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An increasingly crowded deep sea

Drilling Down and Out
& A single production platform, like NaKika in the Gulf

I &' . of Mexico, can process oil and natural gas from
W.;. multiple wells and reservoirs at great depths.
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An Overview:
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Per day,
GCott of Movico NaKika processes
5.5 million gallons

of oil — enough to fill
360,000 cars — and
250 million cubic feet
of natural gas —
enough to heal
910,000 homes.
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Searching for Oil

Salt layers in the sub-surface
rock tend to disrupt a traveling
seismic wave. Advances in seismic
imaging technology in recent years
have helped to overcome this obstacle,
revealing deeper oil reserves.
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On the Sea Floor

Unlike shallow-water platforms,
which are commonly tied to a
single well directly below, modern
deepwater platforms are connected to
multiple fields — up to 30 miles away
— each of which could have many

wells Reservoirs

reach
depths of
20,000 feet
below the
ocean floor.

At 7,000 feet below the surface, pressures
can reach 20,000 pounds per square inch,
and the temperature is a chilly 39 degrees.

wrcas: BF: Schiumberger
raham Roberts/ The New York Times




Sea lines, cables, pipelines
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Floating offshore windfarms: the future of renewable energies

Poteatial Environmental Effect

1. Seascape 2. Local wind and precipi

3. Noise 4. Vibrations

5. Turbulence 6. Anchors

7. Sealines 8. Migratory birds and chiropters
9. Fisheries 10. Phytoplankton

11. Mammals, turtles, fishes

12. Fouling and biodeposition

13. Sponge and seapen gardens, deep corals

14. Macroalagal forests and seagrass meadows










200 -600 m
by SLU, Lyseskil, Sweden

Laser markers are 80 cm apart

REDRESS

RESTORING AND REBUILDING THE DEEP SEA

Sea pen and burrowing megafauna communities By
in the no-take zone in the “Bratten MPA” , soTEDoRaS
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Ploughing the deep sea floor

Pere Puig', Miquel Canals?, Joan B. Company?, Jacobo Martin!, David Amblas?, Galderic Lastras?, Albert Palanques’
& Antoni M. Calafat®

doi:10.1038/nature11410

Bottom-contact fisheries that rely on
indiscriminate trawling physically
damage ca. 4.9 million km?
(representing 1.3% of the global
ocean) of the seafloor each year




Trawling causes the desertification of the deep seafloor

Chronic and intensive bottom trawling impairs
deep-sea biodiversity and ecosystem functioning

Antonio Pusceddu®", Silvia Bianchelli®, Jacobo Martin®, Pere Puig®, Albert Palanques®, Pere Masqué®,
and Roberto Danovaro“

*Department of Life and Environmental Sciences, Polytechnic University of Marche, 60131 Ancona, Italy; "Department of Marine Geosciences, Instite : de
Ciendes del Mar, Consejo Superior de Investigaciones Cientificas, 08003 Barcelona, Spain; ‘Centro Austral de Investigaciones Cientificas, 9410 Ushuai 1,
Argentina; “Departament de Fisica and Institut de Ciéndia i Tecnologia Ambientals, Universitat Autonoma de Barcelona, 08193 Bellaterra, Spain; anc
“Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Naples, Italy
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20 years ago...
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Sea bed trawling, the greatest threat to deep-sea
biodiversity

Posted on febrero, 10 2004

Bottom trawl fishing on the high seas is the single greatest
threat to highly vulnerable deep-sea environments and the
biodiversity they shelter, a new report released today by
WWF, IUCN, and the Natural Resources Defense Council
shows.

Kuala Lumpur, Malaysia - Bottom trawl fishing on the high seas — which consists of dragging heavy chains,

nets, and steel plates across the ocean floor — is the single greatest threat to highly vulnerable ueep sea

environments and\hehodmerswlhey shelter, a new report released today by WWF, U he Warld WWEF | Erling Svensen
, and the Natural Reso efense Council (NRDC) Shows.

The three organizations believe these fragile marine habitats could be protected with little significant economic
impact on the global fishing industry.

Current Biology

A Scientific Basis for Regulating
Deep-Sea Fishing by Depth

Jo Clarke,’" Rosanna J. Milligan,” David M. Bailey,’® and Francis C. Neat?3

1institute of Biodiversity, Animal Health, and Comparative Medicine, University of Glasgow, Graham Kerr Building, Gl
2Marine Scotland Science, Marine Laboratory, 375 Victoria Road, Aberdeen AB11 9DB, UK

3Co-senior author

*Correspondence: j.clarke.1@research.gla.ac.uk

hittp://dx.doi.org/10.1016/1.0ub.2015.07.070 ‘ ‘ Trawling should be restricted below 600 metres, research suggests.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Yet (almost) nothing has been done so far



