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#1. What biological and biophysical processes drive

conservation and restoration , and how do they

Interact ?
Exploring ecological dimensions, functional biodiversity |,
and restoration trajectories
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Biodiversity restoration and conservation of inland water ecosystems for environmental and human-lehg

BioReset

By: Hendrikus Nouws (REQUIMTE/LAQV-ISEP, Portugal) & BioReset consortium

Consortium: Aguas do Centro Litoral (AdCL) (Portugal), Centro Interdisciplinar de Investiga¢cdo Marinha e Ambiental (CIIMAR,
Portugal), Institute for Energy Technology (IFE, Norway), Swedish University of Agricultural Sciences (SLU, Sweden), Universidad de

Oviedo (UNIOVI, Spain), Universidade de Vigo (UVigo, Spain)
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Contaminant Monitoring / Analysis

Pharmaceuticals & metabolites
Up to 97 pharmaceuticals from multiple therapeutic classes and caffeine.
163 samples (WWTP influents and effluents, rivers, streams, and ocean).
Key findings
Most frequently detected: NSAIDs/analgesic, antibiotic, psychiatric drugs, and

caffeine.

Increasing total pharmaceutical levels over time

Reports elaborated directly with WWTPs and APA (Portuguese Environment Agency)

Microplastics
7 microplastics (PE, PP, PET, PS, PU, N6, N66).

Samples from WWTP effluents, river, leadfill leachate, tap water).

Key findings
1 microplastic found (PP, in landfill leachate).
Low analysis repeatability.

More robust monitoring methods for microplastics are needed .
www?2.isep.ipp.pt/bioreset
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Contaminant Removal

Biosorbent Synthesis Adsorption & Electrosorption Regeneration

Grape seeds™ |

Lignin

Rice Bran

Pine bark

Banana Peel

Alperujo

Gdedee

Key findings

Engineered biosorbents with enhanced adsorption capacity.

Effective removal of pharmaceuticals from wastewater.

Hydrothermal carbonization HTC Reactor l Adsorption | e,
(150-250°C, 100 bar) LI ! E Desorption E

&

Polluted Adsorbent

Clean water

Hydrochar y biochar

Pirolysis
300—800°C

Regeneration via advanced oxidation processes.

Scalable and sustainable treatment strategies.

Identify the most appropriate quaternary treatments. www2.isep.ipp.pt/bioreset
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Contaminant Removal

@ wuerpump  Green bioremediation with white  -rot fungi

Gas outlet i
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Sawdust colonized by P. ostreatus
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Key findings ey

Fungal pellet with high production of degrading enzymes.
Low amount of transformation products after treatment.

Identify the most appropriate quaternary treatments. wWww2.isep.ipp.pt/bioreset
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Evaluation of ecosystem conservation and restoration

Lab experiments

Effects of legacy and emergent contaminants on diatom

biofiilms and their resilience.

Raman spectroscopy (RS) for use in zebrafish embryo .
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Key findings
RS assays for rapid cost-effective quality surveys.

Diatom sampling
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Characterisation of diatom diversity and abundance, and

ecosystem quality of eight systems in Portugal.
Development of a diatom Raman spectroscopy approach

(draft index) to characterise water quality in Portugal, Spain,
Sweden and Brasil,

Key findings
Clear discrimination (heatmap) between water qualities
based on RS data and chemometric analysis
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Conclusion

Pharmaceutical monitoring: a growing number of WWTPs are requesting our support in
Implementing emerging pollutant control.

Microplastic analysis: more robust methods are needed.

Pharmaceutical removal: promising quaternary wastewater treatment processes were
identified.

Raman spectroscopy combined with diatoms can indicate water and ecosystem quality.

www?2.isep.ipp.pt/bioreset
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DEEP REST
biodiversa+ Conservation and restoration of marine |
Fiopsan Bloanversity Fartnersiip - ecosystems in the context of deep -sea
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Context of the project

Deep ocean : high biodiversity, unique habitats
Increasing demand for mineral resources worldwide
Potential source of strategic metals in the deep  -sea
Mining has not started in international waters !

Regulations (exploitation) under development at the
International Seabed Authority (ISA) for ABNJ

Clock is ticking: fundamental knowledge urgently needed to
iInform decision -making
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Study areas

Polymetallic nodule

Hydrothermal -
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Areas Beyond National Jurisdiction (ABNJ)
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Major positive outcomes

410 science, based recgmmendatlons on conservation, restoration &
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Recommendations for Conservation

-

Sarrazin J. and the DEEP REST consortium (2025). Conservation and restoration in the context of-deep sea bedlnm 1_ \
DOI: 10.13155/107360. ey it
ROV KIEL6000 2015-04-20 20:45:19




Protection must be three -dimensional, from the
subseafloor to the water column, and must include
multiple species and areas

M_Q‘nservation

The maintenance of ecological processes that connect the subseafloor,
seafloor and water column is essential to maintain biodiversity and
ecosystem functions at active vents.

Current protection state of Suggested 3-D protection of
active vents from DSM in ABNJ active vent fields from DSM

INACTIVE
ACT'VE :-................:

INACTIVE

Protection ACTIVE

considered \I:'

Gollner et al. Marine Policy, in revision. Magmatic heat

source
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Observations and sampling must be enhanced to
capture temporal and spatial variability to allow for
robust environmental impact assessment

(W;Rnservation

Natural variability in megafauna in the CCZ

BEL GER

Density differences in megafauna between sites
and years. GER license area is more productive. 2
Higher productivity during La Nina period (2020-
2022) would explain temporal variability.

