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. Introduction




Report carried out within the framework of the ‘Activity 2.1.1.c&d. Finding the balance
of Blue Growth Sustainable Development within Ecosystem Approach’. Establishment
of the BG index. Standard framework for EIA. The purpose of this report is to know the
influence of the professional fishing sector of the Canary Islands, Madeira and Azores,
on the descriptors and criteria of Good Environmental Status within the framework of
the Marine Strategy Framework Directive.

Glossary

ALDFG: Abandoned, lost or otherwise discarded fishing gears.

B: Biomass.

Bwuys: Biomass needed to provide maximum sustainable yield.
BG: Blue Growth.

CECAF: Committee for the Central Easten Atlantic Fisheries.
CFP: The Common Fisheries Policy of European Union.

CPUE: The catch per unit of effort.

DCOIT: Chemical compound named ‘4,5-dichloro-2-n-octyl-4-isothiazolin-3-one’.
DMEM: MSFD in Spanish.

Di: Descriptor number “i” of GES (MSFD).

DiCj: Criterio number “” in quality descriptor number “i” (MSFD).
DQEM: MSFD in Portuguese.

DRAM: Regional Directorate for the Sea Affairs in Azores Islands.
E: Exploitation Rate.

ECOAQUA: Instituto Universitario de Acuicultura y Ecosistemas Marinos Sostenibles
of the ULPGC (Research Institute of ULPGC).

EIA: Environmental impact assessment.

EMODnet: European Marine Observation and Data Network.
ENV: Environmental.

ERDF: European Regional Development Fund.

EU: European Unién.

EwE: Ecopath with Ecosim.

F: Fishing mortality.

Fo.1: The fishing mortality rate at which the marginal yield -per-recruit is only 10 percent
of the marginal yield-per-recruit on the unexploited stock.

Fa00: Type of fishing mortality. It is the fishing mortality rate that reduces the spawning
stock per recruit to 40 percent of that which would exist in the absence of fishing.

FAO: Food and Agriculture Organization of the United Nations.
FiB index: The Fishing in Balance index.



Fmax: Type of fishing mortality (F). Considering the long-term yield per recruit (Y/R),
as a function of F: Fmaxis the point of the curve, Y/R against F, where Y/R is
maximum.

Fmed: Type of fishing mortality. Fishing mortality rate F corresponding to a SSB/R
(recruitment) equal to the inverse of the 50th percentile of the observed R/SSB.

Fusy: Type of fishing mortality (F). Fusy is defined as being the value of F which
produces the maximum yield in the long-term. It is necessary to select an S-R relation
to estimate Fysy. This point is different from Fmax.

GES: Good Environmental Status (MSFD).

GESAMP: The Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection.

GMR Canarias, S.A.U.: Gestién del Medio Rural de Canarias, sociedad anénima
unipersonal.

ICCAT: The International Commission for the Conservation of Atlantic Tunas.
ICES: International Council for the Exploration of the Sea.
IEO: Instituto Espafiol de Oceanografia (Spanish Institute of Oceanography).

IMPOSEX index: Index that measures ‘the imposition of the male sex in female
individuals of the species for contaminating effects’.

IUCN: International Union for the Conservation of Nature.
IUU: lllegal, unreported and unregulated fishing.

JEI: Juvenile exploitation index.

LBI: Length-based indicators.

LCA: Life Cycle Assessment.

LRPs: Limit Reference Points.

MA: Marine activity.

MAPA: Spanish Ministry of Agriculture, Fisheries and Food.

MARPOL: The International Convention for the Protection of Marine Pollution from
Ships.

MCRS: Minimum conservation reference size.
MPA: Marine protected area.

MSFD: Marine Strategy Framework Directive.
MSY: Maximum Sustainable Yield

MTL: Mean Trophic Level.

NE Atlantic: Northeast Atlantic.

OSPAR: The Convention for the Protection of the Marine Environment of the North-
East Atlantic.

P/B: Production per unit of biomass (EwE).

PLASMAR: Acronym of the project named ‘Bases para la planifiacion sostenible en
areas marinas de la Macaronesia’.

POMAC: Programa Operativo de Cooperacion Territorial Madeira-A¢ores-Canarias.
QD: Quality Descriptor of GES (MSFD).



REPESCAN: Scientific report named ‘Memoria cientifico-técnica final sobre el Estado
de los Recursos Pesqueros de Canarias’.

SCRS: Standing Committee on Research and Statistics.

SPR: The spawning biomass per recruit.

SSB: Spawning stock biomass.

TAC: Total Allowable Catch.

TCMTB: Chemical compound named 2-(thiocyanomethylthio) benzothiazole.
TL: Length total.

TRPs: Target Reference Points

ULPGC: Universidad de las Palmas de Gran Canaria (University of the Canary
Islands).

UNEP: United Nations Environment Programme.

WGDEEP: Working Group on the Biology and Assessment of Deep-sea Fisheries
Resources (ICES).



. Methodology




The work is based on a bibliographic review following instructions common to all the
partners of the PLASMAR Project and aimed at the sectors under analysis in each
case. The instructions were as follows:

State of art on maritime activity environmental impacts and possible env. solutions,
should be gather mainly through the review of scientific and technical publications; if
possible, to deliver a workshop with local/international experts and/or interviews with
experts. It will be followed structure given by Marine Strategy Framework Directive on
Good Environmental Status (GES). Need to identify maritime activity environmental
pressures/impacts related to the GES (Quality Descriptor/criteria elements). In the
analysis need to be considered construction phase (e.g. raising aquaculture facility,
building offshore wind energy facility) and operational phase. For this task is necessary
to fill 14 tables (one table per Quality Descriptor + 4 tables on biodiversity) that are
included below. Tables include criteria elements, in detail described in COM
2017/848/EU on Good Environmental Status (GES):

Example:

QD2 Non-indigenous species intfroduced by human activities are at levels that do not

adversely alter the ecosystems
Env.
CODE Env. impact
Criteria Impact spatial
extent

MA Impact
pressure mitigation
solutions measures

Monitoring

ap Criteria (element) method

Newly-introduced non-
indigenous species.
Abundance and spatial
distribution of
establi shed non-
indigenous species,
contrbuting
significantly to adverse
effects on particular

QD2 species groups or broad
habitat tvpes
Proportion of the spedies
group or spatial extent
ofthe broad habitat type
which is adversely D2C3 —
altered due to non- Secondary
indigenous species,
particulad v invasive
non-indigenous spedes.

D2Ccl

D22 —
Secondary

Table fields values:

1. Environmental impact, values: YES/NO; if YES please fill rest of table fields.
Please explain impacts (significant adverse effects) on the environment in
additional text below the table, including the references and sources of
information, describing as much as possible (through review of available
scientific and technical publications) the following factors:

o Description of the impact - significant adverse effect on the
environment (if more than one, please include relevant one or all);

o Direct/indirect impact;

o Probability /Intensity/complexity of the impact;
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o Expected onset, duration, frequency and reversibility of the impact;

o Expected cumulation with other types of adverse effects linked to
this maritime activity,

o Currently relevant for the Macaronesia, or expected to be relevant in
the future (due to expected development of the MA).

2. Environmental impact spatial extent,values:

a. Impact areais less than operative maritime activity area
b. Impact area equal to operative maritime activity area;
c. Impact area broader than operative maritime activity area;

Please explain in additional text below the table, including references and
sources of information. If available, provide detail on magnitude of impact and
the guantitative values on spatial extent of operation area (surface, volume) for
the MA, and spatial extent of impact area.

3. Maritime Activity MA pressure solution, values: YES/NO;

if YES please explain identified solution in additional text below the table,
including the references and sources of information. When possible, and
according to the review of available scientific and technical publications,
identify:

a. If solution is envisaged to avoid, prevent, reduce or offset the
pressure;

b. If measure is a reasonable alternative in terms of technical
complexity, cost and expected success in reduction of impact;

c. If the MA pressure solution is relevant for the Macaronesia.

4. Impact mitigation measures, values: YES/NO;

if YES please explain measures in additional text below the table, including the
references and sources of information. When possible, and according to the
review of available scientific and technical publications, identify:

a. If solution is envisaged to avoid, prevent, reduce or offset the
impact/adverse effect;

b. If measure is a reasonable alternative in terms of technical
complexity, cost and expected success in reduction of impact;

c. If the impact mitigation measure is relevant for the Macaronesia.

5. Monitoring method available: values: YES/NO;

if YES please describe briefly the method in additional text below the table,
including the references and sources of information, and identify:

a. The viability of the monitoring method in terms of cost-effectiveness,
complexity and relevance for the Macaronesia.

b. Should monitoring start before the construction phase or with the
operational phase?

Acceptable value for all fields No data & information, needed further research. This
can only be used when there are no available publications or other related information.
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Search of technical and scientific literature should be done on global level for each MA.
Only the information relevant for the Macaronesia (applying or that might apply in the
future) is to be documented and included in the analyses (tables and reference text).

With this study, should be applied “medium” level of details, e.g. analysis should
document examples with species, but only if relevant. It is not necessary to deliver
analysis for each specie, or each possible event - please apply common sense, e.g.
providing information for specie groups, types of events, only when relevant.
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1. Results




1 Analysis >> QD1 Species groups of birds,
mammals, reptiles, fish and cephalopods
(relating to Descriptor 1)

QD1 Species groups of birds, mammals, reptiles, fish and cephalopods (relating to

QD

QD1

Criteria (element)

The mortality rate of birds,
mammals, reptiles and non-
commercially-exploited
species of fish and
cephalopods from incidental
by-catch is below levels which
threaten the species, such
that its long-term viability is
ensured.

The population abundance of
the species is not adversely
affected due to anthropogenic
pressures, such that its long-
term viability is ensured.
Member States shall establish
a set of species
representative each
species  group, selected
according to the criteria laid
down under ‘specifications for
the selection of species and
habitats’, through regional or
subregional cooperation.
These shall include the
mammals and reptiles listed
in Annex Il to Directive
92/43/EEC and may include
any other species, such as
those listed wunder Union
legislation (other Annexes to
Directive 92/43/EEC,
Directive  2009/147/EC  or
through Regulation (EU) No
1380/2013) and international
agreements such as Regional
Sea Conventions.

of

The population demographic
characteristics (e.g. body size
or age class structure, sex
ratio, fecundity, and survival
rates) of the species are

Descriptor 1)

MA
Env.
. pressur
impact

spatial
extent

CODE Env.
Criteri Impac
a t

s

D1C1 vyes less yes yes

broade
r

Di1C2

yes yes

need
need

further need
further further
resear

ch research research

D1C3 VYes

Impact
e mitigation
solution measures

Monitoring
method

yes

yes

need
further
research
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indicative of a healthy
population which is not
adversely affected due to

anthropogenic pressures.
Primary for commercially-
exploited fish and

cephalopods and secondary
for other species

The species distributional
range and, where relevant,
pattern is in line with
prevailing physiographic, need

geographic and  climatic further need need need
i, ) D1C4 Yes further  further further
conditions. Primary for resear

: research research research
species covered by Annexes ch

i, IV or V to Directive
92/43/EEC and secondary for
other species.

The habitat for the species
has the necessary extent and

condition to support the need

different stages in the life further need need need
history of the species. Primary D1C5 Y€S resear further  further further
for species covered by ch research research research
Annexes I, IV and V to

Directive  92/43/EEC  and
secondary for other species

By-catch can be defined as “part of a catch of a fishing unit taken incidentally in
addition to the target species towards which fishing effort is directed and some or all of
it may be returned to the sea as discards” (FAO, 1999).

These types of catches affect, to a large extent, species without commercial interest
such as mammals, turtles and birds (Alverson et al., 1994), which could not only affect
the sustainability of these species but also cause an impact in the structure and
functioning of the ecosystem, since other fish and invertebrates that are not targeted by
the fishery are caught and their populations can be compromised.

The accidental capture of birds in longlines and gillnets is one of the causes of the
population decline of several species of albatrosses and shearwaters (Brothers et al.,
1999; Anderson et al., 2011) to the point where some of them are listed as Vulnerable
or Critically Endangered on the Red List of the World Conservation Union (IUCN).
However, there is barely information for the Macaronesian region despite being a
breeding place for several species of the family Procellariidae, including the largest
population of Calonectris diomedea in llhas Selvagens. In the three archipelagos, the
overlap between the fishing zones and the distribution and feeding areas of some bird
species is scarce, which may explain the absence or low proportion of captured
specimens (Gonzéalez-Solis et al., 2007; Lloret Capote et al., 2012; Garcia-Barcelona
et al., 2013; Reyes-Gonzalez et al., 2017).

The fishing gear that seems to have a greater impact on bird populations is the
longline, as they approach fishing vessels while fishemen are cast the gear. When the
birds try to catch the bait they are hooked, dying when they sink. The longline fleet that
usually operates in the Mediterranean and is focused on the capture of swordfish and
sharks can cause an impact on bird populations, since during the winter months they
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usually fish in waters surrounding Canary Islands. In the work developed by Garcia-
Barcelona et al., (2013), data collected on board referring to the bycatch of this fleet by
personnel of the Spanish Institute of Oceanography (IEO) was analyzed. However, no
fishing activity was registered with incidental capture of birds in the Canary archipelago
and there is also no information regarding incidental catches of birds caused by other
fishing gear. For the archipelagos of the Azores and Madeira, no records have been
found that allow estimating the mortality of birds associated with the longline or with
other fishing gears (Morato, 2012).

Considering the aforementioned, and in the absence of more conclusive data, we can
assume that the impact on bird populations in the Macaronesian region is less than that
which occurs in other nearby regions such as the Mediterranean. However, it is difficult
to estimate the duration of the impact, its reversibility or the repercussions it may have
on the ecosystem in these regions. Likewise, it is complicated to assess the pressure
that fishing activity exerts on bird communities in the Macaronesian region , as we do
not have enough information due to the scarcity of data on the distribution of seabird
species, their populations status as well as detailed data about bycatch or discards.
However, if we focus on the longline fleet, we can observe differences in fishing
strategies with respect to other European zones that could be minimizing the adverse
effects on bird populations. For example, the bait used is larger than that used in other
regions and sometimes fishermen used sharks as bait, which are not so attractive to
birds. Likewise, a smaller number of hooks are used, which in turn are larger and
heavier than those used in other areas, which facilitates their sinking (Garcia-
Barcelona et al., 2013).

Different strategies have been proposed to alleviate the effect of bycatch caused by
longlines (Brothers et al., 1999; ICES, 2013; ACAP, 2014; MISTIC SEAS, 2016), and
the following three seem to obtain the best results, especially if they are used
simultaneously: (i) adding ballast to the lines of hooks to favor the sinking, (ii) realizing
the draft night with minimum illumination and (iii) the use of tori lines (Birdlife
International, 2009).

One of the greatest threats to the survival of marine mammal populations is related to
their interaction with fisheries and other activities related to aquaculture (FAO, 2018),
and the impact is not only related to the harvested individuals but also to those that are
injured, since it is unknown if they will survive (Reeves et al., 2013). In the three
archipelagos, interactions occur mainly during tuna fishing, when fishermen use
longlines and hand lines (Silva et al., 2002, 2011; Hale et al., 2011; Nicolau et al.,
2013; Morales et al., 2015). In the document developed by Morato (2012), no deaths of
marine mammals were recorded in the Archipelagos of Madeira and Azores due to by-
catch, since all the specimens captured were returned alive to the sea. However,
Covelo and Martinez (2001) confirmed the mortality of some specimens of cetaceans
in these two archipelagos, after finding indications of mortality due to an interaction with
the fishing gears in stranded specimens. In the Canary Islands there are records of
marine mammal strandings due to fishing gear (Covelo and Martinez, 2001; Arbelo et
al., 2013; Morales et al., 2015), although, the impact of fishing currently appears to be
low or moderate. It is not an easy task to know the real pressure that fishing exerts on
the populations of marine mammals in these regions, as well as the spatial extent of
the impact since it is does not exist an in-depth knowledge of the spatial distribution of
each fleet.

The majority of recorded dead of turtles in the Canary Islands are due to lesions
associated with human activities such as boat-strike injuries , entanglement in derelict
fishing nets, ingestion of hooks and monofilament line and crude oil ingestion (Orés et
al., 2005; Camacho et al., 2013). The loggerhead sea turtles foraging in Azorean
waters are incidentally caught in drifting longlines and most of them were caught when
the fisheries were directed at swordfish and blue shark, obtaining the highest catch
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rates around the eastern islands (Balazs and Pooley, 1994; Bolten et al., 2000; Ferreira
et al., 2001, 2011; Morato, 2012), but plastic debris and lost or discarded fishing gears
also cause the death of the turtles (Barreiros and Raykov, 2014; Pham et al., 2017).
Bottom set lines in the coastal waters of Madeira are reported to take an estimated 500
pelagic immature loggerheads each year (Dellinger and Encarnacao, 2000). Previous
studies show a high impact on the populations of Caretta caretta in the three
archipelagos; however it is not the only impacted specie. A recent study concludes that
if high-fishing-pressure areas are overlapped with leatherback habitat use, it could be
possible to determine the long-term susceptibility of leatherback turtle to bycatch in
longline fisheries (Fossette et al., 2014); in this work, the offshore waters of Canary
Islands were defined as high-risk area.

Threats to cephalopods come from multiple sources such as climate change, fishing
pressure, habitat degradation, among others; so it is very difficult to establish a
baseline level which might indicate their good environmental status. Because of this
and the wide abundance fluctuations typically seen in cephalopods, the first
recommended step will be to distinguish which impacts come from anthropogenic
pressures (i.e. fishing) and which ones from natural changes.

Elasmobranches are a common component of the bycatch and discard from fisheries
(Megalofonou et al., 2005; Zhou and Griffiths, 2008; James et al., 2016; Bonanomi et
al., 2017) being also vulnerable to overexploitation due to their life strategies. Leafscale
gulper shark (Centrophorus squamosus), smooth lanternshark (Etmopterus pusillus),
and Portuguese dogfish (Centroscymnus coelolepis), among other elasmobranchs, are
incidentally captured and discarded in the longline fisheries targeting black
scabbardfish (Aphanopus carbo) in Azores and Madeira archipelagos (Ramos et al.,
2013). Leafscale gulper shark is assessed as critically endangered and the other two
elasmobranch species have been recently assessed as Endangered in the Red List of
European marine fish (Nieto et al., 2017). Deep-sea sharks were also observed to be
the most important component of the incidental catch of the black scabbardfish longline
fishery in the Canarian archipelago, being Zameus squamulosus, Deania hystricosa,
Centrophorus squamosus, Centroscymnus coelolepis and Etmopterus princeps the
most frequently species present in the catches (Pajuelo et al., 2010). Given that black
scabbardfish and deep-water sharks apparently spatially overlap it would be advisable
to develop management strategies in order to ensure the sustainability of the deep-
water sharks populations in these fishing grounds.

Council Directive 92/43/EEC of 21 May 1992 and Council Directive 97/62/EC consider
the loggerhead sea turtle (Caretta caretta), the bottlenose dolphin (Tursiops truncates),
harbor porpoise (Phocoena phocoena) and the Mediterranean monk seal (Monachus
monachus) as species of community interest whose conservation requires the
designation of special areas of conservation and require Member States to undertake
surveillance of the conservation status of these species, and Council Regulation (EC)
No 812/2004 lays down measures concerning incidental catches of cetaceans in
fisheries, amending Regulation (EC) No 88/98.

As a result of the transposition to the Spanish legal system of this Directive, cetaceans
are also included in Annexes Il and IV of Royal Decree 1997/1995, of 7 December,
which establishes measures to guarantee biodiversity through the conservation of
natural habitats, flora and fauna. Royal Decree 139/2011 provides the List of Wild
Species in Special Protection Regime as well as the Spanish Catalogue of Endangered
Species, where we can find species of turtles, birds, cetaceans and sharks present in
the Canary Islands.

Law 15/2019 modifies Law 17/2003, of April 10, on Fishing of the Canary Islands and it
forbids coming close to any cetacean species, especially whales and dolphins, and sea
turtles. It also indicates that, in the event that during the fishing operations the
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approach to the boat of some group or isolated specimens of cetaceans occurs, the
fishermen must adopt as many measures as they deem appropriate to avoid injuries or
negative interactions with these species.

Council Regulation (EC) No 2347/2002 establishes specific access requirements and
associated conditions applicable to fishing for deep-water stocks, including sharks. To
improve the sampling of deep-water species under the EU Data Collection Regulation
(DCR) further sampling requirements were specified in Commission Regulation (EC)
No 1581/2004. The Council Regulation (EU) N°1225/2010 and the Council Regulation
(EU) No 1262/2012 set a zero TAC for deep-sea sharks.

The technical report coordinated by DRAM (Regional Directorate for the Sea Affairs,
Azores) (MISTIC SEAS, 2016) analyses the monitoring programmes that were
designed and reported by both Member States Spain (for Canaries) and Portugal (for
Madeira and the Azores) related to monitoring strategies of marine mammals, marine
turtles and seabirds throughout the subregion of Macaronesia. In this report, authors
also propose monitoring programs with which we agree, since they allow assessing the
Good Environmental Status (GES) baseline and trends using the MSFD criteria and
indicators

The evaluation of the D1C2 criterion supposes a high complexity, since it includes
many species. An additional problem is the ignorance concerning the current state of
the stocks and the disparity in terms of available information, since there are species
for which there is hardly any information in the areas of Macaronesia. However, those
species or taxonomic groups for which information does exist, this is dispersed and
unequal in time and/or in the spatial component.

Regarding marine mammals, birds and turtles, the studies seem to indicate that the
impact that fishing exerts on these groups in the three archipelagos is not so great as
to severely compromise the abundance of the stocks of these species. In the case of
the cephalopods, the difficulty of evaluating their populations status was already
commented in the previous criterion, since factors of various kinds are involved;
although as these are target species of the fisheries (Couce-Montero et al., 2015,
2019; Morato et al., 2016), we understand that fishing can compromise their
abundance.

Canarian fisheries had been historically focused on three main target groups: benthic-
demersals species, medium-sized coastal pelagics and tunas and this fishing strategy
has allowed the development of a polyvalent fleet, which alternates the exploitation of
the different target species according to their biological cycles and the seasonal fishing
of the different tunas. Benthic and demersal species show symptoms of depletion since
the early 1970s (Garcia Cabrera, 1970), but this circumstance has not led to significant
changes in the exploitation strategy and the main fishing target groups are considered
overexploited (Gonzélez, 2008). On the other hand, medium-sized coastal pelagic
species have had a lower degree of exploitation, despite their relatively greater
abundance, for what they have been historically considered underexploited. Thus,
Pastor and Delgado de Molina (1985) estimated that the biomass of this group of
species was around 73000 tonnes throughout the archipelago, biomass that remained
practically invariant until the end of the 1990s (Bordes et al., 1987, 1993, 1995, 1997,
1998, 1999).

However, the REPESCAN report (Gonzélez, 2008) highlights the lack of existing
information about this group of species and the state of their stocks and perhaps for
this reason, it was not possible to foresee the apparent collapse of the sardine (Sardina
pilchardus) during the second half of the 2000s and Atlantic chub mackerel (Scomber
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colias) in year 2010 in the waters of Gran Canaria, possibly as a result of fishing and
adverse climatic conditions for both species.

In the Canary Islands, assessments of the state of the crustacean populations of semi-
deep and deep waters have been carried out (Gonzalez, 2018), concluding that
pandalid shrimps (Plesionika edwardsii, P. narval, P. williamsi, Heterocarpus ensifer, H.
Laevigatus and H. Grimaldi) populations are being exploited below their maximum
sustainable yield (MSY). The populations of large deep-water crabs have hardly any
fishing interest, so it is assumed that their populations are in good condition.

Stock assessments for tuna species in the three archipelagos are conducted by the
International Commission for the Conservation of Atlantic Tunas (ICCAT), regulating
these species according its recommendations; although conclusive values or reference
points that indicate the current state of the different tuna populations in these regions
are not available.

