulted in a diminished reliance on antibiotics, as described in Criterion 4
(SEP 2015). Other preventative measures which are currently in development are
immunostimulants and probiotics, and researchers are developing tools to tackle parasite
challenges (FFE 2018).

Diseases in the EU and Turkey: An overview of the current status
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Since 2012, the European Union Reference Laboratory for Fish Diseases (EURL) has conducted
an annual survey to track the development and impact of fish diseases in aquaculture in the
Mediterranean region and, once collated, this data is presented in a report. A review of the last
three annual reports (EURL 2017, EURL 2016, EURL 2015) do not indicate any significant
changes in the health status of the seabream, seabass and meagre sector from year to year,
although no categorization of health status (e.g. “good” or “poor”) is indicated. A recent farm-
level survey of seabass and seabream farms across the Mediterranean region, inclusive of
Turkey, identified that the median survival percentage experienced during on-growing was 85%
for seabass and 80% for seabream, and that the median percentage of disease-related mortality
was 10% for both species (Cidad et al. 2018). These data, which were compiled by the Horizon
2020 MedAlID project, are shown in Figure 23.

STATISTICAL % Survival end of period % mortality by pathology % mortality by other causes
67 58 55 44 55 44

n

Mean 84.18 80.76 10.32 9.63 6.61 10.53
sD 10.11 7.66 9.20 6.19 5.42 7.08
Median* 85.00 80.00 10.00 10.00 5.00 10.00
Q3-Ql 15.00 4.50 13.00 S.74 5.00 11.52
Mode 80.00 80.00 15.00 10.00 5.00 5.00
Minimum 64.00 58.43 0.00 0.00 0.00 1.00
Maximum 100.00 99.00 36.00 18.00 24.62 27.21

*Median is the best parameter describing a mid-value of the data due to skewness

Figure 23: MedAID Deliverable 1.2 data showing the average survival (%) at the end of the on-
growing period, and mortalities (%) due to diseases and other causes (%), for seabass and
seabream. Note that ‘n’ is the number of cohorts put to sea. Data sourced from Horizon 2020
project MedAlID Fish Farm Survey, which analyzed data from 50 production units across the
Mediterranean region between 2015 and 2017 (Cidad et al. 2018)

Of note, communications with various European producers also indicate a similar average
survival percentage for seabass (+90%) (pers. comm. Philippe Sourd, DVM PhD, November
2019), (and 81%), seabream (82%) and meagre (80%) (pers. comm. John A. Theodorou, PhD.,
December 2019), whereas a recent FAO report notes an average survival of 98% for both
seabass and seabream in Turkey, post vaccination at 5-10g and 15-20g, respectively
(GLOBEFISH 2017). While vaccine research and development is an ongoing endeavor, a
recent paper on this topic notes that most commercial vaccines currently in use by the
sector protect stocks against a range of Gram-negative bacteria, including Streptococcus spp.,
Tenacibaculum maritimum, Listonella anguillarum, and Photobacterium damselae (Miccoli et al.
2019).

In addition to conducting the aforementioned annual survey of fish diseases across the
Mediterranean region, the EURL also host an open access database to promote the global

132



sharing of information concerning fish pathogens®’. In a recent EURL workshop, the consensus
of farmers across the entire Mediterranean sector was that the disease of most concern was
viral nervous necrosis (VNN), also known as viral encephalopathy and retinopathy (VER)
(Vendramin et al. 2016). In fact, for some time VNN has been considered to be the disease of
greatest concern impacting both aquaculture (GFCM 2018b) and wild fish stocks in the
Mediterranean and Aegean, and detection amongst wild populations is said to be steadily
increasing (pers. comm. Anna Toffan, DVM PhD, September 2019; MedAID 2018). It should be
noted, however, that the impact of VNN on aquaculture is evidently much less in some regions
than in others; while it is noted as an “important disease” in Cyprus and Greece (GFCM 2018b),
it is reportedly not an industry concern in Turkey and prevalence in France, Croatia and Spain is
also very low, the latter averaging losses of <0.5 - 1% (pers. comm. Philippe Sourd, DVM PhD,
November 2019). The second and third most problematic diseases identified in recent years
are parasitic and bacterial infections (Vendramin et al. 2016). The majority of viruses and
bacteria are transmitted horizontally (i.e. via contact with infected fish and virus-contaminated
water and/or feed) but vertical transmission (i.e. from broodstock to offspring via eggs or
sperm) also occurs (Arechavala-Lopez et al. 2017a, Arechavala-Lopez et al. 2013). Industry
mortality data for the different disease categories impacting farmed seabass and seabream are
shown in Figure 24.

Disease/Pathogen Percentage mortality range (minimum and maximum) and median (in brackets)

Growing Hatchery Pre-growing
Vibriosis 0.003 - 4 (0.8) 0.2-10(0.4) 0.2-5(1)
Tenacibaculosis 0.5-3(1) 2-14(4) 3-14
Photobacteriosis 2 0.8 55
VER-VNN 0.14-7.5(2) n/a n/a

Growing Hatchery Pre-growing
Sparicotylosis 0.1-30(1) n/a n/a
Winter Syndrome 1-2(1) n/a n/a
Vibriosis n/a n/a 1-2(1)

*n/a indicates no records or that data were insufficient to generate the estimate

Figure 24: MedAID Deliverable 1.2 data showing an overview of the producer-reported
mortality data for different disease categories, by species and production phase. Data sourced
from Horizon 2020 project MedAlID Fish Farm Survey, which analyzed data from 50 production
units across the Mediterranean region between 2015 and 2017 (Cidad et al. 2018)

Note that in Figure 24, the disease called ‘winter syndrome’ was evidently reported by
seabream farmers between January and March for the duration of the three-year long survey.
This ailment, which is a multifactorial condition of unknown aetiology, is not associated with
any specific pathogen. The term ‘winter syndrome’, or ‘winter disease’, has arisen due to the

97 http://www.fishpathogens.eu
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fact that this condition particularly impacts seabream during prolonged cold weather periods,
when temperatures drop below 13°C (Mateus et al 2017).

Viral diseases

Viral nervous necrosis (VNN), which was first described in the late 1980s, is an infectious
disease, which is endemic to many global regions, including Australia, Asia, Europe, North
America, Africa, and the South Pacific (Yanong 2016), although no disease outbreaks have been
reported in South America (Costa & Thompson 2016). It is documented to affect over 120
species worldwide (Costa & Thompson 2016), including both wild and farmed fish (Vendramin
et al. 2013a). VNN is a severe infection which attacks the central nervous system, particularly
the brain, spinal cord and retina (Buonocore et al. 2017). The causative agent of VNN is
Betanodavirus, which belongs to the family Nodaviridae and, to date, four discrete genotypes
have been identified (Costa & Thompson 2016, Vendramin et al. 2013b). The Aquatic Manual of
the World Organisation for Animal Health comments that the life cycle of betanodaviruses is
little understood, however, it is likely that this virus originally arose in the wild. Subsequently,
the transportation of infected farmed fish from one location to another has undoubtedly
facilitated the spread of this virus also (OIE 2018).

As yet, no recommended surveillance procedures or official requirements have been issued
concerning monitoring of stocks (pers. comm. Anna Toffan, DVM PhD, September 2019, OIE
2018). VNN is difficult to eradicate and is persistent throughout a broad host range and a wide
spectrum of environmental parameters (Buonocore et al. 2017). It is important to distinguish
between the prevalence of the nervous necrosis virus (NNV) and the breakout of the disease,
viral nervous necrosis (VNN), because only some species are susceptible whereas others are
asymptomatic carriers and are considered to be resistant (pers. comm. Ran Berzak, September
2018). Asymptomatic migratory species, therefore, also have the potential to transport this
disease over long distances (Cherif & Fatma 2017). NNV can survive for a long time in seawater,
capable of infecting susceptible organisms (OIE 2018). Infected marine invertebrates are also a
potential vector for the transmission of VNN (Volpe et al. 2017, Panzarin et al. 2012).

In the Mediterranean, one of the species which suffers most acutely from VNN is European
seabass (Buonocore et al. 2017, MedAID 2018); as with other susceptible species, seabass are
most vulnerable to this virus during larval and juvenile stages, although mortality also occurs in
adults (Panzarin et al. 2012). Disease episodes in juveniles can result in 100% mortalities and
individuals that survive are generally compromised thereafter in their performance (Costa &
Thompson 2016). In contrast to seabass, neither adult seabream nor meagre appear to be
susceptible to VNN (pers. comm. Anna Toffan, DVM PhD, September 2019). Until recently,
seabream was thought to be resistant to VNN and only an asymptomatic carrier of NNV
(Chaves-Pozo et al. 2012, Castric et al. 2011), however, Toffan et al. (2017) report that:
“Unexpectedly, in the last two years an increasing number of marine hatcheries and nurseries in
the Mediterranean Sea have experienced severe disease outbreaks and high mortality in sea
bream larvae, postlarvae and juveniles caused by betanodavirus infection.” While it is known
that meagre can be an asymptomatic carrier of two of the nodavirus genotypes, it is apparently
not affected by this disease and, thus far, no viral pathogens have been documented to
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negatively impact meagre (Soares et al. 2018). One PCR-based analysis that tested apparently
healthy wild meagre caught off the Iberian Peninsula’s Atlantic coast, found that over 90% of
the fish sampled tested positive for NNV (Lopez-Jimena et al. 2010).

There is little information available regarding the bidirectional flow of viral transmissions
between wild and farmed fish; however, one project in Italy identified a high degree of genomic
similarity in the viruses detected in both wild and farmed populations inhabiting the study area
(Vendramin et al. 2013a). As a consequence of these findings, researchers determined that
there was a high likelihood that viruses, including betanodaviruses, were freely and continually
circulating between wild and farmed species but, since the viral history of wild fish in the region
was unknown, further research would be required in order to determine the risks presented by
this circulatory transfer of viruses (Vendramin et al. 2013a). Other studies, in other parts of the
geographic scope under consideration in this report, also echo similar conclusions, suggesting
that there is an on-going and widespread transmission of NNV between farmed and wild
populations of fish and that the direction of flow, while challenging to determine, is likely
circulatory (Moreno et al. 2014, Panzarin et al. 2012).

