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The Nature Restoration Regulation (NRR)

has been approved by the EU with the _

objective to halt and reverse biodiversity PERSPECTVE | & Open Access @ @

|. Priority research questions to generate decision-grade
0SS data to enable coastal ecosystems to mitigate the
climate and nutrient crises

Watson, G. J., and other 46 Authors 2026

Knowledge of the distribution, extent, and

condition of European habitats, futlre Science it e
Marine habitat
mapping

Contents lists available at ScienceDirect

Journal of Experimental Marine Biology and Ecology

especially marine habitats, is critical to
accurately assess the proportion of
habitats in poor condition

journal | homepage: www.elsevier.com /locate /jembe

How many habitats are there in the sea (and where)?

Simonetta Fraschetti *, Antonio Terlizzi, Ferdinando Boero
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Comprehensive marine habitat maps are
needed to effectively protect and restore
marine habitats

Fraschetti, S, Strong, J., Buhl-Mortensen, L, Foglini, F., Goncalves, J. M. S., Gonzalez-Irusta, J. M, Lillis, H., Lindegarth, M.,
Martin, G., Menot, L, O’Keeffe, E., Pascoal, A., Salemidi, M., Schoening, T. (2024) Marine habitat mapping. Alexander, B,
Rodriguez Perez, A, Kellett, P., Muiiiz Piniella, A., Bayo Ruiz, F., Bairaktari, K., Heymans, J. J. [Eds.] Future Science Brief
N°®. 11 of the European Marine Board, Ostend, Belgium. ISSN: 25593-5232. ISBN: 9789464206234. DOI: 10.5281/
zenodo.11203128



Remote sensing e.g. acoustic
(MBES) survey of the physical
environment.

L

Additional environmental variables such
as those derived from remotely sensed
data (e.g. backscatter, terrain) and
modelled products (e.g. hydrodynamics,
biogeochemistry).
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Ground truthing (in situ, direct
observations) e.g. camera observations

01 / of biology and substrate.
.

Zooplankton

A urybahic fish
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2000 — Deep sea sharks
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Geo-statistical model i.e. ground truthing
data ‘trains’ a model to predict species/
habitats across the environmental
variables.
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Final marine habitat map with

uncertainty estimate.
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Figure 2.2 Graphical representation showing the integration of benthic habitat and water column data to show the three-dimensional structure of
a deen-sea ecosustem. Three-dimensional marine habitat maonina includes multiole deoth ranaes of the distribution of biodiversitu and includes
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Project Title: Life-Mapper

Project Location — European seas

Total budget-€1,290,850.61

% EC Co-funding: 90%

* Coordinator: Federica Foglini
Beneficiaries: CNR, UNINA, UNIVPM,
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Duration: 36 months
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Life Mapper aims

1. Habitat Mapping: develop clear guidelines for
mapping the marine habitats listed in Annex Il of
the NRR

2. Habitat condition assessment: select
methodologies to assess habitat condition and
thresholds of change

3. Restoration Measures: develop a set of guidelines
to support the selection of restoration measures
targeting habitats and species of the NRR, together
with the identification of knowledge gaps in marine
restoration

4. Spatial prioritization for conservation and
restoration: provide a framework for spatial
prioritization to guide conservation and restoration

actions Consolidate and synthesize existing
knowledge, methodologies, and best
Furo pean practices in habitat mapping, conservation
and marine restoration

MARINE BOARD



Life Mapper outcomes

THE LIFE MAPPER
MANUAL

Integrates fragmented data,
methodologies, and best practices.

Enhances knowledge and understanding
of the distribution, condition, and
extent of habitats and species listed

in Annex Il of the NRR.

Provides targeted recommendations
to close existing knowledge gaps.

Guides future efforts and investments

in marine restoration.
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THE LIFE MAPPER
KNOWLEDGE PLATFORM

A dynamic hub with user-friendly
navigation and searchable content.

Downloadable resources including
articles, datasets, and interviews.

Integrated with other EU initiatives
and projects to facilitate knowledge
exchange.

Content is regularly updated to ensure
user engagement and the application
of relevant information.

Supports informed decision-making
for researchers, managers, policymakers
and stakeholders.

THE LIFE MAPPER
GEOPORTAL

Integrates available Web Mapping Services
and links to other portals developed at
European and national level.
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EU 5 Other
Initiatives A

Marine
Strategy
Framework
Directive
(MSFD)
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LIFE MAPPER
KNOWLEDGE PLATFORM

Browse the curated chapters, follow the video tutorials, or run a free-text search
across every Life Mapper resource.