The black scabbardfish (Aphanopus spp.) are the most important resources exploited
in Madeira and landings were marked by an increasing trend toward a maximum
recorded in 1998; however landings are steadily decreasing since this year (Serrano
Gordo, 2009; Morato, 2012). Recently it has been known that in fact the black
scabbardfish landings in Madeira correspond to Aphanopus carbo and the sympatric
specie Aphanopus intermedius (Biscoito et al., 2011) in a ratio 80:20 (Delgado et al.,
2018). The intensive fishing of deep-sea species caused a decrease in their relative
abundance in the usual fishing grounds, leading to an extensive geographical
expansion of the fishery reaching as far as the Southern Azores Seamount Chain and
the Canaries Economic Exclusive Zone (Delgado et al., 2018). Black scabbardfish
stock structure is still unknown in European waters where but, although available
information does not unequivocally support the assumption of a single stock, most
available evidences support it (ICES, 2019).

Medium-sized coastal pelagic is an important fishery in Madeira being Scomber colias
and Trachurus picturatus the most representative species. The landings of these
species show an irregular pattern with an apparent decreasing trend; however, there is
no information about the current status of the stocks (Morato, 2012). In Madeira, the
average of the landings from 1986 to 1991 was three times higher than the average
landings from 1992 to 2007 and the hypothesis is that the fluctuations in landings can
be due to changes in availability or abundance, and not just by changes in fishing effort
(ICES, 2018b). The stocks status for all the demersal fish species and invertebrates is
also unknown.

In the Azores, large pelagic species (tuna and swordfish), blue jack mackerel and
conger are very important, but invertebrate fishing is also very significant. Bottom
longlines and handlines fisheries are focus on deep-sea species such as blackspot
seabream (Pagellus bogaraveo), wreckfish (Polyprion americanus), alfonsinos (Beryx
spp.) and blackbelly rosefish (Helicolenus dactylopterus). Since the mid-1990s the
landings of deep-water species show a decreasing tendency, reflecting the change in
the fleet behaviour towards blackspot seabream (ICES, 2019). Studies suggest that
alfonsinos (da Silva and Pinho, 2007), blackbelly rosefish (Perrotta and Hernandez,
2005) are intensively exploited and Pagellus bogaraveo is overexploited (Novoa-Pabon
et al., 2015).

Black scabbardfish fishery is still in an experimental phase in the Azores archipelago
(Machete et al., 2011) and in recent years landings have increased, and as it occurs in
Madeira archipelago, Aphanopus carbo coexist with A. Intermedius but the current
status of these stocks are unknown in Azores (ICES, 2019).

The swordfish and blue shark stocks fished in the Azores are assessed as part of the
Atlantic stock by the ICCAT so their catches are limited by TACs and, according to the
2017 stock assessment, North Atlantic swordfish are not overfished and are not subject
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to overfishing (ICES, 2017). For the North Atlantic stock, blue shark stock is not
overfished and overfishing was not occurring whereas shortfin mako shark is assumed
that is in an overfished state and experiencing overfishing (ICES, 2018a).

Length-based indicators (LBI) suggest that Trachurus picturatus stock in Azores fishing
grounds is being exploited above MSY, but given the characteristics of the blue jack
mackerel stock and the fishery selectivity pattern, authors consider that LBl method
might not be useful to evaluate stock status (ICES, 2018b). There are no stock
assessments of other coastal pelagic species in the Azores.

In Azores, artisanal fishing also captures benthic and demersal fish as well as
invertebrate species; however, the status of their stocks is unknown so the impact of
fishing on their populations cannot be assessed.

The impact of fishing on the abundance of species with commercial interest will be
discussed in detail in Descriptors 3 and 4 to avoid excessive redundancies, since we
understand that the approach is more specific in these descriptors.

Law 17/2003 of April 10, developed through the Decree 182/2004, of December 21 of
exclusive application in inland waters of the Autonomous Community of Canary Islands
regulates the use and limitation of the different gears or fishing modalities, the species
whose capture is prohibited, the minimum sizes, the closed areas and seasons and the
delimitation of fishing grounds. Law 3/2001 of March 26 is mandatory in the external
waters of the whole Spanish national territory.

In Spain, Order ARM/2689/2009, Order ARM/1647/2009 prohibit the capture of certain
species of sharks and Council Regulation (EU) 2016/72 prohibits fishing, keeping on
board, transhipping or landing certain species of elasmobranches in all waters of the
European Union.

The current fisheries resource management strategy of the Azores and Madeira is
based on the EU Common Fishery Policy, implemented primarily through Total
Allowable Catches (TACs) for various deep-sea species. Trawling is forbidden in the
Macaronesian archipelagos according Council Regulation (EC) No 1568/2005 and
Council Regulation (EC) No 1954/2003 indicates that in the waters up to 100 nautical
miles from the baselines of the Azores, Madeira and the Canary Islands, the Member
tates concerned may restrict fishing to vessels registered in the ports of these islands,
except for Community vessels that traditionally fish in those waters in so far as these
do not exceed the fishing effort traditionally exerted.

Azores and Madeira Regional Governments have also implemented technical
measures such as minimum landings sizes or weights, minimum mesh sizes, allowable
percentage of bycatch species, area and temporal closures and ban on the use of
specific fishing gears (Morato, 2012). The use of surrounding nets to capture medium-
sized coastal pelagic species is regulated by Ministerial Order (Portaria) No 1102-
G/2000 as amended by Ministerial Order No 346/2002. Ministerial Order (Portaria) No
543-B/2001 establishes specific measures concerning the catches, retention on board,
landing and marketing of sardines. Ministerial Order (Portaria) No 27/2001, as
amended by Ministerial Order No402/2002 and by Ministerial Order N0o1266/2004,
establishes the minimum sizes for 43 species of fish, 11 species of crustaceans and 22
species of molluscs.

According Portaria No 66/2014 de 8 de Outubro de 2014, the Azores Administration
implemented a management measure for the purse-seine fleet that allows only 200 kg
or 300 kg per vessel, per day, depending on the island. Also states that fishing and
consequent landings shall also be forbidden on weekends

Council Regulation (EC) No 2347/2002 establishes specific access requirements and
associated conditions applicable to fishing for black scabbardfish and other deep-water
species in the FAO CECAF 34.1.2 area. Despite the insufficient and inconclusive
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information about the biology and life history of black scabbardfish, some indicators
suggest that abundances are declining in some areas of the Northeast Atlantic and this
situation motivated the implementation of a TAC system in 2003 (ICES, 2006).

Three marine reserves of fishing interest were created in Canary Islands as places of
protection for the reproduction and breeding of the target species of the fishery, thus
facilitating the recovery of the resources and contributing to achieve sustainable
exploitation of these species. These areas are managed jointly by the Department of
Agriculture, Livestock, Fisheries and Waters of the Government of the Canary Islands
and the Ministry of Agriculture, Fisheries and Food (MAPA). There are five marine
protected areas located across the archipelagos of Madeira, Desertas and Selvagens.
The main objective of the Desertas MPA is the protection of Mediterranean monk seals
(Monachus monachus) and several rare and endemic species such as the Desertas
petrel (Pterodroma deserta). The rest of marine areas serve as protection areas for
species of fishing interest as well as for some bird species that have their breeding
areas on these islands. In Azores, numerous habitats and ecosystem are under
management: offshore hydrothermal vents and seamounts, coastal zones, as well as
underwater archaeological parks that can have a functional ecology role as marine
protected areas (Garcia and Barreiros, 2018).

The lack of information to be able to correctly evaluate this criterion is remarkable,
since the current status of the populations that inhabit the Macaronesian ecosystems is
unknown. Although there is information available on the impact of fishing on certain
species, it is scarce and limited to certain areas and specific moments, which makes it
difficult to assess the impact of this activity at the population level. Likewise, it is
impossible to evaluate the impact of fishing on the populations at the habitat level since
there is scarcely any information below 50 m. of depth and the little information
available is discontinuous and in many cases it has punctual and descriptive character.
For all these reasons, we recommend the following actions as monitoring methods:

¢ Continuous campaigns over time to evaluate the current state of stocks through
acoustic campaigns, visual censuses and analytical models in the case of not
being able to make direct estimates. These evaluations should include all
trophic levels, from primary producers to apex predators, in order to have a
more detailed knowledge of the structure of the ecosystem.

¢ Obtaining realistic fishery statistics detailing all the fishing gears used and the
species captured with each, including information on bycatch or discards if
necessary.

¢ Monitoring the populations of protected and endangered species, as well as the
evaluation of non-indigenous species introduced by human activities to assess
their impact on ecosystems.

Fishing exploitation for prolonged periods linked to changes in environmental
conditions can lead to changes in the life cycle of marine species (Smith, 1996;
Jennings et al., 1999; Winemiller, 2005). Fishing removes preferentially the larger and
older specimens modifying the age class structure of the populations, which can lead to
a reduction in the buffering capacity of the population affecting for example, the
recruitment (Perry et al., 2010; Hixon et al., 2014) or the spawning stock biomass
(Ebisawa et al., 2016).

For sex-changing species, selective fishing practices can affect additional traits such as
the mature population sex ratio and the timing of sexual transformation (Hawkins and
Roberts, 2003; Hamilton et al., 2007). Furthermore, fishing of protogynous species can
cause an inadequate number of males in the population, and thus fertilization can be
affected due to the sperm limitation (Coleman et al., 1996; Alonzo and Mangel, 2004)
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The age and size at which individuals of most species mature are not fixed, and this
variability can be induced by different factors, including environmental changes and
fishing or a combination of both; in many studies, changes in maturity have been
associated with changes in stock abundance (Morgan and Colbourne, 1999). An array
of studies show that changes in survival and reproductive success could be associated
with fishing mortality, modifying maturation at a younger age and smaller size
(Hutchings, 1993; Rowell, 1993; Stokes and Elythe, 1993; Grift et al., 2003; Olsen et
al., 2005; Rijnsdorp et al., 2005)

However, there are at least 2 non-exclusive hypotheses which may account for
maturity changes. The first hypothesis predicts that earlier maturation is a phenotypic
plasticity response that allows fish to react to a reduction in stock size due to fisheries-
induced alterations. The second hypothesis predicts that earlier maturation is due to
evolutionary changes in the life histories of harvested stocks, manifesting some
underlying modifications in their genetic composition (Engelhard and Heino, 2004). So,
for management purposes, it is necessary to distinguish between these two possible
adaptive changes to manage the resources, since mitigating adverse evolutionary
changes takes many generations, whereas phenotypically plastic responses usually
occur within a single generation (Reznick, 1993).

This study revealed no technical reports or scientific publications related to fishing
regarding this criterion in the Macaronesian region. Taking into account the biological
and geographical peculiarities of these marine ecosystems, as well as the high fishing
pressure to which most of the resources are subjected, we do not rule out that changes
in the population demographic characteristics due to the effect of fishing are occurring.

This criterion refers to the distribution of species conditioned by physiographic,
geographic and climatic aspects, so that fishing would have no impact. However,
fishing can modify the distribution of organisms, reducing it as the biomass decreases.
For example, in the case of overexploited neritic populations it can happen that the
species reduce their distribution area favouring a certain proximity between the
individuals, which would facilitate the reproduction, the formation of groups (schools) or
allow them to adopt other strategies oriented to the protection of the species
(hierarchies, defence of feeders, etc.). Another example could be the disappearance of
seagrass due to overfishing. These areas act as a refuge and nursery areas for many
species of fish and invertebrates which could have an impact on the reproduction and
recruitment of certain species. However, it is impossible to evaluate the impact of
fishing on this criterion because the distribution pattern of most species is unknown
and, in addition, this may be conditioned by the impacts of other anthropogenic
activities as well as environmental changes

According Council Directive 92/43/EEC the habitat of a species means an environment
defined by specific abiotic and biotic factors, in which the species lives at any stage of
its biological cycle. The number of existing habitats in the three archipelagos is
extensive, so we will classify them into two large groups to simplify: benthic habitats
and pelagic habitats.

For the majority of habitats in the Macaronesian region, adequate information about
their distribution, extension and / or status is not currently available; knowledge about
the extent and status of them in the past is even more limited, which makes it difficult to
assess the impact that fishing has had on habitats since there are no previous
reference levels. This reference levels can be established for well-conserved areas,
with very little anthropic influence, but this information is not available for all habitats
and is only representative of some localities or regions, but under no circumstances at
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the level of demarcation. In addition, the degradation observed in certain habitats, such
as coastal habitats, is mainly due to the cumulative impact of various activities carried
out in the same area and other environmental impacts.

An example can be found in the seagrass beds on infralittoral sand; these habitats are
spatially complex and very important for several marine organisms which depend on
them in different phases of their life cycle, not only to feed but also to take shelter from
predators. Impacts of fishing on these habitats include the deterioration and stripping of
rhizomes and leaves, as well as the elimination of large numbers of fish in fry and
juvenile stages. Likewise, the anchoring of boats, both recreational and professional,
has an impact because the anchors and chains are dragged along the bottom,
producing furrows where the rhizomes are removed (Espino et al., 2008). These are
direct impacts; however other indirect impacts include the increase in populations of
urchins (Diadema spp.) due to the overfishing of their predators, converting these
areas into urchin barrens (Alves et al., 2003; Hernandez et al., 2008a, 2008b).
Nevertheless, coastal development including port developments, aquaculture, brine
from desalination and sewage discharges also exert great pressures on these habitats
(Espino et al., 2008).

Mobile fishing gears can reduce the habitat complexity since they have measurable
impacts on its structural components. For example, trawling is the most damaging for
benthic habitats and fishing impacts can be direct, such as physical impact of the trawl
on the seabed and the sediment disturbance associated with it, or indirect such as
modification to sediment properties and solute fluxes and changes in benthic
community abundance and composition (National Research Council, 2002). Numerous
studies have been addressed to evaluate the negative effects of trawling on benthic
communities (Freese et al., 1999; Collie et al., 2000; Smith et al., 2000; D’Onghia et al.,
2003; Gage et al., 2005; Watling, 2005; Morato et al., 2006; Maynou and Cartes, 2012)
and it is prohibited according to Regulation (EC) 1568/2005 in the three archipelagos.
Other fishing gears frequently used in the Macaronesia can also potentially modify the
integrity of benthic habitats, such as: gillnets, trammel nets, long lines and traps
(Tudela, 2004; Chiappone et al., 2005; Matsuoka et al., 2005; Sampaio et al., 2012);
and the use of fixed gears in these small-scale Macaronesian fisheries makes ghost
fishing by abandoned or discarded gears a potentially important problem.

There is not enough information about the distribution and extent of marine habitats in
Macaronesia, their functioning, their responses to disturbances and the extent of the
pressures of all human activities and besides, the information available is often
imprecise and even redundant. Otherwise, to elucidate the fishing impacts on pelagic
habitats is difficult since these habitats are poorly described at the scales that allow for
measurements of changes based on gear uses, since most of the habitats are detailed
in the depth range from the surface to 50 meters. For those reasons and taking into
account the lack of information on the distribution and timing of fishing in the
archipelagos, it is impossible to evaluate this criterion and we suggest that further
research is needed.
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2 Analysis >> QD1 Pelagic habitats (relating to
Descriptor 1)

QD1 Pelagic habitats (relating to Descriptor 1)

Env. MA Impact

QD Criteria (element) CQDE Env. Impact pressure mitigation Monitoring
Criteria Impact spatial . method
solutions measures
extent
The condition of the
habitat type, including its
biotic and abiotic
structure and its
functions (e.g. its typical
species composition and
their relative abundance,
need need need need

absence of particularly
sensitive  or  fragile
species or  species
providing a key function,
size structure of
species), is not
adversely affected due
to anthropogenic
pressures.

QD1 D1C6 Yes further  further further further

research research research research

As mentioned in the D1C5 criteria, only detailed information of the habitats up to 50
meters deep is available, so the impacts of fishing on this criterion have been
developed in the previous sections in cases where information was available, such as
for species of fishing interest.
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3 Analysis >> QD2 Non-indigenous species

QD2 Non-indigenous species introduced by human activities are at levels that do not

adversely alter the ecosystems

Env.

. MA Impact .
QD Criteria (element) é?ODE Env. Impact Impact pressure mitigation Monitoring
riteria spatial - method
solutions measures
extent
No data &
Newly-introduced D2C1 mfr(])érgo?élg .
non-indigenous
species further
' research.
Abundance  and
spatial distribution
of established
non—i_ndigenous No data &
species, i i
contributing D2C2 — mfsgggélgn,
significantly to Secondary oo
adverse effects on research.
particular species
groups or broad
QD2 habitat types
Proportion of the
species group or
spatial extent of
the broad habitat
type  which s No data &
adversely altered i i
due to non- D2C3— mf.?;?;ggn'
indigenous Secondary ¢ iher
species, research.
particularly
invasive non-
indigenous
species.

The "introduction or transmission of non-indigenous species" is a biological pressure
(Marine Strategy Framework Directive, MSFD, 2008). It is evaluated by D2C1, D2C2 y
D2C3 criteria from the QD2. These criteria are associated with different concepts,
some of these have got problems in their definition, i.e. "invasive species" (Riera et al.,
2018). In order not to take part in debates, and in favor of the applicability of related
European law, whenever possible it will be take in count the definitions includes in
European regulations.

It is understood by ‘alien species' means any live specimen of a species, subspecies or
lower taxon of animals, plants, fungi or microorganisms introduced outside its natural
range; it includes any part, gametes, seeds, eggs or propagules of such species, as
well as any hybrids, varieties or breeds that might survive and subsequently reproduce
(Regulation 1143/2014). And 'invasive alien species’ (Regulation 1143/2014) means an
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alien species whose introduction or spread has been found to threaten or adversely
impact upon biodiversity and related ecosystem services.

‘Introduction” means the movement, as a consequence of human intervention, of a
species outside its natural range (Regulation 1143/2014).

Regarding the fishing activity, the ways of introduction of alien species are, on the one
hand, transport by means of the organisms embedded or hooked on the hull and other
submerged parts (ropes, anchors, gears ...) (Davidson et al., 2012; Lloret-Capote et al.,
2012; Wiliams et al, 2013); which could be underestimated under certain
circumstances (Davidson et al., 2012). And on the other hand, the ballast water of
ships (Williams et al., 2013) with its associated biota (eg microbes, plankton and fish,
Bailey, 2015). In the case of artisanal boats, some have tanks with water (to live bait),
and these take and throw water in a similar way to those that use ballast water (eg tuna
boats that use live bait, IEO, 2008; pers. Dr. Castro-Hernandez and the Canarian
fishermen).

The process of introducing an alien species will produce an effect based on its
establishment and subsequent behaviour (details in Ricciardi et al., 2013; Magic et al.,
2018; Riera et al.,, 2018). According to these authors, the process by which an
introduced species becomes invasive depends, broadly speaking, on the species itself
and the receptor ecosystem, all framed in a great variability and uncertainty (Magcic et
al., 2018) that difficulty its prediction (Ricciardi et al., 2013). When the species acquires
the invasive character (immediately or not, Capdevila-Arguelles et al., 2013), this could
cause different socio-economic and ecological impacts, positive or negative, in relation
to the perception of the actors related to the specific invasion process (Ricciardi et al.,
2013). The invasive species could alter the ecosystem and cause significant economic
losses due to direct impacts, management costs, loss of ecosystem services or health
problems (Capdevila-Argielles et al., 2013).

As for the fishing fleets of the Azores (757 boats), the Canary Islands (771 boats) and
Madeira (431 boats), it should be noted that between 83-89% is less than 12 m in
length (Fleet Register European Union, 01/06/2018), which influences (along with its
power) the distance away from their coasts. Thus, the fleets operate mostly locally in
the Canary Islands (Martin-Sosa, 2012), until 50 nm in the Azores (Ojamaa, 2015); and
in Madeira, 73% of the fleet does not reach 6 m (Vallerani et al., 2017). This
determines that they sail normally close to their coasts and within their waters (Martin-
Sosa, 2012, Ojamaa, 2015, Shon et al., 2015, Vallerani et al., 2017).

However, these fleets also have a proportion of boats of greater power and length,
which operate at greater distances. For example, in the Canary Islands two fishing
areas have co-existed, the fleet that works in its coast and a fraction of the fleet that
approaches the African coasts (Balguerias-Guerra, 1993), which continues to a lesser
extent until the present (Martin-Sosa, 2012; Popescu and Ortega-Gras, 2013). In 2011,
the Madeiran fleet over 12 m that works in the eastern central Atlantic and in
international waters had 51 vessels; and the Azores, the fleet that operate in
international waters had 117 vessels (Iborra-Martin, 2011; Ojamaa, 2015). These three
fleets present a connection between the archipelagos and distant areas of very
different biological characteristics. And it implies a potential risk of introduction.

How does the potential described risk affect? So far, it is not known any explicit
assessment of the role that artisanal fishing can exercise in the introduction and
dissemination of alien species in the archipelagos under study. However, the entry of
alien species into the analyzed archipelagos caused by other vectors has been verified.
In the Canary Islands, aquaculture (Toledo-Guedes et al., 2009), species associated
with oil platforms (see Falcén et al., 2015, Triay et al., 2015, Pajuelo et al., 2016, Brito
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et al., 2017) and possibly ballast water (Riera et al., 2014; Falcon et al., 2015); and in
Madeira, aquaculture (Wirtz et al., 2008) and maritime traffic (Canning-Clode et al.,
2013), this last vector could also have affected the other two archipelagos too.

Simultaneously with the connections of fishing vessels, there are similar and different
ones created by ships from other maritime sectors (eg maritime transport, recreational
navigation, fuel extraction and transport). In the Canary Islands, the number of vessels
in the Ports of Santa Cruz de Tenerife and Las Palmas has not decreased by 9,000 per
year since 1989 (Puertos del Estado, 2017). In the Azores, those who make scale do
not fall below 2,500 annually since 2013 (Portos dos the Azores, Relatério e Contas,
2017). And in Madeira, this number is more than 1,300 annually since 2008 (APRAM,
2017).

Another question is about those fishing vessels, as well as factory ships that are not
part of the fishing fleet of these archipelagos but they dock in their ports. As an
example, between 1994 and 2012, at the Port of Las Palmas, artisanal vessels arrived
in 2,231 occasions, factory vessels in 2,758, and fishing vessels considered non-
artisanal reached 22,722 records (data from Port Authority of Las Palmas, 2014).

Given these scenarios, it should be noted that in the marine case, the eradication of
invasive species is practically impossible, with rare exceptions and in the initial stages
of settlement (Magic et al., 2018). As it has been described, the islands continually
receive ships of different origins, something essential due to the external dependence
of the local human population. Therefore, the risk assessment of the introduction of
species is essential (Zilletti et al., 2013). Because when a strong influx of organisms is
combined in a medium with many environmental alterations (eg urbanized or port
coastal zones), the opportunity for invasion increases the risk of colonization in the
receiving and surrounding communities (Ashton et al., 2006 in Riera et al., 2018). For
this reason, ports and marinas are regions of high pressure with respect to this
criterion; as observed in the pressure accumulation map, by the introduction of species
in the Canary Islands (Lloret-Capote et al., 2012), and in fact it is in these places where
the new introduced species are usually detected for the first time (QMEM, 2014b).

For all that has been described, a priori, it is unlikely that the role of the artisanal fleet in
the introduction of new alien species will be significant compared to other routes of
introduction. Even so, as recommended (Williams et al., 2013), any potential entry
vector must be considered in the evaluation of the introduction routes of alien species,
following the precautionary principle (Zilletti et al., 2013).

Regarding the marine species introduced in the archipelagos analyzed by various
vectors of introduction, the marine strategy of the Madeira Region lists 39 species. Of
which 17 (44%) were considered installed and the rest was not sufficiently known, at
least in 2014 (DQEM, 2014a). The strategic environmental assessment (DMEM, 2016)
exposes 59 introduced species to the Canary Islands, and includes 8 invasive species
(details in its annex I, DMEM, 2016). In the Azores, the list shows 45 species; and they
stand out for their invading character to 3 algae, 4 ascidians and one bryozoan (DQEM,
2014b).