Similarly, a recent study in the eastern Mediterranean conducted PCR analysis on wild fish and
crustaceans landed at port and sold at local markets: the results revealed an overall prevalence
of NNV in 21.49% of the animals tested. Subsequently, the research team conducted an assay
on seabream from a newly established offshore farm in the vicinity; this farm only stocked
seabream and was also the only aquaculture facility in the region, located far from any other
mariculture facilities. Seabream tested prior to stocking, and also seven days post-stocking, all
returned negative results, however, 20% of fish analyzed at 120 days post-stocking tested
positive for NNV, strongly suggesting that the virus had been introduced to the farm from wild
fish. The phylogenetic similarity of the virus detected in both the wild and farmed fish was also
ascertained (Berzak et al. 2019). While the flow of pathogens in marine environments is
evidently challenging to study, and research into this topic is ongoing, one of the authors of this
study commented that these results indicate that spontaneous transmission from wild to farm
fish is taking place, and this dynamic is, in turn, affected by the fish species, the fish immune
status and the environmental conditions (pers. comm. Dr. Danny Morick, September 2019). The
first author further commented that the research team was very surprised to find such a high
prevalence of NNV in wild fish species, thus it is difficult to clarify whether aquaculture is the
source of this virus or if it causes NNV to be amplified above background levels (pers. comm.
Ran Berzak, September 2019). A similar study detected nearly 18% prevalence of VNN in wild
fish in southern Italy, including grouper, a species that is highly susceptible to this virus
(Vendramin et al. 20134, pers. comm. Anna Toffan, DVM PhD, September 2019). However,
once the virus is inside a farm, the magnitude of viral replication has the potential to increase
exponentially and in such cases the farming system can be considered to be an amplifier of the
problem (pers. comm. Anna Toffan, DVM PhD, September 2019).
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In 2012, a large collaborative project named TargetFish®® was launched; funded by the
European Commission under the 7th Framework Programme (FP7) and coordinated by
Wageningen University, the five-year project aimed to prevent the spread of bacterial and viral
diseases by developing new aquaculture vaccines and improving existing ones (EU 2015).
Numerous immunization studies have taken place in recent years (OIE 2018, Buonocore 2017)
which have led to the recent licensing and introduction of two NNV inactivated vaccines in the
EU; over 80% of Greek marine fish farm stocks are now reportedly vaccinated against NNV and
the use of these vaccines is also increasing in Spain and Italy (pers. comm. Anna Toffan, DVM
PhD, November 2019). The TargetFish project concluded in 2017, but work on vaccine
development for VNN continues under the MedAID®° (Mediterranean Aquaculture Integrated
Development) project, including trials using third generation vaccines, such as DNA vaccines
and recombinant protein vaccines (Barsge 2018). Recent experiments with selective breeding
have also shown potential in improving resistance to VNN in seabass, which primarily suffer
from the disease during larval and juvenile stages, although it also manifests in adults
(Palaiokostas et al. 2018).

Parasites

A large number of ectoparasites and endoparasites have been documented to affect both wild
and farmed seabass and seabream (PerformFISH 2019), however the gill fluke, Sparicotyle
chrysophrii, is by far the primary parasitic disease constraint impacting the Mediterranean
seabream sector (Rigos et al. 2016). Seabream is also affected by enteromyxosis, an enteric
disease caused by the microscopic endoparasite, Enteromyxum leei - a species belonging to the
Myxozoa group of parasites. Enteromyxosis infects the digestive tract and consequentially
arrests growth. Parasite infestation often leads to the development of secondary bacterial
infections and is also associated with high mortality and stunted growth (Arechavala-Lopez et
al. 2017a, Arechavala-Lopez et al. 2013). Meagre is also impacted by Enteromyxosis, plus other
parasites in the genera Monogenea, Nematoda, and Dinoflagellate, though mortality is
reportedly limited (Soares et al. 2018). The PerformFISH project recently identified,
Lernanthropus kroyeri and Ceratothoa oestroides as the two main parasites impacting the
farmed seabass sector at present (PerformFISH 2019).

A great deal of EU-funded research is underway, which aims to increase current understanding
of the parasitic diseases impacting the seabass and seabream sector and to develop effective
control strategies to combat these. Although experimental trials are underway with multiple
substances, including natural compounds such as oregano essential oil and the use of cleaner
fish (mainly labrids), there is evidently a very limited number of antiparasitic treatments
currently approved for use by seabass, seabream and meagre farmers in the EU. Formalin baths
are the only legally permissible antiparasitic agent available to fish farmers in many
jurisdictions, including Greece and Spain, thus this control strategy has been the one most
widely employed by industry in the treatment of ectoparasites for many years. Reportedly,
however, there is a high possibility that this compound will be banned for use in food-fish in

9 http://targetfish.eu
9 http://www.medaid-h2020.eu

136



future. Hydrogen peroxide, which is commonly used as a disinfectant in aquaculture, is also
used to combat ectoparasites (PerformFISH 2019).

A European consortium, called ParaFishControl®, which is funded by the European Union’s
Horizon 2020 research and innovation programme, aims to improve the understanding of fish-
parasite interactions and develop solutions and tools for more effective parasite control in
major European aquaculture species. Included in this initiative is the development of anti-
parasitic vaccines, but this evidently presents an array of challenges, particularly due to the
complicated lifecycle of parasites. Despite on-going developmental efforts, anti-parasitic
vaccines are not yet available commercially anywhere in the world (AquacultureDirectory
2018). One of the Work Packages (WP) included in this project focuses specifically on ‘Wild
farmed fish parasite transfer’ and another specifically investigates treatments for parasitic
infestation in seabream, thus research into Sparicotyle chrysophrii and Enteromyxosis are both
included within the scope of the ParaFishControl initiative. This project concludes in March
2020, and data from this initiative will be published at this time. Encouraging results have been
obtained with a range of functional feed additives trialed to combat Enteromyxosis (Palenzuela
et al. 2017) and dietary supplements of these are now commercially available (pers. comm.
Oswaldo Palenzuela, September 2019).

As is the case with viruses, parasite dynamics between wild and farmed fish are poorly
understood and challenging to study; however, one investigation recently utilized DNA isolation
and polymerase chain reaction (PCR) to investigate such interactions between the monogenean
parasite, Furnestinia echeneis, and cultured and wild seabream. Researchers concluded that
transmission at the farm site was likely occurring and suggested a high potential of transfer
from wild populations to farms, though did not comment on transmission from farmed to wild
beyond observing “free gene flow” between parasites in farmed and wild fish. (Mladineo et al.
2013).

Bacterial diseases

Globally, bacterial diseases present a significant constraint to the aquaculture industry. The
most significant bacterial pathogens impacting the sector under consideration are Vibriosis and
Photobacteriosis (formerly Pasteurellosis), which are caused by the gram-negative bacteria
Vibrio anguillarum and Photobacterium damselae subsp. Piscicida, respectively. These
pathogens, which are endemic throughout the region, impact both farmed and wild fish,
although seabass is evidently more severely affected than seabream (Spinos et al. 2017) or
meagre (Soares et al. 2018). In recent years, vaccines have become a standard part of
husbandry protocol for seabass and seabream farms in the EU and Turkey to mitigate against
bacterial pathogens, though antibiotic use still occurs, as noted in Criterion 4 — Chemicals (FFE
2018).

Commercially available bivalent vaccines, which attenuate both Vibrio anguillarum
and Photobacterium damselae subsp. Piscicida, are reportedly used routinely by the seabass

100 http://www.parafishcontrol.eu
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and seabream industry to protect stocks (PerformFISH 2019), and these are administered at
two distinct lifecycle stages: the first is an immersive vaccine treatment, which takes place
when fish are 1-2g, whereas the second is administered when fish are graded at around 15-25g,
prior to being stocked in net pens. This latter vaccination is administered via intraperitoneal
injection, when fish are large enough to be handled in this way (Spinos et al. 2017). In the field,
these vaccines are reportedly more effective against Vibriosis than they are against
Photobacteriosis, although a year-long study in Greece, which sought to determine the efficacy
of such commercially available bivalent vaccines by running trials with two different commercial
formulations, found that significant protection (i.e. an average, cumulative mortality rate of 6%)
was afforded against both pathogens by these products (Spinos et al. 2017). The efficacy of
bivalent vaccines for these pathogens was similarly demonstrated in another trial, which
additionally documented greater survival using a commercial vaccine that contained a non-
mineral oil adjuvant, as opposed to one in an aqueous solution: 100% survival versus 92% was
documented 49 days post vaccination, after fish were exposed to medium bacterial pressure —
versus the control group, which experienced 45% mortality (Bakopoulos et al. 2015).

Vibrio harveyi has also recently been recognized as an emerging disease issue for seabass.
While potential V. harveyi vaccines are now being explored, this vibrio species is not typically
the primary target of vaccines used by the sector, which instead are currently designed to
specifically target the main pathogens of concern, i.e. Vibrio anguillarum and Photobacterium
damselae subsp. Piscicida (pers. comm. Joana Firmino, September 2019). Recent laboratory-
controlled trials have demonstrated that fish that have been vaccinated against Vibrio
anguillarum and Photobacterium damselae subsp. Piscicidae, which physically appear to be in
good health, can still present with significant internal symptoms of V. harveyi

infection (Firminoa et al. 2019). Vaccines are recognized as one of the most efficient forms of
disease prevention, thus a wider range of commercial broad-spectrum vaccines for the seabass,
seabream and meagre sector are likely to become available in future (pers. comm. Joana
Firmino, September 2019). Mycobacteria infection and tenacibaculosis are other bacterial
diseases currently of concern to the seabass and seabream sectors (PerformFISH 2019, Cidad et
al. 2018, GFCM 2018b, Vendramin et al. 2016).

Meagre are also affected by Vibriosis as well as Photobacteriosis, but due to the limited
production volumes of this species, bespoke vaccines for meagre have reportedly not yet been
developed (Soares et al. 2018). Since meagre is a relative newcomer to aquaculture, an
understanding of its disease vulnerabilities is only just emerging. Significant meagre mortalities,
brought about by mycobacterial infections, were discussed in a Turkish study, by Timur et al.
(2015), which noted that seabream in adjacent cages were apparently unaffected — however, to
date, this appears to have been the only reported case of mycobacteriosis in meagre (Soares et
al. 2018). Currently, systemic granulomatous disease (SGD) is the main overall constraint to the
development of meagre culture (pers. comm. Ahmed Elkesh, PhD., September 2018). Nocardia
spp. was initially thought to be the aetiological agent of SGD but ongoing research has revealed
that the aetiology of this condition is more complex than was first thought and it likely involves
a number of factors which are not yet fully understood (IOA 2018). In Spain, where, 100% of
meagre stocks are affected with SGD, nutritional parameters have been identified as a
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contributing factor (Soares et al. 2018), which suggests that formulated diets may need some
fine tuning in order to fulfil the nutritional requirements of this species. In general, data
concerning diseases of meagre are sparse, and this is perhaps unsurprising since aquaculture
knowledge of this species is in its infancy. Various literature sources that discuss the pathology
of meagre generally concur that this species is fairly disease-resistant (Kruzi¢ et al. 2016, The
Fish Site 2009, FAO 2005-2018b), although this may also be accounted for by its short tenure as
an aquaculture species.

