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This report describes the creation of the Macaronesian Marine Habitat Platform (MHP),
that settles a baseline for future managemer
services up to 100m depth, since decisions about conservation strategies need to b e
supported by data about habitat trend variations. The results highlighted the importance

and singularity of coastal marine habitats of the Macaronesia (the Azores, Madeira and
Canary Islands) . However, data lacking and future development of established o r
emerging blue economic sectors, make urgent the provision of robust scientific
information about these keystone marine habitats to help decision -makers to adopt
proper conservation programs able to preserve them as well as to ensure the sustainable

use of coastal resources.

As complementary tools for the  Macaronesian MHP, a new acoustic method to describe
circalittoral habitats was tested in a Pilot Study Area in the Azores, which results could be
applied in other areas of the Macaronesia, to enhance mari ne habitat knowledge.
Similarly, Mapping and Assessment of Ecosystems and their Services (MAES) methods were
applied to assess the status of seagrass meadows and their blue carbon storage in the
Canary Islands. This evaluation will have the capacity to present the current production of

services based on the conservation status of Cymodocea no dosa meadows, as well as
their past and future dynamics to understand what type of trend is associated with the
evaluated service. Importantly, the reproducibility of our methodology elsewhere
guarantees its applicability across coastal ecosystems for cons ervation planning,
particularly in promoting further research on seagrass meadows or threatened marine in

other European Union (EU) overseas regions.
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1. INTRODUCTION

The global changes that our planet has been suffering in the last decades coupled with the rise of
human pressures and threats, has provoked the loss of global biodiversity and the decrease of health

status of ecosystems and the services they provide 1. Therefore, the urgency for their conservation has
become obvious for scientists, politicians and worldwide leaders, but also for the overall population.

In order to develop conservation and management policies and strategies that meet the needs of

globa | habitats, ecosystems and services, it is fundamental to carry on their mapping and assessment

to evaluate their conditions and conservation state.

In the last years, as a response to this necessity, the European Union (EU) has promoted, directly and

indirectly, multiple long -term plans and projects. This is the case of the MOVE  -ON project, which aims

to settle the ground to create and strengthen the scientific and technical community, to advance

Mapping and Assessment of Ecosystems and their Services (MA ES) in Europeds Out
(ORs) and Overseas Countries and Territories (OCTs), demonstrating the benefits of assessments of
ecosystem conditions and ecosystem services to support decision making.

The MOVE-ON project follows the bottom  -up approach initiated in the MOVE project to further test

and i mplement MAES met hodol ogy underpinned by sever:
out across four OCTs (French Guiana, Macaronesia, Réunion Island and South Atlantic). The Anchor
projects involved technical people and stakeholders from different regions, various biomes, socio -
ecological systems settings and integrated biodiversity, ecosystem condition and ecosystem services

assessments in terrestrial as well as in marine and coastal ecosystems. Its final purpose is to produce

tailored good practices guidance and policy recommendations for Ebs Overseas, takin
specificities and needs, since these regions, due to their special biogeographic features, show great

differences from EUmainlandds environment al characteristics and
management policies. Moreover, it complements and expands the activities of the previous MOVE

project, strengthening links and capitalising the on -going work to further testand imp  lement the MAES

methodology in different regions involving and empowering local actors.

Specifically, the project Activity 3 0 Methods integration and implementation in Regional Anchor
Projects (RAP) & tasks include one overarching coordinating task for a I Anchor regions, identifying the
specific needs of each individual regions in terms of methods, technical support, stakeholder
networking and support as well as direct demands from policy and decision making. Otherwise each

Anchor region project denotes one individual task for itself.

Thus, within this Activity, the Task 3.3 & Marine habitat classification, mapping and assessment of

condition and ecosystem services (Macaronesia) d, co -lead by ABAS and FRCT, aimed to evaluate

the status of the Macaronesia n Marine Habitats and of the ecosystem services they provide in order

to establish the o0foundations'' to assess the status
Ecosystems (RLE) assessment methodology in the EU Overseas. The RLE was defined a s a global
standard for how we can assess the Conservations status of habitat/ecosystem, and therefore it can

be considered as a robust management decision and conservation tool.

Specifically, the sub -task 3.3.1 d Creation of Marine Habitat Platform (MHP ) including Marine Habitats
of OR & OCTs (Macaronesia) 0 aims to establish tailored datasheets that identifies the singular Marine
Habitats present in Macaronesia (the Azores, Madeira and Canary Islands) including their description,

assessmentandclassific ati on i nto the different | UCN6s RLE cate
upon the review of the available literature records, but also from an online database in which local
experts from each archipelago were able to complete detailed RLE descriptor s for particular groups

or individual habitats, such as the i) habitat distribution, ii) conditions & trends, iii) pressures & threats

and iv) conservation & management. In this way, this subtask capitalises the previous MOVE project
assessment of the feas i bi I i ty of MAES in EUO®8s overseas throug
approaches. At the end of the project, once MHP will be finally conceptualised, the MHP database

10
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link, including regional habitat/ecosystems data sheets, will be transferred to re spective environmental
departments of each Macaronesian archipelago.

This report represents the MOVE-ON Deliverable D.3.3 3 Creation of Marine Habitat Platform (MHP)

including Marine Habitats of OR & OCTs (Macaronesia) 0 also including the analysis of a pi  lot marine
habitat mapping campaign carried out in a Marine Protected Area (MPA) in Azores 0 Pilot study of the
Azores

1.1. PURPOSE OF THE PROJECT

As referred in the introduction, the main objective of the Macaronesian MHP is to create a database

thatsettl es a baseline for future management of the ar
decisions about conservation strategies need to be supported by data about habitat trend variations.
Furthermore, conservation efforts end up being useless i f a common methodology is not followed.

Environmental management and conservation require standardised classifications and terminologies
for habitats to enable consistent mapping and storage of information on the environment across all
possible habitats .

For this reason, in the creation of the MHP process,  the hierarchical EUNIS habitat classification system
(HCS) was applied in order to harmonise the marine habitats recognized under the EUNIS code and
identification of gaps in that European biological cod e for the Macaronesia, with the proposal of
additional EUNIS codes. The use of RLE criteria to classify and assess the targeted habitats, also enables

comparisons with previous habitat assessments performed in Northern Atlantic areas 2, where many of
the ma rine communities that occur in the Macaronesia are not reflected L3,
Besides, the creation of the Macaronesian Marine Habitat Platform (MHP) was restricted to shallow

coastal marine habitats up to 100 m depth. This bathymetric limit was established as a significant
proportion of the economic activities and the human population settlements takes place, and it may

constitute the most sensitive a nd exposed habitats and ecosystems receiving direct pressure from
anthropogenic activities 3. In spite of these coastal shallow waters have been the target of extensive
research and the stage for numerous studies, the ability to assess, produce maps or pred ict distribution
of conspicuous organism assemblages residing within specific environmental conditions in coastal
waters is still challenging and often limited 2. For this reason, we also tested a new acoustic method to
describe circalittoral cold water coral gardens in a Pilot Study in the Azores (study area of lIhéu de Vila
Franca do Campo, Sdo Miguel island), which results could be applied in other areas of the
Macaronesia.

Addi tionally, this Anchor project will map and assess 3 ecosystem services for the Canary Islands and
integrate those analysis with the conditions of marine habitat condition maps (Activity 2). The
quantification of these services contributes to offer an impro vement in the perception and
appreciation of the services we obtain from marine ecosystems and advance their integration in the

design of the community policy of the marine strategy (DMOEM 2014/56 / EU), the Maritime Spatial
Planning (DMOEM 2014/89 / EU) a nd compliance with Action 5 of the EU Strategy on Biodiversity for
2020 "map and assess the status of ecosystem services and their economic value, and promote
integration of these values in accounting and systems at the community, national and local levels
Following the Common International Classification for Ecosystem Services (CICES) the ES were:

a) Fisheries. Wild animals (terrestrial and aquatic) used for nutritional purposes (Code 1.1.6.1)

b) Coastal blue carbon associated to seagrass meadows. Regulation of chemical composition of
atmosphere and oceans (Code 2.2.6.1)

c) Recreation. Characteristics of living systems that enable activities promoting health,
recuperation or enjoyment through active or immersive interactions (Code 3.1.1.1)

11
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Finally, a blue carbon assessment was conducted, and the outcomes have been accepted and
published in Science of the Total Environment journal 4. The evaluation will have the capacity to present

the current production of services based on the conservation status of each type of e cosystem, as
well as the past temporal dynamics to understand what type of trend is associated with each
evaluated service.

1.2. BACKGROUND INFORMATION

1.2.1. THEIUCNREDLIST OEECOSYSTEMS

The RLE compiles a large set of habitats and allows to identify common spatial and functional features

that indicate the status of the habitats and also the level of risk of collapse that they are facing
(IUCNrle.org). It is a tool for assessing and monitoring the status of ecosystems and their threats, and

therefore, it allows to settle the knowledge basis needed to develop nature conservation and
management policies that can reduce loss of biodiversity. This assessment methodology is usually

applied in a habitat level, and consists in following some scientifically ba sed evaluation criteria that
indicate the status of the habitats classifying them into different conservation categories. These criteria

can be applied on any ecosystem at any |l evel (local,
methodology is considered a transparent evidence -based protocol that displays reliable analyses and

that is suitable for ecosystem assessment at any scale.

1.2.2. THEMACARONESIAN ISLANDS

The Macaronesia biogeographic region includes a series of volcanic archipelagos spread along the

eastern part of the Atlantic Ocean off the coasts of Europe and Africa. Itincludes the ORs of the Azores
(Portugal), located in the north  -east side, Madeira a nd Selvagens (Portugal), and the Canary Islands
(Spain), located in the south -east in front of the coast of Morocco. Strictly, Cape Verde Islands is also

included inside this ecoregion when considering terrestrial ecosystems , although for this project only
OEuropeandé archipelagos were analysed. I n general,
terrestrial biodiversity and high endemism 5. It also has a unique marine fauna, which has been
influenced by the Mediterranean Sea, continenta | western Europe and west Africa 5. Especially by the
Saharan Upwelling that spreads along the African coast from the Gibraltar Detroit until Mauritania and

the South European Atlantic Shelf that covers the coast from the Gibraltar Detroit until Brittany °.

Macaronesian archipelagos, due to their location, share a set of attributes that make them singular

(Table I). Their volcanic origin determines biogeochemical characteristics of the marine substrate in

which benthic communities develop, as well as geomor phological features that, in conjunction with
predominant wave and tide patterns, define the insular hydrodynamics. This, in addition to water

temperature, irradiance level, nutrient arrival and the influence of Saharan coastal upwelling, results

inaparti cul ar environment t hat greatly differs from t
sometimes EUNIS HCS does not reflect many of the marine communities occurring in Macaronesia 8,
Hence, some of the EUNI S3 North East tafotet fariviacaronedmma b i t ¢
environments in the European Red List of Habitats (Table Il) 2. In that publication only a small number of
Macaronesian marine habitats were included, and those are mainly from the Canaries, where there is

arobustcoverageofthe mai n coastal and subtidal habitats madtowe
gaps in knowledge for all the aspects required for undertaking a Red List assessment, namely: habitat
definitions, distribution, and trends in quality and quantity 0.

12



MOVE&'N

TO ADVANCE MAES

FROM CASE STUDIES TO ANCHOR PROJECTSETTING THE GROUND
I N EUROPE®dS OVERSE

Table I. Geographic and climatic parameters of the Macaronesian archipelagos (Modified from Fernandez

Palacios et al. 2011).

Parameter Azores Madeira Selvages Canaries
N° islands < 1km 2 9 4 1 11
Area (1km 2) 2,764 815 4 7,445
Maximum elevation (m) 2,351 1862 163 3,718
(Pico) (Madeira) (S. Grande) (Tenerife)
Continental isolation (km) 1,369 630 388 96
(Sdo Miguel) (P. Santo) (S. Grande) (Fuerteventura)
Mean intra -archipelago isolation (km) 220 32 20 196
Age of the oldest emerged island (My) 8 14 27 21
(Sta. Maria) (P. Santo) (S. Grande) (Fuerteventura)
Last volcanic eruption 1957 25 ky BP 34 2021
(Faial) (Madeira) (S. Grande) (La Palma)
Latitude (°) 37640N 33N 30N 27-29 N
Human population (M) 0.24 0.35 - 2.2
Mean temperature coastal areas (°C) 17.8 18.7 - 20.2
Flores Funchal Arrecife
Mean rainfall (mm) 1,430 641 139
Flores Funchal Arrecife
Table II. European Red List of marine Habitats, categories including Macaronesian region
Habitat distribution
Habitat Habitat name RLE RLE Azores | Madeira | Canary
code classification criteria Islands
Al1.13 Macaronesian communities of Data - X X
upper eulittoral rock Deficient
Al.14 Macaronesian communities of Data - X X
lower eulittoral rock very Deficient
exposed to wave action
Al1.16 Macaronesian communities of Data - X X X
exposed eulittoral rock Deficient
Al.24 Macaronesian communities of Vulnerable C/D2 X X X
eulittoral rock moderately
exposed to wave action

13
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Al.34 Macaronesian communities of Vulnerable B2, C/D2 X X
lower eulittoral rock sheltered
from wave action

A3.23 Macaronesian communities of Data - X X
infralittoral algae moderately Deficient
exposed to wave action

A3.2x Macaronesian seaweed Data - X X
communities on moderate Deficient
energy
infralittoral rock

A3.3x/3.33 Macaronesian submerged Data - X X

fucoids, green or red seaweeds Deficient
on full salinity infralittoral rock

A5.53 Seagrass beds on Atlantic Vulnerable Al, X
infralittoral sand C/D1
(Macaronesian)

In the same way that the EUNIS classification system is sometimes inadequate for Macaronesian
habitat description, RLE classification criteria may not be the most suitable for these habitats. To apply
the same criteria in so different biogeographical zones as Macaronesia and UE mainland can lead to

wrong habitat classifications and consequently wrong decision making in their conservation and

therefore RLE should be also adapted during their assessment. Additionally, despite ac

available !. Simultaneously, the rise of human pressures and threats in
associated with global change, makes

necessary t o

counting for the
highest proportion of the European North Atlantic EEZ, the marine habitats mapped area of the

Macaronesia region, is substantially less than other sub
more than 80% of their seabed area withou

-regions of the European North Atlantic, having

t cartographic information and habitat maps still not

establ i sh

t he

these regions as well as the risks
0 f oun duadfi

Ecosystems, and implement the RL assessment methodology in the EU Overseas as a robust

management decision and conservation tool. Therefore, in the absence of a suitable description, this
report fills the knowledge gap about Macaronesian marine habi

tats, suggesting new habitat

categories in the current EUNIS system, able to be assessed under RLE criteria and then be integrated
in the European Red List of Habitats. Later

Macaronesian archipelag

1.2.3. THEAZORESILOFSTUDY ARE®F ILHEU DE VILAARRA DO CAMPO

Marine waters surrounding the Azores archipelago, including the EEZ, have a large biological
and conservation value, due to their isolation from continental waters and transition from temperate

to subtropical waters 6, but also as a traditional and iconic place

for local habitats of the island

on, in the report, we present a brief description of each
os based on the literature including their main geomorphological features,
shallow marine habitats, pressures and threats and conservation and management initiatives.

, cultural

s, with

more than 110.000 km 2 of MPAs, including nearshore habitats, offshore waters, seamounts and

hydrothermal vents, all of which are included in a unique network, as the cornerstone of Azorean
7. In S&o Miguel Island, there are five MPAs. In the south coast, the Protected Area
- lIhéu de Vila Franca do Campo (Caloura

marine conservation
of Resources Management of Caloura
in one of the zones under the largest human pressures of the isl

C dones',eimder the umbrella of the EU Natura 2000 network (

PARM) islocated
0Speci al

a

0 llhéu de VFC

and. This MPA includes

SCZCaloura -Ponta

14
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da Galera), the Integral Reserve RIL and the Protected Area for the Management of Habitats and
Species (PAMHS-VFC)s.

The PAMHSVFC was established in 1983, reclassified as a Protected Area for the Management of
Habitats or Species and included in the Caloura PARM in 2008 68, This protected zone includes a small
volcanic islet of steep walls on a sandy seabed within a buffering zone 89 of 339 Ha from 0 to 50 m
depth.

Most MPAs across the Azores have been implemented with limited baseline information on the
seascapes and associated biological assemblages 8, This is the particular case of the | |héu de Vila
Franca do Campo, where initial descriptions included terrestrial geomorphology and flora and fauna,

as well as layers on anthropogenic activities 8. Studies on marine biota and geomorphology are spare,
limited to mere descriptive studies (e.g., cat alogues) 8, which otherwise have identified habitats of
relevant ecological and socioeconomic value, such as rhodolith beds, brown macroalgae -
dominated reefs (e.g. Gongolaria abies -marina (S.G. Gmelin) Kuntze) 1© and cold -waters coral
gardens °.

Additionally , the methodology for MAES  was implemented , gathering input from stakeholders and

experts through questionnaires and interviews . The compiled information was also employed to gain

a better understanding of the main constrains and threats associated with ec osystem management.

The choice of Ecosystem Services (ES) potentials to be included in the assessment was influenced by

the activitiesinthearea ,as wel |l as by the stakeholders and exper
underlying the ES supply. In acco rdance with CICES, the assessment included the following ES
categories :

1 Food & fisheries (Provisioning)

9 Carbon sequestration - Blue Carbon (Regulating and Maintenance )

1 Recreational activities (e.g. diving), Recreational fishing and Tourism industry (e.g. recreational
boats and beach tourism)  (Cultural )

A recent investigation by Seijo et al. (2021) has examined the mapping of recreational ES, with a focus

on two activities that are highly significant to Sdo Miguel Island - recreatio nal fishing and recreational
SCUBA diving. Using SeaSketch, a participatory mapping tool, stakeholders were interviewed to
identify the specific locations where they usually engage in these activities and to provide a relative

value for each area. The find ings showed the perceived interest of the targeted area by the local
stakeholders (Fig. 1a) .
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1.2.4. MAES FOR TKIENARY ISLANDS

1.2.4.1. Mapping and assessing seagrass meadows changes and blue carbon under past, current, and
future scenarios.

Seagrasses store large amounts of blue carbon and mitigate climate change, but they have suffered

strong regressions worldwide in recent decades. Global seagrass losses since the eighties is estimated,

at least, at 29% 1! and the annual rate of seagrass decline reaches 1.4% 12, The main anthropogenic
pressures identified are: water contamination 11 increased turbidity and eutrophication 13 and
mechanical damages on the seabed 14 including boat anchoring 15, and alterations of the habitat due

to coastal works 16, Some areas of the planet are more vulnerable than others to anthropogenic
pressures. This is the case of Overseas Countries and Territories (OCTs) and Outermost Regions (ORS),
typically small oceanic islands and archipelagos, which depend on their natural heritage to sustain

their ec onomies, in particular their coastal areas 1718, Among these ORs, the Canary Islands are one of
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the richest biodiversity hotspots in Europe  1°. Here, seagrass meadows are mainly distributed along the
leeward coasts of the islands, under the direct effect of anthropogenic pressures. In this sense,
Cymodocea nodosa , the dominant seagrass species, has suffered a strong regression at the
archipelago -scale during the last decades  20.21.22.23.24,

Blue carbon assessments may support their conservation. However, exis ting blue carbon maps are still
scarce and focused on certain seagrass species, such as the iconic genus Posidonia , and intertidal
and very shallow seagrasses (<10 m depth), while deep -water and opportunistic seagrasses are
understudied. While most cartogr aphic and associated blue carbon, assessments have been
implemented for persistent species (e.g., Posidonia spp.), those focusing on opportunistic seagrasses
(such as Cymodocea sp.) are limited to < 10 m depth 2526, However, certain opportunistic seagrass
species can reach large extensions in deeper waters. For example, the most frequent bathymetric
distribution of C. nodosa , in the Canary Islands, is typically between 10 and 20 m depth 2128 This study
filled this gap by mapping and assessing blue carbon storage and sequestration by the seagrass C.
nodosa in the Canarian archipelago using the local carbon storage capacity and reliable C. nodosa
maps obtained from Side Scan Sonar (SSS) and underwater video techniques. Our study is the first
contribution ass essing blue carbon of an opportunistic seagrass species in deep waters based on
validated distribution maps (10 -30 m depth). Particularly, we mapped and assessed the past, current

and future capacity of  C. nodosa to store blue carbon, according to four pla usible future scenarios,
(ONo Net Lossdé, 0Ol nt-asrumseudhil @t eadn,d OOBCwsd ilmepssse 6 scenafi o
economic implications of these scenarios throughout the Social Cost of Carbon (Fig. 1).

No Net Loss =
+0.75 MTCO,; eq
accumulated

Intermediate=
-0.11 MTCO; eq
emitted

BAU= -0.57 MTCO,
eq omn_lod

Figure 1. Graphical abstract representing seagrass beds of Cymodocea nodosa  area in Canary Islands and
their future capacity to store blue carbon, according to four plausible future scenarios. (BAU: Business as usual)

1.2.4.2. Mapping and assessing recreation activities based on coastal ecosystems
Cultural ecosystem services (CES) are defined as all the non -material outputs of ecosystems (biotic
and abiotic) that affect physical and mental states of people 29, Specifically, recreation based on

nature understood as the physical and experien tial interactions with the natural environment is divided
into two categories if the interaction is immersive or observational according to the Common
I nternational Classification of Ecosystem Services
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of living systems that that enable activities promoting health, recuperation or enjoyment through

active or i mmer sive interactions (code: 3.1.1.1)¢6 a
activities promoting health, recuperation or enjoyment thro ugh passive or observational interactions
(code 3.1.1.2)6.

Most CES assessments are carried out through social surveys, such as structured interviews and
participatory mapping methods 3031 These techniques can provide high quality data, but are often
costly, lack standardisation and geographically restricted 82,33 Recently, CES assessment based on big
data approaches that infer human value and sentiment towards the environment from words and

images in social networks have been proposed 3435 Such methods ¢ an be used isolated or to
complement more traditional approaches, and their main advantage is that they allow for a fast, cost -
effective approach to evaluating CES. Here, we use local and official sources of information, and

social media data to assess nat ure recreation associated with coastal ecosystems in the Canary
Islands.

In the Canary Islands, the socio -environmental impacts of mass tourism threaten coastal ecosystems
where most of the insular population is also concentrated. Due to the change in the economic
development model towards a model based on mass tourism, inland terrestrial ecosystems (pine forest,
summit scrub) are recovering due to their gradual abandonment, while coastal ecosystems (coastal

scrub, beaches and dunes, seagrass meadows, rocky shorelines) are being degraded and used for
housing and infrastructure 36. Semi-arid coastal landscapes have been transformed dramatically by
mass tourism and modern irrigation -based agriculture, leading to the fragmentation and destruction

of the natural vegetation 3738, |ts insularity has the main advantage of having a great natural tourist
attraction due to its biodiversity and exotic landscapes while it has the main drawback of being more
vulnerable and less resilient to the impacts of mass tourism. Bec ause of that, the assessment of nature
recreation associated with coastal ecosystems can inform the sustainable management of tourism in

this archipelago.

2. METHODOLOGY

2.1. MHP Implementation

For the development of the MHP, a six  -step phases were implemented including (1)Marine Habitat List

based on the |iterature and on the | ocal expertds op
List and design of a questionnaire tailorable for eac h Marine Habitat of interest (3) implementation of

tailored habitat surveys in a participatory online GIS platform for the co -construction of Marine Habitat
Territorial Data Sheets, (4) RLE assessment of targeted marine habitats, and finally (5) implementa tion

of MHTDS in the MHP hosted in the ECOAQUA - University of las Palmas de Gran Canaria geoportal.