The European Union (EU) covers the introduction of species through Regulation
1143/2014. However, for outermost regions (eg studied archipelagos), Regulation
1143/2014 describes the adaptation of the measures intended for invasive species at
the European level. This implies the elaboration of a list of each region and the
possibility of using restrictive and preventive measures for these species. In the Canary
Islands, the list of invasive alien species that includes marine species is described in
Real Decreto 630/2013, which also includes strategies for management, control and
possible eradication. These will be governed by the minimum content established in
article 16 and the provisions of Law 42/2007 (article 61.5).
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In addition, the risk analysis of each species (contemplated by Regulation 1143/2014)
was completed in 2018 through of Regulation 2018/968, which describes its contents
and methodologies. Although Regulation 2018/968 excludes the outermost regions
from its scope, the Real Decreto 360/2013 establishes that the "Strategies to fight
against invasive alien species" (Chapter IV) must include a risk analysis (Article 16b).
Therefore, the regional adaptation of the methodology established in Regulation
2018/968 for invasive species in the EU could be very useful in the invasive species of
the outermost regions.

Both criteria will be considered together, according to the aim of this analysis.

Invasion involves the phases of transport, introduction, establishment and dispersal of
the species (Duggan et al., 2006); and the International Union for the Conservation of
Nature (IUCN) defines a species as "established" when it is reproduced without human
action. In the Canary Islands, only the impact of the parasite Sphaerospora testicularis
was observed of the 8 marine species considered invasive in 2016 (DMEM, 2016b).
However, in 2017 the scope of two species of coral introduced in the main ports of
Gran Canaria and Tenerife (Tubastraea cocinea and Oculina patagonica) via maritime
transport was published; and Tubastrea colonies had already been observed outside
the port areas (Brito et al., 2017).

Although in D2C1 it has been assumed that most of the artisanal fleets of both
archipelagos do not play an important role; In relation to the criteria related to the
spatial distribution of alien species already introduced, the following is proposed:

In each archipelago, what role would be played by artisanal fishing (as well as
other sectors, eg coastal excursions, passenger or merchandise transport) in the
possible transmission between nearby coastal areas, or between islands, of the
species already introduced?

The process of invasion takes place in phases, and from the introduction of an alien
species until it becomes invasive (if it becomes so) the time can be very variable
(Capdevilla et al., 2013). In this process, different routes of propagation could occur in
individual archipelagos, such as those sectors whose vessels often sail through
different points of the coast and between the islands. Artisan fleets behave in this way
between nearby ports, and even between islands (in each archipelago); and for that
reason, this possibility should be evaluated in this sector and others that act in a similar
way (per Dr. Alberto Brito).

As it has been explained and described with much caution, fishing could cause
negative or positive impacts, depending on the perspective used, as other activities
(Ricciardi et al., 2013). It would be negative, in terms of the possible transmission of
non-native species already introduced by other sectors (if this fact were confirmed), as
has been described. But in turn, it could also be positive by controlling species already
introduced, by incorporating them into their catches, controlling their populations and
obtaining economic benefits (Mancinelli et al., 2017). In the Canary Islands, the latter
could already be happening. The sea bass (Dicentrarchus labrax) and the gilthead
seabream (Sparus aurata) are caught in all the islands (data from the first fresh sale
system, Canary Islands Government, 2017), and these are considered non-native in 5
of their islands (Toledo-Guedes et al., 2009). Another Canarian example is the catches
observed by artisanal fishermen of introduced fish species of diverse origin, such as
Acanthurus monrivae and Cephalopholis taeniops (Falcon et al., 2015); that could have
already been established (Riera et al., 2014) and that are subject to capture at least on
the island of Gran Canaria (per artisan fishermen, Oct., 2018). In addition, in the near
future, perhaps the Cronius ruber crab, introduced in Gran Canaria (Gonzalez et al.,
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2017), could become an objective species. The latest information on C. ruber shows its
presence in many of the coastal areas of this island (Martin et al., 2019).

As for the synergistic effects that could influence the introduction and transmission of
alien species, climate change, nitrogen deposition and disturbances related to the use
of the territory, could contribute cumulatively to the impacts of these (Ricciardi et al.,
2013).

With respect to climate change, a process of tropicalization of fish species has been
described in the Canary Islands (Brito et al., 2005). This has also been found in other
regions of the Atlantic, such as the Azores, England, the French-Atlantic coast; and in
the Mediterranean Sea, thus showing an expansion of the distribution of species
towards the North Atlantic (Brito et al., 2005). These facts are related to events of
progressive warming of the waters and even to global climate change (Brito et al.,
2005). In Madeira, something similar has been described, due to the appearance of
certain macroalgae and coastal fauna (Ribeiro et al., 2019). And in the Azores, it has
been suggested that the expansion of the fish Diplodus vulgaris could have been
facilitated by climate change (Steffani et al., 2015). The temporal analysis of 30 years,
on the annual change rate of sea surface temperature, in the large marine ecosystem
of the Canary current, reveals positive trends in the archipelagos under study,
highlighting those of the Azores (see Vélez-Belchi et al. al., 2015). This could facilitate
the expansion of warmer water species (Brito et al., 2005, Espino et al., 2015).

Regarding the adoption of management, control and eradication measures; in the
Canary Islands, these will be adapted to the programs of measures of marine
strategies (Additional Disp. 12 Real Decreto 630/2013). The program of measures of
the Canarian demarcation establishes the need to implement/improve prevention
through vector controls, early detection and eradication (vital in the marine
environment, Magic et al., 2018), and surveillance and monitoring, DMEM, 2016b). In
the Canary lIslands, the summation of pressures was developed as part of the
introduction of marine species (Lloret-Capote et al., 2012, Annex | in DMEM, 2016b).
Noting some ports are dependent on the Spanish State as areas of higher load. It is not
known if a vector control or early detection plan has been established in these places.

The measures to be adopted vary depending on the nature of the species. In relation to
their sampling and within the framework of the MSFD (2008), the PLASMAR project
has developed a methodology for the evaluation of the introduction of alien species in
Macaronesian sports harbors (Alvarez et al., 2018), which allows an evaluation and
exhaustive monitoring of the sedentary species that reach these environments. As an
example of adaptation to the characteristics of the species, the best type of sampling of
the alien crab Cronius ruber in the Canary Islands has recently been evaluated, and its
invasive potential, impact and possible control measures are being studied (Martin et
al., 2019). Other citizen science tools (eg Poseidon or RedPromar, from the Canary
Islands) could provide relevant information about changes in their distribution. It is
observed that the application of effective measures that prevent the transfer of species
can become complicated by their interference with the normal activity of the artisanal
fishing sector, or others. But it is also understood that prevention would be an effective
way to avoid the costs associated with the eradication of a species or the solvency of
its impacts (such as the loss of biodiversity and the environmental services too). For
the description of strategies in general, it is sent to Zilletti et al. (2013), and Magic et al.,
(2018); and regarding prevention measures in the hulls of ships, to Zabin et al. (2018).

In conclusion, it is proposed to consider the role of artisanal fishing vessels in the
transmission of species within an archipelago; and to other regions. However, it is not
intended to place the focus solely on this sector; rather, a scenario has been described
in which small vessels of different sectors or uses, and larger vessels could be
developing an important role, which should also be evaluated in relation to QD 2. As
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described by the Canary Islands marine strategy, it is necessary to consider studies
that help to evaluate the development of possible invasive species in their areas of
special conservation (DMEM, 2016b), and it is understood that this can be extrapolated
to the rest of the archipelagos analyzed.
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4 Analysis >> QD3 Commercially-exploited fish
and shellfish

QD3 Populations of all commercially-exploited fish and shellfish are within safe biological
limits, exhibiting a population age and size distribution that is indicative of a healthy stock

Env.

. CODE Env. impact MA Im.p'act' Monitoring
Criteria (element) L : pressure mitigation
Criteria Impact spatial . method
extent solutions measures

The Fishing mortality rate of
populations of commercially- D3C1 yes broader yes yes yes

exploited species

The Spawning Stock

Biomass of populations of

commercially-exploited D3C2 yes broader yes yes yes
species are above biomass

levels capable of producing

maximum sustainable yield.

The age and size distribution
of individuals in the
populations of commercially-

exploited species is

indicative of a healthy

population. This shall include D3C3 yes broader yes yes yes
a high proportion of old/large

individuals and limited

adverse effects of

exploitation ~ on  genetic

diversity.

In the Canary Island, Madeira and Azores area there is no information about indicators
of safe biological limits or reference points of populations of commercially-exploited fish
and shellfish species. The REPESCAN report (Gonzalez, 2008) put into evidence the
lack of biological and fishery information of most of the target species in the Canary
Islands, and assume that most of the bentho-demersal fishing resources targeted by
the small-scale fishery are currently overexploited. Moreover, this report indicates that
no information about the status of the small and middle-size pelagic fish stock is
available. In this way, Castro et al. (2015) indicated that catch per unit of effort of the
trap fishery have been decreased by the 90% since 1970. In the same way, Morato
(2012) made a detailed description about the knowledge of fish stocks and fisheries in
Azores and Madeira, concluding that the status of most of the targeted species is
unknown, particularly in Madeira fishing grounds. ICES recommended that catches of
horse mackerel (Trachurus trachurus), anchovy (Engraulis encrasicolus) and sardine
(Sardina pilchardus) should not be allowed to increase in Azores (ICES 2011).
Moreover, some indicators suggested that abundances of black scabbardfish
(Aphanopus carbo) are declining in some areas of the Northeast Atlantic (Lorance &
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Dupouy, 2001; ICES 2008), particularly in Madeira (Morato, 2012), which motivated the
implementation of TAC system in 2003 (ICES, 2011).

On the other hand, the minimal length of capture of only thirty species has been
regulated in the Canary Islands (Real Decreto 560/1995; BOE 84 de 08/04/1995,
updated with the Real Decreto 1076/2015; BOE 285 de 28/11/2015), including tuna
species that are regulated according minimal wet weight following ICCAT
recommendations. However, most of the minimal length of capture are below the
length of first reproduction (Gonzélez et al. 2012). In Azores and Madeira, more
restricted minimum length values were implemented for several fish species in 2009.

Environmental impact

The most obvious effect of fishing on target and non-target species is direct mortality
(Pope et al. 2000). For stocks having analytical assessments, exploitation rate (fishing
intensity) is usually quantified by fishing mortality (F) (ICES, 2008) and corresponds to
the proportion of the population or biomass of a fish stock that is removed per year
(FAO, 2010). The precautionary approach in fisheries in Europe, introduced in 1997,
has led to the adoption of reference points for F and spawning stock biomass (SSB)
(ICES, 2008), and the main focus of fisheries management in the NE Atlantic and
elsewhere has been the regulation of F to ensure a target B is achieved (Froese et al.,
2008; ICES, 2008).

Exploitation pattern (fishing selection) is defined as the distribution of fishing mortality
over the different age/size components of a fish population (FAO, 2010) and depends
on the selectivity of the gears used in a fishery and on the extent to which particular
age/size classes can be selectively targeted. Exploitation pattern is broadly indicative
of the proportional exploitation of juveniles because size in fish is linked to their
maturity stage. A relevant metric of the proportional exploitation of juveniles (juvenile
exploitation index — JEI) that results from a given exploitation pattern is the fishing
mortality of immature fish divided by that of mature fish (JEI = Fimm/Fmat;
Vasilakopoulos et al., 2011). Vasilakopoulos et al. (2011) analysed data for 38 ICES
stocks, where F and JEI (then named ER and EP, respectively) were averaged over a
standardised time-period, to show that both F and JEI have independent, negative
effects on stock status, providing empirical evidence for the benefits from protecting
juveniles. That study also showed that values of F > 0.63 and JEI > 0.50 are
associated with a higher probability of individual stock status falling below
precautionary limits (Vasilakopoulos et al., 2012).

In the Canary Islands area, F and Exploitation Rate (E) have been estimated for a few
seabream species (Dentex gibbosus, Diplodus cervinus, D. sargus cadenati, Pagellus
acarne, P. erythrinus, Pagrus pagrus, and Spondyliosoma cantharus) and red mullet
(Mullus surmuletus) (Lorenzo & Pajuelo, 2002; Pajuelo & Lorenzo, 1995, 1996, 1998,
1999, 2000, 2004; Pajuelo et al., 1997, 2003) from more than one hundred that are
targeted by the small-scale fishery. However, for Madeira we have only found F
estimation for the blue jack mackerel, Trachurus picturatus (Vascocelos et al., 2018).
Moreover, no data are available of the proportion of juvenile fish of each species in
commercial captures in none of the small-scales fisheries of the Macaronensian
archiepelagos, because no length sampling programmes are done regularly, and no
information of discard composition is provided.

While in the Canary Islands data of commercial captures are only systematically
recorded after 2006 (Castro et al., 2015), the Azores and Madeira have an efficient and
unigue system for fishery data collection dating back to the 1970s (Morato, 2012). With
the exception of part of the pelagic longline catch landed outside the Azores, and tuna
going directly to processing factories, all catches by Azorean vessels must be landed at
the auction houses distributed throughout the islands (Pham et al.,, 2013).
Nevertheless, in a general context of poor-data fishery that could be applied to the
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Macaronesian small-scale fisheries, total mortality (P/B) and fishing mortality of target
species groups could be approximate from models. In this way, and through the
Ecopath with Ecosim model, Couce-Montero et al. (2015) and Morato et al. (2016)
provide estimations of P/B coefficients for several heterogeneous groups of species,
and single representative target species, including zooplankton, shellfish, fish, turtles,
birds and mammals, respectively for Gran Canaria Island and Azores areas. In the
model of Gran Canaria, Couce-Montero et al. (2015) concluded that 43% of fished
groups were overexploited, particularly benthic sharks, groupers, breams, parrotfishes,
and leatherjacket fishes. In this way, Castro et al. (2015) reported that CPUE of the
trap fishery of the Canary Island have decreased by 90% from 1970 to 2014, indicating
a chronic overfishing of almost all target species in all range of depths (0 to over 200
m), as was previously indicated by Garcia-Cabrera (1970) and Gonzalez (2008).

A decreasing trend in the length composition of blue jack mackerel in Madeira was
observed between 2002 and 2016, and length at first maturity decreased by 2.78 cm
TL (Vasconcelos et al., 2018). Similar decreasing tendency in mean length (-1.2
cm/year) has been mentioned for Epinephelus marginatus in the Canary Islands
(Jiménez-Alvarado et al., 2019), and it is suspected to occurred a similar process also
in Pagrus pagrus. The black spot seabream (Pagellus bagaraveo), in the Azorean
commercial handline and bottom longline fisheries, has been found in recent years to
be showing signs of reproductive stress (Stockley et al. 2005). According to ICES,
2012), the abundance of the blackspot seabream stock in the Azores has decreased by
more than 20% in 2007-2009 and 2010-2011. Additionally, considering that
exploitation is unknown, ICES advised that catches should decrease by a further 20%
as a precautionary buffer (ICES, 2012). Analysis of the survey abundance data also
suggests that some traditional commercially important demersal or deep water species,
like the alfonsinos (Silva & Pinho, 2007) or bluemouth rockfish (Perrota & Hernandez,
2005) are intensively exploited.

Ecological risk assessments for priority species of sharks caught in ICCAT fisheries
demonstrated that most Atlantic pelagic sharks (i.e. blue shark and shortfin mako) have
exceptionally limited biological productivity and, as such, can be overfished even at
very low levels of fishing mortality (ICCAT, 2012, 2017). For both North and South
Atlantic blue shark stocks biomass is believed to be above the biomass that would
support MSY and current harvest levels below Fysy (ICCAT, 2012). Estimates of stock
status for the North Atlantic shortfin mako indicated stock depletion to about 50% of
biomass estimated for the 1950s. In 2017, the Standing Committee on Research and
Statistics (SCRS) reported depletion and ongoing overfishing of North Atlantic shortfin
makos, estimated that only a Ot catch (including dead discards) could result in
population rebuilding by 2040 (54% probability), and recommended a “complete
prohibition on retention” as the most effective immediate measure for achieving this
goal (ICCAT, 2017). On the other hand, preliminary 2017 data reveal that North Atlantic
blue shark catches could well exceed the threshold established by ICCAT in 2016. This
threshold should be transformed into a total allowable catch limit to better prevent
overages.

In relation to benthic and deep-water elasmobranchs species, there is no information
about the status of species but it is suspected that most of them are overfished, and
some are critically endangered or in risk of extinction (i.e. Squatina squatina). In this
way, Pajuelo et al. (2018) reported that bycatch of benthic sharks in the semi-floating
trap fishery accounted by 0.11% in Madeira and 0.7% in Canary Islands. Morato (2012)
indicated that deep-water sharks were represented by at least 10 species and
accounted for about 135 t/year, the 16% of the discarded organisms in the bottom
longline and handline fisheries of Azores. These species are never landed and
accounted in average for 135 tonnes of total discarded amount per year. In the drifting
longline fishery of Azores, Machete et al. (2011) found by-catch values varying
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between 3% and 5% of the black scabbardfish catch, but a recent report (seaExpert,
2012) estimated a much higher by-catch of deep water sharks (gulper shark, C.
squamosus and the Portuguese dogfish, Centroscymnus sp., composed the main by
catch).

According to Morato (2012), total biomass of marine turtles killed as a result of bycatch
of the longline fleet of Azores was estimated to average about 7.0 tons per year, much
higher than reported for the other European fleets (Pham et al. 2013). However, not all
sea turtles caught die but no estimates of hooked loggerhead mortality after gear
removal are available (Ferreira et al., 2001; Lewison et al., 2004). Apart from that, the
Mediterranean monk seals (Monachus monachus) are among the most endangered
marine mammals in the world that have been impacted by fisheries. Moreover, Hale et
al. (2011) has reported and increase in the fishery interactions with marine mammals in
Madeira.

Environmental impact spatial extent

Piet et al. (2000) argue that annual fishing mortality on benthic fauna should preferably
be based on relevant environmental strata, and accuracy of the estimates increases
markedly when the resolution of spatial fishing effort data sufficiently reflects the
patchiness of the fleet's activities. In this way, there are no information about the
impact of fishing mortality, or fishing effort exerted, on different target fish and shellfish
species by spatial or depth strata in the Canary, Madeira and Azores archipelagos.
Nevertheless, the Macaronesian archipelago is composed by oceanic islands of
volcanic nature, independent of the nearby continents (Africa in the case of the Canary
Islands and Madeira, and Europe for the Azores). In addition, the insular buildings are
separated from each other by depths ranging between 2000 and 3000 m, or more
(Vallerani et al., 2017; Carracedo, 2018). The lack of continuity in the shelf between the
islands, and with the neighboring continents, has important repercussions in the
distribution of the species and in their biological characteristics and, therefore, has to
be considered in the management of the fishing exploitation of each island. This
fragmentation of the shelves, with discontinuities marked by great depths of the order
of several thousand meters, means that the submarine zone located on the insular
shelf also acts as an island for the benthic and benthopelagic species, and for some
pelagic-coastal ones (i.e. chub mackerel, sardines, etc.). The great depths that
surround each island, beyond the insular shelf, can act as an insurmountable physical
barrier for many of the adult forms of these species (Huston, 1985), but not for larval
drift (Rodriguez et al., 1999, 2009). Therefore, the populations (or stocks) of species of
marine flora and fauna, including fish, of the islands are geographically limited to the
waters surrounding them (Brito et al., 1996, Sangil et al., 2011). However, the
consequences of this phenomenon do not only have implications on the biology of the
species, but also strong repercussions on the local fisheries. Most of these oceanic
island communities, like a coral reefs (Huston, 1985), are in a dynamic equilibrium and
heavily dependent on an uncertain recruitment that makes them highly unstable, never
reaching a persistent equilibrium. This increases their vulnerability to adverse climatic
phenomena and excessive fishing pressure (Gardner et al., 2005; Caballero-Afonso et
al., 2010; Solari et al., 2010).

This "quasi insulation” of the neritic biological communities and the limited carrying
capacity of insular marine systems mean that the fishing configuration that is build on
insular stocks also has clear peculiarities, which are reflected in the fishermen
communities, the fishing systems, as well as fishing intensity. And the oceanographic,
geomorphologic and bio-ecological characteristics of each island strongly condition
each small-scale fishery system. These differences are not only between islands, but
also along the coastline and fishing grounds of the same island. In this way, the
greatest fishing pressure is located in the areas sheltered from the prevailing winds
(trade winds coming mainly from the north or northeast), that in the Canary Islands
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coincide in part with grounds where the shelves are wider (Bas et al., 1995), and where
the abundance of the exploited stock is greater (Pastor and Delgado de Molina, 1985,
Bordes et al., 1987, 1993, 1995, 1998). Therefore, it is not surprising that these fishing
grounds are also close to where fishing infrastructures are concentrated, and so the
fleets. In addition, it is in these areas where the use of certain fishing gears, such as
purse-seine and gill-nets, is more frequent.

In this context of biological "quasi insulation", it is foreseeable that fishing impacts on
fish and shellfish benthic-demersal species, and probably also on small pelagic neritic
ones (e.g. mackerel-like species), could be limited to each island fishing grounds,
because the great depths between these oceanic islands prevent fluxes or
displacement of adults and juvenile individual of those species (but not of eggs and
pelagic larvae) beyond the insular shelves, working each island as an isolated system
for these fish stocks. So, it is possible to find that level of depletion of fish stocks, or
ecosystem/habitat/community conservation, could be relatively different between
neighbouring islands, as has been reported between Salvage Islands and Madeira or
Canary ones (Friedlander et al., 2017). In this way, in the archipelagos of Canaries and
Madeira have been reported high biomass of the sea urchin Diadema africanum, and
the lack of its fish predators (e.g. hogfishes, triggerfishes), as an indicator of ecosystem
unbalanced due to overfishing (Tuya et al., 2005; Hernandez et al., 2013; Riera et al.,
2016; Friedlander et al., 2017). This high abundances of sea urchins have not been
observed in Salvage islands (65% less than in Madeira), but the biomass of top
predators was more than 10 times larger than in Madeira, and sea urchin predators
were also observed in higher abundance that in this last archipelago (Friedlander et al.,
2017).

Curiously, in Madeira, the trophic level of landings has been increasing since 1938, but
increased more steeply in the transition from the 1980s to the 1990s, remaining
relatively stable at a high level since then. Likewise, the Fishing in Balance (FiB) index
also increased steeply during the same time period, indicating an expansion of the
fishery. Due to its oceanic and oligotrophic environment, fisheries in Madeira, and
probably also in the Canary and Azores islands, have become increasingly dependent
on a very small number of high trophic level, migratory species (tuna and tuna-like
species), a situation which is ecologically unsustainable. In the period studied, Long
relative price index increased, indicating that high trophic level species had become
more valuable in relation to species feeding at lower trophic levels. It is likely that the
persistence of present trends will compromise the sustainability of fisheries (Baeta et
al., 2009). According to Garcia et al. (2012), fishing strategies addressed to selective
capture of species, sexes, and sizes in proportions that differ from their occurrence in
the ecosystem neither maximizes production nor minimizes impacts. A more balanced
harvesting would more effectively mitigate adverse ecological effects of fishing while
supporting sustainable fisheries. An exploitation pattern focused on a better utilization
of locally available bentho-demersal and small-pelagic fish, would increase
sustainability of fisheries in the region (Hermida & Delgado, 2016). Balanced fishing
across a range of species, stocks, and sizes could mitigate adverse effects and
address food security better than increased selectivity (Garcia et al., 2012).