Requirements for disease reporting in the EU and Turkey

At present, disease reporting is not a routine regulatory requirement in any of the countries
where seabass, seabream or meagre are farmed in the Mediterranean basin, including the EU
and Turkey. Also of note, pathogens relevant to the species under consideration are not listed
as notifiable by OIE'®? (Cidad et al. 2018). In the EU, the lack of specific legal provisions in this
regard is evidently because these species are not identified as being susceptible to any of the
listed diseases contained in Part Il of Annex IV of Council Directive 2006/88/EC102, 103 (pers.
comm. Anna Toffan, DVM PhD, November 2019). This Directive, the full name of which is
‘Council Directive 2006/88/EC on animal health requirements for aquaculture animals and
products thereof, and on the prevention and control of certain diseases in aquatic animals’ is
the overarching instrument that governs general disease control measures for aquaculture in
the EU - although it should be noted that some governance differences are evident at the
regional level, such as with importation/exportation and quarantine regulations (Arechavala-
Lopez et al. 2013). Similarly, in Turkey no diseases relevant to the species under consideration
are notifiable by law, as per ‘Circular No. 2007/32 on listed diseases to be registered according
to Article 4 of the Animal Health and Sanitation Law’1%%,

EU legislation does stipulate, however, that the aquaculture sector and relevant authorities
must report upon significant mortality events, as defined in the aforementioned Council
Directive 2006/88/EC, specifically in chapter five, which is entitled ‘Notification and minimum
measures for control of diseases of aquatic animals’*%. Additionally, the EU encourages
member states to design and implement their own “ad hoc” measures for specific diseases
considered relevant for national aquaculture (pers. comm. Anna Toffan, DVM PhD, November
2019). Likewise, in Turkey ‘Regulation No. 28190 of 2012 on Aquatic Animal Health and the
Protection and Fight Against Aquatic Animal Diseases’'°® demands that significant mortality
events should be reported to the relevant competent authority; interestingly, the first part of
this Turkish act notes that this Regulation has been based on two pieces of EU legislation,
namely: Council Directive 2006/88/EC and 2008/946/EC.

101 https://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2019/

102 part 1l of Annex IV to Directive 2006/88/EC as amended by Commission Directive 2008/53/EC

103 https://www.eurl-fish-crustacean.eu/news/nyhed?id=C6CCEFB0-90F0-4FEF-9B1F-57EB89D3645F

104 https://www.ecolex.org/details/legislation/circular-no-200732-on-listed-diseases-to-be-registered-according-
to-article-4-of-animal-health-and-sanitation-law-lex-faoc109356/?

105 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006L0088&from=EN

106 https://www.ecolex.org/details/legislation/regulation-on-aquatic-animal-health-and-protection-and-fight-
against-aquatic-animal-diseases-lex-faoc109390/?g=aquaculture+disease+turkey
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Overview of diseases dynamics and interactions between farmed and wild fish

Pathogens can evolve rapidly as they adapt to environmental change, thus the disease
challenges faced by marine species, both wild and farmed, change over time. Soares et al.
(2018) comment that, while “old pathogens” — such as viral encephalitis and lymphocystis, and
bacterial diseases such as pasteurellosis and vibrio, or parasitic ailments such as Amyloodinium
ocellatum - are still evident, new diseases continue to emerge.

A report on ‘Pathology and Diseases of Marine Organisms’, produced by the International
Council for the Exploration of the Sea (ICES), notes that both policy makers and farmers have
greatly increased their awareness of the potential for pathogens to be transmitted between
wild and farmed stocks in recent years. This has resulted in greater efforts toward monitoring
the health of farmed fish and understanding the disease issues they face, such that
management measures to mitigate against the spread of disease are now a routine part of
husbandry practices. This report also comments that, since a similar level of scrutiny and
research has not been applied to wild stocks, an imbalance in research and monitoring can
sometimes give rise to the mistaken perception that farmed stocks are disease-prone and that
wild stocks are more “pristine” in comparison. (ICES 2012).

However, as noted above, disease reporting is not a routine regulatory requirement in either
the EU or Turkey and specific monitoring requirements are not well-defined by regulatory
bodies across the region. This situation means that it is challenging to ascertain the extent to
which disease-limiting biosecurity management measures are implemented across the sector,
such as the use of certified disease-free fry and the disinfection of equipment, etc. It is
interesting to note, in this regard, that the ongoing EU-funded MedAlID project incorporates a
biosecurity survey of Mediterranean marine fish farms in WP4 Task 4.1. The goal of this
endeavor is to evaluate the risks that pathogens present to the sector and to determine the
mitigating management measures employed by farms. Once concluded, this risk analysis is
intended to facilitate the provision of regional recommendations based on these findings (pers.
comm. Anna Toffan, DVM PhD, November 2019, Cidad et al. 2018). This may also help facilitate
greater public-facing transparency with regards to the industry’s application of biosecurity best
management practices, which at present is challenging to determine or quantify — even though
many farms may indeed have such measures in place. Of note, personal communications with
Greece’s Hellenic Aquaculture Producers Organization!®” (HAPO), which represents 90% of the
Greek aquaculture industry, confirms that best management practices, such as year-class
separation, species rotation, and site fallowing are routinely implemented by the sector (pers.
comm. John A. Theodorou, PhD, December 2019), despite there being no official requirement
for such measures to be documented and reported upon.

Conclusions and final score: EU & Turkey

To conclude, while there is relatively sparse documentation of disease transmission occurring
between wild and farmed fish within the EU and Turkey, it appears likely that a dynamic and
perpetual circulation of pathogens and parasites is ongoing, since net pen systems are open to

107 https://fishfromgreece.com/about/
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their surroundings and consistently exchanging water with the surrounding environment. A
review of literature on the sector indicates that both policy makers and farmers have greatly
increased their awareness of disease issues in recent years, although it is hard to quantify the
degree to which biosecurity measures (e.g. disinfection of equipment, use of certified disease-
free fry, etc.) intended to stem the transmission of disease are implemented. Vaccination,
which is recognized as one of the most efficient forms of disease prevention, is now a routine
procedure on the majority of farms; this has undoubtedly done much to mitigate the spread of
pathogens. However, although significant mortality events are notifiable by law in either
jurisdiction, it does not appear that routine monitoring and reporting of disease incidence
and/or mortality is legally required by any regulatory body. Recent survey data indicates that
the average disease-related mortality rate for seabass and seabream farmed in the EU and
Turkey is around 10% of the total fish stocked post hatchery; the total mortality rate is 15 —
20%, indicating that 50% of mortalities are attributable to disease. It is clear that some disease-
related mortalities occur on farms, and though there are a number of biosecurity protocols in
place, their implementation varies. Given the openness of net pens, the production system is
open to the introduction and discharge of pathogens and parasites. This results in a moderate
score of 4 out of 10 for Criterion 7: Disease - EU & Turkey.

Disease: Risk-based assessment - Egypt
As disease data quality and availability is moderate (i.e. Criterion 1 scored 5 out of 10 for the
disease category), the Seafood Watch Risk-based Assessment was utilized to review the sector

in Egypt.

The European Union Reference Laboratory for Fish Diseases (EURL), which conducts an annual
survey to track the development and impact of fish diseases on mariculture in the
Mediterranean region, includes the southern Mediterranean region, incorporating Egypt, within
its scope. As with all other areas covered in the survey, VNN was identified as the number one
problem experienced in the southern Mediterranean. Parasites were identified as the second
and third most pressing disease issues and the fourth and fifth pathogens of most concern to
the region were bacterial infections. The survey included the following remarks concerning
each of the most prevalent diseases in the region (Vendramin et al. 2016):

1. VER/VNN is the disease considered to have the highest impact on production and
economy in the southern Mediterranean, including Tunisia and Israel. Therefore the
production shifted towards production of sea bream, which is less susceptible to VNN
than seabass.

2. Gill flukes represent a major sanitary issue in the whole northern African production
region including Tunisia, Morocco and Algeria.

3. Enteromyxosis in bream is considered to be the third most important problem due to the
reduction of growth in affected fish in northern African countries.

4. Photobacteriosis still remains a major problem in the whole area, both bass and bream
are dffected, and the efficacy of the vaccine does not last for a long period. *
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5. Mycobacteria infection is quite important due to its impact in closed recirculating
facilities, based on the zoonotic features of this pathogen and on the difficulty in treating
the infection properly.

*In light of this statement, it is relevant to note that researchers have recently
documented improvements in this efficacy of these vaccines, as is explored in more
detail above, in the EU section of this Criterion above (Spinos et al. 2017, Bakapoulos et
al. 2015).

It should be noted, however, that while the above incorporates data from the geographical
range that includes the Mediterranean coast of Egypt, it does not only pertain to Egypt.
Contemporary data on disease impacts in Egyptian aquaculture are sparse and only a few
studies on this topic were identified. Of note, a large-scale, EU-funded survey conducted by the
African Union — Inter-African Bureau for Animal Resources (AUIBAR) in 2016, which aimed to
“Elucidate the range and prevalence of aquatic animal diseases in North Africa” does not list
VNN as a disease of concern in Egypt. In fact, the only disease of relevance to this assessment
that is highlighted in the AUIBAR survey is a report from one seabream farm where mortalities
of 30% were experienced due to the parasitic gill fluke, Sparicotyle chrysophrii. However,
authors of the AUIBAR survey also report that it proved challenging to obtain satisfactory
guestionnaire responses from the Egyptian sector, with only one respondent providing relevant
epidemiology details (AU-IBAR 2016).

[ ————————————————————————————— —————————— |

Types of parasites - Sea bess = Sea bream
Winter Summer Winter Summer
Isopoda spp. _ 30 _ 92
Dactylogyrus spp. 38 . 43 L
Gyrodactylus spp. . 69 - 87
Cryptocaryon irritans 10 . 24 .
Trichodina spp. _ 32 _ 26
Chilodonella spp. 12 . 23 L
Ichthyobod-necatrix _ 29 _ 24
Total 60 160 90 224

Figure 25: The prevalence and seasonality of parasites isolated in seabass and seabream
cultured in Maryut lake valley region in Borg El-Arab, Alexandria Governorate, Egypt (Khalil et
al. 2014) (note that these are not prevalence percentages but the number of infected fish
identified with each parasite)

One study was located that sought to isolate and identify the different parasites impacting
production of seabass and seabream in Alexandria Governorate (Khalil et al. 2014). As can be
seen in Figure 25, there is a seasonality to parasitic infestation pressure. Seabream was noted
to be more heavily infested with parasites than seabass, particularly during summer.
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In neighboring Damietta Governorate, another recent study investigating parasitic infestation
of cultured seabass and seabream in Egypt identified Dactylogyrus sp., Gyrodactylus sp. and
Cryptocaryon irritans as the most prevalent species infecting fish. During the summer months of
the study period, Dactylogyrus sp. was found to affect 70% of seabass and 87% of seabream,
whereas in the winter, C. irritans was detected in 57 % of seabass and 97% of seabream (Khalil
et al. 2018).

Also in Damietta Governorate, a year-long study on parasitic infestation of cultured seabream
was conducted. As can be noted in Figure 26, an average of 32% of the fish sampled during the
study period presented with some degree of infestation, and parasite loading was observed to
be heaviest during the summer months. Interestingly, the authors note that “With the
exception of Encotyllabe spari, the detected parasites are new records for the monogenean
fauna of Egypt (new geographical record) and also Sea bream (Sparus aurata) is a new host
record for the monogenean Choriocotyle chrysophri,” (Mahmoud et al. 2014).