Step 1 & Definition of the Habitat List targeted by the MOVE  -ON Marine Habitat Platform in the
Macaronesia

The projectds preliminairnyi nwgorak Haobnistiastt eldi sitn odfe fo EUN |
based on literature, reviewing the bibliographic records, to catalogue the major marine habitats

extant in three Macaronesian archipelagos ( The Azores, Madeira and Canary Islands). This list will try

to represent the singularity of marine habitats of these three regions. It was decided to use the EUNIS

level 4 Marine Habitats as a basis for the characterization of Macaronesian habitats as this level
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encloses the biological features of it while generall y staying at a reasonable scale for mapping
purposes. Besides, it was the current category employed for the ERLH. Finally, the decision to target
the habitats located at a depth lower than 100 m was made to limit the workload and focus on the

most accessib le and well -studied habitats. Hence, most circalittoral habitats, encompassing the A4
and some of the A5 EUNIS category habitats (namely A5.14, A4.15, A5.25, A5.26, A5.27, A5.44 and
A5.45), were excluded as most of them surpass the 100 m deep limit previou sly set.

Step 2 & Set up of the Macaronesian Habitat Expert List

The Macaronesian Habitat Expert List was drafted based on the databases of stakeholders constituted

by the Deliverable D.2.1 d dList of institutional and individual stak eholdersof MAES6 of t he MOVE
Activity 2 (Engaging stakeholders to assess the state of the art and prioritise project contribution ) and

with the Deliverable D.4.1 0 oDatabase of MAES projects and experts in the anchor regions 0, al s
capitalising the work made in the MOVE ON projec t Activity 4 (Consolidating and expanding an EU
Overseas Ecosystems Knowledge Network). Specialists of each habitat in each region ( the Azores,
Madeira and Canary Islands) were selected among the list of more than 200 stakeholders, resulting in

a subsecti on of 65 experts that were subsequently contacted to take the surveys and eventually to do

an interview. A tailored questionnaire for each Marine Habitat targeted (step 1) was designed and

implemented online through a participatory GIS platform, Seasketch

(https://iwww.seasketch.org/#projecthomepage/601d7d71bf2bb0156814a6dd/about ).

Relevant experts for the corresponding targeted Habitats, were invited to participate in the survey
through email and personal interviews. In order to accomplish the EU regulations relative to the
protection of individuals with regard to the processing of personal data and on the free movement of
data, we attached in the invitation letter to participate in the survey a Consent Form (Appendix I) that
in case of response should be returned to us signed. To reinforce the participation of Macaronesian
experts and related stakeholders (e.g. diving ¢ entres), we contacted the UNIT  and FRCT team to
organise a Training Workshop about Seasketch utilisation (Appendix Il ), coupled with a session for filling
the survey using the online platform (exemplification and possibility to have one -to-one meetings to
address specific questions). The workshop was conducted by Dr. Will McClintock, Director of the
SeaSketch platform, and Dr. Francisco Otero Ferrer, from ABAS, as co  -leader of the Macaronesia
Anchor Project. The W orkshop took almost 3 hours with the participation of thirty  -seven persons from
different EU overseas (the Azores, Canary Islands, Martini que , La Reunion and Falkland Islands).

Step 3 8 Co-construction of Marine Habitat Territorial Data Sheets (MHTDS):  the Azores, Madeira and
Canar y Islands

Each habitat from the Habitat List drafted in step 1 was subject to a characterization by the selected

experts from the Expert List established at step 2 through the surveys uploaded on the Seasketch tool.

This platform allows for the collection  of information about the physical and biological features of the
habitat but also about its geographic extent in an efficient and user -friendly way. The users can fill in
on-line surveys and design areas of each targeted marine habitat occurrence in this R egion
("Participate” -> "Surveys"). To facilitate this task, they can also visualise spatial data on bathymetry in
Macaronesia Region ( the Azores, Madeira and Canary Islands) ("Data Layers").

For the survey we established various oOkey termsoé r
ulterior RLE assessment such as (1) Bathymetry and biological zone (Level 2: littoral, infralittoral,
sublittoral and circalittoral); (2) Substrate (Level 2 and 3: Rock, sediment, etc.); (3) Energy level (Level

3: Low, moderate, high exposed, sheltered, etc.); Dominant species - Ecosystem Engineer species -
(Plant or animal); Other associated flora and fauna; Geographical distribution; Pressures and threats;

pictures and Conservation and Management. The questionnaire was divided in 8 sections to facilitate

the answers, grouping the key terms as follows: (1) General information, (2) Habitat extent, (3) Physical
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features, (4) Energy level, (5 ) Biological featur es, (6) Pressures and threats, (7) lllustrations and (8)
conservation and management (Appendix IlI).

The survey responses were analysed and compiled to construct the Marine Habitat Territorial Data
Sheets that cover a large array of information such as it s description, its geographic occurrence and
trends, the pressures and threats experienced by the habitat and the conservation and management
measures that may affectitin  the Macaronesia. Finally, when data collected was adequate, each
MHTDS also include d the Synthesis of Marine Habitats at ecosystem Level and the Red List Assessment
of the corresponding habitat.
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Step 4 0 RLE classification in the Macaronesia

To perform a Red List of Ecosystems Assessment it was necessary to compile data obtained from

hab itat expert surveys (S ea Sketch ), plus data obtained from literature. Once data were validated by
experts, the ecosystem risk assessment was conducted, applying RLE protocol criteria ( Appendix IV ):
a set of rules that have to be followed in order to assign a category to each habitat/ecosystem (Fig.

2). The different categories are a way to indicate the risk of ecosystem collapse 39, Due to the poor
information existing about certain targeted habitats, the RLE was not always possible to be performed,

and addit ional fieldwork would be recommended.

@ Collapsed A

. Critically Endangered
Threatened
EN Endangered CoIIapse
Ecosystems .
Vulnerable Risk

NT Near Threatened

Least Concern

Data Deficient

£EN
At
.\NHE ) Not Evaluated

Structure of the IUCN Red List of Ecosystems categories.

Figure 2. Structure of the IUCN Red List of Ecosystems categories. ( RLE Categories & Criteria ).

Step 5 & Implementation of MHP in the ECOAQUA metadata geoportal

The IU ECOAQUA metadata catalogue is a standardised repository where our Institute has compiled

all the metadata corresponding to datasets relating to the marine environment that have been

collected over the last 7 years within the scope of some European projects. In this case, the MHP
generated in the MOVE ON  Anchor Project has been incorporated into the catalogue and a record

has been generated for each of the Marine habitat territorial datasets obtained (e.g. the Azores,
Madeira and Canary Isla nds). In these records, information about the origin and content of each

spatial data, as well as the different ways of accessing or downloading them. The differences services
provided by in , order of appearance in the register, are the following:

*WMS. (Web Map Service) Web service for viewing and consulting the data. This service is standardised
and is offered in the form of a link that describes the content of the service and is compatible with any
GIS application.

* WFS (Web Feature Service) Web servic e for downloading spatial data. This service is standardised
and is offered in the form of a link describing the content of the service and is compatible with any GIS
application.

* Download. Service for direct downloading of spatial data files. This servi ce offers a link to a
downloadable ZIP file that can include additional content (see summary).

* Atom Thematic Feed. Subscription service for communication of news in the catalogue. This service
includes only the datasets of the same category.
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* Atom Feed Catalogue. Subscription service for the communication of news in the catalogue. This
service includes all the datasets in the catalogue.

* Thematic viewer. Thematic web viewer for online viewing and consultation of spatial data. It is only
necessary to follow the link from the usual browser.

The MHP has been be conceptualised as an online database in which local experts from each territory

will be able to consult detailed descriptors for particular groups or individual habitats following RLE
methodology applied in the Macaronesia such as: i) Distribution, ii) Conditions & trends, iii) Pressures &
threats and iv) Conservation & Management. The MHP database for each territory will be open to be

used by environmental managers and policy makers. Besides, all the services and data provided by
the MHP are free and open access and the use of these data is under Creative Commons Attribution
licence (CC BY 4.0).

2.2. Marine Habitat Mapping of the Pilot Zone

For the pilot study about marine habitats mapping, the fieldwork took place off the southern coast of
Séao Miguel Island (the Azores Islands, eastern Atlantic Ocean; Fig. 3), around the Protected Area
covering t he Vila Franca do Campo islet (370422Z2Z20.60ZZN,

Azores Islands

Atlantic Ocean

San Miguel

Iberian
Peninsula

41°36"0"

Azores
Islands

37°57°0"

San Miguel

31°12'0"

3743127

Vila Franca

-21°0°0" 10°30°0" -25°48'0" -25°30'0" -25°12'0"

Figure 3. Location of th e study area at S a0 Miguel Island (Eastern Atlantic Ocean), showing the Protected Area
of Resources Management of Caloura - IIhéu de Vila Franca do Campo (green square).

Hydroacoustic data were collected through the SSS and MBES techniques, using 8 m fibr eglass vessel,
from 06 ™ to the 10 " December 2021(Fig. 5). Acoustic surveys were performed parallel to the coast and
following the bathymetric profile (data available from Instituto Hidrografico da Marinha do Portugal,
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2019), following predefined transect s, each of them between 600 and 1000 m in length and at depths
ranging from 5 m to 60 m.

b ‘-\

=

Figure 5. Vessel used for the marine habitat mapping equipped with the Side Scan Sonar and Multibeam
Echosounder.

The SSS, with a digital CM2 Towfish (C -Max, UK), was attached to a  Kevlar cable (Fig. 6) and towed

behind the boat, at a constant height from the sea bottom, with the vessel speed not exceeding 3
knots. The towfish emitted signals with a central frequency of 780 kHz and a horizontal beamwidth of
0.3°, covering a range of 50 m on both the port and starboard sides of the vessel. The SonarWiz 6
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V6.05.0008 software (Chesapeake Technology Inc., 2016, Los Altos, CA, USA) acquired the backscatter

data. The raw backscatter data were processed in the SonarWiz 6 with empirical gain normalisation,

automatic gain control, bottom tracking, layback correction, and the nadir filter. Also, a pre -
classificatonof t he seabed classification textures was perfc
section of the SonarWiz software.

The MBES, Norbit iWBMS Bathy (NORBIT, Norway), was attached to the starboard side of the vessel (Fig.

6). The MBES was emitting signals wi th a central frequency of 400 kHz and an opening angle across the

boat track of 100° &140° (depending on the water depth). The backscatter data and depth values

were recorded by the Norbit iWBMS software. Vessel position and motion compensation information

was provided by an inertial navigation system, Applanix POS MVSurfMaster (Applanix, Richmond Hill,
ON, Canada). The MBES surveys recorded bathymetry in a depth range of 8.5 m to 70 m. Bathymetric

data were processed to a resolution of 1 m. Additionally, mu Iti-detect (MD) capabilities of MBES were
employed to detect and map cold -water corals aggregations (e.g. Black corals).

Figure 6. Side Scan Sonar Towfish attached to a Kevlar cable and towed behind the boat (left) and Multibean
Echosounder attached  to the starboard side of the vessel (right).

Underwater digital video imagery, using a GoPro Hero 8 waterproof camera (GoPro, San Mateo, USA),
collected ground -truth data on the sea bottom, to corroborate previous habitat pre -classification
obtained by SS S backscatter. The camera was mounted on a fishing line and deployed at 17 locations,

at depths between 8 m and 70 m. Video transects were geo -located for subsequent comparison with
benthic substrates and habitats identified through acoustic tools. All pro cessed and georeferenced
data were exported as GeoTiff images to the QGis Geographic Information System (GIS) (Quantum

GIS Development Team, 2019) to create habitat maps and estimate the cover of each habitat type.

The methodology employed  to evaluate the ES included three main steps:

a. Understanding of the main constrains and threats
b. Identify and assessthe main ES

c. MSP guidelines definition to (integrated marine
Campo | sletéd
The understanding of the main constrains a  nd threats related to ecosystem management @)
implies the identification of main conservation figures (literatures review s) and the Ecosystem

protection and conservation status assess ment (questionnaire s, interviews and literature reviews)
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a.l. Recognize/ | denti fy protection and conservation figure:c

Literature review included various documents such as: strategies (national and regional), legal
documents, management plans, PhD thesis, reports, papers and other documents. The strategic
instruments outline a series of objectives that are relevant to the Pilot Study area. These goals are aimed

at: combating climate change and pollution, promoting biodiversity preservation, restoring
ecosystems, investing in sustainability, and en  suring the rational utilization of ocean resources and ES.
Additionally, stakeholder involvement is a crucial component of these objectives, as they are integral

to achieving the good environmental (Marine Strategy Framework Directive - MSFD) and ecologica |
status (Water Framework Directive - WFD) of marine environments and water bodies (European
Commission, Directorate -General for Environment, EU biodiversity strategy for 2030, 2021; ENM, 2021,
SRARH, 2020; Diretiva-Quadro da Agua, 2000; Diretiva -Quadro Es tratégia Marinha, 2008; Habitat
Directive, 1992; SRAAC, 2021a; Decreto Legislativo Regional n.° 15/2012/A, de 2 de abril; SRAAC,
2021b; Decreto Legislativo Regional n.° 30/2019/A de 28 de novembro).

From a legal standpoint, the study area falls within the Sao Miguel Island Natural Park, as defined by
Regional Legislative Decree no. 47/2008/A, published on November 7th, and subsequently amended

by Regional Legislative Decree no. 39/2012/A on September 19th. The area is classified and
designated accordingto  the categories established in Regional Legislative Decree no. 19/2008/A, July
8th, specifically within the study area:

- Protected Area for the Management of Habitats or Species of the Islet of Vila Franca (SMGO06) -
Geosite (Regional Regulatory Decree no. 17/2020/A of 5 August 2020).

- Protected Area for the Management of Resources of Caloura - lIhéu de Vila Franca (SMG19 ) - ZEC
PTMIG0020 - Caloura - Ponta da Galera.

Regarding research in the Pilot Study area that could also support the marine habitat mapping
campaign , the GESMAR (2012) and the MESH Atlantic projects (2013) aimed to identify habitats and
biotopes. Additionally, there has been a significant emphasis on the preservation and conservation of
the area's endemic biodiversity, with research conducted by Botelho (2013) focusing on this important

issue. A summary of identified preservation and conservation f igures, relevant research works, and
pertinent bibliographic resources, including guidebooks and technical reports is presented in
Appendix V .

a.2. Current protection and conservation status assessment

The Vila Franca do Campo Islet area is important due t o its rich biodiversity, environmental significance,
cultural heritage, and economic potential. However, the area is also prone to conflicts of interest
between various activities and users. To assess the conservation and protection status of the Vila
Franca do Campo Islet Pilot Study, a set of indicators was defined (Appendix VI). These indicators were
used to evaluate the protection and conservation status as well as pressures and threats. The selected
indicators were incorporated into an individual Googl e Forms questionnaire, which was circulated to
stakeholders and experts  (google form questionnaire ):

https://docs.google  .com/forms/d/e/1FAIpOQLScrvgVdRLXwQL6N38HkKVYGDqgOw74yUQGEI6U
mptBcOk -K_EQ/viewform?vc=0&c=0&w=1&flr=0 .)

a. lIdentify and evaluate the main ES

There are various methods available for evaluating ecosystem condition and quantifying indicators of
ES @nd step). In this Pilot Study, we have chosen to use a biophysical approach that involves gathering
input from stakeholders and experts through questionnaires and interviews.
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b.1. Selecting stakeholders and experts

Atotal of 21 stakeholders/experts were invited by email, based on their knowledge of the territory, and
to ensure representation from different management entities. Fifteen (15) stakeholders and experts
have agreed to participate in the interview, and out of those 15, 12 have responded to the
guestionnai re.

b.2. Launch ing Individual Questionnaire s

On October 7 ™ 2022, the customized questionnaire was released to all stakeholders and experts who
had agreed to participate in the process. The first response to the questionnaire was received on
October 11 t 2022.

b.3. Select ing the relevant ES by stakeholders and experts

For the study area the access to data on marine habitats is limited, which poses a significant challenge

when it comes to identifying and evaluating marine ES. To aid in this endeavour, a se t of questions
were presented to stakeholders and experts through a questionnaire: (i) Using the CICES ES
classification, bearing in mind your knowledge/perception, choose from the listed ES those that are
represented in the Pilot Study and (ii) f rom the E S potentials, score their relevance using a scale of 1 -
10, where 1 indicates "not relevant" and 10 indicates "very relevant".

b.4. Performing Interview s: ES assess/map

Semi-structured interviews were conducted online between October and mid -November 2022, with a
duration ranging from 30 -60 minutes, following a predetermined sequence. During the interviews,
stakeholders and experts were asked to use QGIS software to identify and specify the areas that they
consider to be of utmost importance for the provisio n of the five ES potentials. The data collected was
then cross -referenced with the scoring value that each stakeholder and expert attributed in the
questionnaire or interview. A total of 11 out of 15 stakeholders and experts answered this question.

Based o n this data , it was possible to (i) Select ES and (ii) m ap ES most important areas: the areas with
higher average score of ES were selected.

b.5. Questionnaire and Interview Analysis

After the interview process concluded, the questionnaires and interviews were thoroughly analysed.
With regards to the questionnaire, special attention was given to the status of protection and
conservation figures, as well as the identified pressures and threats from stakeholders within the study
area. The analysis method empl oyed was descriptive statistics.  Furthermore, the selection of ES was
also analysed, averaging the score attribute provided by both stakeholders and experts. The threshold

for consideration was set at an average greater than five.

The analysis of the inter views was conducted using a qualitative research methodology, which
employs non -numerical techniques such as observations, in  -depth interviews, semi -structured
interviews, focus groups, and content analysis of documents or recordings (audio or video). This
methodology focuses on the exploration of words, meaning, and interpretation . To identify themes
and patterns, all interviews were transcribed and coded. In this study, we employed the structural

coding method (Saldana, 2009) for data analysis.
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2.3. MAES in the Canary Islands

For the evaluation of the status of some marine ecosystem services in the Canary Islands, different
methodologies were identified.

2.3.1. Mapping and assessing seagrass meadows changes and blue carbon under past, current, and
future scenarios.

This study applied the InVEST Blue Carbon V3.9.2 model [1] to map and assess coastal blue carbon
changes in the Canary Islands between 2000 and 2020. It was used to value avoided emissions, as well

as to identify locations where there are n et carbon gains or losses over time. It was chosen because it

is a free open -source software model to map coastal blue carbon changes and is supported by a

well -recognized institution, such as Stanford University and the Natural Capital Project. These feat ures
allow the reproducibility of this study around the world. Despite the relevance of seagrasses as blue

carbon habitats, most studies that used INVEST to assess blue carbon have focused on mangroves and
wetlands, ca. 82 vs 18% of studies 404142, To our knowledge, this is the first study estimating blue carbon
ofadeep -water and opportunistic seagrasses using the INVEST strategy based on validated distribution

maps 2°.

To map the habitat of C. nodosa meadows over time, all C. nodosa official spatial info rmation
available were requested to the Biodiversity Service of the Canary Islands Autonomous Government.

Six datasets were delivered by the technical authorities based on field monitoring campaigns with in -
situ techniques carried out between 2000 and 2018 4344,

As a result, the years 0200006 and 020186 were selec
study. Maps from 2000 and 2018 were compared using tools from ArcGIS Pro and regression rates were
calculated between these years. Both maps were conv erted from shapefiles to raster format, and a

spatial resolution of 20 m of pixel size was used to maintain the maximum resolution admissible for the
INVEST Blue Carbon model.

The InVEST Blue Carbon V3.9.2 model calculated carbon stocks and sequestration based on the
changes in the distribution of  C. nodosa over time, and the carbon pools information referred to the
entire Canary Islands. All the carbon pools information was input via a biophysical table, which
contains the estimates of carbon stored in ea ch pool, the rate of annual carbon accumulation in the
biomass and sediments, the impacts from human activities on carbon storage, as well as their level of
disturbance, magnitude, and timing of loss (Table IlI).

Most metrics included in the model were ob tained from local field data collections, which increases
the accuracy of results, instead of using national or globally collected data elsewhere.

[1] https://naturalcapitalproject.stanford.edu/software/invest -models/coastal -blue -carbon
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Table Ill. Sources of information to derive metrics for the INVEST model on carbon pool dynamics in

seagrass meadows.
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disturb (ratio)

pool that is disturbed when a cell
transitions away from this LULC class in a

high -impact disturbance.

INVEST Inputs Description Elemental CO:zeq Source
carbon units
biomass -initial Carbon stocks in the biomass pool 0.83 3.05 22,45
(tonnes/ha) (above - and below -ground) for C.
nodosa in 2000 (the year of the baseline
map)
soil-initial Carbon stocks in the soil pool in 2000 85.70 314.52 46
tonnes/ha)
litter -initial Carbon stocks in the litter pool in 2000 0.11 0.40 Local Experts
(tonnes/ha)
biomass -yearly - |Annual rate of CO 2eq accumulation in 1.68 6.17 22,46,47
accumulation the biomass pool (above - and below -
tonnes/ha year) ground)
Soilyearly - Annual rate of CO 2eq accumulation in 0.05 0.18 46,48
accumulation the soil pool
tonnes/ha year)
INVEST Inputs Description Value Source
biomass -half-life [ The half-life of carbon in the biomass 0.27
(year) pool
biomass -high - Proportion of carbon  stock in the 1.00
impact -disturb biomass pool that is disturbed when a 49
(ratio) cell transitions away from this LULC class
in a high -impact disturbance
soil-half -life The half -life of carbon in the soil pool 1.00
(year)
soil-high -impact - | Proportion of carbon  stock in the soil 0.50

C. nodosa
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Future scenarios were conceptualised according to the plausible trends of seagrass meadows over

time in the Canary Islands (Figure 2). Four scenarios were considered with a 2050 fixed time horizon: (i)

ONo Net LossO scenar i-AssUSMNIsSIcoe n a(riiio) (oBBAUWL)i;n e(sisi i) o0Col
and (iv) olntermediated scenario (I NT). I n the NNL ¢
maintained from 2018 to 2050. In the BAU scenario, C. nodosa decreases following the current
degradati on rate (3 km 2 y1) until reaching 20 km 2 in 2029 and then, the seagrass distribution is
maintained from 2030 to 2050. In the COL scenario, the degradation rate of C. nodosa is constantly
maintained until its complete disappearance in 2036 (assuming a linear decline function). In the INT

scenario, an intermediate loss between the NNL and BAU scenarios is considered, which means that

seagrass meadows decrease until approximate ly 30 km2, and then the seagrass distribution is steady
maintained from 2030 to 2050.

To spatially represent the effect of each scenario in a map, we followed Gonzalez -Garcia et al. (2022)
and also considered different pressures that alter seagrass meadows , based on those provided by
Spanish marine authorities (MITECO, 2019b, 2019a). Among the pressures that affect the Canarian
marine area, we selected those with a proven impact over C. nodosa, discarding those with no
demonstrated disturbance (e.g., underw ater noise). Three final pressures were considered: (i)
hydrographic alterations, (ii) nutrients, and (iii) salinity (Table II). Each pressure is displayed in a shapefile
mesh of 9 x 9 km of cell size, which includes an index calculated by adding the drive rs that generate
the pressure. Then, a set of different threshold values were selected based on previous local studies

and local expert consultation. Nutrients and salinity thresholds were determined through a change of

scale between the range of values of the index in the shapefile and the range of concentration values
found in the local scientific literature. Those cells with C. nodosa presence that exceed the threshold
value were removed from the C. nodosa distribution map in 2018 and the new maps wi th areas of C.
nodosa subtracted were those that describe future scenarios (Figure 2). To follow the tendencies
conceptualised for each scenario (Figure 2), we increased the value of pressures by 50% for the INT
scenario and by 80 % for the BAU scenario to  obtain a total C. nodosa distribution area of about 30
and 20 km 2, respectively. Finally, to generate the map for the COL scenario, we considered that 2036

was the year inwhich  C. nodosa would completely disappear if the decline tendency was linear. Each

C. nodosa distribution map created according to the four future scenarios was entered into InVEST,

and carbon stocks and sequestration maps were subsequently obtained.