On the other hand, the amount of baitfish used by the pole-and-line fishery is not
reported to local authorities, remaining largely unknown and unmanaged, and is
composed by juveniles stages of several small-pelagic fish species. In Azores and
Canary lIslands, in average, the most frequent species of baitfish were sardines
(Sardina pilchardus and Sardinella aurita), makerel-like species (Scomber colias and
Trachurus spp.), bogue (Boops boops) and anchovy (Rico et al. 2002; Morato, 2012;
Herrera-Perdomo, 2017). Nevertheless, although baitfishes are caught at anywhere
and at anytime, because the tuna fishery is carry out along the year, but on different
tuna species (depending of the migratory patter of tropical and template species;
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Ganzedo-Lo6pez, 2005; Delgado de Molina et al., 2005, 2012), most of the baitfish is
obtained in shallower waters, near the nursery areas (on meadows or seagrass areas),
but also in open waters (near the slopes or even close to cyclonic eddies areas). This
open-water baitfish is mainly obtained by the larger boats dedicated to fish tuna far
from the islands grounds, while the shallow-water bait is more frequently caught by
boats that normally fish near their base-port, and mainly in march (for the bluefin tuna
fishery) and during the summer (mainly for skypjack tuna fishery) (Herrera-Perdomo,
2017).

Trawling is forbidden in the Macaronesian Archipelagos, and it is well established that it
has dramatic impacts on benthic ecosystems, with damages on habitats that impact
directly on stock biomass and recovering (Watling and Norse, 1998). This negative
impact on ecosistems could have effects during several decades or a century. In a
single bottom trawl, between 5 and 25% of the benthic organisms are eliminated, with
cumulative effects in the successive trawls (Poiner et al., 1998). In addition, this type of
gear is the one that has a higher proportion of discards, with only 20% or less of the
total catch obtained remaining on board (Alverson et al., 1994). Other techniques such
as longlines have been suggested to be less harmful to the environment
(Chuenpagdee et al., 2003), but a typical longline set in the Azores had an expected
bycatch of 1.23 sessile organisms or 0.96 coldwater corals (0.48kg +0.16) much
smaller than the expected bycatch of a bottom trawler operating in the Flemish Cap
towing over the same area (37-59 kg; Murillo et al., 2011). Bycatch was found to be
higher between 200 and 450 m depth and on seamounts when compared to island
shelves. Analysis of video footage suggested that additional impacts were found in the
sea bed with some cold water corals being seriously impacted by bottom longlines.
Longline have a selective impact on mostly 3-dimensional and branched colonies
(Sampaio et al., 2012) which may alter benthic community structure (Morato, 2012).

Maritime Activity pressure solution

The effective conservation of species vulnerable to fishing requires predictions of
sensitivity and exposure to fishing mortality, but such predictions are hard to make
when the population dynamics of most off these species have not been described (Le
Quesne & Jennings, 2012). Appropriate targets levels of F for rebuilding will depend on
the extent of overexploitation and on the economic impacts of the action.

The current fisheries resource management strategy of the Azores and Madeira is
based on the EU Common Fishery Policy, implemented primarily through Total
Allowable Catches (TACs) for various species including blackspot seabream (Pagellus
bogaraveo), alfonsinos (Beryx splendens and B. decadactylus), and deepwater sharks
such as Deania spp., Centrophorus spp., Etmopterus spp., Centroscymnus spp. and
kitefin shark, Dalatias licha (EC Reg. 2340/2002; EC Reg. 2270/2004). Apart from fish
guotas, the Azores and Madeira Regional Governments have implemented technical
measures such as minimum landings sizes or weights, minimum mesh sizes, allowable
percentage of bycatch species, area and temporal closures (Morato et al., 2010;
Ojamaa, 2015) and ban on the use of specific gear. Moreover, the Azores and Madeira
regulation prohibited deep-sea trawling, that according to Morato (2012), recently
became an EC regulation (EC 1568/2005) and the Azorean box of 100 miles limiting
fishing to vessels registered in the Azores created in 2003 under the CFP (EC Reg.
1954/2003).

On the other hand, in the Canary Islands, the length of first capture have been fixed for
about 30 fish species and 9 shellfish species (Decreto 134/1986; Reglamento (CE) N°
850/98; Real Decreto 1076/2015), list that is expected to be increased to about 60
species in the current year. Moreover, the capture of 15 shellfish species and 9 bony
fishes (Decreto 182/2004), 12 pelagic and deepwater sharks (Carcharadon carcharias,
Cetorhinus maximus, Lamna nasus, Isurus oxyrhinchus, Prionace glauca, Squatina
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squatina, between others), and 11 ray species (Manta alfredi, Manta birostris,
Rostroraja alba, Taeniura grabata, Gymnura altavela, etc.) has been forbidden in
waters of the Archipelago (Reg UE 2015/104; Reg UE 2016/72; Reg UE 40/2013 ARM
fin/2689/2009). The Canary Islands Government and the Ministerio of Agriculture and
Fisheries of Spain have regulated the size and mesh traps for fish and shellfish, purse
seine, gillnets and number of hook of the longlines. Trawling, including beach trawl, are
forbidden (Decreto 182/2004; Orden AAA/2536/2015).

There are currently 11 designated marine protected areas (MPAS) in the Azores and 6
(Santos et al.,, 1995; Morato, 2012). In the Canaries there are three MPA, but the
management of two of them (Graciosa and Restinga) is shared by the Canary and
Spanish Governments, but that of La Palma is managed by General Secretary of Sea.

The impact of longline fishing on sea turtles in the Azores could be diminished through
the regulation of the blue shark fishery (Ferreira et al., 2001; Aires-da-Silva et al.,
2008). Ferreira et al. (2011) suggested mitigation measures to reduce turtle by-catch in
the Azores, including policy that requires vessels to move away from fishing areas after
high catch rates of turtles, longline fishing ban in aggregation areas, and selected gear
modifications. There are no data of incidental captures of sea turtles in the Canary
Islands area. Nevertheless, has been reported the stranding of several individuals of
Caretta caretta and Eretmochelys imbrincata, some of them after interact with fishing
gears (Camifias, 2000). In the Spanish law, Caretta caretta is initially registered in the
Spanish Catalog of Endangered Species (Real Decreto 439/1990) as "of special
interest", and in its subsequent revision, as "vulnerable" (Real Decreto 139/2011). In
the Canary Islands catalog of protected species (Law 4/2010), the loggerhead turtle is
listed in its annex VI, in the category of "special interest” (OAG, 2018).

Impact mitigation measures

Since stock rebuilding generally requires several years, fishing intensity need to be
reduced continuously for the required period. For relatively long-lived species,
Rosenberg and Brault (1991) showed that rebuilding over moderate time spans (say 5
years) is less economically destructive than short, sharp reductions in fishing mortality
(2-year rebuilding scenarios), but that longer rebuilding periods are likely to be too long
to see signs of effective recovery. For many stocks which are currently heavily
exploited, larger-than-normal cohorts make up a progressively larger part of the annual
yield, but may not occur very frequently (Caddy and Mahon, 1995).

Alves et al. (2018) indicated that: (i) the MPA could be acting as a refuge for local
biodiversity, i) communities from the highly fished area could be suffering an
impoverishment of local biodiversity, and iii) communities from the highly urbanized
area would be enriched by the establishment of opportunistic species. These findings
support that the level of human-pressure likely plays an important role in the
composition of benthic communities in this insular ecosystem, although this was more
relevant at the shallower stratum where the key grazer Diadema africanum explained
65% of the variance of benthic assemblages. It is suggested that MPA of small
dimension and proximity to human impacted areas are limiting the survival of predators
of the D. africanum.

Based on the decline in the abundance of the stock of black scabbardfish in Northern
Europe fishing areas, WGDEEP suggested that fishing effort should be reduced
significantly (ICES, 2006). This conclusions lead to the introduction in 2003 of
management measures, based on fishing licenses and a TAC enforcement. In subarea
CECAF 34.1.2, were Madeira is inserted, TAC suffered its first cuts in 2011, with a
reduction from 4,285 to 4,071 tonnes. In the same subarea, for the year of 2012, the
TAC was established on 3,867 tonnes.

Monitoring methods
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Pope et al. (2000) suggest that to quantify vulnerability of species to fishing requires
measurement of the current fishing mortality rate and of the tolerance of the species to
fishing mortality. But, in non-target species is difficult to estimate fishing mortality due
to the little-studied of them. Pope et al (2000) described two potential methods for
estimating current fishing mortality rate when data are limited. The extended length
cohort analysis, based in the method developed by Jones (1981), offers a practical
approach for common non-target species. Given a modest amount of discard sampling
data and biological information, the method can be used to estimate current fishing
mortality rate, and its inversion can estimate the potential jeopardy level. Also the
method can be used to predict the steady-state catch and spawning-stock biomass
expected under any new rate and patterns of exploitation. On the other hand, fishing
mortality could be also estimate based on swept-area approaches. In this last
approach, local F is considered proportional to the fraction of the area swept by fishing
gear, so it is necessary to have an estimation of fishing effort for example tracking
vessel by satellite (e.g. the blue or green cages). (Pope et al., 2000).

Environmental impact

Spawning-stock Biomass (SSB) is assumed to be a proxy for stock reproductive
potential, and due to the dependence of recruitment on the spawning stock size, SSB
has been considered as a reference point to ensure that the spawning capacity of the
stocks is conserved. The reference points based on recruitment considerations may be
derived from stock-recruitment (S-R) relationships, or from an extension of yield per
recruit analysis which incorporates age/size at maturity in calculating the spawning
biomass per recruit (SPR) at various levels of F. According to Caddy and Mahon
(1995), these two types of analysis have been linked to calculate the stock biomass
levels associated with various SPR levels. The targets may be stated in terms of a
stock biomass or spawning stock biomass (SSB) that is expected to yield the desired
recruits, or in terms of the fishing mortality level which is expected to result in these
biomass or SPR levels. A major problem with S-R analysis is that a relatively long time-
series spanning a range of stock sizes is needed to produce a reliable stock-recruit
curve. The calculation of SPR is an extension to yield-per-recruit analysis which can be
carried out in the absence of historical data, if information on maturity/fecundity at
size/age is available. Moreover, to calculate the SBB it is necessary to estimate of the
number of fish by age group, the average weight of the fish in each age group, and the
amount of fish in each age group that are mature. Nevertheless, De Lara et al. (2007)
indicated that the ICES precautory approach, based on SSB and F indicators is
sustainable only when recruits make significant contribution to SSB. In this case,
advice based upon SSB, with an appropriate reference point, is sufficient to ensure
sustainability, but in all other cases must be complemented with other management
indicators. However, Scott et al. (1999) indicated that the use of spawning stock
biomass as a direct measure of reproductive potential may not be valid because of
age- or size-specific differences in fecundity and the effect of maternal size and
condition on offspring viability.

The maritime European area covered by the Macaronesian Archipelagos are
distributed in two big FAO fishing areas for statistical purposes in relation to fisheries,
the Northeast Atlantic fishing area, or area 27 (including Azores), and the Central-east
Atlantic fishing area, or area 34 (including Canary and Madeira islands). The fishing
area 27 is under the scientific supervision of the ICES (International Council for the
Exploration of the Sea), while the fishing area 34 is under the management of CECAF
(Committee for the Central Easten Atlantic Fisheries). In this geographical framework,
Jayasinghe et al. (2017) indicated that fisheries of the subareas 27(1 + I, V) appear
sustainable according the higher Mean Trophic Level (MTL) in landings and higher
Spawning-stock Biomass (SSB) after 2008. But, in subareas 27- VIII and 27- IX the
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SSB indicated that were overfished. In subarea 27-VI fish stocks are recovering, but
fish stocks in subareas 27-lll, 27-IV and 27-VII were heavy fishing. These authors
reported that other factors such as eutrophication, seafloor disturbances, marine
pollution, invasive species etc., influence SSB ecosystem health options and should
also be incorporated in the management criteria. However, for most of the stocks of the
Macaronesian area, there are no estimate of spawning stock biomass or parameters
that permits its estimation. There is no assessment of SSB or SPR for fishing subarea
27-Xa2, corresponding to Azores, neither for subdivision 34.1.2 corresponding to the
Canary Islands and Madeira, for none of the target species. In both fishing areas there
are no long-time series that permit to produce stock-recruit curves, but there is
information about maturity/fecundity at size/age of several target species, particularly
sparidae species and other benthic-demersal species, including octopus, in the Canary
Islands (Pajuelo & Lorenzo, 2001; Lorenzo et al., 2002; Hernandez-Garcia et al., 2002;
Gonzalez et al., 2003; Pajuelo et al., 2008; between others), Pseudocaranx dentex and
few demersal species in Azores (Estacio et al., 2001; Afonso et al., 2008), and chub
mackerel, and black scabbardfish in Madeira (Figueiredo et al., 2003; Vasconcelos et
al., 2012; Bordalo et al., 2001).

The fish larvae community in Azores was dominated by mesopelagic and bathypelagic
species, a typical oceanic island environment composition (Arkhipov & Mamedov,
2008; Sobrinho-Goncgalves & Isisdro, 2001). Fish larvae showed an abundance
minimum in May and a maximum in June, presenting a general negative relationship
with zooplankton biomass and indicating a temporal asynchrony between their annual
cycles of production. Moreover, Rodriguez (2000), Bécognée et al. (2006), and
Moyano and Hernandez-Ledn (2009) reported that temporal and spatial variations of
the larval fish community off the Canary Islands was mainly composed by myctophids,
followed by sparids, clupeids and gonostomatids. These authors suggest that there are
two seasonal larval assemblages corresponding to the two main characteristic periods
of the water column in these waters: mixing (winter) and stratification (summer).

According to Couce-Montero et al. (Submitted), if the current fisheries management
strategy continue in the Canary Islands, the biomass of the main commercial species
would in 2030 be diminished by more than 90%, in relation to that estimated in 2005,
with a predictable collapse of some target species. At this point, it is important to
mention that in 1970, Garcia-Cabrera warned that the fishing grounds of all the islands
with depths less than 100 m were overfished. Moreover, Gonzalez (2008) confirmed
Garcia-Cabrera’s findings thirty-eight years before, and indicated that this phenomenon
had spread to all fishing grounds and the entire range of depths at which the artisanal
fleet operate. But, Castro et al. (2015) estimated that the catch per unit of effort (CPUE)
for the trap fishery, based on benthic-demersal species, for Gran Canaria island has
been reduced by almost 90% relative to what it was in 1970.

Environmental impact spatial extent

There is no information about spatial extent of impacts of fishing on SBB in none of the
fishing grounds were operate the Macaronesian fishing fleets.

On the other hand, Scott et al. (1999) quantified how changes in the age composition
of the spawning stock, due to a range of fishing pressures and under different stock—
recruitment relationships, could influence the reproductive output. Their results
suggested that if the effects of the loss of more fecund older/larger individuals in the
population are not considered, the number of potential recruits produced by
populations under higher levels of fishing mortality could be overestimated by as much
as 60%. When age/size-related maternal effects on egg viability are also considered,
the amount of potential recruits can be overestimated by a further 10% in the heavily
exploited populations. In this way, it is feared that loss of old and large spawners
impairs heavily fished fish stocks’ reproductive capacity and increases their sensitivity
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to environmental fluctuations, and has been predicted to drive stocks toward earlier
maturation and smaller adult body size (Garcia et al. 2019). So, Stige et al. (2017)
reported that there is a link between demographic structure and abundance and
distributional extent of eggs but not between egg distribution and recruitment,
guestioning the benefits of a wide spatiotemporal distribution of spawning are of
guantitative importance for recruitment. Also, Castro et al. (2018) assessing the impact
of recreational spearfishing in the Canary Islands, indicated that those fishermen
address their fishing effort toward large specimens of a few species (e.g. groupers,
seabreams and parrotfish), that also are targeted by other recreational and artisanal
fishermen. Some of these species are currently classified as overfished or rarefied
(Aguilera-Klink et al., 1993; Gonzalez, 2008), or suffer process of sexual inversion
when reach larger sizes (Pajuelo y Lorenzo, 1995, 1996; Pajuelo et al., 2003, 20064,
2006b). This higher selectivity of spearfishing could produce a more destructive fishing
on vulnerable species, as has been indicated by Johannes (1978), Dayton et al.
(1998), Pogonoski et al. (2002), Bikeland y Dayton (2005) or Frisch et al. (2012). In this
sense, more that 50% of target species of spearfishermen in the Canary Islands show
high of very high vulnerability index (Cheung et al., 2005), and high fishing pressure
inhibit the recovering of these species.

In relation to spatial distribution of fish larvae, Moyano and Hernandez-Leén (2009) and
Moyano et al. (2009) reported that the higher egg and neritic larval abundnace was
found in the leeward and windward retention areas of the Canary Islands. However,
seasonality showed a stronger influence on the annual larval assemblage than
sampling site, as the latter was not significant on a long time scale. Moreover,
Sobrinho-Gongalves & Isisdro (2001), when compared fish larvae abundance with
those of other NE Atlantic regions suggested that the zooplankton production in the
Azores may be similar to the one found in the Iberian Peninsula continental shelf.
Significant spatial density gradients (for fish larvae and zooplankton) were not found
with either bathymetry or distance from shore. The species and quantitative
composition of ichthyoplankton of the South Azores seamounts is far more numerous
than in the North Azores seamounts (Arkhipov & Mamedov, 2008).

Maritime Activity pressure solution

Couce-Montero et al. 2019, using the Ecopath with Ecosim, consider that from all
scenarios they tested, only those that significantly reduce the high effort of the
recreational fishing would allow the recovery of the most exploited stocks in the marine
ecosystem in the short- and medium-term in Gran Canaria (Canary Islands). Moreover,
the best management strategy, in terms of impact on abundance, was obtained with a
scenario that has a spatial partition of exploitation rights between artisanal and
recreational fishermen, and includes no-fishing areas (MPAS).

Impact mitigation measures

Reference points which indicate when a fishery is entering in areas where resources
production is in danger, and immediate actions are needed, can be referred to Target
Reference Points (TRPs) and Limit Reference Points (LRPs) (Caddy and Mahon,
1995). TRPs are defined as the level of fishing mortality (or of the biomass), which
permit a long-term sustainable exploitation of the stocks, with the best possible catch.
TRPs indicates to a state of a fishing and/or resource which is considered to be
desirable and at which management action, whether during development or stock
rebuilding, should aim, and MSY has most often been used in this sense. A LRP
(maximum values of fishing mortality or minimum values of the biomass, which must
not be exceeded) indicates a state of a fishery and/or a resource which is considered to
be undesirable (e.g. a dangerously low spawning biomass, a high rate of decline in
stock size, or a high mortality rate) and which management action should avoid (Caddy
and Mahon, 1995). In poor-data fisheries, qualitative or semi-quantitative criteria also
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can be used directly as LRPs. Even when there is adequate information for the
definition of sophisticated LRPs, but there are broader ecological concerns about the
sustainability of benefits due to the possible impacts of exploitation on the ecosystem, it
may be desirable to set LRPs using a precautionary approach (Garcia 1994). The most
well known Ftarget is Fy; but are also used Fmax, Fmed, and Fysy. Fusy or length of
capture above the length of fist maturity are used as LRP.

Mace (1994) observed that TRPs and LRPs are highly dependent on the degree of
density dependence in the S-R relationship. She recommended that when the S-R
relationship is unknown, F4 be adopted as a target fishing mortality, but that it be
adjusted to accommodate any known or assumed degree of density dependence in the
S-R relationship. This corresponds to a recruitment of about 50% of that expected from
a virgin stock. For recruitment-based TRPs where biomass is stated in relation to virgin
biomass, the latter is estimated from the intersection of the S-R curve or mean
recruitment with the replacement line corresponding to F=0, the unfished condition.

Monitoring methods

Target Reference Points (TRPs) management requires active monitoring and continual
readjustment of management measures on an appropriate (usually annual) time-scale.
It also requires attention to the effect of a variety of sources of uncertainty on the
estimates of the TRP and of the stock status. Data series required to fix TRPs Limit
Reference Points (LRPs) (Caddy and Mahon, 1995) are basically capture and fishing
effort, but also the monitoring of length (or age) frequency distribution of target species
in captures, an biological data (i.e. length at maturity, natural mortality, length of
recruitment, etc).

In poor data fisheries, as are the Macaronesian ones, catch and effort data may be
sufficient to estimate sustainable biomass levels. Froese et al.,, 2017 presented a
Monte Carlo method (CMSY) for estimating fisheries reference points from catch,
resilience and qualitative stock status information on data-limited stocks and a
Bayesian state-space implementation of the Schaefer production model (BSM), fitted to
catch and biomass or CPUE data. For data-limited fisheries, quantitative data on SSB
in relation to reference points are not available, but these methodologies provide a
qualitative estimation of biomass against reference points (B/Bysy).

However, and according to Pascoe et al. (2014), model-derived economic target
reference points require robust biological models as well as appropriate economic
information, both of which are often unavailable. These last authors demonstrated that
there is a relationship between economic (maximum economic yield) and biological
(maximum sustainable yield) reference points, and that this depends primarily on the
cost.

Cadima (2003) gives extensive information about biological reference points and
regulation measures.

Environmental impact

The selective fishing process could generate a deterioration of fish populations,
because the active selection of greater individuals causes a significant loss of the
reproductive potential of target species (Barneche et al., 2018), the genetic load
associated with these individuals of great size (Swain et al., 2007; Pandolfi, 2009;
Walsh et al., 2006), and also an increase in vulnerability and predation mortality
(Audzijonyte et al., 2013; Alés et al.,, 2014). On of the negative effects of fishing
selection toward individuals of larger size the so called recruitment overfishing, that
occurs when the mature adult population is depleted to a level where it no longer has
the reproductive capacity to replenish itself—there are not enough adults to produce
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offspring (Pauly, 1983; Guerra-Sierra & Sanchez-Lizaso, 1998; FAO, 2009). However,
Guerra-Sierra & Sanchez-Lizaso (1998) also refer to genetic overfishing that is when
the genetic characteristics of the population change due to a selection addressed to
individuas of an specific characteristic, as could be to have a large size. Fishing would
selectively eliminate larger individuals, so that, over time, undesirable genetic traits
would be selected from the human point of view, such as those that slow down growth
or that cause reproduction to occur at lower sizes and, therefore, that would negatively
affect fecundity. This effect of fishing selectivity of large individual on a significant
reduction at the first maturity size has been also described by Olsen et al. (2004), de
Roos et al. (2006), and FAO (2009), among others. In this sense, in waters of Gran
Canaria, Jiménez-Alvarado et al. (2019) has demonstrated a significant decrease, of
about -1.22+0.19 cm per year, in the mean total length of dusky grouper (Epinephelus
marginatus), a bentho-demersal top-predator, and a concurrent change in the
composition of catches by recreational anglers, with a progressive major presence of
omnivorous fish species. But, and a despite that fish species in the Canary Islands are
in chronic overfishing scenario from de decade of 1970 (Garcia-Cabrera, 1970;
Gonzélez, 2008; Castro et al., 2019), in 2015, the Fishery Ministry of Spain has
significantly reduced the length of first capture of Pagrus pagrus in waters of the
Canary Islands, because recent reproductive studies have determined that the length
of maturity of this species have decrease (Pajuelo & Lorenzo, 1996) in relation to that
estimated in 1986, from 33 to 28 cm of total length. And this is the reason why fishery
management should never be oriented to reduce the legal size of first capture without
to have into mind the history of the fishery, because this decrease in the mean size of
first reproduction, would only further aggravate the problem of overexploitation.