No. of infested fish with

No of fish

Season Encotyllabe Furnestinia Sparicotyle Choriocotyle

Examined lnfﬁitfd spari echeneis chrysophrii| chrysophrii
Winter 100 19 4 10 5 2
Spring 100 33 9 16 8 4
Summer 100 48 20 34 13 1
Autumn 100 28 9 15 7 5
Total

(%) 400 128 (32) 42 (10.50) 75(18.75) 33(8.25) 22.0(5.5)

Figure 15: Prevalence and seasonal dynamics of the detected monogenean species in cultured
seabream (Sparus aurata) from Ezbet Elborg, Damietta Province, Egypt (Mahmoud et al. 2014)

In response to high levels of mortalities reported by farmers culturing seabass, Moustafa et al.
(2014) conducted a number of bacteriological and histopathological studies to determine the
cause. The results of these studies are shown in Figure 27. The authors concluded that bacterial
infections were linked with poor water quality (Moustafa et al., 2014). The effect of fluctuating
water quality on immune-suppression is also highlighted by other researchers (Abdel-Aziz et al.
2013).
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Bacterial strains Winter outbreak Summer outbreak Total
No. of Seasonal No.of | Seasonal | No. of Total
isolates incidence isolates | incidence | isolates | incidence
V. alginolyticus 8 129 12 19.35 20 32.25
V. vulnificus 0 0 7 11.29 7 11.29
P. fluorescens 13 20.96 2 3.22 15 24.19
T. maritimum 3 4.83 8 12.9 11 17.74
S. agalactiae 0 0 9 14.51 9 1451
The total number of 24 38.7 38 61.29 62 100
isolates

Figure 16: Incidences of bacterial infection in cultured seabass growing in floating net-cages and
earthen ponds in Northern Egypt during 2012 (Moustafa et al. 2014)

Another study was identified which examined the relationship between bacterial infection and
the presence of heavy metals in cultured meagre in the Alexandria Governorate. The study
tested for 22 different bacterial pathogens in cultured meagre; the most prevalent was V.
alginolyticus (10% prevalence) followed by Tenacibaculum maritimum and V. ordalii (both 8%
prevalence). A similar study, which assessed bacterial infections of cultured seabass and
seabream in the same area, found that Vibriosis, followed by Pseudomoniasis, then
Tenacibaculosis were the most prevalent bacterial diseases affecting these species (Saad &
Atallah 2014). It is interesting to note that one study which focused on wild marine fish in Egypt
also concluded that bacterial pathogens are the most significant agent affecting wild fish
(Moustafa et al. 2010).

Secondary fungal infections have also been reported in farmed seabream, seabass and meagre
and remedied by increasing the salinity of the culture water (El-Atta 2013). In Alexandria
Governorate, Abdel-Latif et al. (2015) conducted a year-long study investigating mycotic
infections in seabream and identified that the most prevalent fungi species were Aspergillus,
Cladosporium, and Fusarium and that the presence of these were elevated by heavy metals and
poor water quality.

It is notable that despite the evidently significant impact of VNN on European mariculture, no
discussion of this virus was noted in literature pertaining to the Egyptian sector. A report
prepared by WorldFish, entitled ‘A Review of Fish Diseases in the Egyptian Aquaculture Sector’,
comments that “There is currently little information about viruses infecting fish populations in
Egypt,” (Aly 2013). No specific references to marine species are made in this report, which is
perhaps unsurprising given the dominance of tilapia production in the country. However, VNN
impacts both saltwater and freshwater species (OIE 2018), so it is interesting to note the
absence of this virus amongst the numerous infectious and non-infectious diseases that are
listed — particularly due to the severity of this disease in other parts of the Mediterranean.
Another report, which provides a developmental overview of the Egyptian aquaculture value
chain notes that: “Egypt does not have a system for coherent animal health control systems for
the aquaculture sector thereby exposing the sector to potential disease risks,” (Mur 2014),
which indicates that there is a lack of capacity in this area of aquaculture management. This
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view is shared by Aly (2013), who comments on the sector’s “Lack of legislation and poor public
service veterinary services”. Likewise, an overview of the sector prepared by FAO notes that:
“Regulatory provisions for quality, biosecurity, traceability and safety of farms and farmed fish
products and fish feed inputs and veterinary medicines are weak or inactive,” (FAO 2017b).

In conclusion, while there is not a great deal of literature detailing diseases impacting
mariculture in Egypt, it is evident that numerous bacterial and parasitic diseases do hamper the
sector and that these result in mortalities. Data on viruses is notably absent. No studies were
identified that address the potential of on-farm diseases to become amplified and
retransmitted to local wild species sharing the same water body. In situations where there is a
known pathogen/parasite transfer risk - as there clearly is in Egypt’s open, flow through pond
systems - and fish health and biosecurity regulations or management measures do not exist, or
are in place but implementation and enforcement is unknown, the Seafood Watch Standard
considers the pathogen and parasite interaction risk to be moderate-high. As such, the score for
Criterion 7: Disease — Egypt is 2 out of 10.

Conclusions and final score: Egypt

There is not a great deal of literature detailing diseases impacting mariculture in Egypt, yet it is
evident that numerous bacterial and parasitic diseases hamper the sector and cause mortalities
in these flow through pond systems, which are open to the environment. Data on viruses is
notably absent and no studies were identified that address the potential of on-farm diseases to
become amplified and retransmitted to local wild species sharing the same water body. In light
of a deficiency of data to robustly inform this Criterion, and because disease control systems,
regulations, and management measures largely do not exist - and where they do, their
implementation and enforcement is unknown and/or ineffective - the potential ecological risk
of the sector is assessed to be moderately high which results in a score of 2 out of 10 for
Criterion 7: Disease — Egypt.
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Criterion 8X: Source of Stock — independence from wild
fisheries

Impact, unit of sustainability and principle

= Impact: the removal of fish from wild populations for on-growing to harvest size in farms

= Sustainability unit: wild fish populations

= Principle: using eggs, larvae, or juvenile fish produced from farm-raised broodstocks
thereby avoiding the need for wild capture.

This is an “exceptional” criterion that may not apply in many circumstances. It generates a

negative score that is deducted from the overall final score. A score of zero means there is no

impact.

Criterion 8X Summary: EU & Turkey

C8 Independence from unsustainable wild fisheries (0-10) 0
Critical? NO

Criterion 8X Summary: Egypt

C8 Independence from unsustainable wild fisheries (0-10) -8
Critical? NO

Brief Summary

As with many of the criteria considered in this report, there is a significant difference between
the source of juveniles stocked by farmers in Egypt compared to those used in the EU and
Turkey. For this reason, these sectors have been assessed independently for this Criterion.
Traditionally, seabass, seabream and meagre were captured from the wild and subsequently
grown out in captivity throughout their natural range. On-growing typically took place in
managed lagoons and coastal ponds; initially, these water bodies were stocked by naturally
migrating fry and later on they were stocked through the efforts of targeted wild-capture. In
Europe, a decline in the abundance of wild juveniles was observed in the 1960s and subsequent
legislation, plus investment in research and hatcheries, brought about an almost complete
cessation of wild fry use by farmers. Nowadays, hatcheries in the EU and Turkey produce ample
fingerlings for the sector and this is primarily accomplished using domesticated broodstock. A
similar downward trend in the abundance of wild marine fry has recently been observed in
Egypt but, as yet, only limited quantities of hatchery-reared juveniles are available, and the
industry is heavily reliant on wild-sourced fingerlings. These divergent sources of stock result in
profoundly contrasting scores for either region: the final numerical score for Criterion 8X:
Source of Stock — EU & Turkey is a deduction of 0 out of -10, which indicates that there is no
environmental impact, whereas Egypt, due to its dependence on wild fry (>80% reliance on
wild-stocks), has a deduction of -8 out of -10 for Criterion 8X: Source of Stock - Egypt.
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Justification of Rating

An Historical Perspective

Traditionally, both seabass and seabream were trapped in brackish ponds, salt marshes and
coastal lagoons across their native range and on-grown, feeding on naturally occurring biota,
until they were harvested. In Egypt, such systems are known as ‘hoshd’, in Spain they are called
‘esteros’, and in northern Italy the method is termed ‘valliculture’. This method of culture was
practiced until the 1960s, when declines in abundance of wild juveniles and increasing wild-
collection efforts prompted a number of local authorities to pass legislation limiting or banning
wild collection; as a result, researchers began exploring domestication of these species.

Nowadays, a few traditional farms still exist, raising seabass in coastal ponds and lagoons, and
some of these extensive aquaculture systems continue to use wild-caught fry, although the
guantities are small (pers. comm. Donatella Crosetti, PhD., October 2019). Modern, intensive
cage farms in the EU and Turkey, however, are 100% reliant on hatchery raised fry (Seafish
2019, EC 2018b, Seafish 2015).

Modern hatchery production in the EU and Turkey

Modern hatchery production of seabass and seabream in the EU and Turkey has minimal
reliance on wild broodstock: the European Commission note that “The reproduction of seabass
is controlled from start to finish in hatcheries, using broodstock selected in fish farms,” (EC
2018b) and for seabream, “Healthy broodstock used to be selected in their natural setting.
Nowadays, seabream eggs are most often obtained from fish reared in fish farms,” (EC 2018c).
Although the majority of seabream broodstock are from domesticated stocks, Crosetti et al.
(2014) comment that wild broodstock are sometimes included along with F1’s in breeding
programs, however, these additions are infrequent and are estimated to constitute <10% of the
total (pers. comm. Donatella Crosetti, PhD., April 2019; pers. comm. John A. Theodorou, PhD.,
April 2019). Male seabream broodstock present a particular challenge to hatcheries: since
seabream is a protandrous hermaphrodite, individuals are male until they are around 30cm
long (about two years old) after which they turn into females, thus hatcheries must replenish
male broodstock of this species according to this bisexual cycle (Sola et al. 2006). Hatchery
production of meagre is still a fairly recent development, however good reproductive success
has evidently also been achieved with F1 meagre broodstock (Soares et al. 2015). With regards
to the industry’s occasional use of wild broodstock, the IUCN Red List of Threatened Species
lists the status of European seabass, gilthead seabream and meagre as being of ‘Least Concern’
(Freyhof & Kottelat 2008, Russell et al. 2014, Pollard et al. 2015).

In conclusion, it is evident that the EU and Turkish sector can maintain the reproductive cycle of
target species within a hatchery setting by using domesticated broodstock and with minimal
wild inputs. As a result, the final score for Criterion 8X — Source of Stock for EU and Turkey is O
out of -10.

147



Source of stock: Egypt

While modern-day commercial production of seabass, seabream and meagre in the EU and
Turkey is reliant on hatchery-raised juveniles, production of these species in Egypt is still
primarily dependent on wild-caught fry (AU-IBAR 2016).

Egyptian hatcheries predominantly produce freshwater species such as tilapia, catfish and carp
(Soliman 2017). Marine hatcheries are few in number and, due to their technological
constraints, the production of seabream and seabass is minimal at present (Soliman 2017b). As
shown in Figure 28, marine hatchery production comprised just 2% of total Egyptian hatchery
production in 2014, which amounted to 13.1 million juveniles; this quantity was primarily
comprised of mullet, seabream and seabass (note that mullet is by far the main marine species
produced — accounting for almost three-quarters of aggregated marine tonnage (FAO 2017a).
To put this in context, in the same year, 72 million marine fry were collected from the wild (FAO
2017b). No mention of domestic hatchery production of meagre in Egypt was identified in
literature.