2.3.2. Mapping and assessing recreational activities based on coastal ecosystems

The methodology planned was designed to follow a stepwise approach divided in two phases that it
will be performed during the last 6 months of the project (Dec 22) . During Phase I, we (a) Search for
indicators and their sources of information available to asses s the recreational service associated with
coastal ecosystems in the Canary Islands; then (b) we identify and assess recreational activities
associated with coastal ecosystems, (c) we map the areas where the activities take place when

possible and finally (d) the Integration of all information gathered. Meanwhile, during Phase II, we
mainly carry out a participatory approach at a smaller scale to complement the previous information.
Information will be compiled from crossing habitat traits with diving sites
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3. PROJECT RESULTS

3.1. MARINE HABITAT PLATFORM IMPLEMENTATION

3.1.1. Marine habitats in the Macaronesian archipelagos (state of the art)

Review of the marine habitats in the three archipelagos, including description of main features, links
with EUNIS classification, main pressures and threats and existing Conservation and Management
initiatives.
THEAZORES

A Main geomorphological features

The Azorean archipelago emerged from an intensive volcanic activity that resulted in nine islands and

more than 400 seamounts extending along more than 600 km and crossing the Mid -Atlantic Ridge
(MAR), constituting the westernmost and isolated archipelago of the N Atlantic Ocean, in a
biogeographic boundary area 51, The island's slopes drop steeply and a depth of 3000 meters is
reached on average in the Azorean EEZ. Hence, the continental shelf is narrow (from a few hundred

meters to a few kilometres ) and co vers a total area of 1500 km? (with an EEZ of one million km?). The
intense volcanic activity of the area is noticeable by the presence of hydrothermal vents at depths

ranging from the subtidal area to the deep sea 52, Several seamounts of the Azores platea u reach the
infralittoral zone 53. The Azorean coastline is dominated by steep cliffs and volcanic rubbles 54, Rocky
reefs are sometimes interspersed with shores of shingle (mobile cobbles and pebbles) or coarse gravel,
typically deposited as a result of ons  hore wave action and long  -shore drift 5.

A Shallow marine habitats

Despite its limited extension (0,2% of the EEZ 56), the Azorean continental platform presents a large
diversity of marine habitats among which some play an important role for human activiti es such as the
temperate reefs colonised by brown seaweeds near the surface or corals in the deep areas. Although

the islandsd shores are characteristically rocky,
sedimentary 1. Regarding the energy leve |, high energy environments are largely dominant with the
exception of a few bays and harbours due to the morphology of the coasts 56,57,

The rocky littoral and infralittoral zone, mostly dominated by patchy algae communities 55,57 (e.g. kelp
communities on the Formigas bank), displays a lower species diversity than the Canary Islands and
Madeira 55 with six main macroalgal communities: articulated Corallinaceae, Codium elisabethae
Dictyota spp . (mainly D. dichotoma ), Halopteris filicina , Padina pavonica , and Zonaria tournefortii 5.
Wallenstein et al. (2006) note that the intertidal area is dominated by turf -forming algae and devoid

of large fucacean specimens while foliose and frondose algae can only be found at the lowest level 57,
Articulated Corallinac eae characteristically occupy the intertidal area down to 15 metres deep,

where Z. tournerfortii replace them t until on average 47 metres deep, followed by H. filicina that
reaches a maximum depth of 57 meters 5. Deeper benthic communities are typically d ominated by
animals due to the insufficient light penetration to support macrophyte development. Regarding the

fauna, the Azores also display the lowest herbivore diversity in comparison with the surrounding
archipelagos 9.
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On the other hand, Vasquez et al. (2015) mapped the Azorean seafloor habitats using their physical
features with the aim of classifying them into the EUNIS level 3 and 4 for sedimentary and rocky bottoms,
respectively. Figure 7 shows the percentage of the shallow (from the shore to th e circalittoral zone) of
the Azores EEZ occupied by each habitat. Thus, the largest surface is occupied by sublittoral mixed
sediments (A5.4), followed by low energy circalittoral rock (A4.3) and sublittoral sand (A5.2).
Remarkably 43.2% of the infralittor al is composed of rocky areas 0. In deeper areas, kelp beds
dominate the upper euphotic zone with encrusting coralline algal communities and solitary colonies

or mixed associations of suspension -feeders (scleractinians, gorgonians, antipatharians, encrusti ng
demosponges and ascidians), at the lower limit of the euphotic zone; mixed coral gardens and erect
sponges, in the disphotic zone; and dense sponge aggregations, on the upper slope 60, However, other

authors describe the macroalga Fucus spiralis as the only high -shore canopy forming species present
in the Azores, widely distributed in the archipelago %4 The upper eulittoral in the Azores oceanic
archipelago (located between 37 and 40N and 25 and 31W) is often do minated by other two
perennial macroalgae species, the Ochrophyta Fucus spiralis and the Rodophyta  Gelidium microdon
The desiccation -resistant F. spiralisis the unique species of the genus found in Azores, where it forms
scattered populations. It appears on exposed shores, in areas that are partially sheltered and not
directly exposed to the full force of the incoming waves 61 and although it can appear on a variety of
slopes, their abundance generally increases with decreasing slope 54, Something remarkable is the
signals of marine tropicalization registered in the last decades with the presence of the sea urchin
Diadema africanum or the sandy seabottoms co lonised Caulerpa prolifera and Avrainvillea
canariensis mixed with the extensive garden eel colonies ( Heteroconger longissimus )62,

Non-identified habitat A3.1
A3.2
A3.3
A4 .1
AL .4 A4.2
A4.3
A53
Ab.2
Ab.1

Figure 7. Percentage of the shallow  Azorean EEZ (from the shore to the circalittoral zone) occupied by each
level 3 EUNIShabitat (modified from Milla  -Figueras et al. (2020)). (EUNIS code source )

Literature also detected the suggestion of a series of new EUNIS codes for Azores habitats as for
example the Shallow -water Hydrothermal Vents. This new level 4 habitat was suggested to cope with
the absence of adequate description in the current EUNIS sys tem. The EUNIS hierarchy includes two
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level 4 habitats describing hydrothermal vents. The first belongs to the Deep -sea bed category (A6)
(Vents in the deep sea (A6.94)), while the second is in the sublittoral biological zone (Vents in sublittoral
sediment s (A5.71)) but lacks a description. Hence, a new level 4 habitat corresponding to the Azorean
shallow -water hydrothermal vents as described by Couto et al. (2015) has been added to our
database with the following description 52;

0Thi s bi ot op aistérad between ¢ha intertadal zone and 200 m depth. It is characterised by

free volcanic gas release from submerged soils (mainly CO2), high metal concentrations, acidified

seawater, wide temperature range (globally lower than in deep -sea vents) and some times a water

efflux with lower salinity. This uniqgue marine ecosystem typically provides a marked diversity gradient

with the surrounding coastal environment because of its peculiar conditions. The latter cause a

depletion of certain species present in th e surrounding areas, and hence this habitat displays a lower

species abundance than adjoining ones. The seaweed community is dominated by filamentous early

successional species. In the Azores, this habitat is found along the islands (Flores, Faial, Gracios a, Sao

Mi guel ) and on seamounts (Dom Jo«o de Castro Bank) . ¢

The main differences between these shallow hydrothermal vents and their deep -sea homologs are
that the average temperature is lower, and that photosynthesis is mainly responsible for the primary
production (in opposition to deeper vents where chemoautotrophic and methanotrophic organisms

endorse the primary production). The level of protection of this habitat in the Azores is considered
insufficient by the authors even though seven of the ten stu died sites were included in protected areas.
Couto et al. (2015) underline the lack of protection measures and restrictions specific to this type of
habitat and the knowledge gap regarding their location and the organisms they host 52,

A Pressures and threats

The main pressures currently experienced by the Azorean marine environment are the intensive
exploitation of commercial marine species, the habitat degradation and localised pollution events 56,
Sand extraction and dredged material de position also represents a significant pressure on marine
ecosystems, including in some MPAs such as the Faial Island Nature Park 53,

Regarding fishing practices, artisanal fisheries are the main techniques in use in the archipelago (Pham

etal. 2013) and bottom trawling is prohibited and has never been practised in the Azores EEZ 65, Amorim
et al. (2015) also note the existence of illegal fishing practices in some MPAs such as the Formigas Bank.
Noteworthy pressures that are absent in the region include com mercial aquaculture, wind farms and
mining activities 56. Despite being prohibited since 1993, the harvest of limpets and barnacles seems to

have irreversibly impacted the coast as their population do not seem to return to their original levels,

leading to a more important growth of algal turfs on the littoral of some islands due to the reduced

herbivore activity 53%6, Fi nal ly, the pressure on marine forests
is lower in the Azores in comparison with the Canary Islands and Madeira due to the fact that D.
africanum 6 s presence i s m.MNevertheless, urchirebarree groureds (locally known as

oObl anqui zal es6) facies can be found across the isl an

were correl ated with the harvest of sea  -urchin predators 53, mainly fish.

In the future, the marine ecosystems of the archipelago might be impacted by commercial
aguaculture sites as some areas have been designated as potential zones for on -shelf aquaculture, in
the vicinity of four islands 56. Besides, global warming signals have also been recorded with the increase

of the SST since 1982 as the highest in the Azores (0.3°C per decade) 4. Examples of tropicalization are
the decline of brown seaweed Gongolari aabies -marina or the detection of D. africanum in the island
of Santa Maria 97, located in the south -eastern limit of the Azores
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A Conservation and management

Following Portugal's political commitment to protect 14% of its marine space by 2020 21 the archipelago
encompasses a series of shallow marine habitats that have been designated as of priority for
conservation on the European Red List of Habitats 2. Hence, Formigas bank is among the first
Portuguese MPAs. The Gorringe MPA is more recent, among the first ones beyond territorial waters,
within the EEZ or ECS area. Globally, Azorean MPAs fall into two categories, namely the Island Natural
Parks (INPs) and the Azores Marine Parks (AMPSs), and encompass in total more than 100 zones that
cover a total area of approxi  mately 35,000 km? (3.6% of the EEZ) 6. Each designated area has its own
regulatory regime and only 0.1% falls into the fully protected category. Nevertheless, Milla -Figueras et
al. (2020) evaluated the level of protection provided by the different designat ed areas and concluded
that 98.3% of them could be considered as highly -protected areas. In spite of this fact, many authors
outline the insufficient protection level of MPAs in the region since some kind of harvesting or fishing is

still authorised in mo st of them and recommend the implementation of a stricter regulation and more

fully protected areas 5355(e.g. notion of paper -parks developed by WWF  68),

Regarding the environmental representativeness of the current MPAS, biological zones are not equally
included but all shallow  habitats have at least 10% of their surface protected (43%, 23% and 15% of the
infralittoral, shallow and deep circalittoral respectively) 11, However, the level of protection varies a lot
between the islands, ranging from 7.3% for T  erceira Island to 100% for the island of Corvo and the
Formigas Bank 53,

MADEIRA
A Main geomorphological features

Madeira is a small oceanic archipelago located North of the Canary Islands, composed of two
inhabited islands (Madeira and Porto Santo) and several smaller islands and islets which are, in some
cases, nature reserves (Desertas and Selvagens) . The Desertas, protected since 1990, consists of three
uninhabited islands (Deserta Grande, Bugio and Ilh éu de Chao), meanwhile Selvagens comprised two
main islands (Selvagem pequena and Selvagen grande) and multiple islets. The two other islands,
Madeira and Porto Santo, are the most densely populated region and coastal occupation of
Macaronesia 7° with more than 300 inhabitants/km2. The archipelago has a volcanic origin and its
mainly rocky coastline consists of a series of platforms, boulders and some sandy -pebble beaches
mainly on Porto Santo Island 6%71. The north and west shores have the highest wave and surge
exposure 71, The island of Madeira is al arge shield volcano that rises from more than 6,000 m and is the
largest oceanic island within the Macaronesian region (741 km 2)5372, Surrounded by oceanic waters,
Madeira is characterised by an absence (or reduced) continental shelf and its subtidal substrates (from
the coastline to approximately 20 m isobath) are dominated by rocky reefs and big boulders. These
narrow and steep insular platforms, along with low productivity waters, limit the available habitat for
demersal fisheries species, and restr ict the fishing methods that are suitable for these habitats 60,

A Shallow marine habitats

Studies about Madeira shallow benthic communities are scarce in the scientific literature. Friedlander

et al. (2017) characterised the shallow benthic community of Ma deira Island and found that CCA
were the main component of the sessile assemblages (30%), followed by turf algae (21%), sessile
invertebrates (16%, mainly composed by barnacles such as Balanus trigonus 73), erect algae (12%) and
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finally barren grounds (11%) . Among the mobile invertebrates, the sea urchin Diadema africanum is
the most abundant  organism with an average density of 4.4 individuals/m2 (+ 4.4 sd), followed by the
hermit crab Calcinus tubularis 72.

Ribeiro et al. (2020) produced the first marine habitat map of Madeira with the Marine Park (MPA) of

Cabo Girdo and identified five main shallow habitats, classified within EUNIS categories: vegetated

sand (A2) ( Avrainvillea canariensis meadows, Caulerpa prolifera and g arden eel colonies; A5.25),
maérl beds (A5.51), rocky reefs (A3) ( C. nodosa patches; A5.5311) and artificial habitats (J or
A6.1)(shipwreck) 7°. Among those biotopes, three are considered as common in Madeira and hence
representative of t maters: iroskly aseafsl 0G. pralilera smieadbws and garden eel
colonies ( H. logissimus). On the opposite, the C. nodosa (only seagrass species present in the region)
and A. canariensis meadows are considered as rare and fragile habitats throughout the archipela go.
The MPAOs substrate was mainly composed of pebbl es
bottoms between five - and ten -metres depth (A3), and sediments in the sublittoral zone (A5). In total,

soft bottoms occupy approximately half of the ar ea of interest 0. The rocky habitats comprise
encrusting algal communities in the first strata (down to five metres) (A3.14), scarce frondose algal
communities composed by turf and erect algae (A3.15) between five and ten metres deep, and finally

faunal communities with CCA (  Lithophylum sp .) dominated by sessile invertebrates such as barnacles

and bryozoans or barren rocks dominated by the sea urchin D. africanum (A3.24) in deeper areas. It is
important to note for the habitat assessment, that the maérl b eds described by Ribeiro et al. (2020)
occur on a rocky substrate unlike the EUNIS habitat that is characteristically sedimentary 70,

In this regard, other studies made by Alves et al. (2019) compared the shallow (5 and 10 m) benthic
assemblages of the Ga rajau MPA (located in the south of Madeira) with two adjacent areas that
experience a strong anthropogenic pressure, the first being highly urbanised area and the second
undergoing an intense fishing activity. A general observation is that the combination of CCA
(calcareous red encrusting algae and maerl) and erect algal turf were dominating all habitats at a

depth of 5 m, with the second group being the most abundant in protected and urbanised
environments. On the opposite, macro  -invertebrates (mainly barn acles) were the second most
abundant group after CCA at a depth of 10 m except for the highly fished area where erect algal turf

and maerl/rhodoliths were more abundant. Regarding biodiversity, the urbanised area displayed the

highest number of species, wh ich was attributed to the presence of opportunistic species thriving in
eutrophic environments, in contrast with the high fishing pressure area that displayed the lowest
species richness 69.

More recently, Monteiro et al. (2021) developed a novel extrapol  ative approach of shallow habitat
mapping using low -cost drones combined with underwater photo -quadrat imagery in the Quinta do
Lorde Bay in the eastern part of Madeira Island. The authors focus on two distinct depth strata (4 -6m
and 9 -11 m deep) and iden tified three major biotopes. The most extended one (44% of the study area)
consisted of boulders covered by biofilm and turf. The latter benthic assemblage was associated with
the invasive hydroid Macrorhynchia sp. and CCA at the shallower and deeper strat a, respectively. The
turf resulted from a combination of filamentous algae of the genera Ceramium sp ., Polysiphonia sp .
and Jania sp . among others, while the biofilm was composed of microalgae and hydroids partly
covered with silt. The second most abundant biotope (34%) was constituted of blocks covered
predominantly by CCA (and by biofilm with silt to a lesser extent) and was present at both depth layers.
This assemblage is characterised by the lowest species diversity and structural complexity. Finally, t he
least abundant biotope (22%) comprised rocky platforms dominated by turf -forming algae and the
canopy algae Asparagopsis sp. at adepth of 4 -6 m. Other noteworthy taxa throughout the study area
include Dictyota sp. , Halopteris sp. and Ircinia sp. at the shallower strata while individuals of Lobophora
sp. and Asparagopsis sp. were common at the deeper one. The authors also recorded the presence
of a series of taxa with an abundance lower than 1%: Spongionella sp ., Reptadeonella sp ., Crambe
34



g FROM CASE STUDIES TO ANCHOR PROJECTSETTING THE GROUND
TO ADVANCE MAES I N EUROPEG6S OVERSE

sp. and maerl. It is important to highlight the relative absence of erect and/or canopy forming algae
in contrast with the abundance of CCA 8,

Finally, Stratoudakis et al . (2019) identified 9 shallow marine habitats present in Madeira: macroalgae

forests, biogen ic reefs, inner shelf rocky reefs and soft sediments (from intertidal area down to 50 metres

deep), rocky reefs and soft sediment (deeper than 50 metres), sea caves, intertidal rocky reefs and

soft sediments 7. Macroalgae of the genus Cystoseira spp. are also a noteworthy component of
Madeirads shall ow waters although in severe decline

A Pressures and threats

Ant hropogenic pressures exerted on Madeirads coast a
introduction of invasive species, overfishing, aquaculture, and most significantly habitat destruction for

urbanisation 7°, The | ack of knowl edge regarding Madeirads
extensive coastal development that did not consider its impact on surrounding marine e cosystems,
such as the destruction of some of the scarce natural rocky platforms in the island, diminishing the

suitable habitat available for canopy -forming macroalgae communities 54,

The driver of this exploding urbannsaprawlp)ocess he:
of tourism, which is the main industry of the archipelago with more than six million visit days per year.

The latter industry leads to the expansion of coastal urbanisation, in particular in the south of Madeira

Island, resulting in the destruction and transformation of shallow marine habitats 1, New coastal
development also represents the main threat for marine habitats in the coming years as the tourism

industry is expected to grow. Notable examples of habitat loss documented in scientific literature
include the disappearance of a C. nodosa meadows in Machico Bay 76 and of G. abies -marina facies

t hat used to be the domi nant coast al macr oal’gHencebi o
seagrass beds are now considered as a vestigial habitat in Madeira despite their classification as a

priority habitat in the EU Habitat Directive ~ 70. The expanded use of the coastal zone in Madeira is being

carried out with little or no consideration for the local biological values and coastal dynamics due the

fact that they have been poorly studied 70,

Furthermore, the construction of artificial structures such as harbours and marinas or even floating
pontoons, breakwaters, and seawalls, replacing in some areas considerable portions of natural coastal
habitats (i.e., direct habitat destruction), deeply modifies the light and turbidity regime of ecosystems,

and potentially results in a modification of their species composition as they represent suitable surfaces

for non -indigenous species (NIS) ¢ olonisation. Hence, the recording rate of NIS has increased in the last
decades, leading to the replacement of the original dominating species with NIS in many areas 69,
Those organisms are most likely introduced via the intense maritime traffic as the main harbour (Port of
Funchal) is visited by more than 300 large ferries yearly (DREM 2017)89. Most of the newly recorded
species were known to occupy habitats located at lower latitudes of the main island. Species with

warm -water affinity observed in Madeira include seaweed A. canariensis 78, tropical fishes ( Abudefduf
saxatilis, Gnatholepis thompsoni , and Canthidermis sufflamen a.o. 79, the fire coral Millepora alcicornis
and the crab  Cronius ruber . The intense human activities near the coastal environment of M adeira
island, particularly at the south coast (i.e., ship traffic, aquaculture, coastal urbanisation), promotes

the probability of intentional and accidental release and/or expansion of NIS (i.e., dispersal of
propagules) from already invaded areas (i.e., marinas and ports) along the coastline. Moreover, the

high rates of visits that marine reserves support may even increase this likelihood of NIS introductions
through different vectors (e.g., bilge water, SCUBA equipment)/ although located at a very close

distance from Funchal harbour, the Garajau MPAs 80, Finally, the rising of the SSTdue to global warming

is thought to play an important role in the acclimatisation and establishment of NIS to local habitats 8,
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Besides these direct effects on marine ecosystems, coastal development also has an indirect impact

since it often implies an intensification of fishing in those areas 8. Especially for the removal of most
natural predators of sea urchins, which are the mos t important grazers in temperate reefs . Hence, as
happened in the Canary | sl ands, Madeirads macroal ga
long -spined sea urchin D. africanum , leading to the replacement of these habitats by barren rocky

bottoms 5570, Hence, this invertebrate is now considered as the main driver of the variability in Madeiran

shallow benthic assemblages: Alves et al. (2016) found that D. africanum is responsible of 65% of the
variance between benthic communities at a depth of 5 metres . However, the authors found that its
influence is greatly reduced at a depth of 10 metres, where the presence of the sea urchin only

explains 3% of the observed variance 69, Next to its earlier mentioned detrimental effect on erect algae
communities witht he dev el opnblanquizalesf6 & sea urchin barren gr ot
activity in Madeira is considered as highly unsustainable and practices such as the catch of individuals

below the minimum landing size are also reported 72, Friedlander et al. (2 017) compared the benthic
ecosystems of Madeira with the ones of the neighbouring pristine Selvagens Islands (natural reserve

since 1971) and found that the | atterds fish Dbi o%has:
This observation is corrob orated by the testimony of recreational fishermen that notice a net decrease

in their catches during the last decades on Madeira Island 81, Indeed, fisheries in Madeira are strongly
conditioned by the geological and environmental characteristics of the isla nds, in particular their
narrow insular platforms, steep incline of the slopes, and low productivity of its oligotrophic waters.

Aquaculture may also represent an important pressure and threat as the local production is expected

to increase from 450 ton/ye ar to 5000 ton/year as a consequence of funding from the EU Blue Growth

strategy and Horizon 2020 *. Aquaculture is known to impact the coastal water quality, sedimentation

process and benthic ecosystems 1 therefore an ecosystemic approach should be develope d in order

to develop this activity in a sustainable way.

As a <conclusi on, the state of Madeirads <coast al e
compromised in the coming years, especially in the south of the archipelago where the galloping
urban isation does not seem to show signs of a slowdown in the near future.

A Conservation and management

Madeira accounts for six MPAs that cover 2.3% of its territorial waters: (1) Cabo Girao Marine Park (2.4
kmz?, created in 2017), (2) Garajau (3.8 km?,  created in 1986),(3) Rocha do Navio (created in 1997), (4)
Ilhéus do Porto Santo (created in 2008), (5) Ilhas Desertas (created in 1990), and (6) llhas Selvagens
(created in 1971) 8. Despite all being classified as highly protected (category | of the IUCN
classification), none of the Madeira MPAs fully exclude fishing practices, most of them also lack any
management plan nor an efficient supervision body, and hence there is no completely protected

area in the archipelago 8.