TOPIC 1 TOPIC 2 TOPIC 3 TOPIC 4
Habitat mapping: Assessing habitat Estimation of Spatial prioritization:
knowledge status condition: restoration costs where to map,
. and gaps. methods and where to conserve
Best practices, methods and tools How to map, and indicators and where to restore

how much does it cost?

for mapping, assessing and restoring
marine habitats, in line with the Nature
Restoration Regulation

Methodology: systematic reviews and questionnaires
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Where are the
habitats?

» Overview of what has been mapped, how
and where at Eu scale, identifying critical
gaps in habitat types and geographic extent,
including the deep sea, Natura 2000 sites
and other MPA's across all regional seas

« LIFE MAPPER Geoportal is integrating
existing OGC-compliant geospatial services
and interoperable habitat mapping datasets
at different spatial scales, building on
national and European infrastructures and
ensuring compatibility with emerging
platforms and services.

NGDC, and other contrlbulor
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Articles
150

100

Systematic review of literature reporting habitat mapping knowledge
[ ANNUAL SCIENTIFIC PRODUCTION ]

EX

Strong growth
in scientific
publications,
especially in the
last decade.

TOP RESEARCH TOPICS
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) A significant rise in publications over |

the years, with an acceleration

£ in the last decade.
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Research covers a wide range of themes, with strong focus on

biodiversity, conservation, climate change and habitat patterns.

@

Research activity is concentrated in
Europe, North America and Australia.

MOST RELEVANT SOURCES

FRONTIERS IN MARINE SCIENCE
ESTUARINE COASTAL AND SHELF SCIENCE
PLOS ONE

JOURNAL OF BIOGEOGRAPHY
REMOTE SENSING

MARINE ECOLOGY PROGRESS SERIES
DIVERSITY AND DISTRIBUTIONS

ICES JOURNAL OF MARINE SCIENCE
SCIENCE OF THE TOTAL ENVIRONMENT

AQUATIC CONSERVATION-MARINE AND
FRESHWATER ECOSYST

L]

knowledge sources.

GEOGRAPHIC CONCENTRATION
Research efforts are mainly focused
in Europe, North America and
Australia.

@ 54

—@ 43

Marine science, coastal studies and
biodiversity journals are the main

@ 36
@ 3
@ 30

— @ 2

-@® 25

40 60

N. of Documents

DIVERSE RESEARCH THEMES
Strong attention to biodiversity,
conservation, climate change,
habitats and ecosystem dynamics.

COUNTRY SCIENTIFIC PRODUCTION

N. of publications
1-55

55 - 140
140 - 316
316 - 434
434 - 637
637 - 793
NA

}

2285

papers

Review completed and
chapter ready by
November 2026

KEY KNOWLEDGE SOURCES
Top journals in marine science,
ecology and environmental studies
lead the field.
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How much do we know
about habitat condition
and thresholds of
change

Phase shift Alternative stable states

Q
%
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Ecosystem state

No hysteresis Low hysteresis High hysteresis

Environmental driver —>




Assessment of habitat @MAR'NE 00 oo @ LIFE
condition and Favorable 7 MAPPER
Reference Areas

Take part in the
Life-Mapper
questionnaire

LIFE-MAPPER project aims to support EU Member States in
implementing the NRR, the MSFD and the Habitats
Directive by developing guidelines for marine habitat
mapping, condition assessment and restoration planning.

This questionnaire is designed
to gather YOUR expert knowledge on:

methods and indicators used for habitat condition assessment
existence of reference conditions and thresholds.