Polymetallic nodules
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—e DT Deep-sea mining is targeting
323 polymetallic-rich nodules on the
Clarion Clipperton Zone of the
Pacific Ocean abyssal plains, an
area extending over 4.5 M km?2
from Hawaii to Mexico
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Acceleration of deep-water warming
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Global change

. Global change impact on

deep-sea organisms, species

biogeography, extinction
Fish/top predators

Global change impact on|
deep-sea ecosystem functions
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Potential impacts of climate interventions

POLICY FORUM

MARINE SCIENCE

Deep-sea impacts of climate interventions

Ocean manipulation to mitigate climate change may harm deep-sea ecosystems

By Lisa A. Levin', Joan M. Alfaro-Lucas?,
Ana Colago?, Erik E. Cordes®, Neil Craik®,
Roberto Danovaro®, Henk-Jan Hoving’,
Jeroen Ingels®, Nélia C. Mestre®,

Sarah Seabrook™, Andrew R. Thurber®,
Chris Vivian2, Moriaki Yasuhara™#

have been raised about OBCI costs, gover-
nance, impacts, and effectiveness at scale,
but limited attention has been given to
ocean biogeochemistry and ecosystems
(1) and particularly to impacts on deep-
sea ecosystems (>200-m water depth), an
acean region that ic nnderctndied hut fim.

help centralize consideration of deep-sea
impacts in mitigation planning.

Science and governance gaps have fea-
tured broadly in past discussions of ocean
vulnerabilities to anthropogenic pressures
including overfishing, biodiversity loss,
nlastic nollution climate chanoe  acidi-

Ocean-based climate interventions and their deep-sea impacts
Strong connectivity between the surface and deep ocean will transfer impacts through the water column and to the seafloor.

Increasing Ocean thermal

energy conversion

# Greenh
/ reease(N0)
® Trace metal ® Altered vertical

toxici migration
(Cd, J{Cr) 4

® Acidification and ' Liquid CO,

® Hypercapnia
® Animal
mortality

® Altered food supply

Direct CO, injection

i Liquid CO, deposition
into seafloor

on seafloor

Macroalgae
cultivation

® Dissolved organic
carbon release

# Altered food supply

® Greenhouse gas release
CH,, N,

/‘ oHS ‘\lAnoxia

® Smothering seafloor life, animal clustering,
mortality, and altered interactions

Impacts of intervention methods

® Light availability changes
Altered food supply
Biogeochemical changes

O Animal responses

Coastal blue carbon




Do we need marine ecosystem restoration in the deep sea?

The full recovery of degraded habitats through “passive restoration” could require
considerable time periods (up to 100-200 years)

Some ecosystems may have difficulty recovering

once physically destroyed Zero Pollution

Contrasting Climate Change

Experience on damaged marine ecosystems

indicates that an initial kickstart can significantly
accelerate their recovery, along with ongoing actj
restoration measures

Protect habitats
Stop biodiversity loss

Restore damaged
marine habitats




Can marine restoration be successful?

Marine ecosystem restoration success stories are needed to incentivize society and
private enterprises to build capacity and stimulate investments.

Yet, we still must demonstrate that restoration efforts can effectively contribute to
achieving the targets set by the UN Decade on Ecosystem Restoration.

Defining success: “intervention that enables recovery of the biodiversity and ecosystem
functions / services of a degraded ecosystem to values not significantly different than those
in appropriate reference sites with relative intact, pre-disturbance structure, biodiversity,

and functioning”




REDRESS Can we carry on deep-sea ecosystem restoration?

RESTORING AND REBUILDING THE DEEP SEA

' REDRESS Restoration Actions

A. Cold Water Corals in the Arc Mound Province, Ireland
B. Lophelia pertusa colony damaged by longlining, Iceland
C. Coral colonies on decommissioned oil rigs, North Sea
D. Soft sediment community, Bratten, MPA, Sweden

E. Madrepora reefs, Dohrn Canyon, Italy

F. Seep Community, Palmahim Disturbance MPA, Israel

G. Suberites spp. soft bottom communities, Catalan shelf
H. Coral Garden in the Bay of Biscay MPA, France ot *
I. Coral Garden in the Azores

Restoration of
2 w5 deep-sea

o habitats to
rebuild
European Seas

. Coral Reef Habitats
. Hard bottom Coral Gardens
. Soft sediments
. Cold seeps
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REDRESS technol
& 1. Coral Reef Habitats 3 ’ ‘ﬁf:g"{ %

Hard bottom Coral Gardens

. Soft sediments
. Cold seeps

~N

b 2 25

REDRESS Technology

A. Remotely Operated Vehicle (ROV)

B. Tethered video ‘CAMPOD’

C. Autonomous Underwater Vehicle (AUV)

D. Rossia crawler system

E. Autonomous Reef Monitoring Structures (ARMS)
F. MANSIO-VIATOR system

G. Pagure towed underwater video system

H. Remotely Operated Vehicle (ROV)

I. Azor drift cam video system

2 » g E Restoration of deep-sea habitats
to rebuild European Seas



REDRESS Restoration of deep-sea habitats to rebuild European Seas

RESTORING AND REBUILDING THE DEEP SEA

Eco-reefs & ASDERs deployment: ECO-REEF Il cruise, 12-22 July 2024 — R/V Gaia Blu










Restoration of deep animal forests
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RESTORING AND REBUILDING THE DEEP SEA




Is deep-sea ecosystem restoration more problematic than in
other marine ecosystems?