The Garajau MPA offers the hig hest level of protection to marine life in Madeira Island, where any type

of fishery and boat traffic within the 50 m isobath is not permitted. This exclusively marine reserve was
created to protect | ocal bi odi ver si tliype. Noaesidentpapwatians 4 .
inhabits the coastline of the Garajau MPA, and its human pressure comes from SCUBA activities and

two small land stations supporting swimmers mainly during summer. This MPA has indeed contributed

to the protection of the benthi ¢ assemblages but only within a limited extent, due to affecting mainly

the shallower part of the reefs where D. africanum has little control. The high biomass of top predators
observed inside MPA waters comprises only very few predators (i.e., balistidae, diodontidae and large
labridae species) of sea urchin s. Therefore, the lack of predators for sea urchins could be among the

main reasons explaining why the Garajau MPA did not
dominance by non-crustose macroalgae. The small dimension of this MPA combined with its
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boundaries being contiguous to a highly urbanised and a fishing area, are among the main drivers

limiting the survival of predators of sea urchins. The establishment of buffer zones in the Gara jau MPA
could be considered by managers as a possible approach to increase the abundance of fish
predators of the sea urchins and benefit the benthic communities, as shown in MPAs with buffer zones

in the neighbouring Canary Islands.

CANARY ISLANDS

A Main geomorphological features

The Canary Islands result from an intense volcanic activity that led to a series of eruptions and comprise

eight main islands in addition to various islets and seamounts along the Northwest African Coast. The

islands emerged from the oceanic basin as a result of successive volcanic activity 82, Most of the
Canarian littoral is moderately to highly exposed to wave action, especially the northern coasts 83,
Exposure to waves also varies within the islands according to shoreline orienta tion. The normal wave
pattern consists of sea waves from NNE/ Eastern, and therefore Southeastern and southern shores of
the islands are sheltered from NNW -NW strong swells and face waves that are on average smaller than

those received by northern and west  ern shorelines, which are exposed to non  -local swells 8. Shallow
bottoms are characterised by a seascape of rocky platforms, large stones, pebbles and sandy
patches. The seafloor of the Island is characterised by high slopes of rocky and sandy bottoms that

can reach high depths at only a few metres from the coast line.

A Shallow marine habitats

Due to its narrow island platform, the Canarian sublittoral area is limited despite the extensive coastline,
reaching approximately 2200 km2.  However, this platform is highly variable depending on the islands,
decreasing from the East to Western part of the archipelago 85, In terms of habitats, cliffs occupy 67%
of the coastline, followed by sand and/or pebble beaches (17%), and rocky coasts (11%), all o f them
interspersed with volcanic tubes and caves generating singular and characteristic habitats. The most
important shallow ecosystems are rocky reefs, seagrass meadows, sandy unvegetated beds and coral

beds 83. Despite its narrowness, the Canary Islands continental shelf has a big relevance, especially in

the eastern islands, especially for a series of fish species, some of which of commercial interest 86,

Seaweeds are the principal engineering organisms on shallow rocky bottoms, providing complex

habit ats that support highly diverse communities  43. The Canarian marine flora consists of an ensemble

of species with different biogeographical affinities, i.e. endemisms from NAWTR (31%), tropical and

subtropical (30%), cosmopolitan (19%) and cold temperate (1 6%) (Sangil et al, 2011). This simultaneous
occurrence of characteristic macroalgae from both warm temperate and tropical regions has also

been reported for Canarian marine fauna assemblages 87.88. The environmental conditions due to the
geographicpositon of t he Canaries at the eastern | imit of th
allow this development of assemblages with tropical characteristics different from those of the nearby

warm temperate mainland 82, Besides, the mixture of cold waters from  the northwest African coastal
upwelling and the warmer open ocean waters creates a difference of almost 2°C in surface seawater

temperature from the eastern to the western islands, which condition the distribution of species,

making the Canary Islandsasone of the oO0hot spotdé of marine”biodi

Specifically, the engineering species on pristine subtidal rocky bottoms are both warm temperate

Fucoids (mainly gen. Gongolaria and Sargassum) and tropical Dictyotales (i.e. Canistrocarpus,
Dictyota, Lobophora, Stypopodium, Zonaria )89, being Lobophora variegata  the widest dominant
element reported in tropical and subtropical seaweed assemblages in the subtidal seabottoms 82,90,
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However, crustose macroalgae (e.g. corallines) ca n also appear positively related to sea urchin
density and not related to upwelling distance, occurring mainly in samples from central islands and in

a lower extent from eastern islands 82, Similarly, as happened in other Macaronesian archipelagos, sea
urchin density (22.51%) was the factor that mainly explained assemblage variability, instead of the
expected African upwelling distance (11.59%). The other variables, sedimentation (6.79%), substratum
(0.87%), wave exposure (1.57%) and depth (0.86%) have a lim ited influence. Both richness and diversity
of seaweed assemblages increase significantly from semi exposed to exposed shores according to the
increase of heterogeneity due to the detachment of erect macroalgae by the waves. Thus, in islands

with low densi ties of sea urchins (i.e., La Palma and El Hierro) cover of Lobophora variegata is higher
in semi exposed shores, while in the rest of the islands the highest values are reached on exposed
shores.

Specifically, the distribution of fucoid communities on w ave exposed rocky areas (A1.12) are restricted

in the Canarian Archipelago, and only show highest cover at determinate exposed areas. The highest

mean cover values are reached for Gongolaria spp. in the eastern island (Chinijo archipelago,
Lanzarote) and f or G. abies -marina in the central island (Tenerife), with lower cover in western islands.
However, inrecent decades Gongolaria spp. were reported as the engineering seaweeds at exposed

rocky bottoms constituting beds with higher values of cover in central and eastern islands 47,89 With four
species ( G. abies -marina, Cystoseira compressa, C. foeniculac ea and G. spp. ) growing in subtidal
habitats, Gongolaria is more diverse to the eastern islands coinciding with the highest upwelling
influence; while in the western and central islands only two species ( G. abies -marina and G.
compressa ) are present. The | ow cover observed for fucoids, which contrast with those of Lobophora
can be explained by the progressive reduction that Gongolaria beds have suffered due to herbivores'
pressure, habitat degradation and climate change m,

Finally, one of many marine habi tats that remains understudied in the Canaries is the animal forests
created by cold -water corals as for example the black corals 91, These habitats have been reported to
form extensive gardens in the Canarian archipelago, and nearby archipelagos in Macaron esia
(Azores and Madeira) 99293, Data about the distribution of black corals in the Canary Islands is scarce

and mostly limited down to 50 m depth 9394 From the scarce information recorded, black coral gardens

are localised close to the zones under huma n influences and major fishing areas 9. Thus, it is critical to
increase our understanding of these sensitive and understudied marine habitats to help policy -makers
adapt their marine management and conservation programs. Some preliminary methods to
determine their spatial extension (and changes thereof) are under development in the Canary
Islands®3.94, This information is essential to provide the basis for their conservation

A Pressures and threats

The main pressures affecting marine habitats on the Canary lIslands, are mostly related with
overexploitation of marine resources (e.g. unsustainable fishing practices), introduction of exotic
species, abusive coastal urbanisation, pollution events, dense maritime traffic, etc. 8386 For example,
the overfi shing is particularly high on coastal ecosystems of areas densely populated of the
archipelago, also highlighting the high recreational fishing pressure, with annual catches of almost 12,
000 t in the C is%. The consequences of these threats can produce th e danger of extinction of spp in
the archipelago ( Patellacandei | i st edn danger edd tnuchoofiity haoge in Cl due to
overfishing %), and also the general impoverishment of marine habitats with the increase in density of
sea-urchins (e.g. Diadema aff. antillarum ), which it has been associated with decreases both richness
and diversity of seaweed assemblages, reducing the cover of erect macroalgae and supporting a
high percentage cover of crustose species 82, The lossof these well-structure d and diverse ecosystems
facilitates the appearance of less complex habitats, such as filamentous algal turfs, ephemeral
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seaweed assemblages and barren grounds ( 06 bl an gu domadted By6 )encrusting algae and sea
urchins. Similarly, the huge coastal deve lopment increased the population density, especially along
the littoral of certain islands of the archipelago (e.g. Gran Canaria and Tenerife), with millions of tourists
yearly visiting Cls (ca. 19 million; ISTAC 2022), involving occupation and degradation of many coastal
areas.

One of the best examples about the sensitivity of marine vegetated forests to anthropogenic impacts,

is reflected by the regression of the seagrass beds ( C. nodosa ) showing a clea r temporal decay
connected with an increase in local anthropogenic impacts 20, Also, the huge decay of brown
seaweed G. abies -marina , the most abundant fucoid species on Canarian shallow rocky shores in the
800s, observed recentl y asCasadadande 7. Sldbalpveatming és s key flactos r
in the ongoing decline of fucoids and their displacement to colder waters 97, There is recent regional
evidence of the adverse effect of warming on species of both brown and red macroalgae 7. The
decrease in the size of thalli of these seaweeds , and in their reproductive success, have also been
correlated with the warming of the Canarian waters : At current rates, it is scheduled an increase of
almost 2°C per century in Madeira and Canary Islands . Equally, global warming will also facilitate the

colonisation of NIS, as for example the invasive crab, Cronius ruber , and its recent arrival to Gran
Canaria (Canary Islands) 9.
For the future, the main threats faced Dtgts willlbe thear c |

development of coastal infrastructures that have a strong impact on a large diversity of biotopes and
ecosystems 9,

A Conservation and management

The current marine spaces with a special status of protection implemented across the Canarian
archipelago mainly cover shallow coastal areas, and it can be classified in three categories: Marine
Reserves of Fishing Interest, Special Areas of Conservation ( part of the European Natura 2000  network)
and Biosphere Reserves 85,

Generally, the surface of marine reserves (La Palma, La Graciosa and El Hierro) is divided into smaller
sections in relation to their permitted uses. In each marine reserve there is at least one declared integral

pat where no use is authorised. These futhlikeprpoporesed
uses in the reserve are regulated: only artisanal and small -scale selective fishing and scuba diving is
allowed. No -take areas have been identified as an eff ective tool to restore erect macroalgal beds in
other Macaronesian islands, and are known to provide overall ecosystem benefits both within and

beyond their borders as it was demonstrated in the Marine Reserve of Mar de Las Calmas (EH Island)
and the Marin e Reserve of the southern coast of La Palma Island 72 Indeed, both MPAs are dominated

by erect algal communities in the shallow infralittoral and circalittoral beds. Especially in the MPA of La

Palma where the densities of D. africanum are lower than those found in the Selvagens (Madeira),
reaching maximum densities of 0.5 ind. m?3 at depths of 10 815 m1%, The Marine Reserve of La Palma is
located at the western margin of the Island, and it was established in 2001 to protect fish stocks, highly
depleted due to high levels of exploitation 8. This side of the island also has the status of Special Area

of Conservation ( SAC) by the Habitats Directive 92/43/EEC to conserve the marine mammal s Tursiops
truncatus , the turtle Caretta caretta and the submerged or partially submerged sea caves habitats.

At the beginning of the last century, the Spanish Ministry of Environment and the Tenerife Island Council

financed individual projects for each island of the Archipelago to create a database on geophysical
data and distribution maps of the main benthic assemblages and habitats from a depth of 0 to 50 m,
c al | EcdcartograficodeCanarias 6. Al t hough the objective of etheery

same, the projects were developed by different private companies using different methods to
categorise the habitats. Consequently, original data was difficult to integrate in Marine Spatial
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Planning initiatives due to different survey and classificat ion methodologies, resulting in a total 162
different habitat categories. The lack of unified criteria for catalogue the different marine ecosystems

also compromise the decision -making for marine management. Recently, the University of Las Palmas

de Gran C anaria, through its University Institute ECOAQUA undertook the harmonisation of the
available habitats data according to the specifications of the European Directive INSPIRE following

the data model corresponding to Habitats and Biotopes. Specific habitat classification schemes were
applied and resulted in a more reduced list of habitats of the Canary Islands according to EUNIS,
Spanish National Marine Habitats Inventory, and the MSFD classification.

As a final point related to the conservation and manageme nt of marine habitats of the archipelago,
two islands Governments (El Hierro and Gran Canaria) have started in the last decade the procedures

to create the 1 stmarine National park in the archipelago. The accomplishment of these projects would

be a definit ive step forward in the conservation and management of the coastal marine habitats of

the archipelago.

3.1.2. Habitat List for MHP in the Macaronesia

Firstly, we elaborated a preliminary  Habitat List containing 56 EUNIS Level 4 0 s h al lca w60 m)

Marine Habitats present in the 3 archipelagos (Azores, Madeira and Canary Islands) based on scientific
literature and technical reports on marine habitats, such as Spanish National Marine Habitat
Catalogue, Oceana reports and European Red List of H abitats.

From this list we selected the habitat categories accomplishing three criteria (Appendix V :

1. Habitat categories shared the Azores and Canary Islands. Madeira was initially excluded from
this list as no local experts agreed to participate ;

2. Habitats which already have a fact sheet inside the EU Red List of Marine Habitats for the North
Atlantic zone were discarded

3. More shallow habitats (< 100 m ca.)

Therefore 15 habitat categories were selected to be assessed in order to create the MHTDs of the
Macaronesia:

- Al.12 Macaronesian Robust fucoid and/or red seaweed communities on wave -exposed
Atlantic littoral rock.

This littoral habitat encompasses those brown and red seaweeds that can tolerate the extreme
conditions of very exposed to moderately exposed rocky shores. The physical stresses caused
by wave action often result in dwarf forms of the individual seaweeds.

- Al.21 Macaronesian barnacles and fucoids on moderately exposed shores

Moderately exposed rocky shores characterised by a mosaic of fuc oids and barnacles on
bedrock and boulders, where the extent of the fucoid cover is typically less than the blanket

cover associated with sheltered shores. Located in the mid -eulittoral bedrock with a lichen zone
above and a turf or kelp dominated communit y below in the sublittoral zone. Typical fucoids
include Fucus guiryi and in some locations F. vesiculosus in a lower layer.

- Al.22 Macaronesian mussels and  fucoids on moderately exposed shores

Mid and lower eulittoral exposed to moderately exposed bedrock, often with nearby sediment,
may be densely covered by large individuals of the mussel Mytilaster minimus/Perna perna.  The
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fucoids species can include  Fucus vesiculosus. A range of littorinids barnacles or limpets may
also occur within the mussel bed. Int he mid eulittoral, the mussels may form a band or large
patches. _In the lower eulittoral a range of red seaweeds occur amongst the mussels (in higher
abundance than the mid eulittoral), including ephemeral green seaweeds commonly occur

on the shells of the mussels.

- Al.31 Macaronesian fucoids on sheltered marine shores

Dense blankets of fucoid seaweeds dominating sheltered to extremely sheltered rocky shores
and/or in locally sheltered patches on exposed to moderately exposed rocky shores. Typically,
the wrack Fucus guiryi occurs on the upper shore, with the wrack Fucus vesiculosus below.

- Al.33 Macaronesian red algal turfs in lower eulittoral, sheltered from wave action

Multispecific red algal turf covering the sheltered bedrock in the lower eulittoral zone. Common

algae species include the coralline red algae Ellisolandia elongata, Caulacanthus ustulatus or
Gelidium pusillum . This habitat can also include mats of Ceramiales such as Alsidium corallinum ,
Digenea simplex , Laurencia spp., Osmundea spp., Palisada spp., Polysiphonia spp. and
Ceramium spp.

- Al.44 Macaronesian ¢ ommunities of littoral caves and overhangs in Macaronesia

Caves and overhangs occur on rocky shores, the shaded nature of the habitat diminishes the
amount of desiccation suffered by biota during periods of low tides which allows certain species
to prolife rate. In addition, the amount of scour, wave surge, sea spray and penetrating light
determines the unique community assemblages found in upper, mid and lower shore caves
and overhangs on the lower shore.

- A2.11 Macaronesian shingle (pebble) and gravel shore S

Shores of shingle (mobile cobbles and pebbles) or coarse gravel, typically deposited as a result

of onshore wave action and long -shore drift. The particle size tends to increase along the shore
in the direction of the long  -shore drift. As the sedimentis very coarse and often quite mobile, it
typically supports little marine life, other than opportunist amphipods and oligochaete worms.
Summer growths of ephemeral green algae ( [Ulva] spp .) may be developed.

- A3.14 Macaronesian encrusting algal communities o n infralittoral bedrock

Infralittoral bedrock exposed to wave and tide action and covered by encrusting Coralinales
communities. Typical species include the calcareous Ellisolandia elongate . Other typical orders
include Hydrolithon spp., Titanoderma spp., Lithophyllum spp.and Phymatolithon spp.

- A3.24 Macaronesian faunal communities on moderate energy infralittoral rock (blanquizales)

Ant hropologically disrupted infralittoral habit e
islands) characterized by a hi gh density of the long -spined sea urchin Diadema africanum on

a barren rocky bottom, ranging from the intertidal area up to 80 m. The algae cover was

cleared by the sea urchins grazing action, being replaced in some areas by other organisms

such as sponges (Batzella inops ), calcerous red algae, balanids (  Megabalanus tintinnabulum

and Balanus trigonus ), crustaceans, polychaetes (  Spirobranchus triqueter ), and stony corals
(Polycyathus muellerae ). The black sea urchin Arbacia lixula can also be presentin this habitat.

- A4.12 Macaronesian sponge communities on deep circalittoral rock
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This habitat type typically occurs on deep (commonly below 30m depth), wave -exposed
circalittoral rock subject to negligible tidal streams. The sponge component of this biotope is

the most striking feature, and can be present in large aggregations, dominat ed by sponges of
the genus Axinella (A. polypoides ). Other sponge species include  Scalarispongia scalaris ,
Chondrosia reniformis , Hemimycale columella and Timea unistellata. In some deep areas, this
habitat appeared mixed with communities of black corals and gorgonians.

- A4.71 Macaronesian communities of circalittoral caves and overhangs: black coral and
gorgonia communities

Circalittoral rocky bottoms dominated by black coral and gorgonia communities.
Anthipatarian species include  Antipathella wollastoni,  Antipathes furcata and Stichopathes sp .
Other coral species can be found depending on the depth such as Leptogorgia ruberrima,
Dendrophyllia ramea, Gerardia spp, Ellisella paraplexauroides and Paramuricea grayi among
others. Some black coral specimens can appear epiphytised by tunicates (  Stolonica socialis ) or
associated with other zoanthids (  Antipathozoanthus macaronesicus ).

- Ab5.13 Macaronesian infralittoral coarse sediment

Moderately exposed habitats with coarse sand, gravelly sand, shingle and gravel in the
infralittoral, are subject to disturbance by tidal streams and wave action. Such habitats found

onthe open coastorintide -swept marine inlets are characterised by a robust fauna of infaunal
polychaetes, cumacean crustaceans and venerid bivalves. The seasonal filamentous brown
algae Nereia -Sporochnus can be present in the Canary Islands mixed with detrital sediments
composed of rhodoliths and shell fragments.

- Ab.23 Macaronesian infralittoral fine sediment

Clean sands, which occur from shallow waters up to 100 m, either on the open coast or in tide -
swept channels of marine inlets. The habitat typically lacks a significant seaweed component

and is characterised by robust fauna, particularly amphipods and robust polychaetes,
determined by the granulometr  ic conditions. Brown garden eel communities (Heteroconger
longissimus) and sabellid beds (polychaete tube worms, mainly dominated by Bispira viola) are
typical in the Canary Islands.

- Ab.51 Macaronesian rhodolith beds

Beds of rhodoliths composed by free  -living, calcareous red algae that form nodules of rugged
appearance and diverse morphology. These rhodolith beds appears locally distributed as a

mosaic of neighbouring habitat patches between from shallower (e.g. 15 m) to deeper (e.g. 50

m) areas, in coarse clean sediments of gravels and clean sands, which occur either on the open

coast or in tide -swept channels of marine inlets (the latter often stony). The rhodolith bed is
composed by several species of red calcareous algae, mainly of the genera Lithothamni on
and Phymatolithon.

- Ab.63 Macaronesian circalittoral coral reefs

Black coral gardens and coral and gorgonian dominated communities on circalittoral rocky

and softer substrates create hotspots of biodiversity in the mesophotic zone (30 -150 m) of the
Macaronesian islands and provide diverse ecosystem services including fish habitat and
nursery, nutrient cycling and water quality maintenance. Whilst some records of this biotope

exist, including detailed studies at some sites, it has not been studied sys tematically and it is likely
that many areas remain undiscovered.
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Survey participants were mostly students ( 60%), meanwhile other profiles such as researchers (38%) and
technicians (2%) gathered the remaining answers. As expected, information was basically provided
by scientific bodies (93%), but also Administrations/NGOs (5%) and external advisors (2%), in the
majority belonging from the Canary Islands (79 %) (Figure 8). Moreover, in spite of personal invitations
and training workshop, the surveys did not get the expected amount of responses, which led to an
important lack of data about some of the targeted habitats (Fig. 8). Four habitat categories did not

receive an y answer (A3.14, A4.12, A5.13 and A5.23) and the other four (A1.21, A1.22, A1.31 and A1.33)
did not receive enough geographical data to elaborate the data sheets and the RLE assessment. In

spite of this issue, information collected from these lack data hab itat categories can give us some cues
about their associated biodiversity, their conservation status, but most importantly the need to assess

their health status in the context of the pressures and threats to which they are exposed. Thus, these
habitats ar e following similar trends in terms of pressures and future threats compared to other habitats
categories well assessed. For example, local coastal development (e.g. trampling incidence in touristic
places ), eutrophication and sedimentation (poorly managed waste/dredge disposal, sewage
discharge, etc.), overfishing (e.g. grazing), NIS overgrowing the endemic species or global warming
impacts was globally addressed in all surveys.

Specifically, the barnacles and fucoids on moderately exposed shores (Al1.21), historically a common
habitatin the Azores, is currently under risk of disappearance , after comments from a local researcher.
Coastal urbanisation and eutrophication can be locally problematic for certain macroalgae also
overgrazed by the herbivorous fish  (e.g. Sarpa salpa ). Increased thermal stress as a result of global
warming is also affecting this habitat, especially the association between Fucus guiryi and Gelidium
microdon, which appears to be disappearing over the last 10 years in spite of little hi storical data.
Trampling can also be a problem in touristic places. In terms of conservation, there are no specific
measurements for this habitat. Parts of the shore where this habitat occurs are within MPA, but for the

most part, MPAs in the Azores have n 0 ecological value as they do not prevent human access and

are poorly managed.

In Canaries, the mussels and fucoids on moderately exposed shores (Al1.22) in Fuerteventura, are
suffering from coastal use (e.g. harvesting) and urbanisation, which is increasin g continuously . A
potential threat to the population of mussels could be an uncontrolled catch over time, which could

decrease the density and the quality of populations. No historical changes have been detected in

wild populations even though some species disappeared because of overexploitation.

Local surveys performed across Canary Islands almost 40 years ago on fucoids living on sheltered
marine shores (A1.31) and red algal turfs in lower eulittoral, sheltered from wave action (A1.33),
described these ha bitats as a shelter and food source for numerous fishes and invertebrates. These
shallow and sheltered hard bottoms (0  -10m), composed by bedrocks or boulders, were dominated by

a high richness of fucoids (e.g. G. abies -marina; Cystoseira spp. ; etc.) or red algae (e.g. Gelidium
arbuscula ; Hypnea cervicornis; etc.), respectively. However, some potential pressures such as (i) littoral
transformation, (ii) overfishing or (iii) pollution derived from anthropogenic activities, were already
detected at that time. It would be worthy to study the current impact of these factors in terms of
habitat loss or partial substitution by other flora (e.g. nitrophilic algae Ulva spp.) and fauna
(overgrowing of sea urchin  Diadema antillarum ) communities as they will probably fo  llows the same
trend observed in other well assessed habitats (e.g. A1.12).
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Figure 8. Responses to participatory GIS surveys made through Seasketch.