Questionnaire: Finding knowledge gaps habitat condition and FRA
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@ 2. RESPONDENTS BY YEARS OF EXPERIENCE @ 3. HABITATS COVERED BY RESPONDENTS @ 4. MARINE REGION OF OPERATION
| ‘ Posidonia oceanica 12
251 mm’:ﬁ:::,; Mediterranean Sea
Attantic seaweeds and kelp
20 - 19 i ecant Adlantic
‘ @ Coralligenous platforms
§ 15 Baltic submerged vegetation Baltic Sea
Sweden 1 c Cladocora caespitosa
2 Cymodocea nodosa )
Germany § 11 Zostera spp.. Ruppia spp. Arctic
A tands - 10 Corallium rubrum
° Paramuricea clavata 0 10 20 30 40
| Portugal { 1 3 Mediterranean deep sea corals Number of respondents
1 L g Mussel/bamacle communities \ . il PO R
2 Atlantic Maer beds B
o st ©
icella spp., L Bl a
Belgium 4 1 X Thenea muricata Costs
e : Isidella elongata
0 5 1'0 "5 z'o 2’5 = 0-5 5-10 10-20 20+ Atlantic faunal turf communities Restoration
N ot e Years of experience Bivalve reefs (Uttoralfinfralittoral) Actiiies
pondents Pheronema carpenteri
Parastichopus regalis Ref Favoo:::
—— Alcyonium palmatum
6. INDICATORS FOR CONDITION ASSESSMENT BY HABITAT R ey Quaacativg 24% 17% 40% 19%
0 2 ‘4 /6 8 510 13 14 stiolds
Physical ~ Presenceof  Species Other Recruitment/ Other Carbon Nutrient Number of respondents Condition ¥
% Cover structure key species  composition  Biomass structural nursery functional storage  Productivity  cycling Assessment N
Baltic perennial digae (n=1) 1 1 1 1 1 1 1 ’ v v v -~ —
Eunicella/Leptogorgia (ne1) 1 1 1 1 1 1 1 1 o 20 40 60 60 80 100
Mediterranean maeri beds (nn1) 1 1 1 1 1 1 1 1 Percentage of respondents (%)
Atlantic Maert beds {ne1) 1 1 1 1 1 1 1 Il Yes [ Partially [ Planned [l Being developed Unsure [l No
Mussel/barnacie communities (nel) 1 1 1 1 \ —— — S
Adlantic faunal turf {nel) 1 1 1 Number of
Deep-water Attantic fauns (nel) 1 1 respondents e 7. METHODOLOGICAL ISSUES FOR CONDITION ASSESSMENT
Bivalve reefs (ttoral) (ne1) 1 1 12 =
Atlantic littoral seagrass beds (no1) 2 1 35 - - Bl Most critical
Coealiumn rubeum  (no2) 2 2 2 1 1 1 1 | Il Very Critical
Paramoricea clavata (ne2) 2 1 1 1 » 30 1 Somewhat critical
Mediterranean deep-5ea corals (ne=2) 2 1 1 1 2 T ‘ | (= ] at critica
Cladocor caespitosa (na3) 3 1 1 3 s g 25 | Least critical
Cymodocea nodosa (ne3) 3 2 2 1 1 1 don't know
Coraligencus platforms (ne3) 3 2 2 2 1 1 g 25
Baitic submerged vegetation (ne3) 3 1 1 1 2 1 6
Zostera spp., Auppia spp. (n=3) 3 1 1 1 2 1 s 15 4 [
Atlantic seaweeds and kelp (ned) a 1 3 3 3 1 1 2
Coraltigencus biocencsis. (ned) 4 3 3 3 1 1 1 2 4 5 10 ;
Soft sediments (> 1000 m depth) (nad) 3 s 4 3 1 1
Bivalve reets (circalinoral) (nas) 3 s e s 3 1 | 5 4 [
éserecta (Greainoral (nm3) 7 s s 5 5 3 2 ‘ LI
Cystoseica intrainoral (neg) DY s s 5 s 1 3 3 2 0 —— : — /
Posidonia oceanica (ne12) L 8 == 2 3 6 2 2 2 3 3 1 3 Lack of info Inconsistent/ Limited operative Lack of Technological Lack of financial

(biology/ecology)  missing protocols capacity long-term data limitations support




Habitat condition and thresholds of change

Current Biology ’ L I I E
| ARTICLES \ MAPPER
eCOIOgy & CVOlUIlon MAPping, ProtEcting, and Restoring Marine Ecosystems

Experimental Perturbations Modify the Performance A @ T N o w
Direct observation of increasing recovery length of Early Warning Indicators of Regime Shift
before A B c D E
Luca Rindi™,
1 Key words Title of the article Year Authors Link MS;:)gli\::;ine Subregic * .
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(biodiversity assessments of key habitats) and the impact
and resilience tipping points related to multiple drivers
including broadscale latitudinal comparisons.




Median cost per hectare (USD)

Estimation of restoration costs

1. DISTRIBUTION OF RESTORATION COSTS (ALL ECOSYSTEMS)

Cost per hectare (2024 international USD)

50 A
40 -
4
Q2
S 30
"
s
@
8 204
E
3
&
10
0
10 100 1,000 10,000 100,000
Cost per hectare (log scale)
llll ! Costs are right-skewed: mean costs are much higher than median.
~—  The median ($80,000/ha) is a more reliable benchmark for planning.
3. COSTS BY COST CATEGORY (MEDIAN COST PER HECTARE)
(2024 international USD)
10,000,000 -
1,000,000 - o=
$120,000 @
$60,000 Many studies report
100,000 - $30,000 $20,000 cnifuichontcapital
costs, so full lifecycle
10,000 - costs are likely
underestimated.
1,000 - .
B Q %
Capital  Operational Monitoring  In-kind
costs costs costs  contributions

@ KEY TAKEAWAYS e

Restoration costs vary by several
orders of magnitude depending on
ecosystem type, methods and location.