8 Habitats: seagrasses, macroalgal forests, saltmarshes, mangroves,
oyster reefs, coral reefs, animal forests, deep-sea ecosystems (deep-
water corals)

574 of marine restoration interventions, but only 10 in the deep sea
(typically within the top 1000 m depth)

Success of ecological restoration assessed through:

1) a descriptive statistical comparison

2) aformal meta-analysis

3) multilevel models conducted across the whole spectrum of
“survival” data reported in the reviewed literature



Average success of marine ecosystem restoration: 64%

100 s o e l1t' 4
M saltmarshes
80 Sl coral reefs
=& animal forests
60 -
o Md water corals
40 mangroves
algal forests
20 ! 1 5 >
# =% oyster beds

seagrasses

Frequencies

Survival percentage %

0 —eoe— oot
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Success of deep-sea ecosystem restoration close to 70%




Restoration attempts on a global scale

North America

Europe

Legend
A Restoration failures . 0_509%

A Succesful restorations : >50%
| | I t gradient (2013)

- High : 15.418
— Low : 0

Antarctica

T
100°00°E

>50% of restoration interventions in impacted sites (cfr Halpern et al works)



Can we restore habitats without first removing the impacts?

Very high restoration success also in impacted areas

The Paradox of Marine Ecosystem restoration:

60

50
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Survival percentage (%)
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Global cumulative impact index

Only 1.5% sites undergone interventions to remove or mitigate the impacts



Is there a risk of failure?

Risk of complete failure higher for
vegetated habitats (e.g., saltmarshes,  zo.]

seagrasses, macroalgal forests up to
21%)

,_.
=
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o

[
%)
w

,_.
o
o

Very low risk (<5%) for most marine
ecosystems

Failure percentage (%)
=
L

5.0 1

Negligible risk (on the basis of the

currently available data) for deep-sea
habitats




Is larger better?

Non-statistically significant increase in success with i
increasing spatial scale of restoration § & o
MEANS THAT: Small and large restoration interventions = « .|
have an equally high expectancy of success il

We can plan marine ecosystem restoration on anlarge
spatial scale using multiple interventions on a small
spatial scale

Spatial s:c;;le of:i;;terve:r;;ion m2 00 22 b 109
. i WD (m?) Years from intervention (y)

Opportunity: to better represent the natural variability e "

and genetic diversity of the native populations in :

different areas i .,' ‘ ik g

g Pl e B Coktweter corais
Latitudinal constraints? BT o S
EEAE ———

The success of restoration of the same typology of marine if
habitat doesn’t change across latitudes e

MEANS THAT: We can do it at all latitudes

:I: 4‘:
Latitude (° N or S)



Drivers of restoration success:

% of successful intervention
10 20 30 40 50 60

Methodologies: i) habitat-forming species, ii) refined g
protocols; iii) combined species; “cultivation” ex situ, Methodoloay
“reuse” of bycatch organisms; transplantation of entire
portions of habitat

Maintenance: cooperation with local stakeholders (e.g., Site selection
fishermen, diving centers); new technologies (drones,
satellites, microchips and nano-sensors)

Site selection: a) high ecological connectivity; b) refugia c)

sheltered sites

Conservation measures: creation of buffer areas o 30

Unsuitable environmental condition

|
[ ] a n d fal I u re : Extreme event (storm/hurricane)

Inadequate methodology

Maintenance

Conservation measures

1) unsuitable environmental conditions; ii) the
occurrence of extreme events; iii) the choice of
inappropriate protocols or target species

Wrong species/site




Costs and benefits of marine ecosystem restoration

The cost of a restoration intervention may represent the greatest challenge as the

costs of marine ecosystem restoration can be 1-2 orders of magnitude higher than on
land.

Return of Investments (ROI): Benefits can be valued in various ways (e.g., total
economic value or using contingent valuation methods - discrete choice experiments

and the willingness to pay), and even monetized (e.g., market values for increased
billfish catch or increased blue tourism).

Existing economic assessments of coastal-ecosystem restoration report benefit-cost
ratios typically between 0.05 and 1.7 up to 4 for coral reef restoration.