Marine fish, __
13.1.2%

Tilapia,
333.5.60%

Figure 28: Hatchery-produced juveniles (in millions) in the Arab Republic of Egypt in 2014 — data
from GAFRD (FAO 2017b)

A recent FAO (2017b) regional review of aquaculture in the Near East and North Africa (NENA)
notes that the collection of wild marine fry for aquaculture is a common occurrence in this
region and that the practice is particularly prevalent in Egypt; the main species impacted by
these activities are mullet, seabream, seabass, eel and meagre. The report notes that
continuation of this activity will likely lead to major declines in the abundance of these species
in the wild. Decision No. 592/2012 regulates the wild collection of juvenile marine fish for the
purpose of stocking aquaculture facilities (FAO 2017b) and Law No. 124/1983 specifies that wild
collection of fry is illegal unless permitted by GAFRD. GAFRD permits are issued on the
condition that the fry must only be sold to GAFRD. This practice, however, has reportedly
resulted in an unregulated black-market supply chain of wild-caught juveniles, with
undocumented quantities being collected (Cataudella et al. 2015, Rothuis et al. 2013). This
situation means that it is challenging to determine what percentage of fry is hatchery-raised
versus wild-caught. The following summarizes the data that is available and extrapolates a best
estimate of the source of juveniles for the three species under consideration.
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According to statistics from GAFRD, the combined output of private and government hatcheries
in 2012 was 2.25 million seabass and 1.796 million seabream (a combined total of just over 4
million), as is shown in Figure 29 (Hebisha & Fathi 2014).

Specl Governmental hatcheries Private hatcheries

ecie

pecies 2008 2009 2010 2011 2012 2008 2009 2010 2011 2012
Sea bream 0.25 0.25 0.25 0.25 0.25 2.00 0.49 2.00 2.00 2.000
Seabass 0.26 0.25 0.26 0.196 1.60 3.16 1.60 1.60 1.600

Figure 29: Quantities of European seabass and gilthead seabream produced by government and
private hatcheries (in millions) between 2008—-2012 — data and figure reproduced from GAFRD
(Hebisha & Fathi 2014)

As noted above, hatchery production of meagre was not identified in any statistics concerning
Egyptian hatchery production, though a survey on meagre farming in the western region of Port
Said noted that 100% of stocked fry were wild-sourced (Abdelhamid et al. 2013). Meagre
production is also absent in GAFRD’s most recent Fish Statistics Year Book (GAFRD 2018b),
which records 2016 hatchery production of seabream juveniles as 8,538,000, hatchery
production of seabass as 5,686,000, and legal wild collection of both species is recorded as
900,000.

A recent presentation on the marine sector (EI-Gamal 2018) concurs that hatchery production
of the species under consideration is minimal and that there is a downward trend in the
guantities of marine fry obtained through wild collection as follows: 1990 — 148 million; 2012 —
73 million; 2014 — 72 million; 2015 — 95 million; and in 2016 — 51 million. EI-Gamal (2018) also
includes marine hatchery production figures for 2014 (13 million), 2015 (30 million) and 2016
(45 million) and states that the marine fry produced are seabass, seabream and shrimp —
although one million mullet fry were also produced in 2015. While it is unclear which species
are included in the wild capture efforts, it is evident that the main species targeted by collectors
is mullet, which El-Gamal estimates accounts for around 98% of the total. Other authors,
commenting on previous years, suggest that mullet comprises 78% of wild caught fry (Goulding
& Kamel 2013, Cataudella et al. 2015). Although mullet fry is the main species targeted and
caught, seabass, seabream and meagre are also included in the mix — inevitably along with a
bycatch of non-target species also (Troell et al. 2017).

In their 2013 review of the Egyptian aquaculture sector, WorldFish extrapolated the likely
amount of illegal marine fry used in the production of cultured mullet, seabream and seabass
by using known hatchery and wild collection fry quantities and comparing them with the
reported harvest quantities of these species. The authors also factored in an estimated survival
rate into these calculations. These data are shown in Tables 12 and 13.
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Table 12: Sources and numbers of marine fry used by the Egyptian
aquaculture sector in 2011 (reproduced from Goulding & Kamel 2013)

Source No. Of Units %
GAFRD fry centers 62,528,000 4.1
Hatchery 15,800,000 1.0
lllegal catch 1,437,477,776 | 94.8
Totals 1,515,805,776 100

Table 13: Estimated demand for marine fry used by the Egyptian aquaculture sector in 2011,
calculated using GAFRD statistics and industry data (reproduced from Goulding & Kamel 2013)

Group Production (ton) % of Production No. Of Units Survival % Original No. required
Mullets 114,001 78 409,006,587 30 1,363,355,290
Seabass 17,714 12 63,553,326 75 84,737,768
Seabream 14,155 10 50,784,539 75 67,712,719

Totals 145,870 100 523,344,452 1,515,805,776

Applying the same logic as the 2013 WorldFish report, Tables 14 and 15 make similar
calculations using El-Gamal’s more recent hatchery production and wild-capture statistics. This
analysis indicates that hatchery production accounted for 8% of production in 2014, 17% in
2015 and 15% in 2016. These calculations assume the following: 2% of wild-captured fry are
seabass, seabream and meagre (i.e. 98% are mullet); fish are harvested at 300g; the survival
rate is 75%, as per Table 13 — although survival of wild captured fry, particularly when
unregulated, is likely much lower than this (El 2012); and also, for ease of calculation, an
assumption is made that all marine hatchery production is comprised of the species under
consideration (although a small amount is likely shrimp and mullet). Table 14 provides an
example of these detailed calculations for 2014 and a summary of the extrapolated values for
2014 - 2016, which were obtained using this method, are shown in Table 15.
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Table 14: Calculation of the source of fry inputs basis FAO (2018a) production figures and
available industry information (EI-Gamal 2018)

Source of Fry 2014 Total Fry Inputs Total MT %
GAFRD wild-fry 72,000,000

2% target species * 1,440,000 1,440,000 1%
(seabass, seabream, meagre) =

@ 75% survival = ** 1,080,000

Yield in MT = 324 324 MT

Hatchery fry ** 13,000,000 13,000,000 8%
@ 75% survival = ** 9,750,000

Yield in MT = 2,925 2,925 MT

GAFRD & Hatchery yield in MT = 3,249

Actual Production in MT 38,018

Shortfall in MT 34,769 34,769 MT

Illegal wild-fry needed 115,896,667 91%
@ 75% survival = ** 154,528,889 154,528,889

TOTAL 168,968,889 38,018 MT 100%

* % target species estimate, and hatchery production data taken from EI-Gamal 2018
** % survival estimate taken from Goulding & Kamel 2013

Table 15: Estimation of the various sources of juveniles used to produce the quantities of cultured
seabass, seabream and meagre reported to FAO (2018a) during 2014-2016 (El-Gamal 2018)

Fry Source 2014 % 2015 % 2016 %
GAFRD Wild-fry 1,440,000 1% 1,900,000 1% 1,020,000 | 0.3%
Hatchery fry * 13,000,000 8% 30,000,000 | 17% 45,000,000 15%
Illegal wild-fry needed | 154,528,889 91% 144,775,556 82% | 253,193,333 84%
Total Fry 168,968,889 | 100% 176,675,556 | 100% | 299,213,333 | 100%
Total MT produced 38,018 39,752 67,323

(all 3 species) **

* hatchery production data taken from El-Gamal 2018
** data sourced from Fishstat) - FAO 2019

It is evident from the most recent statistics released by GAFRD, which pertain to legal wild-
capture of seabream and seabass fry as well as hatchery production of these species in 2016,
that hatchery production has increased somewhat, and that legal wild-capture has declined.
Production volumes of these species are evidently on the rise; the most recent data from FAO
indicates that the 2017 aggregated total production of all three species was 90,954 MT (FAO
2019), demonstrating a significant year-on-year increase in recent times. Of note, the IUCN Red
List of Threatened Species includes the status of European seabass, gilthead seabream and
meagre under the category of ‘Least Concern’ (Freyhof & Kottelat 2008, Russell et al. 2014,
Pollard et al. 2015). This means that the scoring of this Criterion avoids a ‘Critical’ rating but,
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with only around 15% of fry being hatchery-raised, the final score for Criterion 8X — Source of
Stock for the Egyptian seabass, seabream and meagre sector is -8 out of -10.

Conclusions and final score

Culture of seabass, seabream and meagre in the EU and Turkey utilizes hatchery-raised
juveniles and is virtually self-sufficient. With a negligible (<10%) reliance on wild-stocks for
occasional broodstock replenishment, the final numerical score for Criterion 8X: Source of Stock
— EU & Turkey is a deduction of 0 out of -10, which indicates that there is no environmental
impact with regards to this aspect of production. Due to the Egyptian sector’s heavy reliance on
wild fry (>80%), the final numerical score for Criterion 8X: Source of Stock — Egypt is a deduction
of -8 out of -10.
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Criterion 9X: Wildlife and predator mortalities

Impact, unit of sustainability and principle
= |mpact: mortality of predators or other wildlife caused or contributed to by farming

operations

= Sustainability unit: wildlife or predator populations

* Principle: aquaculture populations pose no substantial risk of deleterious effects to wildlife
or predator populations that may interact with farm sites.

This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score. A score of zero means there is no

impact.

Criterion 9X Summary: EU & Turkey

C9X Wildlife and predator mortality Final Score (0-10)

Critical? NO

Criterion 9X Summary: Egypt

C9X Wildlife and predator mortality Final Score (0-10) -6
Critical? NO YELLOW

Brief Summary

In conclusion, with regard to the EU and Turkey, although production of the species under
consideration inevitably attracts predators, and interactions with wildlife do occur, data from
the literature and personal communications indicate that any mortalities that may occur appear
limited to exceptional cases. Even in the case of bottlenose dolphins, a Mediterranean
subpopulation considered “Vulnerable” by the IUCN, data suggest that despite frequent
interactions, entanglements and mortalities are rare. The final numerical score for Criterion 9X
— Wildlife and Predator Mortalities is therefore -2 out of -10 for the EU and Turkey.

With regard to Egypt, it is again understood that the production of seabass, seabream, and
meagre in ponds attracts wildlife and predators, primarily birds, amphibians, and reptiles. No
information could be found with regard to any quantification of these interactions, nor the
control methods (or lack thereof) employed by the industry, and information gleaned from
literature regarding other pond production sectors in Egypt (tilapia, mullet), where lethal and
non-lethal control methods are documented, was used as a proxy. In the absence of additional
information, it is assumed that similar lethal and non-lethal control methods are in place in the
seabass, seabream, and meagre sectors, and thus it is assumed that wildlife and predator
mortalities do occur with unknown impacts to said wildlife species. The final score for Criterion
9X — Wildlife and Predator Mortalities is -6 out of -10 for Egypt.
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Justification of Rating

Predator and wildlife mortalities: control measures and their application in the EU and Turkey
As is frequently discussed in this report, two of the primary Directives that govern aquaculture
in the EU are the Water Framework Directive (WFD) and the Marine Strategy Framework
Directive (MSFD). Guidelines issued by the European Commission for the implementation of the
WFD and MSFD acknowledge that predator control can be challenging to implement,
particularly in instances when depredation is caused by a protected species. The guidelines
advise that aquaculture facilities should evaluate the method of control that has the least
impact on predators and biodiversity. Dependent on the specific circumstances, a variety of
predator control methods can be considered, for example: exclusion methods (such as predator
nets or fences); deterrents (such as human presence, acoustic deterrent devices (ADDs) or fake
predators); operational/management strategies (such as prompt removal of mortalities and
maintaining low stocking densities); site selection strategies (such as, not establishing farms in
areas where predators are known to be); or, licensed control measures (such as shooting
permits), which must explicitly only be implemented as a last resort (EC 2016).