Then, from the 15 habitats categories initially preselected, we focused on 7 where information supplied

allowed us to construct the  correspondent Marine Habitat Territorial Data Sheets (Appendix VIII). RLE
assessment method was applied for each of them wit h the help of the replies to the questionnaire and
eventually an additional interview to clarify some of the provided information. To create the MHP we

compiled the 7 MHTDs created plus 9 previously elaborated for other shallow marine habitat level -4
categ ories of Macaronesia, under The European Red List of Marine Habitats 2, Finally the MHP was
uploaded to the ECOAQUA Geoportal, where the geographical data of each habitat can be

checked through the web page viewer
(http://lwww.geoportal.ulpgc.es/visor2/?json=habitatsmoveon.json ) and each MHTD can be
individually downloaded with other mentioned spatial data through the geoportal services
(http://Iwww.geoportal.ulpgc.es/servicios/ecoaqua/ ) (Table 1V) and online database. In the
Appendix X users can find direct links from each habitat category split by region. Additionally all links
were also implemented inthe  MOVE -on webpage.
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Table IV. Links to each Marine Habitat Territorial Data sheet.

Name of habitat type MHTD Link

Robust fucoid and/or red seaweed communities on
wave -exposed Atlantic littoral  rock (A1.12)

http://www.geoportal.ulpgc.es/atom/download/imgmove
on/Al1.12.pdf

Upper eulittoral rock (A1.13)

http://www.geoportal.ulpgc.es/atom/download/imgmove
on/A1.13.pdf

Lower eulittoral rock very exposed to wave action
(A1.14)

http://www.geoportal.ulpgc.es/atom/download/imgmove
on/Al.14.pdf

Exposed eulittoral rock (A1.16)

http://www.geoportal.ulpgc.es/atom/download/i mgmove

on/Al1.16.pdf

Eulittoral rock moderately exposed to wave action
(A1.24)

http://www.geoportal.ulpgc.es/atom/download/imgmove
on/Al.24.pdf

Lower eulittoral rock sheltered from wave action (A1.34)

http://www.geoportal.ulpgc.es/atom/download/imgmove
on/Al1.34.pdf

Littoral caves and overhangs (Al.44)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/Al.44.pdf

Shingle (pebble) and gravel shores (A2.11)

http://www.geoport  al.ulpgc.es/atom/download/imgmove

on/A2.11.pdf

Seaweed communities on moderate energy rock
(A3.23)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A3.23.pdf

Faunal communities on moderate energy infralittoral
rock (A3.24)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A3.24.pdf

Infralittoral algae moderately exposed to wave act
(A3.2x)

ion

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A3.2x.pdf

Submerged fucoids, green or red seaweeds in fully
salinity infralittoral rock (A3.3x)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A3.3x.pdf

Circalittoral caves and overhangs (A4.71)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A4.71.pdf

Maerl beds (A5.51)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A5.51.pdf

Sublittoral seagrass beds (A5.53)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A5.53.pdf

Circalittoral coral reefs (A5.63)

http://www.geoportal.ulpgc.es/atom/download/imgmove

on/A5.63.pdf
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3.2. MARINE HABITATand ES MAPPING of the PILOT STUDY AREA (llhéu de Vila Franca
do Campo)

The habitat mapping covered a total of 3.94 km2, including 75% (2.53 km2) inside the PAMHS - VFC,
and 0.08 km2 westwards and 1.33 km2 eastwards outside the protected area (Fig. 9). Globally, we
distinguished three main zones in the pilot study zone: (1) the westernmost study area within the

Caloura PARM, (2) the central area, delimited by the PAMHS -VFC, and (3) the easternmost area,
outside of the protected areas (Fig. 9).

The westernmost area was dominated by sandy flat seabeds interspersed by sandy rippled bottoms

(Table V, Fig. 9), with reduced rocky outcrops covered by turf algae. The central area (PAMHS -VFC)
was also dominated by sandy bottoms (Table V). This area can be divided into two sub -areas
(eastwards and westwards), by considering the central position of the islet of Vila Franca (Fig x). The

western side is composed by a sandy bottom of low grain size, crossed by two large patches of sandy

ripple banks (Fig. 9). Rocky bottoms in this area were identified as bedrock coming off the coast. In

the eastern side, sandy f lat bottoms surrounding the islet were identified, as well as a rocky bottom
delimiting the islet (Fig. 9), which has a smooth surface, mostly covered by turf algae. Towards the
southern and western borders of the PAMHS  -VFC, two rocky outcrops were found, separated by a
major strap of flat sands (Fig. 9). Ground -truthing revealed that these rock reefs were covered by turf
algae (Fig. 9).

37°42'36"

37°42'0"

-25°27'36" -25°27'0" -25°26'24" -25°25'48"

Depth 50m ©  Video stations D Reserva 3 — reserva [] sand B Rock — Star ripples [] Undetermitated
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Figure 9: Habitat map from study area, showing the four habitat classes observed and the Protected areas of
Vila Franca do Campo ( SaoMiguel, the Azores).

In the easternmost area, we found a similar cover of rocky and sandy bottoms (Table V). Sandy

bottoms are flat and dominated by coarse biogenic grains. Rocky bottoms come off the coastline,

extending off the limits of the PAMHS -VFC, upto ca. 65 m depth. Grou nd -truthing indicated that rocky

outcrops were, in all cases, covered by black coral colonies from 50 m depth (Fig. 10). These coral -
dominated habitats were mainly dominated by at least two different types of corals. In shallower

waters, coral colonies wer e of low size (ca. <20 cm) and majorly isolated (Table V). However, in deeper

water s, the size and density of cor al col onies incr e

Table V: Classification and description of SSS backscatter patterns

Background/se Acoustic Patterns Acoustic Patterns Acoustic  Features Sedimentar
abed (backscatter) MBES (backscatter) SSS Ground-truthing patterns Pattern ~ Associati y Facies
class Description on Association

—

High
backscatterir Rocks Rock and
Rocky reefs 9 ' Bioconstruct
(predominan  Reefs .
ions
tly), rough
texture
Low . .
backscatter, Flat Bioclastic
sands
smooth and backgrou .. .
fine/medium
homogeneot.  nd :
grained.
s texture.
Sandy bottoms
Moderate Bioclastic
. Dunes and
backscatterir _ .
and siliciclastic
g, smooth/ . | i
rough and ripples  medium to
with thick-
homogeneot . .
ridges grained
s texture.
sands.

The surveys performed about Ecosystem status and ES mapping (questionnaires and interviews)
focused on the perception of local stakeholders (Appendix XI) on two key themes:

1. Identifying the preservation and conservation status of the ecosystem, as well as the
pressures and threats it faces.
2. Mapping the ecosystem services as perceived by stakeholder sand experts.

Regarding the preservation and conservation status theme, the primary takeaway is that monitoring

is crucial for effective management of the pilot study area. Additionally, it's recognized that the

existing legal instruments and territorial management instruments are indispensable due to their legal
power in safeguarding and preserving the pilot study area. The pressures and threats on the
environment, were ordered on sixmain domains:
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a.

Coastal waters : the introduction of invasive alien species is the primary pressure exerted
on coastal waters (83.3%). On the other hand, marine litter was identified as the main
source of pollution in these waters (66.7%).

Bathing water : "Human pressure" was identified as the main pressure (83.3%), especially
during the summer months. Additionally, it was found that 66.7% of the pollution sources
were attributed to "wastewater discharges".

Marine ecosystem : Canservation status 6 and otrends of habitats of community interest"”
were the most highly ranked indicators . Additionally, the "Population status and trends of
bird species of community interest" were identified as another important indicator.

Terrestrial ecosystem : The primary issue highlighted was the excessive visitation (75%).
Marine and terrestrial biodiversity : Biological invasions in both marine and terrestrial areas
are the main threat  (75%)

Socioeconomic factors : the primary concern mentioned was the lack of understanding
about human impacts on resources.

Figure 10: Ground -truthing imaging data from the video stations with recorded black coral habitat.
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As highlighted inthe methodology section , we have identified five ES potentials to the pilot study area,
based on the key activities in the area and the input of local stakeholders and experts. The scoring of
these services has been carried out by stakeholders and experts, and the results are presented in
Appendix XI . According to this assessment, cultural services such as recreational activities (such as
diving and beach tourism) , the tourism industry (including recreational boats) ,and fisheries have been
identified as the most relevant ES for the pilot study area. The other two ES have scored below the
defined threshold and will not be considered for map ping/assessment purposes. Based on evaluation
by field of expertise, it is clear that  recreational activities and the tourism industry are considered the
most important ES at the study area  situated around the Vila Franca do Campo Islet and in the internal
lagoon (Appendix XI) . Additionally, the coastal area scored highly in terms of provisioning services
such as food - fisheries, as well as cultural services like tourism (Appendix XI). Ont  he other hand, t he
fisheries sector is also deemed significant by all groups, except for the Regional Government group

and its relevance is mostly linked to  specific areas.

After analysing the average scores of the ES selected , and taking into account the feedback from
stakeholders and experts during the interviews, it was decided that the most significant areas should
have a score of at least 50% (>= 4) within the average of the highest interval scored (7 to 8). Therefore,
the analysis of ESdselected ar eas, according to the average score and the identified ES showed that
ORecreational boats 6 ( Tour i sm i m@&diggert area) commactd to the 0 Bach tourism 6
(Recreational), with a smaller area but with the highest score of all ES evaluated (Table VI)

Table VI: Ecosystem service areas with an average score defined by stakeholders and experts (>=4).

Area (m 2)
Average Average Average
Average
Score >=4 - Score >=5 - Score >=6 - verag Total area
Score >=7
<5 <6 <7
. Diving ‘ 219180 179054 417861
Recreational
Activities Beach
Tourism - - - 17543 17543
Tourism Recreational
industry boats 409165 72460 153031 - 634656
Food Fisheries 304198 } } } 304198
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3.3. MAES in the CANARY ISLANDS

3.3.1. Mapping and assessing seagrass meadows changes and

blue carbon under past,
current, and future scenarios

Overall, in 2000 seagrass meadows area covered 106 km
been lost since then (Fig. 11), with a regression rate of 3 km
nowadays, just 7 km 2 has a high seagrass cover (Fig. 11).

2 for the whole archipelago; around 50 % has
2y-1, For the remaining 53 km 2 that still exist
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Figure 11. A) Overall temporal changes in seagrass meadows area between 2000 and 2018, B) seagrasses
meadow area by islands between 2000 and 2018, C) a local example of seagrass meadow degradation from
Granadilla in Tenerife.

Figure 12 shows an example of spatial changes in carbon stocks over time, according to the different
future scenarios and past records (in tonnes CO 2 eq per ha). For this pilot case, a total of 318 tonnes
CO: eq per ha were observed in 2000, with continuous decreases onwards in those zones where C.
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nodosa has disappeared (light green), while carbon stocks have increased until 635 tonnes CO

per ha (dark green) in those areas where

C. nodosa has been maintai

ned.
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Figure 12. Spatial representation of coastal blue carbon model outputs over time in Maspalomas (Gran Canaria),
as a pilot case. Maps from 2000 and 2020 are carbon stocks based on
and 2050 denote changes in carbon stocks over time through the different scenarios considered (NNL
Loss, INFintermedium, BAU -Business as usual, and COL -collapse).

Figure 13 accounts for the total carbon stocks, in Me
each scenario, as well as the carbon fluxes or net sequestration between four time periods (2000

2020-2030, 2030-2040 and 2040 -2050), and the social cost of carbon based on net carbon

sequestration for each scenario  in the 2020 -2050 period. The monetary value of the blue carbon stock

2 eq

C. nodosa field records. Maps from 2030

-No Net

gatonnes CO: eq, for the whole archipelago and

-2020,
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3.3.2. Mapping and assessing recreational activities based on coastal ecosystems

The outcomes presented in this section correspond to the first steps of the

3.1. Indicators and their sources of information.

methodology Phase I.

For assessing the recreational service associated with coastal ecosystems a set of indicators were
selected (Table VI). The selection is based on literature reviews

reports from the Spanish Millennium Ecosystem Assessment

103,104,

Table VII. Coastal recreation indicators and sources of information.

101,102 Jocal expert knowledge, and

systems that that

enable activities promoting
health,

recuperation or enjoyment
through active or immersive
interactions

federations of nautical
sports

Dive sites and surf spots.

:n° Coastal CES Definition Indicators Sources of information
(Simple Class CICES v5.1
terminology)
1 Recreation Characteristics of living Number of schools and https://www.pilotajelitoralcanario.

es/#

Number of marinas

https://www.topbarcos.com/puert

os-deportivos/listado -puertos/islas -

canarias

Number of captain's
certificates issued for
the piloting of vessels.

https://www.boletinpatron.com/es

[record -de -titulos-nauticos -
expedidos -en-espana -en-
2021/blox/11454/

Number of photos from
iNaturalist platform

https://www.inaturalist.org/observ
ations?order_by=observed_on&pl
ace_id=80273&g=sea&subview=ta

ble

Characteristics of living
systems that enable activities

promoting health,
recuperation or enjoyment
through passive or
observational interactions.

Number of whales
watching companies

https://www.holaislascanarias.co
m/avistamiento -de -ballenas -y-
delfines/
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3.2. Identification and assessment of recreational activities associated with coastal ecosystems.

Nine nautical sports and one observational activity were identified. These are: surf, windsurf, kitesurf
diving, jet ski, canoeing, sailing, fishing and casting, water skiing, and whale watching. The number of
schools and federations of nautical sports and number of whales watching companies were used as

indica tors to assess the relevance of the activities in the islands. Figure 14 shows that Tenerife is the
island where recreational activities associated with coastal areas are the most predominant, followed

by Gran Canaria, Fuerteventura, and Lanzarote. Among a ctivities is diving which collects the greatest
number of schools, followed by surfing, sailing and whale watching.

Other indicators of the incremental recreational activity in the islands are: the number of marinas that
has reached the 40 currently,andt  he number of captain's certificates issued for the piloting of vessels
that increased to 2,096 in 2021.

120
B WHALES WATCHING
100
B WATER SKIING
20 B FISHING AND CASTING
W SAILUNG
60 B CANOEING
m JET SKI
40 DIVING

N KITESURF
20

. WINDSURF
. l . — W SURF
D —

LZ FV GC TF LG LP EH

Figure 14. Relevance of each recreational activity in each island according to the number of schools, federations

and companies . LZ: Lanzarote; FV: Fuerteventura; GC: Gran Canaria; TF: Tenerife; LG: La Gomera; LP: La Palma;
EH: El Hierro.

3.3. Spatial representation of the areas where activities take place.

Some of the activities for which it is known where they are carried out are: diving and surfin g (Fig. 15).

This information is useful to detect possible land use  conflicts, identify hotspots, and manage the marine
space for each activity.
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Figure 15. Diving sites and surf spots in the Canary Islands.
Due to the absence of data on the number of dives in each dive site, using a number of photos from
social networks to locate the areas that concentrate the most interest from users/divers can be a good
tool. For that, the number of photos located in the water near the coast from iNaturalist platform were

used. Most of them were situated in Lanzarote Island, specifically, near Puerto del Carmen (Fig. 16).
This dive site is a famous spot to practise this activity in the island, therefore, it could be an interesting
case study to further explore.

The number of photos taken in the rest of the islands represents a smaller sample. Although to a lesser
extent, they can also be used to recognize the hotspot zones preferred by divers in each island (Fig.
17).
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4. FINAL CONSIDERATIONS

Q The implementation of MHP of the Macaronesia highlighted the importance and singularity of
coastal marine habitats of the three archipelagos integrating this biogeographical region. The
knowledge and methodological approach generated will serve to determine the distribution
and status of marine habitats targeted, their affection by anthropogenic pressures and threats,
and the ecosystem services provided. The MHPM can be useful to integrate some of the

keystone marine habitats in the current conservation policies in each Macaronesian region,
fostering the valorisation of their ecosystem functions and services and defining long -term
strategies for their biodiversity conservation, also employed as a pilot for other EU overseas

regions.

The information compiled reflects the lack of know ledge from most of the targeted habitats,

which prevents assessing their risk of collapse. Thus, from the 16 habitats included in the MHPM,

69% were assessed as oData Deficiento6, 25% as oV

In this sense, an extra e ffort is being made by some region al Governments in the Macaronesia

to fill out this knowledge gap  with. However, the capacity to characterize marine habitats is

limited by the economic resources and time -consuming. In this sense, the implementation of
citizen science programs oriented to habitat identification can be also a useful tool to involve

the participation of local stakeholders for habitat description. Remarkably, all habitats
catalogued as oOVulnerabled6 occurred iaxn0-10m)eshowitga | |
the pressures derived from coastal development and human activities they are facing (e.qg.

coastal development, eutrophication and sedimentation, overfishing, NIS overgrowing or

global warming). Viewing they are sharing similar environmen tal conditions and pressures, it
might be plausible that several data  -lacking habitat categories are in the same degree of risk.

Similarly, the MHPM reflected ot her oData Defi ci
mesophotic realm (30 to 150 m), such as rhodoliths seabeds, cold -water coral gardens or large
sponge aggregations. Due to the depth at which these habitats thriv e, they are poorly
understood in the three archipelagos, with scarce data about their spatial extension, ecosystem

functions (e.g. biodiversity richness, food and shelter provision, nutrient recycling etc.), services

(e.g., life -cycle maintenance, regulati  ng or leisure activities) and potential pressures and
threats. These habitats can play an important role in the conservation of functions and services

of shallower counterparts as the general small continental shelves in the Macaronesian islands

allow to ¢ reate important bio corridors between them (e.g. climate refuges). In this regard, the

future development of established or emerging blue economic sectors (e.g. aquaculture,

marine biotechnology, ocean energy, etc.) in the three archipelagos might also int eract with
mesophotic areas, their local biodiversity and the habitats health condition. Therefore, itis also
urgent to provide robust scientific information about these keystone marine habitats to help

decision -makers to adopt proper conservation program s able to preserve them as well as to
ensure the sustainable use of coastal resources.

Finally, we would like to remark that during the co -construction of MHP, Anchor  Project leaders
(ABAS and FRCT) interacted with relevant stakeholders from all Macarones ian regions,

especially Azores and Canary lIslands, to ensure their involvement and participation in the
surveys. Even to avoid potential problems of not establishing adequate communication with

them, Anchor Project leaders, especially FRCT, dedicated speci fic activities (e.g. workshops) to
enhance networking and communication, in order to foster marine habitat expert involvement.

The scarce participation may reflect the real lack of data about marine habitats in these regions

and the need to promote further research.
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Q As the current ecosystem approach in the conservation model states for the creation of MPAs,
an effective habitat management and monitoring strategy relies on the creation of maps
based on the fixed (e.g. topology) and variable (e.g. temperatu re) environmental features or
requirements of the habitats located in the area to be protected. Accordingly, the
establishment of MPAs, as we have shown during the marine habitat mapping of the pilot study
area surrounding the Ilhéu de Vila Franca do Campo (Sao Miguel, the Azores), omitting these
criteria can result in an ineffective protection of the habitats involved. It is totally inaccurate
that the design of the buffer zone of Vila Franca do Campo MPA remains identical throughout
the boundaries of the core area and does not vary according to the significance of the
surrounding marine habitats. Overlooking keystone marine habitats with ecological and
socioeconomic value (e.g. black corals), may cause their degradation and even its complete
disappearance, overall when an increase in fishing and tourist activities has been recorded in
the area in the last decades.

Consequently, we recommend a complete analysis of the MPA PAMHS 0 VFC, considering the
results obtained during this study, including a further detailed evaluation of the black coral
communities in deeper areas , the monitoring of the different anthropic activities involved , and
the evaluation of main ES identified (  cultural services, such as diving, beach tourism, and
recreational boats ). Besides, it is expected that pressures and threats will increase in the
following years due to rising demand for this area. Accordingly, a suitable restructuring of its
boundaries would better support the conservation of marine resources and the sustainable
manage ment of this emblematic coastal area , as highlighted by our surveys, in which cultural
services such as diving, beach tourism, and recreational boats, are identified as the most
important. Finally, considering certain indicators, it is expected that pressu res and threats will
increase in the following years due to rising demand for this area . In order to involve Azorean
local Government in future actions, a scheduled workshop is planned to inform them about the
results obtained during the marine habitat map ping campaign, fostering potential pathways

to reconsider MPA PAMHS & VFC marine spatial planning

Q The mapping and assessment of the status of coastal ecosystem services demonstrated a
severe decline (ca. 50 %) in the area covered by seagrass meadows, from 2000 to 2018, in the
Canary Islands. These considerable losses in the Canary Islands result from sever  al factors such
as (i) the fast increase coastal development, (ii) the large vulnerability of C. nodosa in the
Canary lIslands, (iii) their exposure to natural pressures (e.g. oceanic swells) and (iv) the side
effects of global warming.  This is the first stdy that has quantified and spatially represented the

past, actual, and plausible future scenarios of C. nodosa and its associated blue carbon with a
high spatial resolution (20 x 20 m). We have identified the areas and pressures that need to be

acted upon , and created plausible future scenarios, to communicate the impacts on C.
nodosa according to management decisions. The approach of a NNL scenario provides useful
information to act on the pressures and areas that favour carbon sequestration by the seagra Ss

C. nodosa . The NNL scenario was the only one where an increase of carbon was detected over

time and, therefore, it is the only scenario that would comply with the Paris Agreement
(emissions reductions by a 45% in 2030, and achieve zero net emissions by 2050). Toreach a NNL
scenario, we would act directly on several human pressures in areas where such pressures
currently overcome thresholds considered to guarantee a healthy state of the seagrass. The
current distribution of C. nodosa would be seriously affected if management actions are not
implemented. Specifically, Tenerife and Gran Canaria would be the islands suffering the
greatest impacts, as both islands would lose ca. 50% and 30% in the area covered by the
seagrass, respectivel y. Most of the cells that exceeded the thresholds belong to salinity and
hydrographic pressures. Human activities, such as water treatment and coastal works, are
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responsible of these impacts. Nutrients from waste discharges mainly affect the two capital

cities (Santa Cruz de Tenerife and Las Palmas de Gran Canaria), but there are currently no
seagrass meadows in any of the cells that exceeded these thresholds. In the past, however,

there were sparse seagrass records in Las Palmas de  Gran Canaria, which di  sappeared in the
last cartography. A monetary valuation according to different scenarios was carried out to
make the outcomes understandable for decision -makers and the general public. Importantly,
the reproducibility of our methodology elsewhere guarantee s its applicability across coastal
ecosystems for conservation planning, particularly in promoting further research on seagrass
meadows in other regions.

Regarding the mapping of recreational activities, t he outcomes presented correspond to the
first steps of the methodology to find indicators and their sources of information available to

assess the recreational service associated with coastal ecosystems in the Canary Islands. The

next steps to continue thi s study are: (i) to model and map the areas of influence where the rest

of activities are carried out, (ii) to integrate all information gathered (e.g. into an aggregated

index), and finally, (ii) to perform a participatory approach at smaller scale to com plement the
previous information. In particular, it would be interesting  to cross the most popular diving spots
with the maps of the habitats to see if there are some privileged ecosystems that attract more
divers than others. Finally, we will add suggesti ons on how deciders could takein  to account the
results into their political and managements plans. These results are not strictly included in this
deliverable, although it will be presented in the project final report.
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APPENDIX |16 CONSENT FORM

€N FROM CASE STUDIES TO ANCHOR PROJECTS - SETTING THE GROUND 10
- ADVANCE MAES IN EUROPE'S OVERSEAS.
CONSENT FORM

Purpose of study

Action 5 of the EU 2020 Bicdiversity Strategy urged Member States to mop and assess the state of
acosystems and their services (MAES) in their national temtory. Bicdiversily, ecosystems and their
services remain central in the EU Biodiversity Strategy for 2030, with even more ambitious targets.
Eurepe's Qutermost Regions (ORs) and Overseas Countries and Territories {OCTs) are spread all around
the globe and have an exceptionally high biodiversity value. These territories host more than 70% of ol
EU biodiversity and include 20% of the world's coral reefs and lageons. They encompass mos! diverse
ecosysterns on often very small scale, from coral reefs and mangrove, or fropical rainforests, mountain
ecosystems o peiar - and subpolar seas, which provide muitiple relevant ecosystem services from
local to global scale'.