On the other hand, Audzijonyte et al (2013) explored how a slow (less than 0.1% per
year) decrease in the length of five harvested species could affect species interactions,
biomasses and yields, and thy found that even small decreases in fish sizes are
amplified by positive feedback loops in the ecosystem and can lead to major changes
in natural mortality. They observed that a total of 4 per cent decrease in length-at-age
over 50 years resulted in 50 per cent increase in predation mortality, although the
magnitude and direction in predation mortality changes differed among species, but 50
years of gradual decrease in body size resulted in 1-35% decrease in biomasses and
catches of all shrinking species. In this sense, in the case of Canary Islands
populations of several target fish species are very rarefied, as is the case of the dusky
grouper, island grouper (Myteroperca fusca), and barred hogfish (Bodianus scrofa)
(Aguilera-Klink et al., 1993; Riera et al., 2014; Zeller et al., 2009), but that also may
have been the basis for deeper changes in these ecosystems, facilitating the
succession of species and the population explosion of other opportunistic ones (Ortega
et al., 2009). Therefore, fisheries management practices that ignore contemporary life-
history changes are likely to overestimate long-term yields and can lead to overfishing.

Environmental impact spatial extent

There is no information that could permits to asses the spatial extent of the impact of
fishing on the age and size distribution of individuals in the populations of
commercially-exploited species. However, is expected that it could be variable
according to the level of fishing pressure of each island. In this way, and according to
commercial capture data, the fish species targeted off the Island of El Hierro seem to
support a lower fishing pressure that in the islands of Gran Canaria and Tenerife,
because species like the barred hogfish and island groupers are more frequent in
catches, and individuals caught seem to be larger length than reported in other islands
(there are no length data available to sure this). In relation to this, Castro-Hernandez et
al. (2018), when assessing the impact of spearfishing in different zones of the Canary
archipelago, observed that in shallow waters (less than 20 m depth) the mean length of
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species censed where frequently smaller that the length of first maturity reported for
those species.

The high proportion of old/large individuals on waters of islands like El Hierro could
also be associate with the presence of a Marine Protected Area in those Islands, that
reduce the spatial impact of fishing and preserve part of the spawning population and
older fishes not available to fishing.

Maritime Activity pressure solution

There are two main actions that should be carry out simultaneously to preserve the age
and size structure of commercially-exploited species populations, as a healthy
indicator, and keeping a high proportion of old/large individuals and genetic diversity of
each species. The fist one is to regulate the length at fist capture (first harvest) for all
species, including those that are not target species for the fishery actually, but could be
potentially in a short time interval, for whole fishing ground. Froese & Kesner-Reyes
(2002), after analyse the time series of catch published by ICES and FAO, observed
that the length-frequency of commercial landings showed that in most target species
the mean length was below length at first maturity, and they proposed as alternative
management regime to avoid overfished, collapse or closed fisheries, to allow fish to
spawn at least one before being caught. In this way, the length at first capture should
be larger than the length at fist maturity of each species, and be adequate to the
biological characteristics of each stock. So, it is necessary first to define and
geographic delimit the stocks distribution. It is also important to have into consideration
those species that suffer sex changes with growth, in the way to avoid the overfishing
of the sex of larger length. Curiously, in the Canary lIslands, the 70% of the 20
demersal and small pelagic fish species (tuna are excluded) have a lower length at first
capture than their respective length at first maturity.

According to FAO (2009), mesh size restrictions can be a useful measure to avoid
capturing individuals of target species in the immature stages, but they have limitations
in multi-species fisheries and to catch older individuals. The main problem occurs when
organisms of different shapes and sizes occur on the same fishing ground, and
immature individuals of a co-occurring larger species are captured together. Fishing
mortality can be modified by restricting fishing activity to certain times or seasons, or by
restricting fishing in particular fishing grounds, particularly during spawning seasons
and in recruitment areas.

On the other hand, the second strategy to limit the impact of fishing on the size
structure of target or not target population is generally reduces both the direct and
indirect effects of fishing on the ecosystem. Closures areas may be used to protect
critical habitats where fishing activity would otherwise cause damage to the physical
structures supporting the ecosystem (FAO, 2009). And one form of closure is that of
marine protected areas (MPA)s. MPAs, when are well designated, can produce
considerable benefits for fisheries and marine biota (Rising & Heal, 2014). In this way,
Taylor and Mcllwain (2010) demonstrated that effective implementation of MPAs allows
a larger and older population to accrue, thus yielding considerable reproductive
benefits. Moreover, MPAs also allow that a proportion of the stock to remain free of the
genetic selective effects of fishing, and may act as refuges for the accumulation of
spawning biomass from which replenishment of surrounding fished areas can occur
(FAO, 2009).

Impact mitigation measures

To achieve the rebuilding of biomass of prey and predator species, and minimize the
impact of fishing on commercial species, it is necessary (i) to keep fishing mortality
lower than the natural rate of mortality, (ii) to maintain population sizes above half of
natural abundance, and (iii) to adjust the size at first capture equals the the length
where the biomass of an unexploited cohort would be maximum, would not only
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(Froeser et al, 2016). Biomass, density, species richness, and size of organisms
generally increase over time when protected by no-take marine reserves (Starr et al.,
2015; Fidler et al., 2018). The magnitude and timing of changes vary greatly and
depend upon the taxonomic groups protected, size and type of reserve,
oceanographic/climatic regime, and time since the reserve was implemented.
Nevertheless, when MPA has only partial restrictions to fishing, this management tool
not seems to be successful in achieving benefits (in biomass and in mean length) for
sedentary and relatively long-lived target species (Buselic et al., 2015). On the
contrary, community-managed MPAs can play an important role for local conservation
of high-value fish, and benthic ecosystems (Chirico et al., 2017).

On the other hand, Mascia et al. (2010) argued that food security generally remained
stable or increased in older and smaller MPAs, and shape the social well-being and
political power of fishing communities. The socioeconomic impacts of MPAs are
generally perceived as negative for industrial fishing and positive for artisanal fishing
(Pascual et al., 2016).

Monitoring methods

Unfortunately, there are not regular official programmes of control and recording of the
length distribution of the target species caught in the artisanal and recreational fisheries
in the different islands of the Macaronesian archipelagos. The only data of this nature
that are mentioned in the literature are those obtained by different researchers during
the preparation of specific biological studies of several target species, recorded on very
short temporal intervals (lower than 2 years), but that raw data of length distribution
used by them are not available (e.g. Lorenzo & Pajuelo, 1995, 1996; Morales-Nin &
Sena-Carcalho, 1996; Lorenzo et al., 2002; Garcia-Santamaria et al., 2012, between
many others). Only the tuna fisheries seem to have routine programme of length data
recording under the supervision of ICCAT (Delgado de Molina & Santana, 1986;
Delgado de Molina et al., 2012; Ariz et al., 1994; Gouveia et al., 2017, between others).

In this context, it is necessary to implement a programme of species length distribution
data recording of the different artisanal and recreational fisheries, by fishing gear and
geographic location of fishing grounds, for all the target and non-target species.
Because of the high spatial and temporal variability of fish recruitment patterns, long-
term monitoring is needed to identify positive or negative responses to the diverse
fishing management strategies that could be implemented along time, including MPAs
or any other measure addressed to the protection of species or the different set of
habitats.
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5 Analysis >> QD1 & QD4 Ecosystems, + food
webs (relating to Descriptor 1 & Descriptor 4)

QD1&QD4 Ecosystems, including food webs (relating to Descriptors 1 and 4)

Env.
Criteria CODE Env. impact
(element) Criteria Impact spatial
extent

MA Impact
pressure mitigation
solutions measures

Monitoring
method

QD

The diversity
(species
composition and
their relative
abundance) of
the trophic guild
is not adversely
affected due to
anthropogenic
pressures.

D4C1 yes broader yes yes yes

The balance of
total abundance
between the
trophic guilds is
not adversely
affected due to

QD1&QD4 anthropogenic
pressures.

D4C2 yes broader yes yes yes

The size
distribution of
individuals
across the need need need need
. ... D4C3  —
trophic guild is yes further  further further further
Secondary
not  adversely research research research research
affected due to
anthropogenic

pressures.

Productivity  of

the trophic guild

is not adversely D4C4 —
affected due to Secondary
anthropogenic

pressures.

need need need need
yes further  further further further
research research research research

An ecosystem is defined as “any entity or natural unit that includes living and nonliving
parts interacting to produce a stable system in which the exchange of materials
between the living and nonliving parts follows circular paths in an ecological system or
ecosystem. The ecosystem is the largest functional unit in ecology, since it includes
both organisms (biotic communities) and abiotic environment, each influencing the
properties of the other and both necessary for maintenance of life as we have it on the
earth” (Odum, 1953). That is why this is one of the most complex descriptors; since it

67



takes into account the structure of the ecosystem, the interactions between species
and the energy transfer flows that take place.

Commission Decision (EU) 2017/848 on criteria and methodological standards to
evaluate the good environmental status of marine waters establishes, in the case of
Descriptor 4, the use of four criteria: diversity of the trophic guild, balance of total
abundance between trophic levels, size distribution of individuals and productivity of
the trophic guilds understood as production per unit of biomass of individuals.

To correctly evaluate this descriptor, the three types of control that can occur in the
ecosystem must be considered: bottom-up, top-down and wasp-waist. In ecology,
bottom-up control refers to when primary producers control the ecosystem structure;
top-down refers to ecosystems in which the predators exert control over the prey and
wasp-waist control occurs when one or a very few species have a substantial influence
on the flow of energy through the mid-trophic levels (Pauly et al., 1998; Cury, 2000;
Cury et al., 2003, 2005; Bakun, 2006; Hunt and McKinnell, 2006). This is the only way
to ensure that all possible keystone species in the ecosystem be taken into account.

An important thing to keep in mind when evaluating Descriptor 4 is that this descriptor
is related to all the descriptors contemplated by Commission Decision (EU) 2017/848.
The relationships with Descriptor 1 (biodiversity) and Descriptor 3 (fishing) are the most
obvious with a direct impact. However, Descriptor 2 (non-indigenous species) can
modify the structure and functioning of the ecosystem, Descriptor 5 (eutrophication)
can affect abundance of the primary producers, which would have an impact on the
entire trophic chain, Descriptor 6 could cause changes in the biotic and abiotic
structure of the ecosystem and its functions and the remaining descriptors would also
be related though in an indirect way. Since the previous sections have already
addressed the impacts of fishing on the other descriptors, the discussion of the
following criteria may be redundant in some aspects.

The species composition of food webs and their relative abundance vary according to
region and habitat, so a great deal of information is required to establish an
assessment of the state of the ecosystem although in most instances it is not available.
In some cases, when target or representative species cannot be evaluated due to lack
of data, functional groups can be considered, but it must never be forgotten that any
impact that involves changes in the abundance or distribution of species will directly or
indirectly affect other species and therefore the trophic network. To select the groups or
species the following criteria must be met: (a) include at least three trophic guilds; (b)
two shall be non-fish trophic guilds; (c) at least one shall be a primary producer trophic
guild; (d) preferably represent at least the top, middle and bottom of the food chain.

The impacts of fisheries on the ecosystem have been abundantly described and
reviewed (Bianchi, 2000; Froese and Kesner-Reyes, 2002; Costello et al., 2010; Smith
et al,, 2011; Branch, 2015) and include severe reductions in upper trophic level
predators, removal of keystone species, changes in prey species biodiversity and
cascading responses through the food web, involving changes in ecosystem
functioning (Pauly et al., 1998; Christensen et al., 2003; Essington et al., 2006; Morato
et al., 2006).

Many of the fishing impacts on the marine food-webs in the three archipelagos have
been discussed in the previous sections and could be summarized as follows:
decrease in the abundance of target species and decrease in the sizes of the
specimens, bycatch of species without commercial interest but important in the trophic
network such as marine mammals, turtles, seabirds and sharks and, finally, fishing
directed to high-trophic level species, which may compromise the stability of the
ecosystems (Castro et al., 2015; Couce-Montero et al., 2015; Friedlander et al., 2017,
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Gonzalez, 2008; Morato et al., 2006, 2016; Pham et al., 2013; Sangil et al., 2013a,
2013b). In Canarias and Madeira high biomass of the sea urchin Diadema africanum
have been reported, and this is an indicator of ecosystem unbalanced due to
overfishing. Removal of top predators has been linked to hyperabundances of this sea
urchin, with the subsequent creation of urchin barrens (Hernandez et al., 2008a,
2008b; Friedlander et al., 2017).

There is not enough data about abundance and stocks status of commercially-
exploited fish and shellfish species in the three archipelagos, except for tuna whose
management is regulated by the International Commission for the Conservation of
Atlantic Tunas (ICCAT). The REPESCAN report (Gonzalez, 2008) put into evidence
the lack of information regarding the stocks status of the main target species in the
Canary Islands, but scientifics assume that most of the benthic and demersal species
targeted by this small-scale fishery are currently overexploited and they also conclude
that the current status of medium-sized coastal pelagics is unknown. Morato (2012)
provided a detailed description about the fisheries and the stocks in Azores and
Madeira grounds, concluding that the status of the main target species is also
unknown.

Evaluating fisheries such as those included in this study is very complicated, because
they are characterized by their complexity and the versatility of the fleets, with the
additional problem of geographical dispersion of the extractive units. Despite this, there
are indicators and models that can be used to assess the state of the populations and
the impact of fishing when there are no real or reliable data available, although they
must always be interpreted in the appropriate context and bearing in mind that other
factors may be conditioning the results. Within the overall concept of ecosystem-based
management, ecosystem models can describe the structure and function of an
ecosystem and can be used to evaluate the effect of fishing. The most widely used
approach to model ecosystems is Ecopath with Ecosim (EwE) due to the user friendly
interface and on-going improvements to the software (Plaganyi, 2007) and in the
Macaronesian region there are some published models that have used this approach
(Stobberup et al.,, 2004; Couce-Montero et al., 2015; Morato et al., 2016; Couce
Montero et al., 2019; Couce-Montero et al., 2019). The largest part of the ecosystem
biomass for Azores model (Morato et al., 2016) was composed by zooplankton and
invertebrate groups and models developed in Canary lIslands also showed higher
biomass concentration at trophic levels Il and Ill, mainly composed of planktonic and
benthic organisms (Couce-Montero et al., 2015, 2019). In these ecosystems, fishing is
focused on higher trophic levels in both regions and the total catches suggest an
intensive rate of exploitation by the fleets. Excluding tuna fishing, deep-water bottom
longline is the fishing technique with higher capture yields in Azores (Morato et al.,
2016), which could compromise the structure of the ecosystem since bathypelagic
fishes are considered keystone species within the ecosystem due to their important
role as prey in the food web and also because deep-water species are highly
vulnerable to overfishing and potentially have little resilience to over-exploitation. In
Gran Canaria, the exploitation rates estimated by the model suggest that the groups of
benthic sharks, serranids, wreckfish, sparids, parrotfishes, morays and leatherjacket
fishes are overexploited (Couce-Montero et al., 2015), which is in line with the
conclusions of the REPESCAN report (Gonzalez, 2008); however only tunas and
benthic sharks present fishing exploitation rates above the desirable values in Tenerife
and La Gomera islands (Couce-Montero et al., 2019). The impacts related to the
structure of the ecosystem and the abundance of species due to fishing mortality and
bycatch have been extensively analyzed in Descriptor 1 and 3, so they will not be
discussed in this section to avoid redundancies.

The relative abundance of the fish of each trophic group is useful for identifying
overexploited areas. (Friedlander and DeMartini, 2002) noted that in non-overfished
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and well preserved areas, top predators constitute at least 50% of the total fish
biomass; however fisheries tend to first remove these species that are characterized by
being large, slow growing and long-lived predatory fish. The problem with this fishing
strategy is that once these top predators are depleted, the fishing pressure will
gradually move towards the smaller species (Pauly et al., 1998). This tendency has
been observed worldwide and can be detected by the decline in the mean trophic level
(TLc) of catches over time. Fisheries in Azores and Madeira are characterized by a
higher mean trophic level (Baeta et al., 2009; Hermida and Delgado, 2016) and a
similar trend is observed in Canary Islands (Couce-Montero et al., 2015, 2018);
nevertheless, these results should be interpreted with caution, as they can give a
distorted view of reality due to the peculiarities of these archipelagos. The Fishing in
Balance Index (FiB) (Pauly et al., 2000) is often used in conjunction with the TLc to
assess the effect of fishing on the ecosystem. FiB index for Azores and Madeira show
a high variability with periods where a decreasing trend is observed reaching negative
values, which are followed by periods with increasing trend (Baeta et al., 2009). This
pattern suggests an expansion in fisheries, geographically and bathymetrically, beyond
its traditional fishing area or ecosystem; but ,excluding large pelagic species (e.qg.
tunas), Azores and Madeira fleets are focused on deep-water species such as
blackspot seabream (Pagellus bogaraveo), alfonsinos (Beryx splendens and B.
decadactylus), and deepwater sharks in the Azores (Pham et al., 2013), and
scabbardfishes (Aphanopus spp.) in Madeira (Shon et al., 2015). The TLc in Canary
Islands shows a marked seasonality due to tuna fishing, which in conjunction with
relatively short time series of catches, make it difficult to adequately describe the
current state of the fishery as a whole, since the overfishing of benthic-demersal
species can be masked (Couce-Montero et al., 2018).

Fisheries management carried out to date have a series of constraints that have
hindered the correct management of resources (e.g., TACs established without enough
information or fisheries management from a monospecific procedure). Proof of this is
that stock assessment published by FAO (2018), found that 59.9% of the worldwide
populations are exploited at a maximum level of sustainability, 33.1% are at biologically
unsustainable levels and only 7% of the stocks are underexploited. On this
background, it becomes evident the negative impact that fishing activities exert on
marine ecosystems, highlighting the need to manage the fisheries through an
ecosystem approach (Garcia et al., 2003). Under the EU Regulation 1380/2013, the
Common Fisheries Policy (CFP) recognized not only that an ecosystem-based
approach to fisheries management needs to be implemented but also that recreational
fisheries can have a significant impact on fish resources and Member States should
ensure that they are conducted in a compatible manner with the objectives of the CFP.

All regional, national and European regulations as well as management strategies
regarding the preservation of species included in Descriptors 1 and 3 are also
applicable to Descriptor 4. The main measures adopted to ensure the ecosystem
sustainability include limitations on the volume of catches and fishing effort, prohibition
of fishing gears or authorization of their use in specific grounds, minimum sizes of
some target species, creation of marine protected areas and regulation of recreational
fishing.

The following are the main recommendations for monitoring the impact in abundance
and species composition within the food webs from fishing activities:

¢ Conducting campaigns to determine the abundance of resources, or at least
provide information on the status of apex predators and primary producers to
consider the two main types of control that occur within the ecosystem.

e It is necessary to analyze the diets for target species if there is not enough
information available, since they can be keystone species for the functioning
and structure of the ecosystem.
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e Creating time series that collect landings and effort data, including fishing
grounds and gears employed and to improve the selectivity of the fishing gears
to avoid discards as well as the capture of small specimens.

e Performing periodic controls to avoid illegal, unregulated and undeclared fishing
and complement these controls with studies on the impact that recreational
fishermen have on the ecosystem

An overall assessment of the relative abundance of the species and the ecosystem
structure requires multiple indicators because marine ecosystems are generally
complex and the available tools cannot capture all of this complexity (ICES, 2018), so
one possible approach to monitor progress toward good environmental status is
ecosystem modeling. Several methodologies have been developed to evaluate the
marine resources through the analysis of food-webs and the choice of one or another
will be conditioned by several factors, including the study area and available data. In
general terms, ecosystem models can be classified in four groups (Plaganyi, 2007):

1. Whole ecosystem models: attempt to take into account all trophic levels in
the ecosystem

2. Minimum Realistic Models (MRM): limited number of species most likely to
have important interactions with a target species of interest.

3. Dynamic System Models (Biophysical): represent both bottom-up
(physical) and top-down (biological) forces interacting in an ecosystem.

4, Extensions of single-species assessment models (ESAM): expand on

current single-species assessment models taking into account a few
additional inter-specific interactions.

Fishing is a size-selective activity mainly focuses on large-bodied fish, resulting in
declines in these target species size, density, and biomass, while smaller-sized
organisms increase in the ecosystem (Jennings and Kaiser, 1998).

Decrease in adult body sizes can lead to life history changes of target species. Fish
can mature at smaller sizes and younger ages (Sharpe and Hendry, 2009; Audzijonyte
et al., 2013a) and this might have an effect on recruitment (Longhurst, 2002; Birkeland
and Dayton, 2005) and increase natural mortality by investing more energy in
reproduction (Jgrgensen and Fiksen, 2010). Reductions in body size can also alter
predator—prey dynamics through changes in prey vulnerability (Audzijonyte et al.,
2013b; Jagrgensen and Holt, 2013). These impacts are directly related with Descriptor
3, so only some examples have been cited and since maritime activity pressure
solutions, impact mitigation measures and monitoring methods are the same as those
included in D3C3, a detailed review of the bibliography can be found in the analysis of
that section.

Large fish are usually considered as a key attribute of a healthy marine ecosystem
(Greenstreet et al., 2011) and these species generally occupy the top trophic levels, so
given that body size is strongly correlated with trophic level in the community (Jennings
et al., 2001), it is reasonable to expect that size-based indicators (SBI) will reflect the
impact of fishing on the ecosystem (Jennings and Kaiser, 1998; Jennings et al., 1999;
Bianchi, 2000; Daan et al., 2005; Rochet and Rice, 2005; Shin et al., 2005; Travers et
al., 2006). These indicators include, inter alia, mean length in a population, mean
length in the community, mean maximum length in the community and the slope and
intercept of size spectra. The latter are often used in fisheries to understand the
structure of marine ecosystems and establish abundance baselines of marine
communities and their responses to the potential effects of fishing (Bianchi, 2000;
Benoit and Rochet, 2004; Shin et al., 2005; Travers et al., 2006; Blanchard et al., 2009;
Law et al., 2009, 2012; Jacobsen et al., 2013). Several authors have hypothesized that
exploitation should decrease the slope of a fish size spectrum, and reported decreasing
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trends of this slope in exploited systems, although this pattern is not consistent across
systems (Bianchi, 2000). For example, deep-sea communities have slower vital rates
and body size relationships vary with depth so the use of these indicators may not be
too successful to detect changes through time (Mindel et al., 2018). In addition, fish
recruitment can also affect size structure of the ecosystem; a good recruitment can
result in an overall decrease in the average size while a poor recruitment may lead to
an opposite effect (Greenstreet and Rogers, 2006).

Availability of species-size-abundance data collected through monitoring programs
favors the use of these indicators (Rochet and Trenkel, 2003); however, the current
monitoring programs in the archipelagos, such as IEO sampling and information
network in the Canary Islands or the POPA and ARQDACO programs in the Azores,
have important information gaps since, usually, only fishery target species are
considered. And this, coupled with the fact that changes in size distributions can result
for several reasons, including predator-prey relationships, life history traits, spatial
scale and habitats, environmental effects, ecosystem maturity, food availability and
environment-induced or genetic variability in life history, further complicates the
problem to quantify the extent of the impact of fisheries.

The International Council for the Exploration of the Sea (ICES) was requested to
evaluate methods to analyze the size distribution of the stocks, concluding that it is not
possible to set biologically meaningful threshold or reference values of SBI using time-
series methods. These reference values would allow comparison of current indicator
values with past values, but they could not account for interactions within and between
stocks that might occur when fishing consistently at Fysy; therefore ICES only
recommends the use of these indicators for surveillance purposes (ICES, 2016, 2017).
For all these reasons, we believe that in order to evaluate the impact that fishing has
on the sizes distribution within the ecosystem, it is necessary to combine monitoring
methods described for Descriptors 1, 3 and those proposed for criteria D4C1 and D4C2
with campaigns to obtain data about age, growth and reproduction parameters.

The performance of the species, as measured by their productivity (production per unit
of biomass; P/B), summarizes the main predator-prey processes in the ecosystem that
they inhabit. In order to correctly evaluate this criterion it would be necessary to know
in detail the abundance of the different species or functional groups within the
ecosystem as well as their production, and this is a difficult task due to lack of accurate
information. However, approximate values of the P/B ratios can be estimated from
indirect methods such as those mentioned below.