A study into ‘Regulatory and Legal Constraints for European Aquaculture’, which was conducted
at the request of the European Parliament’s Committee on Fisheries, notes that cormorants,
herons and seals, which are protected, often cause considerable economic losses to
aquaculture and capture fisheries within the EU, and this situation has been amplified in part by
the successful implementation of conservation measures for these species (EU 2009a). In some
instances, licenses can be obtained by farmers to legally kill and remove particularly rapacious
predators; while no data was identified that indicates such licenses are typically sought by
farmers in the seabream, seabass and meagre sector, it is evident that any animals impacted as
a result of such deliberate actions must be documented and reported to the European
Commission by each member state, as per EU policy. Additionally, it is mandatory to also
monitor and report any population level impacts on species caused by accidental acts. The two
pieces of EU legislation which dictate this policy, and influence this aspect of aquaculture
governance, are the Birds Directive (Directive 2009/147/EC'%) and the Habitats Directive
(Directive 92/43/EEC1%°) (SEP 2015); together, these two acts form the cornerstone of
environmental conservation policy across the region. These legal instruments provide a
framework of protection for native birds, animals and plants, including those which reside
within the Natura 2000 network (EC 2012). Article 12 of the Birds Directive and Article 17 of the
Habitats Directive require that member states monitor the status of nature within their
jurisdictions and that every six years they must submit a progress report which provides an
evaluation of their implementation of these directives. These national reports are available
online!’® 111 Furthermore, Article 9 of the Birds Directive and Article 16 of the Habitats

108 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009L0147&from=EN
109 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31992L0043&from=EN
110 http://ec.europa.eu/environment/nature/knowledge/rep_habitats/index_en.htm

111 http://ec.europa.eu/environment/nature/knowledge/rep_birds/index_en.htm
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Directive cover member states’ reporting obligations for derogations, as applicable to either
directive.

The purpose of the Birds Directive (EU 2009c) is to ensure “The conservation of all species of
naturally occurring birds in the wild state in the European territory of the Member States” and
to prohibit the “Deliberate killing or capture by any method” of these species. However, Article
9 of this Directive includes provision for derogation in a variety of instances, such as “To prevent
serious damage to crops, livestock, forests, fisheries and water,” if other solutions are
unsuccessful. Any derogations must be reported, inclusive of the following details:

(a) the species which are subject to the derogations;

(b) the means, arrangements or methods authorized for capture or killing;

(c) the conditions of risk and the circumstances of time and place under which such derogations
may be granted;

(d) the authority empowered to declare that the required conditions obtain and to decide what
means, arrangements or methods may be used, within what limits and by whom;

(e) the controls which will be carried out.

Article 9 of the Birds Directive concludes with the statement: “The Commission shall at all times
ensure that the consequences of the derogations referred to” ... “are not incompatible with this
Directive. It shall take appropriate steps to this end,” (EU 2009c).

Likewise, the Habitats Directive (EU 1992) allows for derogations in a variety of circumstances,
such as in order “To prevent serious damage, in particular to crops, livestock, forests, fisheries
and water and other types of property”. As with the Birds Directive, detailed justification for
derogations must be provided to the European Commission.

Literature discussing interactions between predators, wildlife and fish farms in the EU and Turkey
Predators are attracted to fish farm sites not only by the presence of the farmed species
themselves but also by the aggregations of wild fish that often occur around cages, enticed
there by the potential availability of stray feed pellets plus the shading and substrate that the
installation itself provides. Instances where predator interactions are mentioned in literature on
the sector include references to bluefish, seabirds and monk seals (Grigorakia & Rigos 2011). Of
note, monk seals have been documented to attack fish farm installations in the Turkish Aegean
Sea (Diaz Lépez 2017). This species is presently listed as endangered on the IUCN Red List, but
with a population trend that is increasing (Karamanlidis & Dendrinos 2015). Monk seals became
legally protected in Turkey in 1991 (Kirag et al. 2004) and while incidental capture of this
species is well documented in wild capture fisheries, data on this topic does not mention any
such impacts caused by fish farm installations (Karamanlidis et al. 2008). Bottlenose dolphins
too are drawn to aquaculture facilities and aggregations of them feeding next to farms in
Sardinia, Italy, are especially noted in literature (Diaz Lopez 2017, OSPAR 2009), Pelagics, such
as swordfish, have also been observed feeding in the vicinity of cage farms (Arechavala-Lopez et
al. 2017a). Guidelines from the European Commission stress the importance of prudent farm-
siting to minimize predator interactions (EC 2012). The most recent ‘State of World Fisheries
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and Aquaculture’ report released by FAO states that the Mediterranean is one of the most
unsustainably fished regions of the world (FAO 2018b) and some authors comment that this is a
significant driver of predatory attacks on fish farms in the area (Grigorakia & Rigos 2011). A
Greek study, described in a publication titled ‘Marine open cage aquaculture in the eastern
Mediterranean Sea: a new trophic resource for bottlenose dolphins’, also notes that overfishing
has led to increasing numbers of bottlenose dolphins foraging and feeding around cage farms in
the region; interestingly, the authors of this report state that in addition to acting as a FAD (fish
aggregating device), the nutrients released by marine farms actually increase primary
productivity in their vicinity, particularly in oligotrophic regions, and thereby increase the
biomass of local fish stocks, which in turn is beneficial to dolphins as it increases the availability
of prey (Piroddi et al. 2011).

Evidence of deliberate or accidental mortality impacting affected predatory species, or other
wildlife, at the population level was not found in contemporary literature on the sector,
although data from the aforementioned study in Sardinia, which took place in the 2000s, and
which trialed a number of different predator nets deployed at a seabass and seabream farm,
documented the entanglement of 5 dolphins between 2005 and 2008 (Diaz Lopez 2012). The
author of this study noted that the anti-predator nets were a new addition to the cage site and
that the dolphin’s unfamiliarity with this feature may have been a contributing factor in these
accidental entanglement incidents (Diaz Lopez 2007, Diaz Lopez & Shirai 2007). Other literature
discussing the topic of dolphins and their interactions with fish farms in the region did not
mention any instances of dolphin entanglement or mortality that had occurred (BWI 2019,
Bonizzoni et al. 2014). Furthermore, an industry expert, with 30 years of extensive regional
experience, commented that he was unaware of any dolphin entanglement incidents occurring
on the many farms he had frequented over the years (pers. comm. Bertrand Kirsch, August
2019), which suggests such incidences are rare. Of note, the IUCN Red List of Threatened
Species ranks the global conservation status of bottlenose dolphins to be of ‘Least concern’
(Wells et al. 2019) — however, the Mediterranean subpopulation is currently classified as
‘Vulnerable’*'?, This assessment notes that there has been a rapid reduction in population size
over the previous three generations and states that, “Although the total population size in the
Mediterranean remains uncertain, it unquestionably exceeds the threshold level for red listing
as Vulnerable,” (Bearzi et al. 2012).

The aforementioned Sardinian study continued to monitor and survey the farm site up until
2013, in order to determine the “Occurrence, abundance and diversity” of predators and to
“Evaluate the factors that induced changes in the occurrence of predators”. The author
identified that there were four main predators: yellow-legged seagulls were present in 84% of
observations, shags in 74%, bottlenose dolphins in 57%, and grey herons were present in 6%.
The incidence of both heron and dolphin predation was seen to increase during the progress of
the study period, and various patterns were observed, for example, shags were more abundant
when sea temperatures were higher, whereas herons tended to migrate elsewhere during
warmer periods, and dolphins visited the cage site most frequently at harvest times,

112 https://www.iucnredlist.org/species/22563/2782611
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opportunistically feeding on escapees and discarded fish (Diaz Lopez 2017). The study also
states that avian predators were commonly entangled in top netting, though whether these
interactions resulted in mortalities is unclear (Diaz Lépez 2017).

Another study, conducted in Spain, considered the potential phylogeographic impacts of
Mediterranean aquaculture on the bluefish, a highly migratory species which is also an
aggressive piscivorous predator, well-known to predate on seabass and seabream farms.
Bluefish present in the Mediterranean region are predominantly comprised of two distinct
genetic units; the Western Mediterranean stock, which includes the proximal North-Eastern
Atlantic Ocean in its range; and the Eastern Mediterranean stock, which incorporates the
Turkish Aegean and the Sea of Marmara. Using molecular tools, the study identified that
between 7.14% and 11.9% of bluefish predating on Spanish cages were from the distal, Turkish
stock, and concluded that the presence of fish farms, and their proliferation in the
Mediterranean basin, is potentially effecting a change in the traditional migratory routes of the
bluefish (Miralles et al. 2016).

Predator and wildlife mortalities: control measures and their application in Egypt

No mention of predator control measures were identified in literature on the Egyptian
seabream, seabass and meagre sector, although one paper commented that water snakes,
aquatic birds, amphibians, and also the invasive freshwater red swamp crayfish, were species
which may predate on juvenile fish in earthen ponds (Eissa et al. 2016). Research on the sector
did not yield any evidence of mortality of predators or other wildlife caused or contributed to
by farming operations. In Egypt, Law No. 4 of 1994 on Environment and also Law No. 102 of
1983 on Natural Protected Areas (FAOLEX 2019b) are the two overarching legal instruments
that govern hunting and trapping. The Environment Law, which oversees environmental
protection, incorporates international conventions, species protection and hunting
management within its reach. Additionally, Law No. 124/1983 specifically regulates hunting
activities around inland wetlands, lakes and fish farms; each year an Executive Ministerial
Decree is issued by the Environmental Affairs Agency (EEAA) detailing which species it is
permissible to hunt or trap and at what time of year it is legal to do so (BLI 2014). However, no
further information was identified which provided any further clarity with regards to the
volume of take authorized, the environmental impact of authorized take, or the enforcement of
these laws. In other Egyptian aquaculture sectors, namely tilapia and mullet, both of which
occur in ponds, evidence suggests the use of lethal'!® (e.g. shooting) and nonlethal*'* (bird
netting, noise cannons) controls in protecting farmed stock from bird predation, much of which
is from protected species!!>. With no additional information otherwise, it is assumed that such
control measures are in place in Egyptian seabass, seabream, and meagre farms, and the
impacts to the affected species are unknown.

113 http://www.tilapia-farming.com/docs/global/egypt/tilapia_farming egypt.pdf

114 http://www.fao.org/3/af026e/AF026E02.htm

115
https://books.google.com/books?id=69pCDWAAQBAJ&pg=PA4488&Ipg=PA448&dqg=egypt+aquaculture+%2 2birds%
22&source=bl&ots=n7w3B45fVr&sig=ACfU3U1WaRCP9w66hs2Mygg43IxhwWCI2Q&hl=en&sa=X&ved=2ahUKEwic
v6KG2 vkAhX7HDQIHSUHDOY4ChDoATACegQIChAB
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Conclusions and final score

In conclusion with regard to the EU and Turkey, although production of the species under
consideration inevitably attracts predators, and interactions with wildlife do occur, data from
the literature and personal communications indicate that any mortalities that may occur appear
limited to exceptional cases. Even in the case of bottlenose dolphins, a Mediterranean
subpopulation considered “Vulnerable” by the IUCN, data suggest that despite frequent
interactions, entanglements and mortalities are rare. The final numerical score for Criterion 9X
— Wildlife and Predator Mortalities is therefore -2 out of -10 for EU and Turkey.