The MOVE pilot preject (GA. No.07.027735/2018/776517/SUB/ENV.D2| intended to facilitate MAES and
to support regional policies in the EU ORs and OCTs. The work developed highlighted the steps forward
in the implementation of MAES in these tenitories and the need to move on.

The MOVE-ON project ("From case studies to anchor projects setting the ground to advance MAES in
Europe’s overseas”) aims to advance MAES methodology implementation in European ORs and OCTs.
The projec! also intends to create and strengthen the scientific and technical MAES community in
those territories, tackling the bottom-up approach initiated in MOVE project and demonsirating the
benelits of ecosystems conditions assessments and their services to support decision-making. The core
goal of MOVE-ON i 1o centribute to the EU and intemational policies and goals, developing and
disseminating good practice guidelines and policy recommendations for improving the health status
of ecosystems tailored for overseas regions specificities and needs, pooling rescurces, invelving and
empowering local octors. It complements and expands the octivities of the MOVE project,
strengthening links and copitalizing the on-going work 1o further test and implement the MAES
methodology in different regions underpinned by four anchor projects in French Guiana, Macaronesia,
Reunion igand and South Atlentic.

The project will start by providing knowledge related tc the integration of different MAES
methodologies, adjusted te ORs and OCTs specificities and needs, specially adapted to the ancher
project regions. The implementation of the anchor projects will cover marine and terestrial ecosystems
in different geographical locations and scales, encompassing the entire spectum  from
methodological development to decision-making support. The project will provide actions to
knowledge exchange belween anchor project regions, producing good guidonce and policy
racommendoations, as well as build an EU Overseas Ecosystem Knowledge nelwork, engaging regional
actors and raising awareness to the project and its objectives. The final step of MOVE-ON will be the
development of regional and strategic strategies, good practice guidance and policy
recommendalions, brdging scientific the resulls to policymakers.

Funding an duration

The project has been sponsored in a tofal of 1,499,282.00€, under the Grant Agreement number
07.027735/201%/808239/SUB/ENV.D2, co-funded ot 95% by the European Commission Dweclorate
General Environment. The projects is being implemented during 36 months.

Do | have to participate?

The decision fo participate in the MOVE-ON project i voluntary. On this document, we provide you
with infermation about the project that will help you 1o sustain your decision to participate. In case of
doubt, the technical team of the project will be happy to answer any questions that you may have. By
signing this informed consent, you acknowledge your acceptance of participation in the project;
hewever, you are free to withdraw at any time, without need of justification and witheut any prejudice
or negative consequences. There will be different instruments for collecting Information, such as
workshops or inferviews, and an informed consent will be signed in each of them. Information about
the participant collected prior 1o the date of the participation withdraw in the project will be erased.

* Petit 1. & Prugent G. (200€] Cimate Chonge ond Blodiversity in e European Union Cwerseas Endties, ICN, Brussels. 156 pp
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APPENDIX [16 WORKSHOP

SeaSketch training

We warmly invite stakeholders from the Macaronesia Anchor Project to
participate in the MOVE-ON SeaSketch Training . The objective of this
training, embedded in Task 2.4 knowledge sharing and capacity
building, is to show the applicability of this participatory mapping
platform for the process of Mapping and Assessment of Ecosystem and
their Services in Europe's Outermost Regions and Overseas Countries
and Territories.

The training will be lead by Dr. Will McClintock, Director of the
SeaSketch Platform and specialist in Marine Spatial Planning and
Participatory GIS Collaborative Geodesign , and by Dr. Francisco Otero
Ferrer from the Atlantic Biodiversity and Sustainability Association
(Canary Islands, Spain), as leader of the Macaronesia Anchor Project.

Day: Wednesday March 30 2022, 14:00 (Azores time).

For free registration please go to: https://tinyurl.com/2hbh5wwr

Deadline to register: Monday 28 March 2022

AGENDA
Arcees Time
14:00-14:05 Welcome to participants (University of Trento)
14:05-14:15 Presentation of the MOVE-ON project (MOVE-ON Coordination)

14:15-14:25| Introducing the Anchor Project of Macaronesia (Atlantic Biodiversity and Sustainability Assoclation)

14:25-14:55 yse and application of the SeaSketch software (Will McCiintack: University of California Santa Barbara)

14:55-15:00 BREAK '*

15-00-15-30 SeaSketch for Marine Spatial Planning: case study presentation (Will McClintock; University of
California Santa Barbara)

15-30-15-45 SeaSketch surveys to enable the collection of volunteered Geographic Information in

’ Macaronesia {Atlantic Blodiversity and Sustainability Association)

15:45-15:55 Q&A session (moderated by the University of Trento)

15:55-16:00

Conclusions and next steps
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APPENDIX I116 SEASKETCH QUESTIONNAIRE REGARDING THE MARINE HABITATS OF INTERE

The following questionnaire was addressed to the local stakeholders to collect information about the
Marine Habitats of interest in this study. To do so, the online tool Seasketch was used to allow the

respondents to draw polygons on the map corresponding to the locations of the habitat to their

knowl edge. Mandatory questions are

Section 1 - General information:
Question 1.  To which type of institution do you belong? *

mar ked

wi t h

Administration

Scientific body

Decision -maker

Organization/NGO

Funding body

Private company

Individual

Other (please specify)

O|0 |00 0|0 0|0

Question 2.  Following question 1, what position do you occupy in it? *

Decision -maker

Student

Researcher

Technician

Administrator

Other (please specify)

O|0 00|00

Question 3. In which region have you worked on the habitat? *

Canary Islands

Madeira

Azores

000

a
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What is your level of expertise regarding this habitat? *

| work on the field on a  daily basis.

| study tis habitat.

| manage this habitat in my region.

Other (please specify)

0000

Section 2 & Habitat extent:
Question 5.
working on. *

Section 3 & Physical features:
Question 6.

Please draw on the map the areas where the habitat is found in the regions you are

With what type of substrate is the habitat mostly associated? *

Hard bottoms (go to question 8)

Soft bottoms (go to question 7)

Question 7.

Following question 5, what type of sediment do you usually

encounter this habitat? *

Gr avel (g > 2 mm)

Coarse sediment (0,5 mm <

g <2mm)

(Muddy) sand (4

Om

< g < 0,5 mm)

Mud (g < 4 Om)

Mixed sediments

Other (please specify)

000000

Question 8.  Following question 5, what type of  hard bottoms do you usually encounter in this habitat?
*
Bedrock D
Boul ders (g > 25 c¢cm) D
Cobbles (6 cm < ¢g < 25 c¢m) D
Pebbles (g < 6 c¢m) D
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Other (please specify) D

Section 4 8 Energy level:
Question 9. At which energy level do you  usually encounter this habitat? *

High: very exposed to tide/wave action

Medium: moderately exposed to tide/wave action

Low: sheltered

O 0|0

Section 5 & Biological features:
Question 10. What kind of algae are the most abundant in this habitat? Please assign a score from O

to 100 corresponding to the coverage percentage (%) of each category. *

Green algae

Fucoids

Kelp

Brow algae (other than fucoids and kelp)

Coralline algae

Red algae (other than coralline)

Other (please specify in  question 11)

Question 11 . Following question 10, among the most abundant categories, what characteristic algae
species do you usually encounter in this habitat? * (open -ended question)

Question 12. What kind of animals are the most abundant in this hab itat? Please assign a score from

0 to 100 corresponding to the relative abundance of each category. *

Molluscs (gastropoeds, bivalves, cephalopods, etc.)

Crustaceans (amphipods, barnacles, etc.)

Sponges

Echinoderms (starfish, sea urchins, sea cuncumbers, crinoids, sand dollars, etc.)

Tunicates (ascidians, sea squirts, sea tulips, etc.)

69



& FROM CASE STUDIES TO ANCHOR PROJECTSETTING THE GROUND
TO ADVANCE MAES I N EUROPEG6S OVERSE

Worms (polychaetes, oligochaetes, flatworms, etc.)

Cnidarians (coals, sea anemones, hydrozoans, sea pens, etc.)

Fishes and other vertebrates

Question 13. Following question 12, among the most abundant categories, what characteristic animal
species do you usually encounter in this habitat? * (open -ended question)

Section 6 & Pressures and threats:
Question 14. What are the pressures and threats faced by th is habitat in your region? *

Poorly managed waste/dredge disposal

Sewage discharge

Urban coastal development

Introduction of exotic species

Harvesting of marine resources

Thermal stress

Global warming and sea level rise

Physical disturbance (trawling, dredging, tramping, etc.)

Eutrophication

000000000

Question 15. Following question 14, please describe more specifically the pressions currently
experienced by the habitat in your region. * (open -ended question)

Question 16. Following question 14, please described the threats that the habitat may experience in
your region in the future (both on short - and long -term). * (open -ended question)

cecr

Question 17. Please describe the perceived temporal trend (historical changes) regarding the extent
and quality of this habitat in your region. * (open -ended question)

Section 7 4 lllustration:
Question 18. Please upload if available any representative image of this h abitat in your region.

Section 8 @& Conservation and management:
Question 19. Are you aware of any conservation policy or instrument applied in your region that may

affect this habitat? * (open -ended question)
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APPENDIX IVA IUCN RED LIST of ECOSYSTEMs: OERIA and CATEGORIES

SOURCE GUIDELINES FOR THE RPICATION OFIUCN REDLIST OFECOSYSTEMSC ATEGORIES ANDCRITERIA

The IUCN Red List of Ecosystems protocol includes five  CRITERIAfor assessing the risk of ecosystem
collapse. They are based on the hypothesis that ecosystem risk is a function of the species that
compose them, their interactions, and the ecological proces ses they depend on. These five criteria
rely on (A) Reduction in geographic distribution ; (B)Restricted geographic distribution ; (C)
Environmental degradation ; (D) Disruption of biotic processes or interactions and (E) Quantitative
analysis that estimates the probability of ecosystem collapse

Q Description of the Criteria ( source: Appendix 2. IUCN Red List of Ecosystems Criteria, Version 2.2 )

Criterion A - Reduction in geographic distribution

Since ecosystem collapse commonly occurs when there are no remaining spatial occurrences of an
ecosystem type, the rate of decline in an ecosystem geographic distribution indicates its trajectory
towards collapse. This criterion comes from the knowledge that reduction of geographic distribution
of an ecosystem influences its risk of collapse by reducing its ability to sustain its characteristic native
biota and therefore predisposing it to additional threats ( Keith et al., 2013).

Criterion B - Restricted geographic distribution

This is another spatial criterion used for restricted ecosystems. In general, ecosystems that are widely
distributed or exist across multiple independent patches are at lower risk from catast rophes,
disturbance events or any other threats that exhibit a degree of spatial contagion. Criterion B identifies
ecosystems whose distribution is so restricted that could collapse if a single or few interacting
threatening events occurred ( Rodriguez et a 1., 2015).

Criterion C - Environmental degradation

To assess declines in ecosystem functions or processes, the RLE risk model defines two criteria, which

are related with abiotic (environmental) and biotic degradation since causes, effects and
mechanis ms of functional decline differ fundamentally between them ( Keith et al., 2013 ). Criterion C
refers to abiotic degradation. The degradation of physical attributes that have a defining role in the
ecological processes and/or the distribution of an ecosystem type (abiotic degradation) can reduce

the ability of an ecosystem to sustain its characteristic biota.

Criterion D - Disruption of biotic processes and interactions

Criterion D examines the changes to the living parts of ecosystems: the species and their interactions
with other species and with their environment, since the persistence of biota depends on biotic
processes and interactions, and biodiversity loss reduces the capacity of ecosystems to perform their
functions, and also reduces their stabi lity. (Cardinale et al., 2012).  Significant disruptions to biotic
processes and interactions can cause collapse, regime shifts and re -organisation into novel
ecosystems ( Thébault & Loreau, 2005 ).

Criterion E - Quantitative risk analysis
Criterion E is used to perform a quantitative analysis that estimates the probability of ecosystem
collapse, typically with an ecosystem model.

According to these criteria, ecosystems or habitats can be classified into eight possible categories of

risk of collapse already presented in Figure 2: 1) Collapsed (CO); 2) Critically Endangered (CR); 3)
Endangered (EN); 4) Vulnerable (VU);5) Near Threatened (NT); 6)Least Concern (LC); 7) Data Deficient
(DD) and 8) Not Evaluated (NE). The risk of collapsing decreases from the fi  rst to the sixth category.
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From all of the eight categories, three of them are assigned based on quantitative thresholds: CR, EN,
and VU. Any habitat or ecosystem classified under any of these criteria is considered as threatened.
These 3 categories are ne sted, therefore any ecosystem classified as Critically Endangered will also
meet the criteria for Endangered and Vulnerable.

The remaining categories (NT, LC, DD, NE and CO) are assigned according to qualitative thresholds.

When any ecosystemis assessed, t he oOPrecautionary Principle (Preca
has to be followed, thus the status of an ecosystem type is the highest category obtained through any

criterion of all ( Bland et al. 2017 ).

CATEGORIES

An ecosystem is considered COLLAPSED when it is virtually certain that its defining biotic or abiotic
elements are lost from all occurrences, and the characteristic native biota are no longer sustained.
Collapse may occur when most of the diagnostic compon ents of the characteristic native biota are
lost from the system, or when the biota that performs key roles in ecosystem organisation (named
functional components) are greatly reduced in abundance so they lose the ability to recruit

An ecosystem is CRITIC ALLY ENDANGERED when evidence indicates that it meets any of the criteria A
to E for Critically Endangered. Consequently, it is considered to be at an extremely high risk of collapse.

An Ecosystem is defined as ENDANGERED when available evidence shows th at it meets any of the
criteria A to E for Endangered. It is therefore considered to be at a very high risk of collapse

An Ecosystem is VULNERABLE when evidence indicates that it meets any of the criteria A to E for
Vulnerable. Then, it is considered to b e at a high risk of collapse.

An ecosystem is considered NEAR THREATENED when its evaluation does not qualify it for any of the
Threatened Categories (CR, EN or VU) but it is close to qualifying for any of them or is likely to qualify
for a threatened cate  gory in the near future

An ecosystem is classified into LEAST CONCERN when evaluation criteria is applied and it does not
qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened. This category includes
widely distributed and relativel y undegraded ecosystems.

An Ecosystem is DATA DEFICIENT when there is inadequate information to make a direct or indirect
assessment of its risk of collapse based on decline in distribution, disruption of ecological function or
degradation of the physical environment. Data Deficient is not a category of threat and does not
imply any level of collapse risk. Ecosystems listed in this category have been reviewed, but they need
more information to be collected in order to determine their risk status.

An ecosyst em is NOT EVALUATED when it has not yet been evaluated against the criteria.
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APPENDIX V& Summary of Preservation and Conservation Figures  for the Azores and related
references

Document typology Framework/Legal reference/Scientific document

Strategic Instruments EU Biodiversity Strategy

Habitat Directive  (Directive 92/43/EEC of 21 May 1992 )

Bird Directive

National Strategy for the Sea (2021 -2030)

(https: //www.dgpm.mm.gov.pt/ files/ugd/eb00d2_b2cfo034fcc84867be8

d08d69435c3bc.pdf )

1 Marine Spatial  Planning (https://oema.dram.azores.gov.pt/ and
https://www.marsp.eu/results )

1 Marine Strategy Framework Directive (Directive 200 8/56/EC of the
European Parliament and of the Council , June 17t 2008)

1 Water Framework Directive (Directive 2000/60/EC of the European
Parliament and of the Council October 2 3, 2000)

1 Regional Water Program (http://ot.azores.gov.pt/ot/1269/programa -
regional -da -agua )

1 Blue Azores Program (https://pt.blueazores.org)

1 Regional Law for Conservation and Biodiversity (Decree -Law No.
15/2012/A) (https://files.dre.pt/1s/2012/04/06600/0162501713.pdf )

1 Regional Climate Change Program (Resolution of the Government Council
No. 123/2011, October 19 t and Decree -Law No. 30/2019/A November 28 )

Legal status 1 Azores Marine Park (2011)
(https://portal.azores.gov.pt/web/drpm/gest%C3%A30 -do -mar -
instrumentos ).

1 Island Natural Park 0 Sao Miguel Regional Legislative Decree no. 19/2008/A,
July 8% (https://www.azores.gov.pt/NR/rdonlyres/C9085584 -9590-4351-
88B5-534D80397699/431674/DLR19 2008_A.pdf )

1 Management Plan for Terrestrial Areas of the Natural Park of Sdo Miguel
Island: "Protected Area for the Management of Habitats or Species of the
Islet of Vila Franca do Campo”.  Regional Regulatory Decree No. 17/2020/A
of 5 August 2020. Geosite ol I h
http://ot.azores.gov.pt/store/sarups/734/SMG_DRR17 -2020-A.pdf

M Natura 2000 network ( https://www.azores.gov.pt/Gra/srrn -
natureza/menus/secundario/Rede+Natura+2000 1)

1 Portaria n.° 66/2018 de 20 de junho de 2018 -
https://jo.azores.gov.pt/api/public/ato/9f917d5f -92be -4f40-ac8d -
e4056a246881/pdfOriginal

Spatial Planning 1 River Basin Management Plan & Azores Region: Water Framework Directive

(https://servicos -sraa.azores.gov.pt/grastore/DRA/IPGRHA_2022 -

2027/PGRH-A_2022-2027_RT_Parte3.pdf)

Sao Miguel Coastal Planning/Management Plan d Under development

Sdo Miguel South Coastal Planning/Management PlanVila Franca do

Campo Municipal Master Plan

Vergilio et al., (2016) DOI: 10.1016/j.landusepol.2016.07.020;

Picanco et al., (2017) DOI: 10.3897/natureconservation.18.11523

Sieber et al., (2021). https://doi.org/10.3897/oneeco0.6.e69119

Seijo, C. et al., (2021) DOI:10.3897/oneeco.6. e65751

Faria et al., 2016. https://repositorio.uac.pt/handle/10400.3/4184

= =4 -4 =4

= =4

Research, Projects

= =4 =4 —a A
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Document typology Framework/Legal reference/Scientific document

1 Botelho A.Z. (2013). PhD, Universidade dos Acores. Ponta Delgada,
Portugal, 331 pp.

1 Alvaro, N., (2009)

https://repositorio.uac.pt/bitstream/10400.3/462/1/DissertMestradoNunoM

iguelVazAlvaro.pdf

Alvaro, et al. (2018). https://doi.org/10.1007/s10750 -007-9064-7

Wallenstein, et al. (2008). https://doi.org/10.1007/s10452 -007-9134-y

Move Project

Projeto GESMAR: Gestion Sostenible de los Recursos Marinos (2009 -2012)

MESH Atlantic: Mapping Atlantic Area seabed habitats for better marine

management (2010 -2013)

Relevant 1  Technical Report from the LIFE Project on Corvo Island and Vila Franca do

bibliography Campo Islet, with relevant material and data on IVFC Biodiversity:

T IVFC 2020 summer water contamination:
https://observador.pt/2020/08/18/contaminacao -do -ilheu -de -vila-franca -
do -campo_-tem -origem -humana -e-animal/

1 Link on the organized trips to IVFC for tourists (during summer):
https://bilheteira.cnvfc.net/

1 Patriménio Arqueolégico Subaquético ( https://dive.visitazores.com/pt -
pt/divespots/dori )

= =4 =4 -4 A
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https://repositorio.uac.pt/bitstream/10400.3/462/1/DissertMestradoNunoMiguelVazAlvaro.pdf
https://doi.org/10.1007/s10750-007-9064-7
https://doi.org/10.1007/s10452-007-9134-y
https://observador.pt/2020/08/18/contaminacao-do-ilheu-de-vila-franca-do-campo-tem-origem-humana-e-animal/
https://observador.pt/2020/08/18/contaminacao-do-ilheu-de-vila-franca-do-campo-tem-origem-humana-e-animal/
https://bilheteira.cnvfc.net/
https://dive.visitazores.com/pt-pt/divespots/dori
https://dive.visitazores.com/pt-pt/divespots/dori
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APPENDIXVI 8 Set of indicators to assess current protection and conservation status

Descriptor Indicator \ Sub- Indicator
Governance
Classification/Typology
Existence and adaptation of a management plan
Legal status Availability and allocation of resources
Measures
Monitoring programs
Spatial plans | Measures
Governance . —
overlapping Monitoring programs
Research Existence and application of scientific research and input

Level of training

Level of participation and satisfaction in management process
and activities

Level of involvement in surveillance, monitoring and enforcement

Stakeholders

Biophysical and Landscape Conservation

Nutrients and pathogens

Chemical contaminants

Changes in temperature and salinity
Non -indigenous species

Water Overharvesting

Changes in the extent of coastal waters
Sources of contaminants

Coastal Waters

Recreation water Human pressures (e.g. number of people)
Other stressors to recreational waters
Land Use Landscape stability at the site level (Azores Land Use Map)
Land Waste Ton per year and spots identification
Contaminated Accidental spill sites
Land
- . Habitat Distribution
Biodiversity —— - -
Viability and persistence of species
Ecological Eutrophication Number of Events
Condition Ecological Area showing signs of recovery

Exposure to
Contaminants

Socioeconomic

Level of understanding of human impacts on resources

Local values and beliefs regarding marine and land resources
Number and nature of markets

Community infrastructure and business

Perception of land and marine resources availability
Stakeholder in leadership

Stakeholders Distribution of formal knowledge to the community
Knowledge of natural history

Markets and
resources

Socioeconomic
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APPENDIXVII ¢ List of EUNIS level 4 shallow Marine Habitats shared by the Canary Islands
and the Azores

Name of habitat type Azores Canary Madeira
Islands
Al1.12 Robust fucoid and/or red seaweed Yes Yes ND
communities on wave -exposed Atlantic
littoral rock
Al1.13* Macaronesian communities of  upper Yes Yes (LP, LG, ND
eulittoral rock (SM) Tnf, Lz, GC)
Al.14* Macaronesian communities of  lower Yes Yes (EH, Fv, Yes
eulittoral rock very exposed to wave action GC, LG, LP,
Lz, Tnf)
Al.16* Macaronesian communities of exposed Yes Yes (EH, Fv, Yes
eulittoral rock GC, LG, LP,
Lz, Tnf)
Al.21 Barnacles and fucoids on moderately Yes Yes ND
exposed shores
Al1.22 Mussels and fucoids on moderately exposed Yes Yes ND
shores
Al.24* Macaronesian communities of eulittoral rock Yes Yes (EH, Fv, Yes
moderately exposed to wave action GC, LG, LP,
Lz, Tnf)
Al1.31 Fucoids on sheltered marine shores Yes Yes ND
A1.33 Red algal turf in lower eulittoral, sheltered Yes Yes ND
from wave action
Al.34* Macaronesian communities of  lower Yes Yes (EH, Fv, Yes
eulittoral rock sheltered from wave action GC, LG, LP,
Lz, Tnf)
Al.44 Communities of littoral caves and overhangs Yes Yes Yes
A2.11 Shingle (pebble) and gravel shores Yes Yes (LP) Yes
A3.14 Encrusting algal communities Yes Yes Yes
A3.2X* Macaronesian seaweed communities on Yes Yes (EH, GC, Yes
moderate energy rock LG, LP, Lz,
Tnf)
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Name of habitat type Azores Canary Madeira
Islands
A3.23* Macaronesian communities of infralittoral Yes Yes (EH, GC, Yes
algae moderately exposed to wave action LG, LP, Lz,
Tnf)
A3.24 Faunal communities on moderate energy Yes Yes (Lz) Yes
infralittoral rock
A3.3X/3.33 Macaronesian submerged  fucoids, green or Yes Yes (EH, GC, Yes
* red seaweeds in fully salinity infralittoral LG, LP, Lz,
rock. Tnf)
A4.12 Sponge communities on deep circalittoral Yes Yes ND
rock
A4.71 Communities of circalittoral caves and Yes Yes ND
overhangs
A5.13 Infralittoral coarse sediment Yes Yes(LP, Tnf) ND
A5.23 Infralittoral fine sand Yes Yes (EH, Fv, Yes
GC, LG, LP,
Lz, Tnf)
A5.51 Maerl beds Yes Yes (EH, GC, Yes
LG, Lz, Tnf)
A5.63 Circalittoral coral reefs Yes Yes ND

(*) Habitats already assessed by the EU Red List of Habitats. For Canary Islands the acronym in brackets
refers to the islands where the habitat has been identified: EH: EL Hierro; Fv: Fuerteventura; GC: Gran

Canaria; LG: La Gomera; LP: La Palma; Lz: Lanza

rote; Tnf: Tenerife.
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APPENDIXVIII 8 MARINE HABITAT TERRITORIAL DATA SHEETS

Summary:

Al1.12 Robust fucoid and/or red seaweed communities on wave
littoral rock

Al.44 Communities of littoral caves and overhangs

A2.11 Shingle (pebble) and gravel shores

A3.24 Faunal communities on moderate energy infralittoral rock
A4.71 Communities of circalittoral caves and overhangs

A5.51 Maerl beds

A5.63 Circalittoral coral reefs

-exposed Atlantic
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MAPPING AND ASSESSING THE STATE OF ECOSYSTEMS & THEIR SERVICES
IN THE OUTERMOST REGIONS
MARINE HABITATS OF MACARONESIA

TITLE/HABITAT NAME/EUNIS CODE
Al1.12 Robust fucoid and/or red seaweed communities on wave exposed Atlantic litto(@wods v2012)

Summary (Description, pressures & threats, conservation & management)

This littoral habitat is colonised by seaweeds that can tolerate the extreme conditions of very expose
moderately exposed rocky sharés the fringes, exposed on low spring tides, extenBivests ofGongolaria
abiesmarinamay be preserforming a dense canopgndproviding shade and shelter for a diverse assemblage
of plantsandanimals. The habitatis vulnerable to pressures and threfaten pollution, coastal development,
introductionof exotic species and harvesting of marine resouiideste have been significant declines in the
extent of the fringings.abiesmarinaforests, and in areas dominated®sglidium canariensas well as changes

in quality. The extent of these changes reenbdocumented around some of the Macaronesian islands.
Conservation status: VULNERABLE

Assessments of the extent of reduction in quantity and quality have been based on limited data as this hs
been available for all the Macaronesian islands. Ifpdittern seen on those islands where data are available |
repeated elsewhere, it is likely that this habitat type is in more serious condition and therefore Endangered 1
than Vulnerable.