Under steady-state conditions, P/B for fishery target species or groups is equal to the
total mortality Z (Allen, 1971), where Z is the sum of natural (M) and fishing (F)
mortality rates; F can be calculated as the ratio between catches and biomass and M
can be estimated using this empirical equation (Pauly, 1980):

LogM =-0.0066—-0.279- LogL, +0.6543: LogK +0.4634- LogT

L= represents the asymptotic length and K the curvature parameter of the Von
Bertalanffy growth function and T is the mean water temperature in the study area,
expressed in oC.

For macroinvertebrate species, P/B ratios can be estimated with Brey's models (Brey,
2001, 2012; Brey et al., 2010) and ratio for primary producers can be calculated with
information provided by satellite data (e.g. SeaWiFS)

For those species for which there is not enough information and are important within
the ecosystem, trophic network models can be used to estimate this parameter, as it

72



has been done in the ecosystem models of the Azores and the Canary Islands
developed to date (Guénette and Morato, 2001; Morato et al., 2009, 2016; Couce-
Montero et al., 2015, 2019).

As previously mentioned, fishing influences total mortality of species and interferes in
predator-prey relationships, and hence in food consumption (Christensen et al., 2008),
so it is clear that this activity has an impact on productivity of the trophic network; but to
quantify the magnitude of this impact further research is needed. The monitoring
methods for this criterion are the same as those detailed for the three criteria discussed
above.
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6 Analysis >> QD5 Eutrophication

QD5 Human-induced eutrophication is minimised, especially adverse effects thereof,

such as losses in biodiversity, ecosystem degradation, harmful algae blooms and
oxygen deficiency in bottom waters

Env. MA Impact
QDb Criteria (element) CODE Env. impact ressure mitipation Monitoring
Criteria Impact spatial P 9 method

extent solutions measures
Nutrient concentrations
(Dissolved Inorganic
Nitrogen (DIN), Total
Nitrogen (TN),
Dissolved Inorganic
Phosphorus (DIP), Total
Phosphorus (TP)) are
not at levels that
indicate adverse
eutrophication effects.

QD5 D5C1 No

Chlorophyll a

concentrations are not

at levels that indicate D5C2 No
adverse effects of

nutrient enrichment.

The number, spatial

extent and duration of

harmful algal bloom

(e.g. cyanobacteria) D5C3 —
events are not at levels Secondary
that indicate adverse

effects of nutrient

enrichment.

The photic limit
(transparency) of the
water column is not
reduced, due to
increases in suspended
algae, to a level that
indicates adverse
effects of nutrient
enrichment.

D5C4 —
Secondary

The concentration of
dissolved oxygen is not
reduced, due to nutrient
enrichment, to levels
that indicate adverse
effects on benthic
habitats (including on
associated biota and
mobile species) or other
eutrophication effects.

The abundance of D5C6 —

D5C5 No
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opportunistic Secondary
macroalgae is not at

levels that indicate

adverse effects of

nutrient enrichment.

The species
composition and relative
abundance or depth
distribution of

macrophyte
communities achieve D5C7 —
values that indicate Secondary

there is no adverse
effect due to nutrient
enrichment including via
a decrease in water
transparency

The species
composition and relative
abundance of
macrofaunal
communities, achieve
values that indicate that
there is no adverse
effect due to nutrient
and organic enrichment

D5C8 —
Secondary

Eutrophication can be understood as an increase in the entry or production of organic
matter (for example, through wastewater, fertilizers ...). The effects of eutrophication
range from small changes in the production and composition of species in areas
exposed to incipient enrichment, through a significant simplification of the environment,
to a complete elimination of organisms (Valiela, 2006).

Those responsible for carrying out the Marine Strategies in Madeira and the Azores do
not indicate any influence of the fishing on the processes of eutrophication in these
regions (Regional Secretariat for Environment and Two Naturais Resources, 2014,
Regional Secretary for Naturais Resources, 2014). However, in the Canary Islands
they do indicate the existence of a pressure called 'incidental bycatch' that can
generate the 'organic matter input' as an impact (Lloret Capote, del Barrio Alvarellos
and Moreno Aranda, 2012; Perez Puyol et al., 2012 ), although they do not explain how
that entry is made. It would be possible to assume that it refers to the discharging into
the sea of discards from fishing or even the dumping of offal after the completion of
some type of processing of catches on board. On the other hand, in the Canary
Islands, when the 'analyzes and impacts' are discussed, they report that artificial reefs
(‘'related to fisheries management’) can produce an increase in organic matter and its
subsequent alteration in water properties, although they point out that significant
negative impacts are not to be expected (Lloret Capote, del Barrio Alvarellos and
Moreno Aranda, 2012).

Eutrophication is commonly considered as a synonym for fertilization, with phosphorus
(above all) and nitrogen being the limiting elements that are usually the source of
domestic, agricultural or industrial discharges (Lee, Jones and Jones, 1991). On a
global scale, the oxygen content of the open ocean and coastal waters has decreased
since the middle of the last century largely due to human activity that has increased the
global temperature and the discharge of nutrients to coastal waters (Breitburg et al. .,
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2018). These authors point out areas of hypoxia on a global scale and none is Azores,
Madeira or Canary Islands. Among the causes of oxygen depletion are global warming
and nutrient enrichment of coastal waters (eutrophication) due to human, agricultural
waste as well as the deposition of N from fossil fuels. In no case fishing appears as a
cause. However, as will be seen in the following paragraphs, more or less direct
relationships between eutrophication and fish or fishing have been described, albeit at
smaller scales.

An increase in primary production (derived from eutrophication) could increase the
guantity of fish although its quality (from a trophic point of view) could be reduced in
favor of fish with less interest. In general, the oceans have little nutrient load so their
fisheries are usually limited by primary production. However there are situations where
an excess of nutrients can have harmful effects on fishing and water quality, for
example by blooms of dinoflagellates that can cause specific events of anoxia by the
decomposition of these organisms, which can lead to death of fish in special
circumstances both geographical (coastal waters, bays) and environmental - very
stratified zones, high temperatures, etc. - (Lee, Jones and Jones, 1991).

On the other hand it has been described in lakes, bays or seas with little renovation,
how fish and fishing can influence the dynamics of nutrients through excretion, through
feeding on the bottom (mobilizing nutrients on the sediment), by zooplantivorous
feeding (decreasing the regeneration of nutrients) or by permanently removing
nutrients from the biomass of the fish caught (Hjerne and Hansson, 2002, lho et al.,
2017). In the Baltic Sea where eutrophication is considered a problem, the elimination
of biomass and therefore nutrients, through fisheries (catches) especially in those that
are balanced, can influence the marine dynamics of nutrients and should be
considered in terms of of management (Hjerne and Hansson, 2002). In this sense, in
addition to considering the positive effect of fishing (in the MSY) on nutrient reductions
Nielsen et al. (2019) point out that it can be achieved at a low cost compared with other
measures that combat eutrophication (for example the use of algae or mussels).

Madeira, Azores and the Canaries are oceanic islands with insular platforms where, at
a short distance from the coast, considerable depths are reached. That is to say, the
exchanges of nutrients between the bottom and the water column are practically
negligible, with certain exceptions in intertidal zones, shallow zones or others where
there is a certain platform. In any case, in general, the oceanic waters that surround the
islands have an oligotrophic character (Hernandez et al., 2012) and the renewal of the
waters is high.

In short, problems of eutrophication are more common in water bodies that receive
abundant nutrients and that, in addition, have a low renewal. In general terms, as
indicated, the limiting nutrients of the primary producers are nitrogen and phosphorus
that can reach the marine environment from land (eg urban and industrial spills,
surface runoff, etc.), from the sea ( eg ships, platforms, aquaculture) or from the air
(atmospheric depositions) (Martin Partida, Arrieta Algarra, Martinez Garcia-Denche, et
al., 2019). However, in the Canary Islands ships (any) are not considered as the origin
of activities that contribute to eutrophication (Cortés et al., 2012, Martin Partida, Arrieta
Algarra, Martinez Garcia-Denche, et al., 2019). In addition, according to Cortés et al.
(2012) 'there are no problems of eutrophication in the Demarcation (Canary)'.

In any case, perhaps anecdotally - in the context of the Life Cycle Assessment (LCA) -
another of the possible sources of N and P that fishing can contribute towards
eutrophication is through the consumption of fuel and the production of same
(indirectly) (Abdou et al., 2018), although this approach is beyond the scope of the
analysis of this work.

However, previously we talked about the paossibility of enrichment in the form of organic
matter through fishing discards. The contributions of organic matter (decomposition),
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although they do not affect D5 'Eutrofization' do affect D4 "Trophic networks' (Martin
Partida, Arrieta Algarra, Martinez Garcia-Denche, et al., 2019). These contributions in
abundance can cause a decrease in oxygen levels and, in the most extreme cases,
anoxia. However, these contributions of organic matter are defined as that matter that
arrives at the (marine) system from the outside (Martin Partida, Arrieta Algarra,
Martinez Garcia-Denche, et al.,, 2019). Therefore, discards in fishing seem to be
outside this influence on the marine environment (regardless of whether it is towards
D5 or D4). Anyway, in the following paragraphs this possibility is also discussed.

Discards (which returns to the sea) are consumed mainly by birds, fish and scavenger
species in the bottom (Sanchez and Olaso, 2004). Factory trawlers can discharge to
the sea waste from fishing processing (casings, heads, pieces), as well as whole fish
that are lost or discarded on the surface. In certain circumstances they can cause a
reduction in oxygenation levels and modify the composition of benthic communities
(Ramirez-llodra et al., 2011). However, the boats that develop this type of fishing are
outside the scope of this work that focuses, fundamentally, on the small-scale fishing
fleet such as the one developed by the Canary Islands, Madeira and Azores. On a
global scale, industrial fishing produces the majority of discards, while small-scale
fisheries generate only 7% (Fauconnet et al., 2019). As an approximation to the scale
of the problem in a fishery close to Macaronesia, such as the one developed in the
coastal ecosystem of the Cantabrian Sea, it was estimated that discards were 20%.
For this case, the importance of discards as food in ecosystems turned out to be low, in
comparison with detritus, primary producers and other low trophic levels. Discards
represented 0.07% of the total food intake in this ecosystem (Sanchez and Olaso,
2004). In the Azores, it has been estimated that around 5% of the total catch (1950-
2014) is discarded (Fauconnet et al., 2019). In the Canary Islands, there were no
studies on discards on a regional scale, although it is true that a large number of
species are fished and most are commercialized, which means that the existence of
discards, theoretically, is low (Rico, Santana and Gonzélez, 1999). As a curiosity
according to Celi et al. (2018) the measure proposed by the EU to counteract discards
- known as Landing Obligation, which requires the discharge (not for human
consumption) in port of discards of species subject to quotas or to 'minimum
conservation reference size' (MCRS) - can cause negative effects both ecologically
and economically in multi-species fisheries not regulated by quotas, due to the
reduction of biomass in ecosystems, the reduction of catches of commercial species,
the increase in the workload of fishermen and the reduction of economic benefits..

In general, it can be assumed that the production of discards could be insignificant in
general terms in the areas under analysis, above all because of the prohibition of
trawling gear and the fishing techniques typical of these regions. However, it is
necessary to highlight the scarcity of quality data on discards. In this sense, the best
tool for monitoring discards (commercial, non-commercial and vulnerable species)
would be through on-board observers, which, although an expensive option, provides
more reliable and complete information than official statistics (Fauconnet et al. ., 2019).
Due to the importance of recreational fishing in Macaronesia and the overlap of
catches with professional fishing (Jiménez Alvarado, 2015, Fauconnet et al., 2019), it is
suggested the need to provide data in this regard for both fisheries. Finally, 'the
transformation of fish and shellfish is an activity carried out in facilities on land, so it
does not have a direct impact on the marine environment' (Martin Partida, Arrieta
Algarra, Martinez Garcia-Dencha, et al., 2019).

In short, within the framework of the Marine Strategy Framework Directive,
eutrophication is analyzed by means of limiting nutrients (phosphorus and nitrogen)
that tend to have domestic, agricultural or industrial discharges as a source. Although
relationships between fishing and eutrophication have been described, these have
been rather towards the effects of eutrophication (of terrestrial origin) on fishing or on
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the possible use of fisheries in the management of eutrophication problems in certain
conditions. No references have been found that suggest impacts of small-scale fishing
on D5 within the framework of the MSFD. However, on a wide scale, some indirect
effects of fishing have been found through discards to the marine environment that in
certain circumstances may cause changes in the composition of the benthic
communities (perhaps in relation to the D4 'trophic relations"). In any case, due to the
scale and fishing techniques that are developed in Macaronesia, significant amounts of
discards are not to be expected. However, this does not prevent to highlight the
scarcity of quality data on discards. In that sense, the best tool for monitoring discards
would be through on-board observers. Due to the importance of recreational fishing in
Macaronesia and the overlap of catches with professional fishing, the need to provide
data in this sense for both fisheries is suggested.
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7 Analysis >> QD6 Sea-floor integrity

QD6 Sea-floor integrity is at a level that ensures that the structure and functions of the

ecosystems are safeguarded and benthic ecosystems, in particular, are not adversely
affected

Env. MA o
o CODE Env. impact pressur Im'p.act. Monitori
Criteria (element) Criteria 'MP2 spatial e mitigation ng
ct solution measures method
extent s
need
Spatial extent and distribution of further need
physical loss (permanent change) of DBC1l  yes iegearc Y©° yes further
the natural seabed h research
i o need
Spatial extent and distribution of further
physical disturbance (including D6C2  yes rasearc VES yes yes
intertidal areas) pressures on the
seabed. h
Spatial extent of each habitat type
which is adversely affected, through
change in its biotic and abiotic
structure and its functions (e.g. need
through changes in species further
composition and their relative D6C3  yes researc V°° yes yes
abundance, absence of particularly h

sensitive or fragile species or species
providing a key function, size
structure of species), by physical
disturbance.

Environmental impact

Physical loss shall be understood as a change to the seabed which could be restored if
the activity causing the disturbance pressure ceases, but recovery time leading are
larger than 12 years (Commission Decision on Good Environmental Status criteria, for
which the Marine Strategy Regulatory Committee). In this way, time intervals needed to
restoring sea bottom or benthic communities impacted by fishing could be highly
variable, depending of species and biological fluxes affected, and could need from
years or decades to centuries (Blackwood, et al., 2012; Lambert et al., 2014; Hiddink et
a., 2017).

The main impact of fishing on natural seabed, producing changes that could be
permanent in a time lapse of decades or centuries, is generated through it effects on
benthic communities due to alteration of trophic fluxes, because overfishing of one or
several key species, reducing the resilience of the ecological system in front of climatic
change by loss of genetic variability and subsequent ecological/behavioural response
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of species (Pikitch, 2012; Neubauer et al., 2013; Sangil et al., 2013; Coll et al., 2014,
Couce-Montero et al., 2015).

The abrupt topography of seabed of the of Canary, Madeira and Azores islands, with
very narrow island shelves make difficult bottom trawling and restricting the use of
other gear by the small-scale fleet to specific fishing grounds, mainly to the leeward
areas of the islands (Bas et al., 1995; Ojamaa, 2015). In this way, but principally for the
dramatic impacts that these fishing gears have on the singular marine seabed
communities of the islands, all modalities of bottom trawling has been prohibited in all
fishing areas of the three archipelagos (Morato, 2012; MAGRAMA, 2015), including
beach trawl. Nevertheless, there is no studies on the impact that other fishing gears
have on natural seabed, although it thought that bottom longlines and handlines are
less harmful or have no impact on sessile organisms (Chuenpagdee et al., 2003; Pham
et al., 2014). However, Morato (2012) indicate that bottom longlines set in the Azores
impact on sessile organism, particularly cold-water corals that are seriously damaged,
which may alter benthic community structure (Sampaio et al., 2012), but Pham et al.
(2014) estimated that this impact is low and these slow-growing vulnerable species are
still common in the traditional deep-water fishing grounds of Azores.

On the other hand, other important impact of fishing on seabed is that produced by
ghost fishing due to gear lost (NOAA, 2015). Although ghost fishing has not been
evaluated in the region, Castro and Hernandez-Garcia (2012) estimated that about
10% of fish-traps deployed in deep-water areas (deeper than 200 m) were lost each
fishing campaign, mainly due to deep-water current or foul on rocky-beds. Pham et al.
(2013) reported that lost fishing line was the dominant litter item encountered on
Condor seamount, all being entirely or partly entangled in the sessile fauna, like
gorgonians, but also lost weights and anchors. Probably the presence of litter related to
fishing activities, particularly pieces of lines and gill-nets like, are common in other
fishing grounds of the Macaronesian archipelagos, but Pham et al. (2013) considered
that abundance of litter on the Condor seamount was much lower than that reported
from other locations closer to populated areas.

In a similar context, marine litter associate to fishing activities, is the use of scrap (old
card, refrigerators, etc.) by fishermen like artificial reef to aggregate fish resources in
specific fishing grounds under their own control and knowledge. In this way, in the
Canary Islands some fishermen have been using scrap for build these artificial reef,
since the decade of 1980, without any administrative licence.

Pole and line tuna fishing are considered extremely selective a fishing method (Silva et
al., 2011), but baitfish used by the tuna vessels are frequently caught near the shore
with purse seines, in waters shallower than 5-15 m depth, and most of the times on
seagrass beds. It is frequent that the weight of the purse seine reach the bottom, and
works as a trawl while closing the net. During this closing manoeuvre, part of the
seagrass are cut and produce clears or gaps in the meadows. Anchoring and mooing
have a more dramatic negative effect on seagrass meadows (Unsworth et al., 2017),
but also in natural reef due to foul and soft sediment bottoms. Collins et al. (2013)
reported that when comparing the undisturbed seagrass sediment with the bare,
impacted areas, the latter sediments are less cohesive, contain less organic material
and have a lower silt fraction, infaunal organism number and taxa.

Probably one of the most visible impact of fishing activity on natural seabed is related
with the shellfish gathering on foot on intertidal areas, where during harvesting of
resource the intertidal ground is heavily walked, many rocks are turned over regularly
(Brey, 1991), and overfished (Riera et al., 2016). This activity of turning the rocks to
catch crabs (e.g. Xantho spp. as bait to fish parrotfish), sea urchins or octopus,
produce the exposition to light of the cryptic or scyaphila fauna, provoking its death,
and changing deeply the benthic community structure and composition (Jones, 1992).
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Also, and in a similar way that indicated by DeGroot (1984) in relation to trawling,
intertidal fishing of gastropods and other animal that burrow in the sand can change to
the physical integrity of the sediment system, due to scraping, digging or ploughing of
intertidal sediments, destruction or disturbance of bedforms, and damage to the
benthos.

Environmental impact spatial extent

There are no data about the spatial distribution of impacts due to the use of bottom
longlines or handlines on sessile fauna, or the impact of ghost fishing, but it could be
assumed that it may be produced in all fished areas around the islands and, in the case
of ghost fishing (and other marine litter associated to fishing), beyond, due to drifting
and transport of lost gears by deep-water marine currents.

On the other hand, the impact of shellfish gathering on natural seabeds can be mainly
circumscribed to intertidal areas of low-lying shores, accessible by foot to shellfish-
gatherers.

One of the most visible effects of fishing on benthic communities due to alteration of
trophic fluxes, is the seabeds barren grounds called "blanquizales" (white bottoms) in
the Canary Islands. Blanquizales are areas with no erect macroalgal cover as a result
of overgrazing produced by the high density of the sea urchin (Diadema africanum) that
generate the subsequent formation of “urchin barren grounds” (Tuya et al.,, 2004a;
Ortega et al., 2009; Hernandez et al. 2013). The influence of echinoids grazing activity
on rocky reefs communities of the eastern Atlantic oceanic islands, particularly in the
Canary Islands, have been well studied (Alves et al. 2001, Tuya et al. 2004b;
Hernandez et al. 2008a). Nevertheless, the progression of these urchin barren grounds
lay over many factor, as water warming, but mainly due to overfishing of natural
predator of this sea urchin specie (Hernandez et al., 2008b; Clemente et al., 2009), like
seabreams (Diplodus spp., Dentex spp.) or barred hogfish (Bodianus scrofa) (Aguilera-
Klink et al., 1993).

Maritime Activity pressure solution

In the Canary, Madeira and the Azores islands, trawling is prohibited according to
Regulation (EC) 1568/2005. In the Canary Islands, since 1986, any form of trawling
has been prohibited (MAGRAMA, 2015).

In relation to the use of scrap for artificial reef, and that also could be applicable to lost
fishing gears, the OSPAR Convention has established a series of guidelines for the
installation of artificial reefs, which Spain and Portugal as part contractor of the
agreement, are forced to comply. The OSPAR Guidelines on Atrtificial Reefs in relation
to Living Marine Resources, resulted of the working group created for this purpose,
being approved at the 1999 meeting of the OSPAR Commission. The contracting
parties to the OSPAR Convention undertake to take all measures possible in order to
prevent and eliminate pollution and protect the maritime area of the harmful effects of
human activities. It is intended to protect human health, preserve marine ecosystems
and, if possible, recover marine areas that have been harmed by anthropogenic activity
(MIMEA, 2008). Within Annex 2 of the OSPAR Convention, the dumping of all waste at
sea is prohibited other materials, except the following: (i) Dredged material, (ii) Inert
materials of natural origin (i.e., not elaborated chemically whose chemical components
are not likely to be released in the marine environment), (iii) Waste water sludges until
December 31, 1998, (iv) Fish waste from fishing industries, and (v) Ships or aircraft
until, at the latest, on December 31, 2004 (i.e. artificial reefs). Also in the same Annex it
is established that "No materials will be placed in the area maritime for purposes other
than those for which they were designed or constructed originally without authorization
or regulation from the competent authority of the Corresponding Authority. That
authorization or regulation shall be in accordance with the applicable criteria, guidelines
and procedures adopted by the Commission”.
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Impact mitigation measures

There is no legal enforceability to report the lost of a fishing gear, and we think that
should be highly recommended to have a official data series of lost gears by type, year
and fishing area, in order to estimate the potential ghost fishing and to develop a plan
of recovering when possible.

Moreover, it will be very useful to prepare a guide of best practices for shellfish
gathering in order to minimize the impact of fishermen on seabed and scyaphila fauna.
This guide should be also complemented by a more extensive plan of catch recording,
including species and sizes of individuals caught.

Monitoring methods

Unfortunately, there are not official programmes of data recording of the fishing gear
loss by type, year and fishing ground for artisanal and recreational fisheries in the
different islands of the Macaronesian archipelagos. Moreover, in the Canary Islands
captures obtained during shellfish gathering on intertidal shore are not recorded or not
separated from data recorded of the whole artisanal fishery.

Environmental impact

There are no data about the spatial extent and distribution of physical disturbance
pressure on the seabed associated with fishing activities. There are no information
about fishing pressure due to intertidal gathering or associated to different fishing
method on the insular shelves.

On the other hand, the high demographic growth of Diadema africanum population,
due to overfishing of its natural predator (Hernandez et al., 2013), has been widely
documented and frequently associated to the acute impoverishment of coastal rocky
substrates in all Canarian islands, with the exception of El Hierro island, where fishing
pressure has been lower and more strictly regulated in recent decades (Tuya et al.,
2004a; Riera et al., 2014). In this way, Sangil et al. (2012) recorded declines in D.
africanum populations and a recovery of algal assemblages in a Marine Protected Area
(MPA) in La Palma island after 4 years, concurrent with increases in densities of
predatory fishes (e.g. hogfishes, snappers and groupers). Also, Hernandez et al.
(2006) point out that the current fishing pressure and overfishing of sea urchin
predators, facilitate that a high rate of turnover of D. africanum population to maintain
the barren habitat.