With regard to Egypt, it is again understood that the production of seabass, seabream, and
meagre in ponds attracts wildlife and predators, primarily birds, amphibians, and reptiles. No
information could be found with regard to any quantification of these interactions, nor the
control methods (or lack thereof) employed by the industry, and information gleaned from
literature regarding other pond production sectors in Egypt (tilapia, mullet), where lethal and
non-lethal control methods are documented, was used as a proxy. In the absence of additional
information, it is assumed that similar lethal and non-lethal control methods are in place in the
seabass, seabream, and meagre sectors, and thus it is assumed that wildlife and predator
interactions do occur with unknown impacts to said wildlife species. The final score for Criterion
9X — Wildlife and Predator Mortalities is -6 out of -10 for Egypt.
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Criterion 10X: Escape of secondary species

Impact, unit of sustainability and principle
= |mpact: movement of live animals resulting in introduction of unintended species

Sustainability unit: wild native populations

Impact: aquaculture operations by design, management or regulation avoid reliance on the
movement of live animals, therefore reducing the risk of introduction of unintended
species.

III

This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score.

Criterion 10X Summary

F10Xa International or trans-waterbody live animal shipments (%) 10

F10Xb Biosecurity of source/destination 10

Brief Summary

The production of seabass, seabream and meagre within the scope of this assessment is not
considered to present a risk with regards to the unintentional trans-waterbody shipment of
non-native species. Since no deduction is warranted, the assessed score for Criterion 10X —
Escape of Secondary Species is 0 out of -10.

Justification of Rating

Factor 10Xa International or trans-waterbody live animal shipments

As is noted in Criterion 8X: Source of Stock, seabass and seabream are both native throughout
the geographic range encompassed by this report; this is also predominantly the case for
meagre, although it is evidently rare or absent in the more northerly regions under
consideration. In Egypt, fry are primarily wild caught and come from adjacent regional
waterbodies, thus trans-waterbody movements do not occur within this sector. In the EU and
Turkey, where fry for the sector are hatchery produced, trans-boundary shipments do take
place, but these boundaries are political, and the waterbodies where on-growing takes place —
primarily the Mediterranean but also the North-Eastern Atlantic and the Aegean Sea —are
contiguous with one another. A very small amount of production also takes place in the Black
Sea, which is linked to the Aegean and the Mediterranean via the Sea of Marmara and the
Bosporus. Although the EU and Turkish sector is reliant on fry being transported around the
region, these movements are not considered to present a risk of invasive alien species being
unintentionally transported alongside the principle farmed species during animal shipments.

Factor 10Xb Biosecurity of source/destination
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Since there are no international or trans-waterbody shipments of live animals, there is no risk
of transferring organisms between ecologically distinct environments. Further, movements of
live aquaculture stock (eggs, broodstock and larvae) within the EU are controlled by Directive
2006/88EC and must be accompanied by a health certificate, as specified in Commission
Regulation (EC) No. 1251/2008. These legislative instruments define the biosecurity health
requirements that must be adhered to when aquaculture organisms are in transit within the EU
(Oidtmann et al. 2011). Thus, the score for Factor 10Xb is 10 out of 10.

Conclusions and final score

Since production of seabream, seabass and meagre within the scope of this assessment does
not require shipment of juveniles out with the range of the contiguous waterbodies to which
they are native, there is no deduction for this Criterion. The final numerical score for Criterion
10X — Escape of Secondary Species is 0 out of -10.
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Overall Recommendations

There are ten overall recommendations as follows:

The overall final score for each recommendation is the average of the individual criterion scores
(after the two exceptional scores have been deducted from the total). The overall rating is
decided according to the final score, the number of red criteria, and the number of critical

scores as follows:

— Best Choice = Final Score 26.661 and <10, and no Red Criteria, and no Critical scores
- = Final score 23.331 and <6.66, and no more than one Red Criterion,

and no Critical scores.

— Red = Final Score 20 and <3.33, or two or more Red Criteria, or one or more Critical

scores.

Gilthead seabream (Sparus aurata) produced in marine net pens in the EU

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 3.00

C5 Feed 5.21

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

C9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 30.97
Final score (0-10) 4.42

OVERALL RANKING

4.42

YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
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exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Gilthead seabream farmed in the EU

The score for gilthead seabream produced in marine net pens in the EU is 4.42 with two Red-
ranked criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of
Avoid.

European seabass (Dicentrarchus labrax) produced in marine net pens in the EU

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 3.00

C5 Feed 5.38

C6 Escapes 2.00

YELLOW

C7 Disease

C8X Source

C9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 31.15
Final score (0-10) 4.45

OVERALL RANKING

4.45
YELLOW
2

FINAL RANK

NO

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: European seabass farmed in marine net pens in the EU

The score for European seabass produced in marine net pens in the EU is 4.45 with two Red-
ranked criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of
Avoid.

162



Meagre (Argyrosomus regius) produced in marine net pens in the EU

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 3.00

C5 Feed 4.28

C6 Escapes 2.00

C7 Disease

YELLOW

C8X Source

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 30.05
Final score (0-10) 4.29

OVERALL RANKING

4.29
YELLOW
2

FINAL RANK

NO

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in marine net pens in the EU

The score for meagre produced in marine net pens in the EU is 4.29 with two Red-ranked
criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of Avoid.
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Gilthead seabream (Sparus aurata) produced in marine net pens in Turkey

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 1.00

C5 Feed 5.21

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 28.75
Final score (0-10) 411
OVERALL RANKING
4.11
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Gilthead seabream farmed in Turkey
The score for gilthead seabream produced in marine net pens in Turkey is 4.11 with two Red-
ranked criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of

Avoid.
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European seabass (Dicentrarchus labrax) produced in marine net pens in Turkey

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 1.00

C5 Feed 5.38

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 28.92
Final score (0-10) 4.13
OVERALL RANKING
4.13
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: European seabass farmed in marine net pens in Turkey

The score for European seabass produced in marine net pens in Turkey is 4.13 with two Red-
ranked criterion for Chemicals and Escapes. The final ranking is Red and a recommendation of

Avoid.
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Meagre (Argyrosomus regius) produced in marine net pens in Turkey

C1 Data

C2 Effluent 5.00 YELLOW NO
C3 Habitat 6.27 YELLOW

C4 Chemicals 1.00

C5 Feed 4.28

C6 Escapes 2.00

C7 Disease

C8X Source

YELLOW

Co9X Wildlife mortalities -2.00
C10X Secondary species escape 0.00
Total 27.82
Final score (0-10) 3.97
OVERALL RANKING
3.97
YELLOW

2

NO

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in marine net pens in Turkey
The score for meagre produced in marine net pens in Turkey is 3.97 with two Red-ranked
criteria for Chemicals and Escapes. The final ranking is Red and a recommendation of Avoid.
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Gilthead seabream (Sparus aurata) produced in brackish ponds and lagoons in Egypt

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 5.21 YELLOW
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source -8.00

C9X Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total 4.51
Final score (0-10) 0.64

OVERALL RANKING

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Gilthead seabream farmed in Egypt

The score for gilthead seabream farmed in brackish ponds and lagoons in Egypt is 0.64. With
five Red-ranked criteria (Effluent, Habitat, Chemical Use, Disease, Source of Stock), one of
which is Critical (Effluent), the final ranking is Red and a recommendation of Avoid.
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European seabass (Dicentrarchus labrax) produced in brackish ponds and lagoons in Egypt

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 5.38 YELLOW
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source -8.00

C9X Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total 4.69
Final score (0-10) 0.67

OVERALL RANKING

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: European seabass farmed in Egypt

The score for European seabass farmed in brackish ponds and lagoons in Egypt is 0.67. With five
Red-ranked criteria (Effluent, Habitat, Chemical Use, Disease, Source of Stock), one of which is
Critical (Effluent), the final ranking is Red and a recommendation of Avoid.
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Meagre (Argyrosomus regius) produced in brackish ponds and lagoons in Egypt using
commercial diets

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 4.28 YELLOW
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source -8.00
CoX Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total 3.59
Final score (0-10) 0.51

OVERALL RANKING

FINAL RANK

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in Egypt using commercial diets

The score for meagre farmed in brackish ponds and lagoons in Egypt using commercial diets is
0.51. With five Red-ranked criteria (Effluent, Habitat, Chemical Use, Disease, Source of Stock),
one of which is Critical (Effluent), the final ranking is Red and a recommendation of Avoid.
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Meagre (Argyrosomus regius) produced in brackish ponds and lagoons in Egypt using whole
fish

C1 Data 3.64
C2 Effluent 0.00 CRITICAL
C3 Habitat 2.67

C4 Chemicals 0.00

C5 Feed 0.00 CRITICAL
C6 Escapes 5.00 YELLOW

C7 Disease

C8X Source

YELLOW

C9X Wildlife mortalities -6.00
C10X Secondary species escape 0.00
Total -0.70
Final score (0-10) -0.10

OVERALL RANKING

6
RED
YES

Scoring note — scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.

Summary: Meagre farmed in Egypt using whole fish

The score for meagre farmed in brackish ponds and lagoons in Egypt using whole fish, is -0.10.
With six Red-ranked criteria (Effluent, Habitat, Chemical Use, Feed, Disease, Source of Stock),
two of which are Critical (Effluent, Feed), the final ranking is Red and a recommendation of
Avoid.
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Appendix 1 - Data points and all scoring calculations

Note that 9 of the 10 criteria have been assessed and scored separately for two discrete
geographical regions: the European Union and Turkey; and Egypt. This was necessary due to the
differences in production practices and legislative framework in either geographical area. The
remaining criterion, Feed, was assessed separately for each fish, since the bespoke commercial
feeds used to culture gilthead seabream, European seabass and meagre each have a slightly
different profile.