Images

Photos:( From | eft to ric‘;gh(t'l)enﬁePruiftea) daenl d H2i dIheors from fiPunta de Gal

(© Photo credit: Ricardo Haroun)

HABITAT TYPE

EUNIS Code (Level 4, v2022)

MA 123 Seaweed communities on full salinity Atlantic littoral rock

MAES:;
Marinei Marine inlets and transitional waters
Marine- Coastal

Annex 1 (Habitats Directive):

1160 Large shallow inlets and bays

1170 Reefs

8330 Submerged or partially submerged sea caves

MSFD
Littoral rock & biogenic reef
This project has received funding from the European Union represented

by European Commission Directorate - General Environment, under
grant agreement N° 07.027735/2019/808239/SUB/ENV.D2
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Habitat Description
This littoral habitat is colonised by seaweeds that can tolerate the extreme conditions of very expose
moderately exposed rocky shores. Green algae, fucoids, and red algae, including coralline red algae are p!
At the fringes, exposed on low spyitides, extensive forests Gbngolaria abiesnarina(Syn.Cystoseira abies
marinaAgmay be present . Known | ocally as fimuj o Ame
are very exposed to wave action forming a zone betweEinD At the ad of the summer, large quantities
become detached and are washed up onto the shore. There are few other macroalgal species present i
forests and limited colonisation by epiphytes, but they act as a nursery area for numerous species of the ¢
marine fauna. In some areas, the red ageleium canarienseis present in the shallow sublittoral of exposed
coasts forming monospecific stands. It is a species which is endemic to the Canary. Islands
Algae of the genu&ongolairacan form a denseaoopyin this habitat, also extending into the shallow sublittoral.
The algagrovide shade and shelter for a diverse assemblagknfsandanimals These include molluscs (most
abundant being gastropods), crustaceans, sponges, echinoderms (incluelimilg stages of the sea urchin
Paracentrotus lividiy worms, tunicates and cnidarians
The physical stresses caused by wave action often results in dwarf forms of the individual séaneeataple
turfs of Corallina elongataandJaniaspp.
In the Canary Islands, sampling of shallow water algal assemblages on rocky substrates has revealed th.
presence and abundance of frondose fucoid species was greater on exposed shores than protected shore
turf and busHike algae were more prevalebifferences between the islands was also apparent with the presen
and abundance of fucoid species greater in the eastern islands of the archipelago
In Azores,few data have been recorded about this habitat. Mainly occupied bgdawG. abies maria. The
fucoid beds bstjuvenile stages of sea urchins (é€?gracentrotus lividisand molluscs (gastropods).
Traditionally the rocky shores from the infralittoral to the upper circalittoral zone of southern coast of Made
wasdominated byG. abiesmarine accompanied by othéarge habitaforming speciessuch asCystoseiraspp.,
Ericaria spp., andSargassunspp®. Due to a drastic decline, these communities were replaced by corallir
crustose algaeSargassum vulgareAsparagopsis taxiformjsPadina pavonicaand other Dictyotales. The
remnant communities are restricted to intertidal rockpools, and mainly composeadriy Cystoseirghumilis
C. foeniculaceandSargassunspp?.
ECOSYSTEM SERVICES

- Regulation & maintenance

The carbon storage potent@lthis habitat type has not been explored however studies from elsewhere indic:
that carbon captured in intertidal macroalgae may be exported to the offshore environment where they m:
incorporated into sediments once decomposed and therefordatanta the longerm storage potential of such
sediments

- Provisioning

This habitat acts as a shelter, nursery area and food source for numerous fishes and invertebrates particulz
areas which are only exposed on low tides and which supporfaigsis.
- Cultural

In the past some species (limpets, algae) were collected for food and the alginate industry.

t Afonso-Carrillo, 2021

2Feldmann 1937, Boudouresque 1971; Afons@arrillo, 2021
3 Tempera et al., 2013

4 Tuya & Haroun, 2006

5 Bernal-lbafiezet al, 2021

5EEA, 2022
6 Feldmann 1937, Boudouresque 1971; Afons€arrillo, 2021

S * 2 This project has received funding from the European Union represented
by European Commission Directorate - General Environment, under

* *
W A kel grant agreement N° 07.027735/2019/808239/SUB/ENV.D2
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GEOGRAPHIC OCCURRENCE
Presencen Macaronesian archipelagos

REGION Present| Absent| Unknown
Azores YES
Canary Islands YES
Madeira YES

Distribution and exterdicross Macaronesian region
(using Red List criteria, thresholds and categories)

Azores
A 2022 survey has recorded 143.23lon Sao Miguel and small area (less than 0%laround Terceira.

Canary Islands

Exposed rocky shores with communities dominate@bggolariawere reported as widespread along the lower
fringes of the littoral zone in the 1990s, with dense areas mainly in the NW coast of the islands where it color
a zone to around 10m depthRodky exposed coasts witBelidium canariensalso only visible on low spring
tides, have been recorded on the north facing coasts of La Palma, La Gomera, Tenerife and GrénT@anaria
species is endemic to the Canary Islands with the type locality abRigela Cruz.

Data from 1985 surveyseported the extent of this habitat around Gran Canaria (253 Tkanerife (32.98kr);
El Hierro (33.24km); La Gomera (22.5kR); La Palma (55.34kA); Lanzarote (56.41kAy; and Fuertentura
(25.48knf).

Madeira archipelago
No descriptions found.

Extent of Occurrence (EOO) Area of Most recent Comment
Occupancy | estimated total
(AOO) area
The area of sea bounded by the Present in Just over Data from
Macaronesian islands exceeds 50,000k >50 locations| 395kn¥ 1985 for
therefore no habitats present on any of| in 1985 Canary
the idand groups would qualify as havir| surveys Islands, and
a restricted geographical distribution. | therefore from 2022
Restricted distribution may apply if Least for two
considered at the level of island groupg Concern at islands of the
for habitats that are present only in the time of Azores. No
Madeira or the Azores but that is not th| these surveys data for
case for this habitaype'°, Madeira.

7Medina, Haroun & Wildpret, 1995.

8 Wildpret et al., 1987.

9 Wildpret et al., 1987

10 Estimated sea area enclosed by Madeira (3,935.64RmAzores (48,217.39knd) and the Canarias (63,566.25kr) and all the Macaronesian islands
(688,986km?).

S * 2 This project has received funding from the European Union represented
* * by European Commission Directorate - General Environment, under
W . e grant agreement N° 07.027735/2019/808239/SUB/ENV.D2
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Distribution map s
This habitat is present on exposed coasts of all the Macaronesian islands. Distribution obtained from expel
and literature collected through SeaSketch survey.

This project has received funding from the European Union represented
by European Commission Directorate - General Environment, under
grant agreement N° 07.027735/2019/808239/SUB/ENV.D2
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PRESSURES AND THREATS

This is a relatively robust habitat as it develops on wave expos&y shoreslt is neverthelessulnerable to
pressures and thredtem pollution, coastal development, introduction of exotic species and harvesting of maril
resourcesCoastal development, particularly linked to tourism, as well as pollution frone waser effluent has
had a signification impact, most notably on the fringi@gabiesmarina forests. Increasing sea water
temperatures and therefore climate change effects are also believed to have played a part in theirltegres
The recent occurrena@nd expansion in the Azores of the brown macroBggulopteryx okamuraehich is
native to the Norttwestern Pacific is an example of recently arrived invasive species which is smothering bent
biotic and posing a serious threat to the benthic ecorgsteross the regidh

Whilst there is only minimal harvesting of resources from this habitat type in some locations in thevizeres (
limpetsare collectej] concern has been expressed about the impact of excess fishing in nearshore waters resi
in increased populations of sea urchibga@dema antillarunm. The subsequent increased grazing pressure coulc
have a severe impact on species sudB.abiesmarinal?

Thelittoral habitat isalsovery susceptible to trampling taking a long time to recew@le onepotential impact

of eutrophication could be the substitution of the main community by nitrophilic algae sublaapp.

11 Alfonso-Carrillo, 2006
12 Faria et al., 2021; Gafe-Gomez et al., 2021
13 Wildpret, 1985

This project has received funding from the European Union represented
by European Commission Directorate - General Environment, under
grant agreement N° 07.027735/2019/808239/SUB/ENV.D2
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Pressure indicatorg* Current Likely future
pressures pressures

Habitat conversion and degradation
- Urban coastal development X X
- Physical disturbance (trawling, dredging, | X X
trampling etc.)
Climate change
- Global warming and sea level rise X X
Pollution and nutrient enrichment
- Poorly managed waste/dredge disposal
- Sewage discharge
- Acute pollution incidents
- Thermal stress
- Eutrophication
Overexploitation
- Harvesting of marine resources X
Introduction of invasive alien species
- Introduction of exotic species X X

X X X X X

TRENDS

Trends in quantityand quality (recent / historic)

Thereis qualitative and some quantitative informatmntrendsn some of the assemblages associated with this
habitat type, particularl¢.abiesmarina forestsand shorelines in the Canary Islands supporting extensive ares
of the red alga&elidium canariese

Both historical observations and studies carried out in recent decades of the f@ngmgsmarina forests
indicate that there has been a very significant reduction in their extent across the Macaronesian islands. Exte
underwater forests db.abiesmarinain the shallow sublittoral were certainly present in the Canary Islands i
the early 19009 as well as in the 1970s and 1980sBy the 1990segression o6. abiesmarinacommunities

had been observednd linked tandustrial and urban dikarges angbossibly also linked to aimcrease in the
population of the longpined seairchin Oiadema antillarun)t’. There has since been a significant decline in
both vertical and horizontal distribution. The forests have been reduced to a narraveatrtpe surface and
found mainly in small sections of the northern coasts of the istdndis Gran Canaria and in the western islands
(La Palma, El Hierro, La Gomera and Tenerife) studies indicate losses of more than 90% of the area they occ
30 yeas ago.

Another assemblage which has declined is that dominat€eligium canarienseOn the northern rocky shores
of Tenerife Gelidium canariensainderwateforestswere very common and could be seen exposed on low tides
This species was so abundémt in the 1950s and 1960s it was collected for the extraction of agar. Whilst st
present as dense Amujo negroo forests in the 198
by other red al gae Pteocladiellaadpillageaanhdmew ciustasd corallineyadghe). dti
Puerto de la Cruze, the type locality for this species, it occupied the entire cost in 1987 and by 2019 its distrib
had reduced by 93%. At Carachico the decrease in the population wasavfi¢heof 84% and by 45% at
Buenavist&®’. Studies indicate that the decline is negatively correlated with environmental variables relatec
climate change in particular increases in sea surface temperature and ultraviolet radiation.

14 pressure indicators for marine inlets, transitional waters, coastal ecosystems, shelf and ocean waters. From Tel&: dMapping and Assessment of
Ecosystems and their Services: An

analytical framework for ecosystem condition. Publications officef the European Union, Luxembourg.

15 Sauvageau, 1912

16 Lawson & Norton, 1971, AfonseCarrillo, 2021

17 Median et al. 1995

18 Rodriguez et al., 2008

19 Alfonso et al., 2021
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Examination of herbarm specimens of several species of macroalgae collected in the 1960s inGlualmgs
marina and Gelidium canarienséndicates that there has been a shift in size of some of these species with
Iengtgh0 of the thallus seeming to correlate with anomaliegarming or cooling that have occurred in exception
years”.

In Madeira there has been a dramatic change in the distribution and extension of Sargassaceae species in
decades. Abundance estimates since the 1970s reveal that some previouslyt apeogashave become a rarity
along the southeastern coast and apparently restricted to intertidal rockpools in specific [bic&i@ses
marina, for example was recorded as dominant at Funchal, Reis Magos, Machico agal @anil974 survey .

In a 2021 report it was only present in the first three locations and absent from the latter two. The decline st
to have occurred in a period of greater urbanization and tourism development. It has been attribute
debris/sedimetation generated from the construction works, urban waste water discharges as well as urbaniz
and changes in agricultural practices inland which have led to increased run off during flooding.

In the Azores a decline has been reported over the 1@styearsbut there is little historical data to make
quantitative comparisofs

CONSERVATION AND MANAGEMENT

Several of the maispecie®f algae that are characteristic of this hal{i@istoseiraspecis, Gelidiumspp. and
Gracilaria cervicornig were listed as vulnerableimthe2001 Canary Island®egional Catalogue &ndangered
Specie&. In the more recent Catalogue (Law 4/2010: BOE no. 150 of June 21, 20&B)esBnarina and
Gelidium canariensgere only noted in new section of speanes considered to be endangered but worthy of
attention due to their ecological importance in the Canary Islands Network of Protected Natura Spaces or N
2000 sites.They are however listed in the Spanish Catalogue of Endangered Species publiSi&d in 2
ASSESSMENT OF CONSERVATION STATUSWITHIN THE EU

Robust fucoid and/or red seaweed communities on \@agesed Atlantic littoral rock have been assessed as
Least Concernin the EU according to the European Red List of Habitats (published 2016).

ASSESSMENT OF CONSERVATION STATUSWITHIN MACARONESIA

Criterion A1 _Reduction in guantityBoth historical observations and studies carried out in recent decades of t
fringing G.abiesmarinaforests indicate that there has been a very significant ieduottheir extent across the
Macaronesian islands (eg. in the Canary Islands up to 93% in some locations and be@vénmbthers, and
from 6dominantd to 6presentdé in | ocations on th
although not documented quantitatively in some of the other Macaronesian islands. If similar reductions
confirmed for other Macaronesian islands this habitat would qualify as Endangered however given the data
at the present time it is assessed as VURNBLE.

Criterion B1 Restricted geographical distributiorl-his habitat exceeds minimum EOO and AOO thresholds
therefore LEAST CONCERN under criterion B.

Criterion C/Di Reduction in qualityThere has been a significant reduction in quality of this &abirough
loss/changes in the morphology of the characteristic species associatibabiemarinaandG.canariensen
some locations. There has also been expansion of Sargassaceae species and recent occurrence and exp:s
non-native smothering lown algae into this habitat in some locations. These changes have not been quanti
therefore at the present time this habitat is assessed as DATA DEFICIENT under criterion C/D.

Criterion ET Risk of collapserhere has been no quantitative analysis ediimg the probability of collapse of
this habitat therefore it is assessed as DATA DEFICIENT under criterion E.

Overall Category & Criteria

20 Sansonet al., 2013; AfonseCarrillo, 2021

21Bernal-lbafiez et al., 2021

22 pers commg submission by Gustavo Oliveira e Meneses Martins

23 Boletin Oficial de Canarias nim. 97, miércoles 1 de agost 208ftp://www.gobiernodecanarias.org/boc/2001/097/ boc-2001-097-004.pdf
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VULNERABLE
Confidence in assessment
Medium: Assessments of the extent of reduction in quantity and quality hendhbsed on limited data as this
has not been available for all the Macaronesian islands. If the pattern seen on those islands where da
available is repeated elsewhere, it is likely that this habitat type is in more serious condition and there
Endangered rather than Vulnerable.

Assessors/Contributors

Ricardo Haroun Tabraue, Fernando Tuya Cortés, Ana Costa, Marta Quintana Ponce, Jana Nadermann, G
Martins, Nuno Alvaro, Alejandro Garcia Mendoza, Francisco Otero Ferrer, Susan Gubbay

Date ofAssessment

October 2022

References

Afonso-Carrillo, J. 2021 Times of profound transformations in the underwater landscapes of the Canary coast. 16akfdiesd. (Ed.),
Environmental reflections in times of a coronavirus, pp881ProceedingXV| Scientific Week Telesforo Bravo. Institute of Hispanic Studies of
the Canary Islands. Cross port. 167 pages |ISBN8#®9-138757.

Alfonso, B. et al., 2021. Fast climatic changes place an endemic Canary Island macroalga at extind®iegioiskl Env.Change 21:113.
https://doi.org/10.1007/s1014®1-018285.

Bernal-Ibéfiez et al., 2021The collapse of marine forests: drastic reduction in populations of the family Sargassaceadadeira Island (NE
Atlantic). Regional Environmental Change21:71. https://doi.org/10.1007/s10113 -021-01801-2.

European Environment Agency. 2022. Carbon stocks and sequestration in terrestrial and marine ecosystems: a leveestoration® Briefing
No. 05/2022. 11pp. https://www.eea.europa.eu/publications/catiooksand sequestratiomates

Faria, J., et al., 2021. Arrival and proliferation of the invasive seaweed Rugulopteryx okamurae in the NE Atlantid.Blatadéca Marina.
https://www.degruyter.com/document/doi/10.1515/p821-0060/html

GarciaGoémez, J.C. et al., 202TIhe invasive Macroalga Rugulopteryx okamurae: Substrata Plasticity and Spatial Colorzasisure on Resident
Macrolagae. Ecol.Evohttps://www.frontiersin.org/articles/10.3389/fevo.2021.631754/full

Lawson, G.W. & T.A. Norton. 1971. Some observations orréttand sublittoral zonation at Teneriffe (Canary IdB5t. Mar.14: 116120.

Medina, M., Haroun, R.J. & Wildpret, W. 1995. Phytosociological study of the Cystoseirangdnies (Gmelin) C.Agardh (Cystoseiracean,
Phaeophyceae) community in the CanadeshipelagoBiol.Mus.Mun.Funchal. Sup No 4. 43B10.

Sansoén, M. C.Sangil, S.Orellana & J. AforGarrillo 2013.Do the size shifts of marine macroalgae match the warming trends in the Canary
Islands?XIX Simposio de Botanica Criptogamica . pg. 104

Rodriguez M, Pérez O, Monterroso O, Ramos E, et al. Z108y of the distribution and population sizeQyfstoseira abiesnarina(SG Gmelin) C
species. Agardh, 1820 in the Canary Islands. TOP. Technical Report 29.

Sauvageau, C. 1912. Abodystoseirade Banyuls and Guétharull. St. Phycologia6: 605611.

Tempera, F.E. et al., 2013. Atlantic Area Marine Habitats. Adding new Macaronesian habitat types from the Azores to thiaftalNIS
classification. Technical Report. No.4/20MeshAtlantic IMARDOP-UAC, Horta 126 pp.

Tuya, F., & Haroun, R.J. 2006patial patterns and response to wave exposure of shallow water algal assemblages across the Canarian Archipe
a multiscaled approaciMar.Ecol.Prog.Ser 311: 158.

Wildpret W, GitRodriguez MC, Aonsa-Carrillo J. 1987Evaluacion cuantitativa y cartografia de los campos de algas y praderas de faner6gamas
marinas del litoral canario. Consejeria de Agricultura y Pesca, Gobierno de Canarias. Informe técnico.

This project has received funding from the European Union represented
by European Commission Directorate - General Environment, under
grant agreement N° 07.027735/2019/808239/SUB/ENV.D2



https://doi.org/10.1007/s10113-021-01801-2
https://www.degruyter.com/document/doi/10.1515/bot-2021-0060/html
https://www.frontiersin.org/articles/10.3389/fevo.2021.631754/full

& FROM CASE STUDIES TO ANCHOR PROJECTSETTING THE GROUND
TO ADVANCE MAES I N EUROPEG6S OVERSE

MAPPING AND ASSESSING THE STATE OF ECOSYSTEMS & THEIR SERVICES
IN THE OUTERMOST REGIONS
MARINE HABITATS OF MACARONESIA

TITLE/HABITAT NAME/EUNIS CODE
A1.44 Communities of littoral caves and overhangs in Macaro(tesid|S v2012)

Summary (Description, pressures & threats, conservation &nanagement)

Caves and overhangs occurronky shores, the shaded nature of the habitat diminishes the amount of desiccat
suffered by biota during periods of low tides which allows certain species to proliferate. In addition, the amc
of scour, wave wge, sea spray and penetrating light determines the unique community assemblages four
upper, mid and lower shore caves and overhangs on the lowergm®main pressures and threats to this habitat
are associated with discharges from land to sd&pkrly organic matter, increasing nitrogen and phosphorus
compounds, run off of chemicals from agricultural land and harekted microorganisms. Coastal development
as well as disturbance and collection of specimens by recreational divers and fislmeateessible caves are
additional pressures.

There is limited information on trends but as far as is known, there has been no significant recent change i
presence and quantity of this habitat type across the Macaronesian islands. There hdsdieenimquality in
some instances. There are no specific conservation and management measures for this habitat type, bu
submerged caves are covered by the EU Habitats Directive (habitat type 8330) and some examples froi
Macaronesian region avéthin designated Natura 2000 sites.