Environmental impact spatial extent

In the case of small-scales fishing of the Macaronesian archipelago, it is possible to
assume that spatial extent of physical alteration of seabed, due to directly or indirectly
to fishing, is limited to the insular shelf of each island, but some effects could be felt
beyond, in deeper areas. For example, in the case of litter due to fishing gear lost, it
could be transported by currents and accumulates in troughs, canyons, and local
depressions, rather than reflecting the fisheries footprints directly, and this transport
could produce a trawling effect due to its dragging movements on the bottom by
deepwater currents.

Maritime Activity pressure solution

The solution of physical disturbance on seabed due to biological marine communities
perturbations because overfishing depends on the implementation of actions, or
strategies, addressed to reduce fishing pressure on target species and marine
ecosystems. There are several measures to reach a fishing effort reduction, that
obviously should be taken on gradual way, in order to not generate collapses in the
economical system associate to fishing (artisanal and recreational) or negative effects
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on non regulated areas or resources (Hiddink et al., 2006). Nevertheless, the actual
overfishing situation of fish stocks in the Canary Islands (Castro et al., 2019), and
probably in the other two Macaronensian archipelagos (Pham et al., 2013; Shon et al.,
2015), pass necessarily through a reduction of fishing effort (number of
fishermen/boats, number of fishing hours, implementation of TACs for each target
species, and for the whole fishery, and/or introducing use rights) (Bjordal, 2002; Pope,
2002; Charles, 2002; Tserpes et al., 2016), and the establishment of marine protected
areas (Taylor & Mcllwain, 2010; Rising & Heal, 2014). These last would help to restore
the biological balances and to rebuild the biomass of those species that have been
depressed by the different fishing actors or fleets (FAO, 2011; Menildrey et al., 2013).

Impact mitigation measures:

All mitigation measures, as spatial closures and fishing effort restrictions, addressed to
reduce the physical disturbances on seabed would have positive and direct effects on
habitat structure and in rebuilding target species biomass (Botsford et al., 1997; Hilborn
et al., 2004; Zeller & Reinert, 2004; Worm et al., 2009; Couce-Montero et al., 2019).

Fishing gears should be equipped with sensor that allow its location in case of loss,
doing possible its recovery.

Monitoring methods

Regular programmes of monitoring of species richness of benthic macrofauna in areas
under fishing should be implemented, and compare the variations recorded with non-
fishing areas used as control. The number of species and density in the benthic
invertebrate community as well as the average individual weight, should be recorded.
Biodiversity, density and mean weight are rather strong indicators of impacts of fishery
on the benthic invertebrate community. It is evident that the fishing pressure has
different impacts on the biodiversity and density in different habitats dependent on the
season of the year. Nevertheless, variations on species distribution and species life
history the approach may provide useful impact estimates that could be produced by
other stressors or pressures different than fishery only (Korpinen et al., 2018).

On the other hand, the physical disturbance pressure has spatial extent which is not
regularly monitored. Environmental monitoring programmes rarely have spatial
components that cover effect distances from activities, and it is necessary to develop
estimates of the spatial extent of different pressures.

Environmental impact

There are no information about the spatial extent of each habitat type that is adversely
affected, through changes in its biotic and abiotic structure and its function due to
fishing, and particularly because modification of physical characteristics of seabed, loss
of fishing gear that could damage the sessile organism, or deep changes in the
ecological structure of benthic communities that could produce permanent changes in
bottom nature. Nevertheless, in 1970, Garcia-Cabrera warned that the fishing grounds
of all the Canary Islands with depths less than 100 m were overfished. Moreover, the
REPESCAN report (Gonzélez, 2008) confirmed Garcia-Cabrera’s findings 38 years
before and indicated that this phenomenon had spread to all fishing grounds and the
entire range of depths at which the artisanal fleet operate. However, the fishing impact
could be spatially variable, most likely due spatial differences in habitat patchiness
(Stobart et al., 2012) according to terrain and slope variations along the island shelf as
well as differences in the fishing potential of each fraction of the artisanal fleet and the
on-shore infrastructures available to them. On the other hand, the impact of intertidal
gathering could be extended to all tidal rocky habitat type present in accessible
beaches, particularly in the most western islands of the Canary Islands.
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Environmental impact spatial extent

There are no data about the environmental impact spatial extent of physical
disturbance pressure on the seabed associated with fishing activities, because there
are no information available about fishing pressure due to intertidal gathering or
associated to different fishing method on the insular shelf of each island (Ramirez et
al., 2008).

Hernandez et al. (2013) indicate that Diadema africanum is the most abundant sea
urchin species in the Canary Islands region, reaching densities up to 240 individuals
per 100 m? covering large extensions of unvegetated rock. It can reach depths up to
100 m. The species has been also described in Madeira (Alves et al., 2001).
Nevertheless, Tuya et al. (2007) reported that D. africanum is less adapted to support
intense water movement, and due to this its density increase with depth. The result is
that areas with higher hydrodynamics show greater urchin density in a deep band (15—
20 m) just below the algal stand, whereas along sheltered coasts algal beds the
urchins occur only at the first meters depth where more food is available (Hernandez et
al. 2008).

According to Aguilera-Klink et al. (1994), Brito et al. (2004) and Tuya et al. (2004c),
barren grounds resulting from the intense grazing activity of Diadema africanum are
commonly spread throughout the entire region, reaching up to 50 m depth and covering
about 75 % of the total littoral rocky bottoms of the Canary Islands (Barquin et al.
2004). This intense sea urchin predation on macroalgae results in areas denuded of all
but encrusting algae (Lawrence 1975; Sangil et al. 2006a, 2006b).

Maritime Activity pressure solution:

The protection of each habitat type which is adversely affected by fishing could be
done through the creation of marine protected areas (MPASs), that would contain
significative representation of these benthic and pelagic habitats in neritic waters, in
each island (Hoagland et al., 2001). Currently, in the Canary Islands there are three
MPA, located in waters of the islands of Lanzarote, La Palma and EIl Hierro, that cover
about 74.500 hectares. But for protecting the different habitat types of this archipelago
it is necessary to equipped it with a larger number of MPA, deploying at least one per
island. On the other hand, the Madeira archipelago have five MPAs (The Savage
Islands, Garajay, Desert Islands, Porto Santo and Rocha do Navio) covering 1.466
hectares of marine area, while Azores has other eleven MPAs (Terceira, Pico, Santa
Maria, Sao Jorge, Corvo, Formigas, Graciosa, Faial, Flores, and Sao Miguel Islands)
that protect about 101.100 hectares.

Impact mitigation measures

MPAs alone are not a guarantee to obtain a real protection of habitats and ecological
marine communities, and must be seen as one of the tools to be considered in the
overall goal of achieving sustainable use of oceans (FAO, 2011). It is necessary a
more conservative management of the whole fishing ground affected for the small-
scales and recreational fleets to achieve the optimal and sustainable utilization of the
fishery resources.

Monitoring methods

Regular programmes of monitoring of species richness of benthic macrofauna in areas
under fishing should be implemented, and compare the variations recorded with non-
fishing areas used as control. Biodiversity, density and mean weight are rather strong
indicators of impacts of fishery on the benthic invertebrate community, and
consequently on habitats structure (Korpinen et al., 2018).
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8 Analysis >> QD1 & QD6 Benthic habitats
(relating to Descriptors 1 & Descriptor 6)

QD1& QD6 Benthic habitats (relating to Descriptors 1 and 6
Env.
CODE Env. impact

MA Impact
pressure mitigation
solutions measures

Monitoring

QD Criteria (element) Criteria Impact method

spatial
extent
The extent of loss of

the habitat type,

resulting from

anthropogenic
pressures, does not need need need need

exceed a specified D6CA4 yes  further further  further further
proportion of the research research research research

natural extent of the
habitat type in the
assessment area.
The extent of
adverse effects from
anthropogenic
pressures on the
condition of the
habitat type,
including alteration to
its biotic and abiotic
structure and its
functions (e.qg. its
typical species
composition and their need  need need need

absence of research research research research

particularly sensitive
or fragile species or
species providing a
key function, size
structure of species),
does not exceed a
specified proportion
of the natural extent
of the habitat type in
the assessment area.

QD1&QD6

As previously mentioned in the document, information on the types of habitats in the
Macaronesian region is scarce because only information of the habitats included in the
first 50 meters of depth is available, so it is impossible for us to evaluate the D6C4
criterion. Regarding criterion D6CS5, alterations on biotic and abiotic structure and
functions of the habitat types have mainly been discussed in descriptors 1 and 6,
however it is not possible to know the spatial extent of the aforementioned impacts.
Therefore, our suggestion is that more information is needed to properly assess these
criteria.
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9 Analysis >> DC7 Hydrographical conditions

DC7 Permanent alteration of hydrographical conditions does not adversely affect marine

ecosystems

Env.
CODE Env. impact
Criteria Impact spatial
extent

MA Impact
pressure mitigation
solutions measures

Monitoring

QD Criteria (element) method

Hydrographical changes
to the seabed and water
column (including
intertidal areas).Spatial
extent and distribution of
permanent alteration of
hydrographical
conditions (e.g. changes
in wave action, currents,
salinity, temperature) to
the seabed and water
column, associated in
particular with physical

QD7 |oss (7) of the natural
seabed.

D7C1— es  equal es no not
Secondary y q y applicable

Spatial extent of each
benthic habitat type
adversely affected
(physical and
hydrographl_cal D7C2 — not
characteristics and yes equal yes no .
; X . Secondary applicable
associated biological
communities) due to
permanent alteration of
hydrographical
conditions.

The OSPAR and Barcelona conventions define artificial reefs as: 'an artificial reef is a
submerged structure placed deliberately on the ocean floor to mimic some of the
characteristics of a natural reef. They may be partially exposed in some tidal states’.

Those responsible for the implementation of the Marine Strategies in Madeira and
Azores have not described the possible influence of fishing on the hydrographic
conditions in these regions (Regional Secretariat for the Environment and Two Naturais
Resources, 2014, Regional Secretary for Naturais Resources, 2014). In the Azores the
sinking of wrecks is explained (which could be extended to artificial reefs), however the
extent of this influence is very small in the coastal context of the Azores (Secretaria
Regional dos Recursos Naturais, 2014). In the Canary Islands, in the framework of the
reports on the DMEM, according to Lloret Capote, del Barrio Alvarellos and Moreno
Aranda (2012) 'the artificial reefs and wrecks sunk for this purpose constitute obstacles
that, depending on the place where they are located and their distribution density, can
cause modifications in the local system of currents, altering, therefore, the
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hydrodynamic conditions of the medium’. However, when they deal in detail with D7,
they point out that artificial reefs cause very little hydrodynamic distortion (Gonzalez-
Pola, Vélez-Belchi and Izquierdo, 2012).

There are many designs of artificial reefs that, depending on their destination of use,
can be categorized as those destined to: (i) act on the physical environment (coastal
protection, tourism and leisure, creation of anchoring zones, protection of marine
infrastructures), (ii) act on biota, such as fisheries management (protection, production
/ concentration), biofilters, mariculture, etc. and (iii) other uses, such as recreational
diving, scientific research, etc. According to the Ministerio de Medio Ambiente (2008)
'in the case of artificial reefs destined mainly for the protection of the physical
environment by dissipating the energy of the waves, it will be necessary to carry out a
detailed study of wave propagation since this type of reefs affect directly to the
hydrodynamics of the area’. However, in the reefs destined to the fishery management
it is only necessary to carry out a previous basic study (analysis of currents) to
demonstrate the non-alteration of the hydrographic conditions. In this sense, except for
the case of the reef-dikes, the anchoring depth must be sufficient to allow navigation. It
is recommended to leave at least one layer of water 15 meters above the reef at the
equinoctial low tide. In places where the possibility of passage of vessels with drafts
exceeding 10 meters, the minimum water layer is established in 25 meters and so on’
(Ministerio de Medio Ambiente, 2008). Regarding the specific content on the scope of
the environmental impact study, it is necessary to take into account the legislation that
exists in this matter for each region, but which we consider to be outside the scope of
this report. As an example, it is recommended to review the ‘Guia metodolégica para la
instalacion de arrecifes artificiales’ (Ministerio de Medio Ambiente, 2008)’.
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10Analysis >> DC8 Contaminants

DC8 Concentrations of contaminants are at levels not giving rise to pollution effects

Env.

. MA Impact Lo
QD  Criteria (element) CQDE Env. Impact |mpa}ct pressure mitigation Monitoring
Criteria spatial . method
solutions measures
extent
Concentrations of
contaminants
(ubiquitous persistent,
bioaccumulative  and
toxic substances - ‘No data &
Article  8a(1)(@) of information,
Directive D8C1 needed
2008/105/EC) do not further
exceed the established research.
(WFD) threshold
values in water,
sediment or biota.
The health of species
and the condition of
habitats (such as their
species  composition
QDsg and relative No data &
abundance at information,
locations of chronic D8C2  needed
pollution) are  not further
adversely affected due research.
to contaminants
including  cumulative
and synergetic effects.
The spatial extent and
duration of significant
acute pollution events No data &
(Dicharging  oil and information,
noxious liquid pgca needed
substances - MARPOL further
73/78Article  2(2) of research.
Directive 2005/35/EC)
are minimised.
The adverse effects of
significant acute
pollution events on the No data &
health of species and information,
on the condition of pgca needed
habitats (such as their further
species  composition research.
and relative
abundance).
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The D8C1 and D8C2 criteria of QD 8 are dedicated to prolonged or chronic processes;
while the D8C3 and D8C4 are related to punctual or acute events of contamination,
such as the accidental sinking of a ship or runoff. In addition, for both cases (chronic or
punctual), one of the criteria is dedicated to the evaluation of pollutants in the
environment; and the other, how these substances affect the marine environment that
contains them (see Decision 2017/848). The following sections will deal with the criteria
associated with prolonged or chronic processes, due to the characteristics of the sector
evaluated (artisanal fishing).

The marine strategy (Decision 2017/848) determines that in coastal and territorial
waters, the concentrations of the substances in Annex IA of the directive on pollutants
(Directive 2008/105/EC) and Annex VIII (with 12 types of substances) of the directive of
water (Directive 2000/60/CE), will not exceed the established thresholds. When the
concentration for which these thresholds have been established is measured in another
matrix (compartment of the aquatic environment, eg, water, sediment or biota), the
member states will establish the corresponding values through cooperation between
regions and subregions, if necessary (Decision 2017/848). The same shall apply for the
relevant contaminants not included in these annexes, in the types of water cited, or
beyond, for any substance that produces important effects (Decision 2017/848).

The Directive 2000/60/CE establishes as conditioner of the "Very Good State"
physicochemical of the coastal waters that the concentrations of specific synthetic
contaminants are close to 0 or less than the limits of detection; and for specific non-
synthetic products, the concentrations must be within the range considered as usual or
unaltered conditions (see definitions in its Annex V).

At this point, could artisanal vessels be considered sources of pollutants? A priori, it
can be expected that these fleets are not a significative source to the total pollution
contributed to the marine environment in each of the three archipelagos, due to the low
number of craft boats in comparison with other sectors or larger vessels associated
with others sectors (maritime transport, pleasure craft, ships engaged in coastal
passenger movements, etc. see section of quality descriptor 2); and also, at least in the
Canary Islands, due to the greater load of pollutants associated with terrestrial sources
(GESPLAN, 2012) (eg, discharges of wastewater, hydrocarbons, pesticides, etc.); this
circumstance also seems important in Madeira (see DQEM, 2014). In fact, in Spain, the
marine strategy does not include artisanal fishing as a relevant source of pollution
(Lloret-Capote et al., 2012, DMEM, 2016). And in the case of the Canary Islands, the
cumulative analysis of the pressures carried out within the framework of the marine
strategy refers to the fact that in the Canary Islands there was only available
information at the time about liquid controlled discharges (DMEM, 2016). In relation to
this, the updated hydrological plans of the Canary Islands could improve these lagoons
(Directive 2000/60/CE).

In addition, there are few studies in fisheries that include other impacts of this activity,
on different aspects that are not those of the species captured or their ecosystem; such
as the materials and energy of manufacturing and maintenance, the provision of gear
(and ghost fishing), the consumption of fuel, ice, other substances; and the cost of the
catches and their commercialization (Abdou et al., 2018).

Even so, artisanal vessels can produce different types of pollutants due to fuel losses,
greenhouse gas emissions, heavy metals contained in batteries (when thrown into the
sea), marine debris, antifouling paints, etc. Perhaps the antifouling paints have the
most relevant role in terms of sources of pollution of these ships due to the continued
contribution of their particles to the marine environment (associated with the
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maintenance of the hull of the vessels); and in addition, because they are recognized
as sources of heavy metals and biocides (Soroldoni et al., 2018). Up to 2017, some 23
compounds were used as biocides in antifouling paints (eg, Irgarol 1051, Diuron,
Chlorothalonil, Dichlofuanido, TCMTB and DCOIT) (Soroldoni et al., 2017). The
biocides are in group 9 of Annex VIII of the Directive 2000/60/CE. And the diuron is
included in Annex Al of the Directive 2008/105/EC, this compound is also used in
agriculture and wood preservation (Sanchez-Rodriguez, 2011).

In a study carried out in an estuary in southeastern Brazil, it has been suggested that
fishing ports could be potential sources of anti-fouling paint particles due to their high
consumption of these materials and their higher frequency of maintenance operations
compared to marine or relatively close shipyards (Soroldoni et al., 2018). However, the
frequency and manner of developing maintenance operations, the hydrographic
conditions and the fact that the fishermen themselves visit other types of ports, such as
sports harbours and shipyards, for these operations, determine the great difficulty
involved in confirming these sources (Soroldoni et al., 2018). To all this, the
contributions of terrestrial polluting sources are confused; a circumstance that further
complicates the determination of sources of heavy metals or biocides (Soroldoni et al.,
2018). Even so, in coastal systems, a biocide has been observed that is closely
associated with anti-fouling paints, the DCOIT; which has become an emerging biocide
due to its global use in antifouling paints (Chen & Lam, 2017). Although this is
recognized as a biocide of rapid degradation, its continuous contribution at the local
level implies that it acts as a pseudo-persistent substance (Soroldoni et al., 2018). And
the systematic evaluation of the risk of the impact that this compound could have on
the marine ecosystem has already been recommended (Chen & Lam, 2017, Soroldoni
et al., 2018) due to its relatively high toxicity, the dependence on the environmental
conditions of its supposed rapidity of degradation, and the accumulation of its particles
in the sediments (Chen & Lam, 2017).

In the Canary Islands, it has been observed the use of an anti-fouling paint by some
artisanal fishermen that contains DCOIT (this is an active principle of the antifouling
agent called SeaNine 211, Chen & Lam, 2017). In relation to its impact, significant
effects on biota have been obtained by contact with DCOIT, with relatively low
concentrations (Chen & Lam, 2017). These effects could be associated with specific
periods, such as the summer maintenance of large yachts (eg, Catalan ports during the
summer of 1999, Martinez et al., 2001).

In this way, this type of paintings could produce important effects at the local level (for
example in fishing ports, sports docks or important ports that have shipyards).
Sanchez-Rodriguez (2011) performed an evaluation of Diuron and 3 more biocides:
Irgarol 1051, TCMTB and dichlofluanido; in the water of 5 ports (fishing, merchant and
sports) of the island of Gran Canaria (Canary Islands). One of the conclusions obtained
is that marinas have higher concentrations of some biocides than commercial and
fishing ports, due to their lower water exchange and higher vessel density; as well as
the uncertainty associated with the sources of these pollutants (Sanchez-Rodriguez,
2011). However, the evaluation of the ecological risk carried out by these authors on
diuron and irgarol 1051 (it was not necessary for the others biocides), determined that
these risks were acceptable; although again, the uncertainty associated with this
evaluation is described and caution is advised (Sanchez-Rodriguez, 2011). As an
example (in terms of natural sources of pollutants and uncertainty), one issue to be
taken into account in the Azores would be the possible natural enrichment of heavy
metals by volcanic contributions in hydrothermal systems (Raimundo et al., 2013).

In Amara et al (2018), they review the effects that certain biocides produce in different
organisms and the concentrations on different magnitudes related to the toxicity
produced. Irgarol 1051 is very effective against algae and produces deadly effects on
marine life, the DCOIT produces effects on a wide spectrum of marine organisms
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although its effects are not chronic (these effects could be it, if its contribution were
continuous; Soroldoni et al., 2018), copper-based compounds affect molluscs and
algae, and diuron is effective on microalgae species and certain bacteria (Amara et al.,
2018).

To conclude, it is not possible to assume that the artisanal fleet does not affect the
pollution in some insular port, in this way, the sector could also affect water, sediments
and the different organisms that are part of the local biological community. But it is
important to note that an improvement in the maintenance processes of these vessels
(in case these improvements are not already being applied) can prevent the continuous
contribution of paint particles to marine systems while at the same time clarifying the
gaps on the concentrations and sources of pollutants (Soroldoni et al., 2018). For this,
it is advisable to systematically evaluate the risk that contaminants could exert on
marine ecosystems due to their indiscriminate use (Soroldoni et al., 2018). On the
other hand, it is not considered probable that the artisanal fleet causes acute effects of
pollution in the environment. However, if other sources of pollutants (point or chronic)
produce some effect (a priori negative) on the marine ecosystem; this effect will be able
to affect to local fisheries (eg, by loss of more suitable areas for fishing).
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11Analysis >> QD9 Contaminants in fish and
other seafood

QD9 Contaminants in fish and other seafood for human consumption do not exceed

levels established by Union legislation or other relevant standards

Env.

L CODE Env. Impact MA '.”.‘paPt Monitoring

QD Criteria (element) - .| pressure mitigation
Criteria. Impact  spatial . method

extent solutions measures

The level of
QD9 contaminants in edible
tissues (muscle, liver,
roe, flesh or other soft
parts, as appropriate) of

seafood (including fish, No data &
crustaceans, molluscs, information,
echinoderms, seaweed pgc1 needed
and other marine further
plants) ~ caught  or research.

harvested in the wild
(excluding fin-fish from
mariculture) does  not
exceed Regulation (EC)
No 1881/2006

Currently, the European Union set in the Regulation 1881/2006 the maximum contents
in pollutants in the edible products (It has been modified by Regulation 629/2008). To
the QD9, maximun metal limits in fish meat, crustaceans, bivalve molluscs and
cephalopods have set by Regulation 1881/2006 and its modifications.

As in QDS8, in first, the artisanal fishing sector should not play a significant role as a
source of contaminants that affect to the target species. Because both, the number and
size of artisanal fishing boats, are less than in ships of other economic sectors.
However, as in QD8, in QD9 it is necessary to evaluate this statement (i.e. in the
assesment of the role that the biocide DCOIT, used in antifouling paints, it could play
locally; Chen & Lam, 2017; Soroldoni et al., 2018).

In the last 20-30 years, in the Canary Islands have proposed various species as
bioindicators of pollutants from the marine environment (and methods of analysis t00),
some of these species are usually consumed. For example, high concentrations of
cadmium and lead have been found in the liver (but not in muscle) of Sarpa salpa (local
common name: Salema) or Trachurus picturatus (local common name: Chicharro), and
therefore only the consumption of their livers is discouraged (Afonso et al., 2017), and
n-alkanes and hydrocarbons in marine gastropods (ie Phorcus spp.; previously, genus
Osilinus spp.)(Pefia et al., 1996). Heavy metals in the genus Patella spp. (gastropods,
limpets) (Collado et al. 2006; Bergasa et al., 2007), or Phorcus spp. (Ramirez-Cafiada,
2009; 2013). In other species that are not usually consumed, or to a lesser extent, too.
For example, Diadema africanum to heavy metals (Hernandez et al., 2010), Arbacia
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lixula to n-alkanes and polynuclear aromatic hydrocarbons (Pefia-Méndez et al., 2000).
These studies describe possible sources of pollution and the associated uncertainty to
their confirmation.

On the other hand, in Madeira, the DQEM (2014) states that the frequency of
exceeding mercury above regulatory levels varies between 2% in Plesionika edwardsii
(Prawn of Madeira) and 78% in the deep-water fish Epigonus telescopus (common
name in Madeira: Robaldo-preto and the Canary Islands: Candil). So the results
provided in its marine strategy may suggest different measures of caution to propose.