Criterion 1: Data quality and availability — EU

[Datacategoy  [oaaqualiyea0)] ]
Industry or production statistics 10

Management 7.5

Effluent 7.5

Habitats 7.5

Chemical use 5

Feed 7.5

Escapes 7.5

Disease 5

Source of stock 10

Predators and wildlife 5

Unintentional introduction 10

Other — (e.g. GHG emissions) n/a

Total 82.5
[cioatafimalscoreo0) | s GREEN

Criterion 1: Data quality and availability — Turkey

Industry or production statistics 10
Management 7.5
Effluent 7.5
Habitats 7.5
Chemical use 2.5
Feed 7.5
Escapes 7.5
Disease 5
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Source of stock 10

Predators and wildlife 5

Unintentional introduction 10
Other — (e.g. GHG emissions) n/a
Total 80

[ctoaaFinaiscore0r0 | 72 GREEN

Criterion 1: Data quality and availability — Egypt

Industry or production statistics 7.5
Management 2.5
Effluent 2.5
Habitats 2.5
Chemical use 0

Feed 2.5
Escapes 7.5
Disease 2.5
Source of stock 2.5
Predators and wildlife 0

Unintentional introduction 10

Other — (e.g. GHG emissions) n/a
Total 42.5

Criterion 2: Effluents — EU & Turkey

Effluent Evidence-Based Assessment

5 YELLOW

Critical? NO
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Criterion 2: Effluents — Egypt
Factor 2.1 - Biological waste production and discharge
Factor 2.1a - Biological waste production

Protein content of feed (%)
eFCR
Fertilizer N input (kg N/ton fish)

Protein content of harvested fish (%)

N content factor (fixed)

N input per ton of fish produced (kg)

N in each ton of fish harvested (kg)

Factor 2.1b - Production System discharge

Basic production system score

Adjustment 1 (if applicable)

Adjustment 2 (if applicable)

Adjustment 3 (if applicable)

= (O |O O |k

# % of the waste produced by the fish is discharged from the farm

Factor 2.1 Score - Waste discharge score

Waste discharged per ton of production (kg N ton-1)

Factor 2.2 — Management of farm-level and cumulative effluent impacts

2.2a Content of effluent management measure 1
2.2b Enforcement of effluent management
measures 1
[ 22 Effuent management effectiveness | 04
RED
Critical? YES
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Criterion 3: Habitat — EU & Turkey

Factor 3.1. Habitat conversion and function

[ascore0a0 |

Factor 3.2 — Management of farm-level
and cumulative habitat impacts

3.2a Content of habitat
management measure 4

3.2b Enforcement of habitat
management measures 3

YELLOW

Critical?

Criterion 3: Habitat — Egypt

Factor 3.1. Habitat conversion and function

(s |

Factor 3.2 — Management of farm-level
and cumulative habitat impacts

3.2a Content of habitat

management measure 2
3.2b Enforcement of habitat
management measures 0
0
RED
Critical? NO

Criterion 4: Evidence or Risk of Chemical Use — EU

C4 Chemical Use Score (0-10) “

RED
Critical? NO
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Criterion 4: Evidence or Risk of Chemical Use — Turkey

C4 Chemical Use Score (0-10)

Critical? NO

RED

Criterion 4: Evidence or Risk of Chemical Use — Egypt

C4 Chemical Use Score (0-10) “

RED
Critical? NO

Criterion 5: Feed — Seabream

5.1. Wild Fish Use ‘

5.1a Fish In: Fish Out (FIFO)

Fishmeal inclusion level (%)

Fishmeal from by-products (%)
% FM

17
59
Fish oil inclusion level (%) 10
69

Fish oil from by-products (%)

% FO
Fishmeal yield (%) 24
Fish oil yield (%) 5
eFCR 2
FIFO fishmeal
FIFO fish oil

6.90
Critical? NO

5.1b Sustainability of Source fisheries

Sustainability score

Calculated sustainability adjustment

Critical?

5.41
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Critical? NO

5.2 Net protein Gain or Loss

Protein INPUTS

Protein content of feed (%) 44
eFCR 2
Feed protein from fishmeal (%)

Feed protein from EDIBLE sources (%) 81.09
Feed protein from NON-EDIBLE sources (%) 18.91
Protein OUTPUTS

Protein content of whole harvested fish (%) 19.2
Edible yield of harvested fish (%) 100
Use of non-edible by-products from harvested fish

(%) 0

Total protein input kg/100kg fish
Edible protein IN kg/100kg fish
Utilized protein OUT kg/100kg fish

NO
5
5.3. Feed Footprint

5.3a Ocean Area appropriated per ton of seafood
Inclusion level of aquatic feed ingredients (%) 27
eFCR 2
Carbon required for aquatic feed ingredients (ton C/ton fish) 69.7
Ocean productivity (C) for continental shelf areas
(ton C/ha) 2.68

14.04
5.3b Land area appropriated per ton of seafood
Inclusion level of crop feed ingredients (%) 70.56
Inclusion level of land animal products (%) 3.75
Conversion ratio of crop ingredients to land animal products 2.88
eFCR 2
Average yield of major feed ingredient crops (t/ha)
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Feed Final
Score

YELLOW

Critical? NO

Criterion 5: Feed — Seabass
5.1. Wild Fish Use

5.1a Fish In: Fish Out (FIFO)

Fishmeal inclusion level (%)

Fishmeal from by-products (%)
% FM

16
62
Fish oil inclusion level (%) 10
81

Fish oil from by-products (%)

% FO

Fishmeal yield (%) 24
Fish oil yield (%) 5
eFCR 2.3

FIFO fishmeal
FIFO fish oil

Critical?
5.1b Sustainability of Source fisheries

Sustainability score

Calculated sustainability adjustment

Critical?

6.77

Critical? NO
5.2 Net protein Gain or Loss

Protein INPUTS
Protein content of feed (%) 42
eFCR 2.3
Feed protein from fishmeal (%)
Feed protein from EDIBLE sources (%) 80.54
Feed protein from NON-EDIBLE sources (%) 19.46

Protein OUTPUTS
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Protein content of whole harvested fish (%)

18.9

Edible yield of harvested fish (%) 100
Use of non-edible by-products from harvested fish
(%) 0

Total protein input kg/100kg fish

Edible protein IN kg/100kg fish

Utilized protein OUT kg/100kg fish

Critical?

NO

5.3. Feed Footprint

5.3a Ocean Area appropriated per ton of seafood

Inclusion level of aquatic feed ingredients (%) 26
eFCR 2.3
Carbon required for aquatic feed ingredients (ton C/ton fish) 69.7
Ocean productivity (C) for continental shelf areas
(ton C/ha) 2.68
15.55
5.3b Land area appropriated per ton of seafood
Inclusion level of crop feed ingredients (%) 70.91
Inclusion level of land animal products (%) 3.75
Conversion ratio of crop ingredients to land animal products 2.88
eFCR 2.3

Average yield of major feed ingredient crops (t/ha)

Feed Final
Score

Critical?

YELLOW
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Criterion 5: Feed — Meagre

5.1. Wild Fish Use ‘

5.1a Fish In: Fish Out (FIFO)

Fishmeal inclusion level (%)

Fishmeal from by-products (%)

29
40

% P 7R
12
64

N

Fish oil inclusion level (%)

Fish oil from by-products (%)

% FO

Fishmeal yield (%) 24
Fish oil yield (%) 5
eFCR 1.7

FIFO fishmeal
FIFO fish oil

Critical?

5.1b Sustainability of Source fisheries

Sustainability score

Calculated sustainability adjustment

Critical?

4.57

Critical? NO
5.2 Net protein Gain or Loss

Protein INPUTS

Protein content of feed (%) 43

eFCR 1.7

Feed protein from fishmeal (%)

Feed protein from EDIBLE sources (%) 78.31

Feed protein from NON-EDIBLE sources (%) 21.69

Protein OUTPUTS

Protein content of whole harvested fish (%) 20.1

Edible yield of harvested fish (%) 100

Use of non-edible by-products from harvested fish

(%)

Total protein input kg/100kg fish
Edible protein IN kg/100kg fish
Utilized protein OUT kg/100kg fish
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NO
5
5.3. Feed Footprint

5.3a Ocean Area appropriated per ton of seafood
Inclusion level of aquatic feed ingredients (%) 41
eFCR 1.7
Carbon required for aquatic feed ingredients (ton C/ton fish) 69.7
Ocean productivity (C) for continental shelf areas
(ton C/ha) 2.68

18.13
5.3b Land area appropriated per ton of seafood
Inclusion level of crop feed ingredients (%) 51.4
Inclusion level of land animal products (%) 3.75
Conversion ratio of crop ingredients to land animal products 2.88
eFCR 1.7
Average yield of major feed ingredient crops (t/ha)

Feed Final
Score

YELLOW

Critical? NO

Criterion 5: Feed — Meagre produced using whole fish — Egypt

5.1. Wild Fish Use ‘

5.1a Fish In : Fish Out (FIFO)

Fishmeal inclusion level (%) 22.5

Fishmeal from by-products (%) 0

Y s ]
5

Fish oil inclusion level (%)

Fish oil from by-products (%) 0
% FO
Fishmeal yield (%) 22.5
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Fish oil yield (%)

eFCR

FIFO fishmeal

FIFO fish oil

Critical?

5.1b Sustainability of Source fisheries

Sustainability score

Calculated sustainability adjustment

Critical?

0.00

Critical? Yes
5.2 Net protein Gain or Loss

Protein INPUTS
Protein content of feed (%) 18
eFCR 9
Feed protein from fishmeal (%)
Feed protein from EDIBLE sources (%) 100.00
Feed protein from NON-EDIBLE sources (%) 0.00
Protein OUTPUTS
Protein content of whole harvested fish (%) 20.1
Edible yield of harvested fish (%) 100
Use of non-edible by-products from harvested
fish (%) 0

Total protein input kg/100kg fish

Edible protein IN kg/100kg fish

Utilized protein OUT kg/100kg fish

5.3. Feed Footprint

5.3a Ocean Area appropriated per ton of seafood
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Inclusion level of aquatic feed ingredients (%) 27.5

eFCR 9

Carbon required for aquatic feed ingredients (ton C/ton fish) 69.7

Ocean productivity ( C) for continental shelf areas

(ton C/ha) 2.68
64.37




5.3b Land area appropriated per ton of seafood

Inclusion level of crop feed ingredients (%) 0
Inclusion level of land animal products (%) 0
Conversion ratio of crop ingedients to land animal products 2.88
eFCR 9
Average yield of major feed ingredient crops (t/ha)

Feed Final
Score

Critical?

Criterion 6: Escapes — EU & Turkey

6.1a Adjustment for recaptures (0-10)
6.1a Escape Risk Score (0-10)
6.2. Competitive and genetic interactions score (0-10)

Critical?

Criterion 6: Escapes — Egypt

6.1a Adjustment for recaptures (0-10)
6.1a Escape Risk Score (0-10)
6.2. Competitive and genetic interactions score (0-10)

YELLOW

Critical?

Criterion 7: Diseases — EU & Turkey

| Disease Evidence-based assessment (0-10) |
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Disease Risk-based assessment (0-10)

YELLOW

Critical?

Criterion 7: Diseases — Egypt

Disease Evidence-based assessment (0-10)
Disease Risk-based assessment (0-10) 2
RED
Critical? NO
Criterion 8X: Source of Stock — EU & Turkey
C8X Source of stock score (0-10) 0
0 GREEN
Critical? NO
Criterion 8X: Source of Stock — Egypt
C8X Source of stock score (0-10) -8
-8 RED
Critical? NO
Criterion 9X: Wildlife and predator mortalities —
EU & Turkey
C9X Wildlife and Predator Score (0-10) -2
GREEN

Critical? NO

Criterion 9X: Wildlife and predator mortalities — Egypt

C9X Wildlife and Predator Score (0-10) -6

YELLOW
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Critical? NO

Criterion 10X: Escape of secondary species — EU & Turkey

F10Xa live animal shipments score (0-10) 10.00
F10Xb Biosecurity of source/destination score (0-10) 10.00

0.00 GREEN
Critical? n/a

Criterion 10X: Escape of secondary species — Egypt

F10Xa live animal shipments score (0-10) 10.00
F10Xb Biosecurity of source/destination score (0-10) 10.00

0.00 GREEN
Critical? n/a
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