Conservation status:DATA DEFICIENT

There idimited information on trends in this habitat type but a decline in quality of the associated biological
communities has been reported in some of the caves that havetidied.

Images

Photos: (From left to right)infralittoral caves and associated communitieBuerto del CarmefLanzarot (Canary Islands)d Photo credit:
Fernando Espino and Francisco Otero Férrer

HABITAT TYPE
EUNIS Code (Level 4, v2022)
MA 127 Communities of Atlantic littoral caves and overhangs

MAES;
Marinei Marine inlets and transitional waters
Marine- Coastal

Annex 1 (Habitats Directive);
8330 Submerged or partially submerged sea caves
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MSFD
Littoral rock & biogenic reef

Habitat Desciption

The littoral caves that are found around the Macaronesian island groups are typically formed by erosion in :
of bedrock or by flooding of volcanic lava tubes which extend to sea level. They are mostly present in locat
that a highly omoderately exposed to tidal and wave action. Boulders and coarse sediments may be found ar
the entrance of the floor of caves, grading into finer muddy sediments if there is limited water movement alt
innermost reaches. The water can be severa@rmdeep at high water, influenced by swell and tidal movement
Scouring and lack of light means that any algae which are present are found mainly around the entrance
caves. These outermost areas may be colonised by some green algae, fucoids botwithin the cave
environment the species present are generally limited to crustose red algae, typically of theithepéasdlum
Neogonilithon Melobesiaand PeyssoneliaThe most abundant fauna within the caves are sponges with bot
encrusting andranching forms which colonise the roof and walls of the feature. Tunicates, m&haamia
variegatg echinoderms (e.gchinaster sepositus, Hacelia attenuatadDiadema africanury crustaceans (e.g.
Scyllarides latusand Panulirus echinatusand fish (e.gChilomycterus reticulatus, Sparisoma creteasel
Gaidropsarus guttatysnay also be present.

An isolated sukpopulation of the Mediterranean monk sé&bfiachus monachyss present around the Desertas
Islands of Madeira, using sea lewaves that have chambers above the-higter mark to shelter and give
birth?4,

ECOSYSTEM SERVICES
- Regulation & maintenance
- Provisioning

- Cultural
There is some recreational interest in caves that are accessible to visitors including to SCUBA divers
GEOGRAPHIC OCCURRENCE
Presencen Macaronesian archipelagos

REGION Present| Absent| Unknown
Azores YES
Canary Islands YES
Madeira YES

Distribution and exterdicross Macaronesian region
(using Red List criteria, thresholds and categories)

Volcanic and erosional activity has resulted in the formation of numerous caves along the coastlines of the
Azores, Canary Islands and MadelBame of thesbave been investigated providing information on their
physical characteristics (dimensions, pesil substrate types) as well as records of the associated flora and
fauna.

Azores

The coastline of the islands of the Azores is predominantly rocky, subject to strong erosion. Submerged or ¢
submerged caves, arches and tunnels are comimeaome casethese are formed by volcanic larvae tubes that
reach sea level such as Gruta do Galo on Flores.

24 Karamanlidis et al., 2003
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Canary Islands

An extensive inventory of the sersibmerged and submerged caves around the Canary Islands has been
prepared and is available and used toand the designation and reporting of Natura 2000 sites which include
cave habitats (Habitat type 8330). These includes caves formed by volcanic tubes have formed some of wr
extend to sea level and support some marine fauna. Awelb wn e x a ndpalmee oiss dtehl e Afig u
sea water flooded Holocene lava tube on Lanzarote

Madeira archipelago

A survey of sea level caves to identify potential Mediterranean monk seal shelters, identified 38 locations
within the protection area of Sao Lourenco on th&tern shores of Madeira although there was no evidence of
their use by the monk seal at that tffa@his subpopulation of the monk seal uses seal level caves around the
Desertas Islands.

Extent of Occurrence (EOQO) Area of Most recent | Comment
Occupancy edimated
(AOO) total area

The area of sea bounded by the Present in >50

Macaronesian islands exceeds 50,000km| locations
therefore no habitats present on any of th
island groups would qualify as having a
restricted geographical distribution.
Restricted distribution may applfy i
considered at the level of island groups fo
habitats that are present only in Madeira ¢
the Azores but that is not the case for this
habitat typé’.

25 HernandezGonzélez et al., 2015

26 Karamanlidis et al., 2003

27 Estimated sea area enclosed by Madeira (3,935.64RmAzores (48,217.39km) and the Canarias (63,566.25kr) and all the Macaronesian islands
(688,986km2).
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Distribution maps
This habitat is present in each of the Macaronesian island groups. Distribution obtained from experts and
literature collected through SeaSketch survey.
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A1.44 Communities of littoral caves
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The main pressures and threats to this habitat are associatelisahifirges from land to sea particularly organic
matter, increasing nitrogen and phosphorus compounds, run off of chemicals from agricultural land and hut
related microorganisms. Coastal development as well as disturbance and collection of speciaezaatimnal
divers in accessible caves are additional pressures.

The main pressures and threats to cave habitats are from pollution, recreational activity, and illegal fishing. P
managed waste/dredge disposal, sewage discharges, and accumulationeofittea has been reported in and
around some cave habitats. Runoff and filtration of fertilisers and pesticides from areas of intensive agricu
near cave systems can also affect the habitat and the associated communities. Caves that areancegile
negative effects from visitor pressukarine litter may also accumulate in caves near urban areas.

Pressure indicatorg® Current Likely future
pressures pressures

Habitat conversion and degradation

- Urban coastal development X X
- Physicaldisturbance SCUBA diving X X
trampling etc.)
- overfishing X
Climate change
- Global warming and sea level rise X X

Pollution and nutrient enrichment
- Poorly managed waste/dredge disposal
- Sewage discharge
- Eutrophication
- Introduction of exotispecies

X X X X
X X X X

TRENDS

Trends in quantityand quality (recent / historic)

As far as is known, there has been no significant recent change in the presence and quantity of this habita
across the Macaronesian islands.

There has beendecline in quality in some instances. The caves of Agua Dulce, for example, shows signs
degradation due to land clearance, alteration of watercourses, human occupation, greenhouse acti
agriculture water rwoff, dumping of rubbish and scuba digiactivities, including the extraction of species of
ornamental interest or for aquarium trade

Regression of the alg&&ongolaria abiesmarina, Gelidium arbusculandGelidium canariensbave been
reported from some of the sesibmerged caves on La Palarad La Gomerd.

CONSERVATION AND MANAGEMENT

There are no specific conservation and management measures for this habitat type at the present time hc
semisubmerged caves are covered by the EU Habitats Directive (habitat type 8330) and some examples
the Macaronesian region are within designated Natura 2000 sites.

ASSESSMENT OF CONSERVATION STATUSWITHIN THE EU

Communities of Atlantic Littoral Caves and Overhangs have been assestedst Concernin the EU
according to the European Red Listdbitats (published 2016).

ASSESSMENT OF CONSERVATION STATUSWITHIN MACARONESIA

Criterion AT Reduction in quantity.The location and physical dimensions of some cave systems have be
recorded. There are no time series data to indicate any changemtitygout expert opinion is that there has
been little change. This habitat is therefore assessed as LEAST CONCERN under criterion A.

2 pressure indicators for marine inlets, transitional waters, coastal ecosystems, shelf and ocean waters. From Tel&: Mabping and Assessment of
Ecosystems and their Services: &malytical framevork for ecosystem condition. Publications office of the European Union, Luxembourg.
29 Brito, 2007; HerndndezGonzalez, et al., 2015
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Criterion B 1 Restricted geographical distributionThere is no comprehensive map of the locations and
distribution ofthis habitat type across Macaronesia. Nevertheless, as it is recorded as present in the Az
Canary Islands and Madeira,exceeds the minimum EOO and AOO thresholds arnhdeiseforeassessed as
LEAST CONCERN under criterion B.

Criterion C/Di_Reducton in quality.The flora and fauna of some cave systems in the Macaronesian islands he
been described and there is some evidence of degradation but there is a lack of data, incluséngpsirdata,
that might reveal any changes in quality. This halhgs therefore been assessed as DATA DEFICIENT undel
criterion C/D.

Criterion Ei Risk of collapseThere have been no quantitative analyses estimating the probability of collapse
this habitat therefore it is assessed as DATA DEFICIENT under critérion

Overall Category & Criteria
DATA DEFICIENT

Confidence in assessment

Medium: Some littoral cave habitats are well studied with good baseline data on status and trends especic
the Canary Islands in locations that are protected within the Natuar2d@ork. More information is needed
for comprehensive assessment of the habitat across all the Macaronesian islands.

Assessors/Contributors
Fernando Espino Rodriguez, Francisco Otero Fdraeg Valéria Couto Baptista, Claudia Lopes, Alejandro
GarciaMendoza, Fernando Tuya Cortés, Ricardo Haroun Tabraue, Marta QuintanaRRmac&ubbay.

Date of Assessment
November2022
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MAPPING AND ASSESSING THE STATE OF ECOSYSTEMS & THEIR SERVICES
IN THE OUTERMOST REGIONS
MARINE HABITATS OF MACARONESIA

TITLE/HABITAT NAME/EUNIS CODE
A2.11 Shingle (pebble) and gravel shofEsINIS v2012)

Summary (Description, pressures & threats, conservation & management)

Shores of shingle (mobile cobbles and pebbles) or coarse gravel, are typically ddpositedmbination of
onshore wave action and losgore drift As the sediment is very coarse and oftefieqmobile, associated
marine life is limited. The faunal communities are mostportunisic crabs and small invertebrates such as
flatworms, isopods and micro mollusda the simmer larger cobbles may be colonised égyhemeral green
algae Ulva spp).

This is a relatively robust habithut there are pressures and threats associated with coastal development
global warming/sea level rise that would lead to habitat loss, the harvesting of marine resources, in parti
overexploitation of marine spies such as crabs and worms for fishing bait, and poor water quality associat
with waste disposal.

Conservation status: DATA DEFICIENT

Detailed mapping of the extent of this habitat type is available for some of the Macaronesian archipelagos. T
is a lack of data on trends in quantity and quality although some reports of declining quality as indicatec
summer growth of green algae that may be associated with increased levels of nitrogen from waste dispos:s
Images

Photos: Pebblndgravel shorephotorahd in Azord® ot crdit:Nn z Ivar()
HABITAT TYPE
EUNIS Code (Level 4, v2022)

MA 321 Faunal communities on full salinity Atlantic littoral coarse sediment
MA 322 Faunal communities on variable salinity Atlantic cosessiment
This project has received funding from the European Union represented

by European Commission Directorate - General Environment, under
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MA 523 Barren or amphipod dominated Atlantic littoral mobile sand

MAES;
Marinei Marine inlets and transitional waters
Marine- Coastal

Annex 1 (Habitats Directive):
- None

MSFD
Littoral sediment

Habitat Description

Shores of shingle (mobile cobbles and pebbles) or coarse gravel, are typically ddpositedmbination of
onshore wave action and lesgore driftwith theparticle size tendg to increase along the shore in the direction
of the longshore drift. As tk sediment is very coarse and often quite mohs#sopciated marine life is limited.
The faunal communities are mosthpportunisic amphipods and oligochaete wormSrabs and small
invertebrates such as flatworms, isopods and micro molargcalsarecoded in this habitain the interstices
between the cobbles and pebblés.the simmer larger cobbles may be colonised égghemeral green algae
(Ulva spp)

Most members of thifauna derive nutrition from allochthonous detritus whackumulates, espedpbeached
algal debris washed from adjacent shores.

ECOSYSTEM SERVICES
- Regulation & maintenance

Shingle and gravel shores can protect the hinterland from coastal erosion by dispersing the energy of w
action.

- Provisioning

- Cultural

GEOGRAPHIC OCCURRENCE
Presencen Macaronesian archipelagos

REGION Present| Absent| Unknown
Azores YES
Canary Islands YES
Madeira YES

Distribution and exterdicross Macaronesian region
(using Red List criteria, thresholds and categories)

Azores

Much of the shoreline of the islands of the Azores is rocky, dominated by black basaltic lava but the second
common intertidal habitat is characterized by large, rounded, mobile, beach stones/foulBeasnples of
cobble shores are at Fajaa@de, on Flores, between adjacent headlands such as Barro Vermelho, on Grac
and Biscoitos, Fajazinha, Contendas and Salgueiros around Ter8staveen the cobbles there can be a

30 Morton & Britton, 2000.
31 Costa et al., 2018
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modestly diverse community of fragile detritivores including flatwormmaplapods, isopods and ellobiid
gastropods.

Canary Islands

A classification and inventory of the beaches on the islands of Tenerife and Gran Gasadantified33
pebble/cobble beaches on Tenerife and 12 on Gran C&nanalenerife, thesavave built accumulations of
pebblecobble beacheare presenbn all coastlines but mostly along Anagahe NE, Tenon the NW and Las
Galletasn the Suth In Gran Canaria, pebbleobble beaches are dominant along the NW and &tEhendSE
coass. Examples are Juan Grale,Barranco Seco, Los Callaos and Mareta del R&e Figures below).

Madeira archipelago
Most of the beaches around Madeira are peblkigy include Funchal beach, Praia de Vigario, Ponta do Sol

Praia das Sardinhas (small), Praia Bdiarenco, Praia Formosa, Praia dos Reis Magos, Praia de Ribeira de Nat
Praia da Madalena do Mar.

Extent of Occurrence (EOO) Area of Most recent Comment
Occupancy | estimated total
(AOO) area

The area of sea bounded by the unknown Total estimateg

Macaronesian islands excedif;000kn? length of

therefore no habitats present on any of pebble/cobble

the island groups would qualify as havi beaches;

a restricted geographical distribution. 9,505m in

Restricted distribution may apply if Tenerife and

considered at the level of island groups 9,945m in

for habitats that are present only in Gran Canaria.

Madeiraor the Azores but that is not the

case for this habitat type

32 Alonso et al., 2019
33 Estimated sea area enclosed by Madeira (3,935.64RmAzores (48,217.39km) and the Canarias (63,566.25kr) and all the Macaronesian islands
(688,986km2).
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Distribution maps
This habitat is present on all tMacaronesian islands. The distribution maps presented here have been deriv
from experts and literature collected through the SeaSketch survey. No maps from Madeira were available.
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PRESSURES AND THREATS

This is a relatively robust habithut thereare pressures and threats associated with coastal development a
global warming/sea level rise that would lead to habitat loss. More immediately, the harvesting of mal
resources, in particular overexploitation of marine species such as crabs andfevdigisng bait has been
identified as a potential issue and growth of green algae due to increased levels of nitrogen associated with
disposal. The introduction of exotic species is also a concern.

Pressure indicators* Current Likely future
pressures pressures

Habitat conversion and degradation

- Urban coastal development X X
Climate change

- Global warming and sea level rise X X
Pollution and nutrient enrichment

- Poorly managed waste/dredge disposal | x X

- Sewage discharge X X

- Eutrophication X X
Over-exploitation

- Harvesting of marine resources X
Introduction of invasive alien species

- Introduction of exotic species X X

34 pressure indicators for marine inlets, transitional waters, coastal ecosystems, shelf and ocean waters. From Tol&: Mappidg and Assessntef

Ecosystems and their Services: An
analytical framework for ecosystem condition. Publications office of the European Union, Luxembourg.
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TRENDS

Trends in quantityand quality (recent / historic)

No recent or historic changes in the extent of this habitat have been recorded. There are some reports of de
guality as indicated by summer growth of green algae that may be associated with increased levels of nitt
from waste disposal but thims not been quantified.

CONSERVATION AND MANAGEMENT

There are no specific conservation and management measures for this habitat type at the present time.
ASSESSMENT OF CONSERVATION STATUSWITHIN THE EU

Marine Atlantic Littoral Shingle (Pebble) and Gravel hasessed d3ata Deficientin the EU according to the
European Red List of Habitats (published 2016).

ASSESSMENT OF CONSERVATION STATUSWITHIN MACARONESIA

Criterion A1 _Reduction in quantity.Thereis detailed mapping of the extent of this habitat type on some of the
Macaronesian archipelagos but a lack of data on trends in quantity or quality. This habitat is therefore ass
as DATA DEFICIENT under criterion A

Criterion Bi Restricted geographatdistribution. This habitat exceeds minimum EOO and AOO thresholds anc
is therefore assessed as LEAST CONCERN under criterion B

Criterion C/Di Reduction in qualityThere are some reports of declining in quality of this habitat as indicate
by summer gowth of green algae that may be associated with increased levels of nitrogen from waste disp
These changes have not been quantified therefore at the present time this habitat is assessed as
DEFICIENT under criterion C/D.

Criterion Ei Risk of cdlapse There has been no quantitative analysis estimating the probability of collapse
this habitat therefore it is assessed as DATA DEFICIENT under criterion E.

Overall Category & Criteria
DATA DEFICIENT

Confidence in assessment

Low: There is a lackf data to assess the extent of reduction in quantity and quality of this habitat.
Assessors/Contributors

Ricardo Haroun Tabraubluno Alvaro,Marta Quintana PonceAlejandro Garcia Mendoza, Francisco Otero
Ferrer, Susan Gubbay

Date of Assessment

November2022
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MAPPING AND ASSESSING THE STATE OF ECOSYSTEMS & THEIR SERVICES
IN THE OUTERMOST REGIONS
MARINE HABITATS OF MACARONESIA

TITLE/HABITAT NAME/EUNIS CODE
A3.24 Faunal communities on moderate energy infralittoral (BEKNIS v2012)

Summary (Description, pressures & threats, conservation & management)

Anthropologically disrupted infralittoral habitft | ocal | y known as Abl anqui
characterized by a high density of doeg-spined sea urchiDiadema africanunon a barren rocky seabed.
Recorded from intertidal areas to depths of up to 80 m. Algae cover is cleared by seagnedings being
replaced in some areas by sponges, calcareous red algae, barnacles, crustaceans, polychaetes and stony
Overexploitation of coastal fisheries and subsequent reduction in urchin predators has led to colonization an
growth of poplations ofD.africanum Their intense grazing activity has resulted in shift from large areas o
rocky reefs covered by complex erect macroal gae
encrusting algae and some sessile invertebrates.

Conservation status:.LEAST CONCERN

This habitat has been increasinginextetr oss many of the Macaronesi ar
increases in the population of the sea uréhiamtillarum.

Images

Photos: (From left to right)Seaurchin barren grounds in Gran Cang@anary Islands)d@ Photo credit:Fernando Espino

HABITAT TYPE
EUNIS Code (Level 3, v2022)
MB 12 Atlantic infralittoral rock

MAES:;
Marinei Marine inlets and transitional waters
Marine- Coastal

Annex 1 (Habitats Directive):
1170 Reefs

MSFD
Infralittoral rock & biogenic reef
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Habitat Description

Ant hropol ogically disrupted infralit theCaady istaredd i t
characterized by a high density of the lspned sea urchiBiademaafricanun®® on a barren rockgeabed.
Found inthe intertidalzone down to depths ap to 80 m. There iso erect macroalgal cover due to overgrazing
by the sea urchins. This is rept@dn some areas by other organisms such as sp@ajesl(a inopy calcareous

red algae, balaniddegabalanus tintinnabulueind Balanus trigonyscrustaceans, polychaet&p{robranchus
triqueten, and stony corald?@lycyathus muellergeThe black sa urchinArbacia lixulamay also be present in
this habitat which is typically moderately exposed to tide/wave action. Algae that are present tend to be m
coralline withsome green algae and fucoids.

The diversity of coastal fismithis habitat isnversely proportional to the density@fademaurchins, with areas
supporting a higher density of urchins having a lower the richness of fish sgduges because browsing by
high densities obea urchinsreduces or removdhe tussock carpet, on wh herbivorous fish species fedd.
turn, the disappearance of herbivores results in an absence
of large, high value carnivorous fish species. On the other h#mel maturefiblanquizales havea greater
abundance of certain fagtowing fish such as thelas (white and blackdue to lack of predators.

ECOSYSTEM SERVICES
- Regulation & maintenance

Macroalgae are a major energy source and the main biological engineers on rocky reefs of the Macaron
archipelagos. Expansion of this habitat is therefore having a negative effect on primary productivity by remo
algae. Loss of macroalgae beds doientensiveurchin grazing leads to lower species diversity as well as a
reduced habitat suitable for fish feeding and reproduction.

- Provisioning

Expansion of this habitat is having a negative effect by removing algae that provide food and shskecfated
invertebrates and fishes. Primary production can decrease to almdéStHeeoe is a also loss of biodiversity as
well as impacts on reproduction and breeding of invertebrates and fish.

GEOGRAPHIC OCCURRENCE
Presencen Macaronesian archipsjos

REGION Present| Absent| Unknown
Azores YES
Canary Islands YES
Madeira YES

Distribution and exterdicross Macaronesian region
(using Red List criteria, thresholds and categories)

Azores

Urchin barrens are present but are restrictexiant in the Azoré$as the dominant sea urchin speciedikula,
P. lividus andS. granulari$ appear have eemarkably lower voracity thaD. africanum®. D.africanumhas
been recorded in the Azores (in 2007 at Santa Maria Island) but is currenfly rare

35 As referenced in theupdated biological guide Marine Biodiversity of Canary Islands. Previously referred to @8adema antillarumin some literature.
36 Casafaet al., 1998.

37 Tittley & Neto, 2000;Bernal-Ibafezet al., 2021

38 Bulleri et al., 1999 Alves et al., 2001

39 Minderlein & Wirtz, 2014
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Canary Islands

The most abundant seachin species in coastal rocky habitats of the Canary IslandB.dngdus, A. lixula, S.
granularis and D. africanum however the barrens generated Byafricanumare widespread throughout the
archipelag®®. A 2010 repoft estimated that blanquizales cover around 24% of subtidal habitat (to 50m dept
of the Canary Islands extending over an estimated 479.7Zk® most extenge coverage was in Fuerteventura
(33.6%) followed by Tenerife (28%). Very high densities Dfafricanum upto 10/m, have been recorded in
Tenerife and the lowest densities around EIl Hierro.

Madeira archipelago

The population oD.africanumhas been increasing around Madeira since the early 1990s and the subseqt
high density has led to the reduction of canbtpyning algae, transforming areas supporting macroalgal
communities to patchy coverage of férPopulation densities of 87/n? have been recorded, and a maximum
record of 68/m on the southern coast of MadéitaThe increase in sea urchins has been linked to higr
recreational fishing pressure leading to a reduction in the number of their pr&dators

Extent of Occurrence (EOQO) Area of Most recent Comment
Occupancy | estimated total
(AOO) area

The area of sea bounded by the Present in

Macaronesian islands exceeds 50,000 >50 locations
therefore no habitats present on any of
the island groups would qualify as havi
a restricted geographical distribution.
Restricted distribution may apply if
considered at the level of island groups
for habitats that are present only in
Madeira or the Azores but that is not th
case for this habitat tyfie

40 Brito, 2004; Tuya et al 2004Bernal-lbafiezet al., 2021

41 Monterroso et al., 2010.

42 Abreu et al.,1995; Friedlander et al., 2017Bernal-lbafiezet al., 2021

43 Alves et al., 2001

44 Alves et al., 2001

45 Estimated sea area enclosed by Madeira (3,935.64RmAzores (48,217.39km) and the Canarias (63,566.25ki#) and all the Macaronesian islands
(688,986km?).
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Distribution maps
This habitat type is present in each of the Macaronesian island groups. Distribution obtained from experts

literature collected through SeaSketch survey.

D. africanumis less adapted to cope with intense water movement and therefore increaseptiitm cireas
exposed to wave action. In the Canary Islands, for example the greatest urchin densities and hence this h
are concentrated in 12m depth zone on wave exposed shores, whereas along sheltered coasts they can be

in the first few neterg®.

46 Hernandez et al., 2008a
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