Kelp Forests: 59 to 194,000 USD/ha/yr

Journal of Environmental Management 303 (2022) 114127

Contents lists available at ScienceDirect

Journal of Environmental Management

- e
ELSEVIER journal homepage: www.elsevier.com/locate/jenvman

Ecosystem service benefits and costs of deep-sea ecosystem restoration Rt

Wenting Chen ™, Philip Wallhead *, Stephen Hynes b Rolf Groeneveld ¢, Eamon O’Connor ”,
Cristina Gambi “, Roberto Danovaro “*, Rob Tinch ', Nadia Papadopoulou ®, Chris Smith ® Protect the deep Sea

Edward B. Barbier and colleagues call for governance and funds for deep-sea reserves
he ion of S damaged by commercial interests.




Investing in marine ecosystem restoration

Three main types of enablers:

1) policy/regulatory enablers to create the conditions and
obligations to restore damaged marine habitats;

2) economic enablers (valuation of social-economic and
cultural benefits to justify investments);

3) technological enablers (i.e., operating in all marine
habitats and on a large spatial scale).

Technological developments will offer important business
and innovation opportunities in the near future for marine
ecosystem restoration: lower the costs

Contents lists available at ScienceDirect

Engineering
|_Vj SEVIER journal hamepage: www.elsevier.com/locate/eng
Research
Ocean Engineering—Review
New Technologies for Monitoring and Upscaling Marine Ecosystem 1)
Restoration in Deep-Sea Environments =

Jacopo Aguzzi ™, Laurenz Thomsen ¢, Sascha Flogel ¢, Nathan J. Robinson®*, Giacomo Picardi®,
Damianos Chatzievangelou”, Nixon Bahamon*, Sergio Stefanni”, Jordi Grinyé', Emanuela Fanelli#,
Cinzia Corinaldesi®, Joaquin Del Rio Fernandez " Marcello Calisti', Furu Mienis', Elias Chatzidouros',
Corrado Costa™, Simona Violino ™, Michael Tangherlini®, Roberto Danovaro **




Management strategies supporting restoration

Preserving and restoring

Governments and institutions must maximize the - sl
' i i : : il
effectiveness of active restoration actions for defending ety

Circular Economy

public interest

We must establish active restoration as one of the

Fair, healthy, and . Bioindicator

recognised priority strategies and solutions for reversing  BEEEEy 4 erionors o
past and ongoing marine habitat degradation that may be
authorized, penalizing wilful corporate disrespect of o

A source of regulation
Supplyingclean, energy

regulations and recovering healthy and biodiverse marine afordableand

secure energy
Increasing the EU’s
S e a Sca p e S . climatelambitionfor i
2030 and 2050 - Climate Law.

Coupling “passive” and active restoration interventions could
expand the areal extent of positive effects of active restoration,
while providing an instrument to safeguard costly restoration
interventions.

Best practices to maximize contributions of buffer areas to
achieve these hoped-for multiple benefits will require specific
assessments for different habitat types.




Conclusions

Evidence for highly successful marine ecosystem restoration also in deep-sea ecosystems
Parallel evidence of a very low risk of complete failure

Restoration can be scalable upward at all latitudes through existing regulations and financing
instruments

Marine ecosystems do not require large scale interventions as a pre-requisite oftheir success (if
the physical disturbance is stopped)

High restoration success even in impacted marine areas. This supports the possibility of
immediate actions to restore marine degraded habitats

Active restoration should be coupled with passive restoration to protect the recovery
and to expand the effects of restoration on a wider spatial area.




Future perspectives

* Considerable work remains in 2 main directions:

* improved protocols for increasing success of
restoration interventions on all degraded habitats
including those for which we have limited or no
experience yet (e.g., polymetallic nodules,
hydrothermal vents, and cold-seeps);

* cost reduction to extend spatial scales of
intervention

* engagement of the private sector.

nature ecology & evolution
Deep-sea ecosystem restoration will become soon Microbesas marine habitatformersand
“Wider and Deeper” but cannot be used to justify ecosystemengineers

future impacts or deep-sea mining

Received: 5 July 2023 Roberto Danovaro®'? , Lisa A. Levin®?, Ginevra Fanelli®',
Lorenzo Scenna®' & Cinzia Corinaldesi®**

Accepted: 12 March 2024

Published online: 06 June 2024
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f beIIeve, be the era of

restoration in ec‘ology

Edwarfd @sborne Wilson (1992) The Diversity of Life
(Cambridge, Massachusetts: The Belknap Press of
Harvard University Press).




Restoration of deep-sea habitats to rebuild European Seas

REDRESS

RESTORING AND REBUILDING THE DEEP SEA

S Co-funded by
the European Union Mo T
Restoration of deep-sea habitats )

UK Research P roject N . 101 1 35492 to rebuild European Seas
and Innovation
www.redress-project.eu
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