»w Cold-water corals

Key statistics Kelp forests

Studies (N): 171 Seagrass meadows

2. MEDIAN COST PER HECTARE BY ECOSYSTEM TYPE

(2024 international USD)

$1,900,000
$650,000
— $200,000

) LIFE
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\l
Median: $80,000/ ha ) Oyster reefs $150,000 A, WL
M :$1.500/000 /b Coral reefs $120,000 testorrionic tha
M satt h 90,000 & most expensive
Min: $2/ha 'L g ; er hethre
~k‘i‘,’: Macroalgae beds $80,000 P ]
Max: $28,000,000 / ha :
2’ Sandy habitats $50,000
i |
M4l Estuaries & lagoons ~ $40,000
#a\  Rocky reefs $30,000 Mangrove
1,000,000 10,000,000 % Mangroves $10,000 restoration has
; the | t cost:
i Deep-sea habitats $5,000 A e et
per hectare.
1,000 10,000 100,000 1,000,000 10,000,000

4. GEOGRAPHIC DISTRIBUTION OF STUDIES

(Number of studies)
Asia
. (52 studies)
. North America
(42 studies)
171 [ Europe

5 (31 studies)
studies

. Oceania
(24 studies)

Other regions
(22 studies)

Studies are global but concentrated in Asia,
North America, Europe and Oceania.

@

The median cost per hectare
across all ecosystems is
~ $80,000 (2024 USD).

©

Median cost per hectare (log scale)

5. COST RANGE BY ECOSYSTEM (MIN-MAX COST PER HECTARE)
(2024 international USD, log scale)

Cold-water corals L g ad
Kelp forests . >~ °
Seagrass meadows L =]
Oyster reefs o

Coral reefs L © °

Salt marshes
Macroalgae beds
Sandy habitats PA— = - o
Estuaries & lagoons >

Rocky reefs & o
Mangroves & °
Deep-sea habitats

L ]

r T

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000

Cost per hectare (USD)

Cold-water corals are the most
expensive; mangroves the least
expensive to restore.

Most studies report only upfront
costs, likely underestimating true
full lifecycle restoration costs.

Faid



SPATIAL PLANNING FOR RESTORATION

Systematic Conservation-

Abiotic Conditions Threats Connectivity Interacting Species

(e.g., temperature, (e.g., invasive species, (e.g., proximity to other (e.g., strong competitors,

Re s to rat i o n p I a n n i n g salinity, depth) pollution, sedimentation) habitats) predators or facilitators)

- effective allocation of available ——
resources for prioritizing
conservation and restoration
actions

« ensuring that restoration efforts

are ecologically meaningful and
contribute effectively to broader
conservation and sustainability S B Bhkies

goals.

Trends in

Ecology & Evolution

¢? CelPress

. . , | Spatial Planning Principles for
Advances in systematic conservation planning . .
to meet global biodiversity goals Marine Ecosystem Restoration

Sarah E. Lester'™, Alexandra K. Dubel?, Gema Hernanz2, Jennifer McHenry' and
Andrew Rassweiler?

, Ibon Galpars , Robert J. Smith=°, Franco
ler®®, Hugh P. Possingham?, and Stelios Katsan
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Preliminary results

Objectives of Using Systematic Conservation Planning
(SCP) Tools in Restoration Planning:

Connectedto a national study

Designation of restoration areas

Designation of conservation areas
(complementary activity)

Scientific purpose

9 LIFE

MAPPER

10

20

30

40

50

60

[1 SCP tools have been used

predominantly in scientific and
methodological studies rather than for
the practical designation of restoration
areas or the design of restoration
interventions.

Only one study applied SCP tools to
design restoration areas for real-world
implementation.

Two studies incorporated restoration
within broader conservation planning
frameworks, where restoration served
as a complementary measure.

Only one study was connected to a
national initiative



Research Article
Mediterranean Marin
| | Indexed in WoS (Web of ISI Thomson) and SCOPUS
’ mr.g

rg/10.12681/mms.43060

Updated distribution mapping of Posidonia oceanica meadows, coralligenous assemblages and
marine caves in the Mediterranean Sea: implications for conservation and restoration

Vasilis GEROVASILEIOU"2, Antonio SANCHEZ-ESPINOSA®, David RODRIGUEZ-RODRIGUEZ?,
Simonetta FRASCHETTI**¢, Inés MAZARRASA’, Cyrine BOUAFIF?®, Atef OUERGHI®
and Dania ABDUL MALAK?

* Our ambition with LIFE MAPPER is to
support Member States with robust
scientific knowledge, harmonised methods
and practical tools to navigate the complex
challenges of marine habitat assessment
and restoration, and ultimately turn
ambitious policy targets into effective
action.
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