Another important issue would be to evaluate the pollution caused by persistent
chemical compounds, such as tributyltin (TBT), which due to its harmful effects on
marine biota was restricted since the beginning of the 1990s (Amara et al., 2018).
Studies carried out in the Canary Islands (Ramirez-Cafiada, 2009) suggest that the
mollusc locally known as Carfiadilla (Stramonita haemastoma, little consumed) could
be used as a bioindicator of organic tin (Sn) compounds, such as TBT used in the
manufacture of antifouling paints. For a priori, its concentration should be higher in
specimens that live near important maritime transit areas, such as port areas. For this,
the imposition of the male sex in female individuals of this species for contaminating
effects would be estimated (fact caused by the effect of these pollutants), which is
known as the IMPOSEX index (Ramirez-Cafiada, 2009).

One issue to consider in the Azores is the possible natural enrichment of heavy metals
by volcanic contributions in hydrothermal systems (Raimundo et al., 2013). However, in
the Canary Islands, the sources proposed for this contamination, could be agriculture,
maritime transport, urban spills and losses of refineries or their facilities according to
references described above. It is important denote the diffcult to determine the source
of the pollution (Soroldoni et al., 2018) in shellfish and fish.

On the other hand, what is transcendental is that if other sources of pollutants are
locally important, and influence both the marine benthic regional communities and the
target species in the artisanal fisheries (i.e. Phorcus spp., Patella spp.); these
pollutants could have a negative impact on the current and future developments of the
sector (see annexe Il, DMEM, 2016).

To conclude, it is not possible to assume that the artisanal fleet does not affect (or has
affected, i.e. TBT) the pollution on some island port, mainly in a prolonged manner. In
this way, the sector could also affect water, sediments and the different organisms of
the local biological community. However, no study has been found that proves that any
artisanal fishing port has a contaminating load that affects marine foods, and it will be a
risk to human health. Although, due to the precautionary principle, and knowing the
uncertainty of these analyzes (Sanchez-Rodriguez et al., 2011, Soroldoni et al., 2018)
it would be necessary to establish a risk assessment for contamination in ports so that
they are also included to those of a fishing nature.

On the other hand, the artisanal fleet is not considered likely to cause significant acute
effects of pollution on the environment, compared to those that could be caused by
vessels from other sectors (eg transport of chemical substances, including oil).

Afonso, A., Gutiérrez, A.J., Lozano, G., Gonzalez-Weller, D., Rubio, C., Caballero,
J.M., Hardisson, A. & Revert, C. (2017). Determination of toxic metals, trace
and essentials, and macronutrients in Sarpa salpa and Chelon labrosus: risk
assessment for the consumers. Environ Sci Pollut Res 24: 10557-10569. DOI
10.1007/s11356-017-8741-y
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12Analysis >> QD10 Marine litter

QD10 Properties and quantities of marine litter do not cause harm to the coastal and

marine environment
CODE Env. Env. MA Impact

QD Criteria (element) Criteri Impac |mpa}ct pressure mitigation
spatial solution
a t measures

extent S

Monitoring
method

The composition, amount
and spatial distribution of
litter (excluding micro-litter,
classified in the following
categories: artificial
polymer materials, rubber,
cloth/textile,
paper/cardboard,
processed/worked  wood,
metal, glass/ceramics,
chemicals, undefined, and
food waste) on the
coastline, in the surface
layer of the water column,
and on the seabed, are at
levels that do not cause
harm to the coastal and
marine environment.

D10C1 Yes Broader Yes Yes Yes

The composition, amount
and spatial distribution of
micro-litter  (particles <
5mm) on the coastline, in
QD1 the surface layer of the
0 water column, and in
seabed sediment, are at
levels that do not cause
harm to the coastal and
marine environment.

D10C2 Yes Broader Yes Yes Yes

The amount of litter and

micro-litter classified in the

categories ‘artificial polymer

materials’ and ‘other’ D10C3
ingested by marine animals — — ve
(birds, mammals, reptiles, Second
fish or invertebrates.) isata ary

level that does not

adversely affect the health

of the species concerned.

Need Need Need
S Broader further further further
research research research

The number of individuals
of each species which are

adversely affected due to DlEC4 Need Need Need

litter, such as by Yes Broader further  further further
Second

entanglement, other types ary research research research

of injury or mortality, or
health effects.
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Marine Strategy Framework Directive (MSFD) includes marine litter as one of the
eleven qualitative descriptors that have to be considered towards achieving Good
Environmental Status (GES). Marine litter can be found floating on the sea surface, on
the coastline, in the water column or on the seabed in the form of macro litter or small
pieces of plastics called microplastics which are directly introduced into the marine
environment as plastic microparticles. Approximately 20% of marine debris is
originated from at-sea activities (Smith et al., 2018), including merchant shipping,
cruise liners, fishing vessels, military fleets, and offshore installations.

Several studies have been conducted to evaluate the density and composition of
anthropogenic marine litter in European waters noting the presence of fishing debris
(Cau et al., 2017; Consaoli et al., 2018; Galgani et al., 2000; Garcia-Rivera et al., 2017;
loakeimidis et al., 2014; Pasquini et al., 2016; Pham et al., 2014; Veiga et al., 2016).
However, marine litter studies in the Macaronesian region are scarce even though it is
assumed that islands have a higher plastic debris accumulation rate when compared to
continental sites (Perez-Venegas et al., 2017). Recent studies have been published to
evaluate marine debris sources in the Azores (Chambault et al., 2018; Pham et al.,
2013; Pieper et al., 2015, 2019; Rios et al., 2018; Rodriguez and Pham, 2017) and
Madeira arquipelagos (Chambault et al.,, 2018). In the Canarian archipelago, the
information referring to marine litter (excluding microplastics) comes from the
evaluations realized during the OMARCOST Project (Gonzalez-Lorenzo et al., 2013a,
2013b, 2013c). From these studies it is found that on the coast and beaches, plastics
are the main type of marine litter, while in studies carried out on the ocean floor (e.g.
Condor seamount and Faial-Pico Passage), what predominates is derelict fishing gear.
Floating macro litter off the Azores archipelago and Madeira are mainly composed by
general plastic user items followed by plastic packaging and derelict fishing gears.

Abandoned, lost or otherwise discarded fishing gears (ALDFG) sink to the seabed and
do not degrade and represent a problem that is increasingly of concern due to the
negative impacts on marine ecosystems, benthic habitats, wildlife and fisheries
resources. These impacts include ghostfishing and damage to non-target species
(Barreiros and Raykov, 2014; Orés et al., 2005), physical damage on benthic species
and the seabed, navigational hazards (Macfadyen et al., 2009) and ALDFG is also a
source of microplastics when it disintegrates over time (FAO, 2018a).

FAO and UNEP estimated a decade ago that ALDFG in the oceans represented
approximately 10% of all marine debris, but studies suggest that there are large
differences in the proportion of ALDFG found among all marine litter in different regions
(Macfadyen et al., 2009). Fishing waste also includes food waste and other materials
such as dolly ropes (strands of plastic rope used to protect trawled gear from rocky sea
floors), buoys, Styrofoam fish boxes or rubber gloves (Belin et al., 2017; Veiga et al.,
2016). However, many litter items cannot be directly connected to a particular source,
way of release or pathway since they can have a number of potential sources and
pathways of entry as well as geographic origins; so establishing what proportion
belongs to the fishing sector is not an easy task. To this must be added that the studies
carried out to date in the Macaronesian region are scarce and focused on specific
areas, so it is difficult to extrapolate the results within each archipelago due to their
oceanographic and geographic peculiarities.

Marine litter composition and density is also different depending on habitats since its
distribution is conditioned not only for anthropogenic activities but also for
oceanographic conditions as well as climate factors, and degradation times are
different on the surface or deep-water (Pham et al., 2014; Tubau et al., 2015).
Moreover, there are notable temporal variations, with accumulation and concentration
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trends of marine litter in particular geographic areas, although interpretation of these
trends is, difficult because the ageing of plastics at depth is unknown and the
accumulation of debris on the seafloor predated the scientific investigations which
began in the 1990s (Galgani et al., 2015). Recently, EMODnet Chemistry released the
fist preliminary partial maps for seafloor litter and for beach litter at European scale
(www.emodnet-chemistry.eu).

Fishermen have the obligation to retrieve or report lost gear (Council Regulation (EC)
No 1224/2009) and MARPOL Annex V requires signatory nations to provide adequate
port reception facilities for accepting garbage generated by ships, including ALDFG;
however, many port reception facilities did not accept fishing gears. The proposal for a
revision to the new Directive on Port Reception Facilities (COM (2018)33 final) goes a
long way to ensuring that ship generated waste is delivered to adequate port reception
facilities, instead of being discharged at sea. In addition, a proposal for a Directive of
the European Parliament and of the Council on the reduction of the impact of certain
plastic products on the environment has been submitted for adoption. This proposal
pretends to provide tools and incentives to facilitate recovery, re-use and recycling of
the plastic material in fishing gears by adding Extended Producer Responsibility (EPR)
schemes to the existing measures.

Some impact prevent and mitigation measures to control ALDFG and ghost fishing
include gear marking, port state measures to combat illegal, unreported and
unregulated (IUU) fishing, reduction of fishing effort, establishment of spatial
management measures, use of biodegradable materials, reducing the ghost fishing of
non-target species by applying the same by-catch prevention measures as in active
fishery or reuse and recycling ALDFG (Macfadyen et al., 2009). For example, Healthy
Seas recovers fishing nets and regenerates them to develop new products including
socks, carpets and swimwear (hitps://healthyseas.org/). FAO has developed a
guideline for the application of a system for the marking of fishing gears, including
small-scale fisheries, to contribute to sustainable fisheries and to improve the marine
environment by combating, minimising and eliminating ALDFG (FAO, 2018b); although
some of these proposals are difficult to enforce and to monitor.

Regional intergovernmental bodies and agreements with the competence to establish
binding measures and data collection protocols on monitoring and controlling ALDFG
and ghost fishing can be found in the article developed by Gilman (2015).

Plastics are by far the most abundant litter and their degradation generate
microplastics which, when ingested by organisms, can deliver contaminants across the
food-web (Andrady, 2011; Cole et al., 2013; Farrell and Nelson, 2013). Microplastics
represent an increasing proportion of marine debris and may enter aquatic
environments from land-based and maritime sources and follow diverse pathways
(Lusher et al., 2017). Nevertheless, over large spatial scales average microplastic
concentrations decrease with distance from land due to dilution, implying that the major
input comes from land (Enders et al., 2015).

In the fisheries and aquaculture sector, the construction, use, maintenance and
disposal of fishing gear, cages, buoys, boats and product packages are sources of
secondary microplastics (FAO, 2018a). It is pertinent, however, to reiterate that it is
difficult to estimate the percentage of marine litter originated from maritime activities,
and only a proportion of them will result from the fisheries and aquaculture industry; so
it is even more complicated to estimate the proportion of microplastics originated as a
result of these activities. Also, the sources of microplastics in offshore fishing grounds
may be harder to interpret because of the influence of oceanic distribution (Lusher et
al., 2017).
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Different studies have been carried out to evaluate the presence of microplastics as
well as their abundance and composition in the Azores (Enders et al., 2015), Madeira
(Lots et al., 2017) and Canarian (Baztan et al., 2014; Herrera et al., 2019, 2018)
Archipelagos. But, it can be extremely complicated to directly source microplastics to
fisheries activities unless microplastics have the same visual (Herrera et al., 2019) or
chemical composition (Andrady, 2011) as the gears employed.

The distribution of microplastics in the ocean is influenced by the nature and location of
the source of entry, as well as the complex interaction of physical, chemical and
biological processes (GESAMP, 2015). So, we assume that the spatial extent of the
environmental impact is broader than fishing grounds, although the studies previously
mentioned have been conducted in specific areas of the three archipelagos, in some
cases the samples have been collected on beaches and others in the open ocean, so
the results are not comparable to each other and there is no global view that reflects
the abundance and distribution of microplastics both in the coastal areas and in the
open ocean for none of the archipelagos.

Due to their small size and abundance, microplastics are potentially consumed by a
wide range of organisms (Lusher et al., 2017; Rezania et al., 2018) and, once ingested,
they may be egested or retained. But microplastics also have other indirect impacts
that can affect the environment. For example, the latent impact of micro-plastics as
transport vectors of pathogenic bacteria must be also considered as a grave threat to
coastal zones and the marine environment (Baztan et al., 2014) as well as risks
associated with sorbed pollutants since plastic debris readily accumulates harmful
pollutants from the surrounding environment increasing their concentration and it is
suspected that these pollutants can be accumulated in the tissues of organisms (Wang
et al., 2016).

The Plastics Strategy (COM(2018)28) included in the Circular Economy Package was
adopted on 16 January 2018. It contains a wide range of legislative and non-legislative
measures some of which are new and others which are either already being developed
or in the process of review/ revision. Some of these measures are aimed directly at
microplastics, but others focus on the reduction of macroplastics whose degradation is
also responsible for the introduction of microplastics into the environment. Actions to
tackle fishing sources of marine litter include the adoption of a legislative proposal on
port reception facilities for the delivery of waste from ships and the development of
measures to reduce ALDFG. To reduce discharges of waste by ships, the Commission
presented a legislative proposal on port reception facilities (COM (2018)33 final).

Monitoring and assessment are essential steps towards addressing specific questions
about marine litter, including microplastics. That is why GESAMP (2019) has been
developed aguidelines including monitoring methods for shorelines, sea surface and
water column, seafloor and marine biota.

At the Canary Islands, fledgling cory shearwaters (Calonectris diomedea) contained
plastics (nylon threads) related to fisheries activities in their guts, and it is assumed that
these items were regurgitated during parental feeding since these chicks never feed in
the marine environment (Rodriguez et al., 2012). Similarly to what has been reported
for Cory’s shearwater in the Canaries, in the Azores, parents transfer plastic debris to
fledglings (Rodriguez et al., 2016).

Turtles examined in Azorean waters showed debris in their stomachs (Pham et al.,
2017; Rodriguez et al., 2016), while no plastic debris was found in fish, but a posible
explanaition to this is that a large number of deep-sea fish regurgitate their stomach
contents when brought to the surface (Rodriguez et al., 2016). In Canary Islands, a
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recent study revealed the presence of microplastic particles in the digestive tract of
Atlantic chub mackerel (Scomber colias) (Herrera et al., 2019).

Due to the high biodiversity present in the three archipelagos, studies on the stomach
content of the species are scarce. To this, we must add that the studies focused on the
ingestion of litter by marine animals are merely anecdotal and the contribution of fishing
in the generation of this garbage in some cases is not completely conclusive, so more
research is needed to evaluate this criterion in a proper way..

Ocean-based anthropogenic litter causes harm to a wide range of marine biota. The
impacts of ocean-based litter on the marine organisms have been mentioned in the
previous sections; seabirds, fish, turtles and marine mammals suffer from
entanglement with and ingestion of marine litter items. However, we do not have
enough information to be able to evaluate this criterion because the studies that exist
have been carried out in specific areas of the archipelagos, at specific moments, with
different methodologies and in different habitats without continuity over time and where
the number of species for which information is available is very limited.
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13 Analysis >> QD11 Introduction of energy,
including underwater noise.

QD11 Introduction of energy, including underwater noise, is at levels that do not

adversely affect the marine environment

Env.
CODE Env. impact
Criteria Impact spatial
extent

MA Impact
pressure mitigation
solutions measures

Monitoring

QD Criteria (element) method

The spatial distribution,
temporal extent, and
levels of anthropogenic
impulsive sound
sources do not exceed
levels that adversely
affect populations of
marine animals.

QD11 The spatial distribution,
temporal extent and
levels of anthropogenic
continuous low- Needed Needed Needed
frequency sound do not D11C2 Yes Broader further further further
exceed levels that research  research research
adversely affect
populations of marine
animals.

D11C1 No

The anthropogenic contributions of energy with a potential impact on marine
ecosystems are diverse (Perez Puyol, Lloret Capote, et al.,, 2012, Carbonel et al.,
2019). According to Aguilar and Tejedor (2012) 'current knowledge about the effects of
noise on fauna, including humans, are incomplete, inconclusive and sometimes
contradictory'.

With the information available to date, the main pressure related to this descriptor is the
contribution of anthropogenic sound (impulsive, continuous) (Perez Puyol, Lloret
Capote, et al., 2012, Carbonel et al., 2019). The sources of underwater noise can be of
short duration (impulsive, such as seismic campaigns, or piloting of platforms and wind
farms) as well as long-term (dredging, navigation and energy installations) (Regional
Secretariat for Environment and Two Naturais Resources, 2014 Regional Secretary for
Naturais Resources, 2014, Martin Partida et al.,, 2019a). According to Aguilar and
Tejedor (2012) 'the potential acute (impulsive) effects include the risks of immediate
damage or injuries to the auditory or body, due to an intense sound source, while the
possible chronic effects (continuous) involve the risk of degradation of habitat or the
exclusion of important areas for long periods of time, even at moderate levels of sound
pressure. Both types of impact can affect individuals, sub-populations or even
populations, at unpredictable levels at present. With respect to the spatial scale,
different sound sources will have radius of affection that can vary between a few
meters to hundreds of kilometers. These effects depend not only on the characteristics
of the sound source, but also on the sensitivity of the affected species’.
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The main contribution of continuous anthropogenic sound in the marine environment is
associated with the activity of navigation and maritime transport, whose most
representative indicator is the density of maritime traffic, with which it is directly
correlated (Martin Partida et al., 2019a). According to Lloret Capote, del Barrio
Alvarellos and Moreno Aranda (2012) 'in general, the acoustic energy produced by a
ship increases in proportion to its size, displacement, speed and age. Oil tankers and
solid bulk vessels are among the main producers of noise. The noise generated by
large vessels in rapid movement is quite intense and is concentrated in the low
frequency ranges (5-500 Hz). These sources of noise are the most frequent near the
large ports and along the most used navigation routes and can spread over very large
distances due to their low frequency. This leads to an increase in seafloor noise even
away from the hot spots of emission. On the other hand, high noise levels produced by
modern freighters or fast-ferries, which emit at higher frequencies (up to 600 Hz) from
16 knots have also been described. The problem with these emissions is that they
have the potential to interfere with the vocalizations of many odontocete cetacean
species. As for small-medium-length and recreational boats, they tend to create sound
at higher frequencies, due to the higher rotational speeds of the propeller’. According to
Aguilar and Tejedor (2012), small recreational and fishing boats, cetacean observation
boats, and passenger transport boats, such as ferries / high-speed ferries, generate
noise, whose characteristics depend on the type of engines , the size of the vessel and
its speed, with considerable individual variation between ships of comparable classes.
The cavitation of the propeller is generally the predominant origin of the sound in all the
boats. In small and fast boats tend to create sound at higher frequencies, due to the
higher speeds of rotation of the propeller’.

Among the activities related to navigation are the maritime traffic of goods, passengers,
sports and recreational boating, and commercial fishing (Perez Puyol, Arrieta Algarra,
et al., 2012). In the Canarian demarcation, proposals have been made on the location
of boat routes to contribute to the elaboration of noise maps. Thus, the AIS (Automatic
Identification System) for commercial vessels and the VMS (Vessel Monitoring System)
have been considered for the fishing vessels older than 15 m in length (in the inferiors
to this length it is not obligatory). In any case, 'the traffic of fishing boats is much
smaller in number than that of merchant ships' (Perez Puyol, Lloret Capote, et al.,
2012). In short, noise from ships is mainly associated with freight traffic, passenger
traffic and, to a lesser extent, fishing activity. Thus, for the Canary lIslands, it is
indicated that the human activity generated by the pressure in D11 with respect to
noise is maritime transport (Martin Partida, Arrieta Algarra, Martinez Garcia-Denche, et
al., 2019a).

With respect to navigation echo sounders in the fishing sector, according to Aguilar and
Tejedor (2012) ‘contribute as part of the noise generated by maritime transport, to
produce sound by means of transducers to locate the depth of the seabed, or schools
of fish. They are used on almost all large vessels and on many smaller vessels,
including most fishing vessels and a large number of recreational vessels. Its frequency
range coincides with that of many odontocetes, and the significant number of
navigational echo sounders in use means that this sound source contributes
considerably to the total amount of anthropogenic underwater energy noise. The
frequency range of the echo sounder depends on the depth of the bottom. Water
absorbs high frequencies rather than low frequencies, therefore low frequency
transducers provide the deepest readings (frequencies less than 50 kHz in waters of
more than 100-200 m depth). However, high frequencies provide better resolution and
detail on the screen. If 50 kHz and 200 kHz screens are examined simultaneously, the
highest detail is observed in the high frequency screen. This detail could show schools
of fish, bait, structures, etc. Many dual-frequency fishing sonars combine low and high
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frequency operation on a single screen / transducer. This gives the advantages of both
professional fishermen but produces a greater noise pollution, unnecessary if operated
at depths of less than 100 m, as is most of the cases'. According to Aguilar and Tejedor
(2012) 'it is advisable to restrict the use of navigation echo sounders in shallow waters
to instruments that emit at high frequencies, preferably higher than 150 kHz (including
200 kHz), in areas of possible distribution of porpoises, such as coasts Atlantic). This
measure reduces both the spatial range of sounds (by absorbing high frequencies very
quickly) and their impact on nearby fauna, given that there are few species sensitive to
more than 120 kHz and only one group of species (porpoises, pygmy sperm whales /
dwarf) vocalize up to about 180 kHz'. According to Aguilar and Tejedor (2012), echo
sounders are sometimes used without interruption, without there being a real need.
Most recreational boats only need them for approach maneuvers to the anchoring.
Sport and professional fishing boats in shallow waters also use echo sounders to
locate fishing areas such as shallows or rocky areas. This indicates that an awareness
campaign, focused on reducing the use of echo sounders when they are not
necessary, could have a direct effect on the control of this source of marine pollution’.
In any case, in the Canarian region at least for the time being, the sound emission by
the fishing activity is not considered to be relevant to the margin generated by the
navigation of these vessels (Martin Partida et al., 2019b).

According to statistics provided by the European ORFISH project (www.orfish.eu), in
the Canary Islands, Madeira and Azores there are 773, 431 and 757 fishing vessels
(March 2018), respectively. In the Canary Islands, according to data provided (in 2019)
by the ‘Direccion General de la Marina Mercante Espafiola (Ministerio de Fomento)’
there are 13,178 vessels with a base port in the Canary Islands in provisional or
definitive service, of which only 7.46% are dedicated to professional fishing (list 32). Of
these almost 90% of the boats are registered for recreational boating. Thus, it
highlights the scarce contribution of fishing to the number of total vessels and that, in
addition, 90.17% 91.65% 91.94% (www.orfish.eu) of these fishing vessels are below 15
meters in length, respectively, for Canary Islands, Madeira and Azores. Finally, within
the framework of the Canary Islands Marine Strategies, it is indicated that there are no
international standards for the monitoring of ambient noise and suggest, initially, the
realization of a submarine noise map of the region obtained from a sound propagation
model. The model would be validated and calibrated by real measurements obtained
from observation stations. So far no proposal has been made for the reduction of
ambient noise (Alonso Rodriguez et al., 2012), and less in the framework of the fishing
sector.

In short, the anthropogenic contributions of energy with a potential impact on marine
ecosystems are very varied, but, to date, the main pressure related to this descriptor is
the contribution of sound. The main contribution of continuous sound in the marine
environment is associated with the activity of navigation whose most representative
indicator is the density of maritime traffic. In general, sound emission for fishing activity
is not considered relevant because its contribution both in number of boats and the size
of them is not significant if we compare it with recreational boating and with maritime
transport (goods and passengers ), the latter being the main activity that contributes to
the noise coming from the boats in the Macaronesia region.
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