Taxa

B Actinopterygii

B Asteroidea

M Bivalvia

I Brachiopoda

Ml Bryozoa

B Crinoidea

B Crustacea
Echinoidea

B Gastropoda

M Hexacorallia
Holothuroidea

B Neonemertea

M Octocorallia
Ophiuroidea

Pacific Ocean.
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. . .. . . [l Polypl h
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} . . . . 2019 2022 2019 2022
Macheriotou et al. Frontiers in Marine Science. 2025.
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Recommendations for Restoration
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Restoration

Regulations must consider that full recovery
through passive restoration is not possible if habitat
and ecosystem functions are lost, even if
connectivity is ensured
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Before

Effectiveness of passive restoration on the
recovery of vent communities on the MAR

Small-scale faunal removal experiments showed only patrtial
community recovery through migration and recruitment despite the
presence of abundant neighbouring mussel communities

After

Da Silva et al. in preparation.
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Restoration

Effectiveness of restoration actions must be
evaluated over decadal time spans

Active restoration after simulated mining disturbance is currently
being tested in the CCZ. Thousands of artificial nodules have been

deployed and a subset was recovered after 2 years, showing very
slow colonization.
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Gollner et al. in preparation.
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Recommendations for Governance and Literacy
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In addition to ecological aspects, decision making
must also incorporate geopolitical, socio -
economic, technological and legal considerations

Emerging topics that are not yet studied in sufficient details in the
context of seabed mining have been identified . They concern :

Political decision by states on regulation,
exploration, mining or moratorium (3.7 %)

Z

Regulation legitimacy (11.7 %) — ﬁ
National jurisdiction (1.8 %) ﬁ

Moratorium/pause/ban (5.3 %)

Palitical or geopolitical context (6.6 %)

Unresolved legal issues

Private actors lobbying on states (1.8 %)

States political attitudes and strategies (4.8 %)

Z

The urgency of material demand in light of
technological innovations

Capital avallabllity (3.2 %)

Legal develop (4.1%)

Compliance (3.0 %) — Metal market (7.1 %)

Stakeholder |

Lack of | I -‘° (5.3) Il‘ltel'VIeWS

Z

Private profitability (3.0 %)

St atendedvours to secure access to
Toxesme 099 resources and processing

Social impacts (1.8 %)
Sodial licenses, trust, and conditions (2.3 %)
social (2.7%)

Environmental standards (2.3 %)

(5.7 %)

Increased or decreased need for minerals (1.8 %)
Mineral resource k ledge (1.1 %)

Technology respecting env. standards (2.3 %)
Technological feasibility (8.0 %)

Z

Strategic issues related to military defence

i —

Social pressures and awareness (6.6 %)

B Political [ Economic B social
B Technological B Environmental B Legal

Bellanger et al. Resources Policy, 2025.
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public debate

Street -interviews

How much do you know about the Deep Sea?

governance are needed for a better informed

Art & Science

Board -game:
Blue
DiplomaSEA

A day
dedicated
to
stakeholder
S

Challenges and Opportunities for the protection and restoration of deep-sea ecosystems in
the context of deep-sea mining
s, WaSE,
! Qe !Lf;

Join us on Tuesday, June 17, 2025 — an event open to everyone!
This day dedicated to the deep sea, organized as
part of the European DEEP REST project, will take
place on June 17, 2025, in Plouzané.
SN 'I
[ »
i

< |
)(’{?//\‘I \\“tj:t,

9:30 AM-12:00 PM. The day will begin
with a short street interview film
undtable di: ion*

BiodivRestore ERA -NET COFUND

Conservation and restoration of degraded ecosystems and their
biodiversity, including a focus on aquatic systems
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Major challenges, failures, or hurdles
| v \
_AEROEN
A Project duration very short for its ambitions: integration
between ecosystems startedonly at the end,
Interactions between natural & social scientists takes
time and effort and would have benefited additional

time:

v

Coordinating and standardizing data across diverse
teams was more complex than expected;

Inputs from our advisory board very.constructive.
However, lack of budget to finance their in  -person
participation to annual meetings;

A Difficulties to-involve non  -funded partners.
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This research is part of the DEEP REST project that was funded through the 2020-2021 Biodiversa and Water JPI joint call for research projects,
under the BiodivRestore ERA-NET Cofund (GA N°101003777), with the EU.
@ biodiversa+
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Key messages

If we remove nodules from If we extract massive Restoration cannot yet be
the seabed, we do not know sulphides near active vents, applied as a management Sarrazin J. and the DEEP
what we lose — onlly that its we know what we lose — action for impacted REST consortium (2025).

lost forever and we must prevent loss habitats Conservation and restoration
in the context of deep-sea
bed mining.

MARGAN2021/1P2 DOI: 10.13155/107360.

Hicosed, Fremar
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By Dirk S. Schmeller
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The problem

ADULTS OF FROGS, TOADS, NEWTS
AND SALAMANDERS, AND ALSO BIRDS,
SPIDERS. MAMMALS £TC.

[ INVERTEBRATES

TERRESTRIAL PLANTS,
DETRITUS

i

¢ © /

e o

CYCLE LIFE
OF FROGS

TADPOLES, LARVAE

EXCTINCTION

° ) .~

PLANKTON | <

PATHOGENS

MICROORGANISMS &

HUMAN HEALTH
RISKS
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