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REDRESS: Restoration of deep-sea habitats to rebuild European Seas

Summary
This document provides information on the monitoring activities at the different restoration
areas of deep-sea habitats in REDRESS project.

Updates: Following M18 meeting with Project office, the present document has been modified
on February 2026, accounting for requests from project reviewers and for modifications in
sensors and sites listed by the partners when revising this document.
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1. Introduction

The objective of this Deliverable is the revision of all technologies and methodologies for ecological
monitoring at the different restoration sites, based on specific procedures of habitat and species
recovery. Although a common and standardized monitoring approach is far from being achievable, given
the different environmental and operational specifications for each site, a common approach in data
collection across space and time has been addressed along with suitable practices for data processing
and selection of indicators to evaluate the success of the restoration actions.

The REDRESS project encompasses a unique set of European deep-sea Atlantic and Mediterranean
environments and key target species (Table 1).

Table 1. Overview of the restoration areas in REDRESS project. Eco-reefs are 3-D printed artificial reefs which serves as
colonization panels.

(ID) Site

Restoration

Depth

Lead
(Partners)

Ecosystem
Type

approach

Location

(m)

(1) Bay of Biscay Deep Cold- Empty eco-reefs + | French Atlantic, 850 IFREMER &
Water coral Transplantation Guilvinec Canyon Sorbonne
reefs eco-reefs University
(2) Irish Porcupine Eco-reefs Irish Atlantic 1000 NUI
Bank
(3) West of Eco-reefs Scottish Atlantic, 450 UEDIN
Shetland Schiehallion Area
(4) Canyons MCZ Empty eco-reefs Scottish Atlantic, 850-1100 | NOC
Rockall Trough

(5) Off Iceland Eco-reefs Icelandic Atlantic | 200-500 MFRI

(6) Dohrn Canyon Eco-reefs Italian 380, UNIVPM (CNR,
Mediterranean, 530, SZN)
Tyrrhenian Sea 1000

(7) Condor Hard-Bottom Transplantation Atlantic Ocean, 300 UAc (NIOZ,

Seamount coral gardens Azores CSIC)
Archipelago
(Portugal)

(8) Gulf of Lion Soft-Bottom Passive French 80-130 IFREMER &
Habitats Mediterranean, DEESS

Gulf of Lion

(9) Catalan Transplantation Spanish 300-400 CSIC (NIOzZ,

Continental Mediterranean, GEOMAR, ESI)

Margin Balearic Sea

(10) Bratten Transplantation Swedish Baltic, 200-300 UGOT &

MPA/Skagerrak Skagerrak Sea GEOMAR

(11) Palmahim Cold seeps Passive Israeli ~1000 UH

Disturbance MPA Mediterranean
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2. Technologies and methodologies for monitoring

2.1.

Ecological monitoring is chiefly based on imaging products when addressing habitat features and biotic
components. Images can be originating from active acoustic devices at different resolutions (from
multibeam to side scan sonars) and HD digital cameras. Images can be assembled into mosaics
(optoacoustic products) for habitat mapping and/or used to tackle spatiotemporal changes in fauna
(both sessile as coverage, and motile as number of individuals, both standardized to the unit of
inspected surface as density metrics).

General information

Table 2. List of software for data processing of monitoring activities. 1: Bay of Biscay, 2: Irish Porcupine Bank, 3: West of
Shetland, 4: Canyons MCZ, 5: Off Iceland, 6: Dohrn Canyon - Tyrrhenian Sea, 7: Condor Seamount - Azores, 8: Gulf of Lion, 9:

Software

Catalan Continental margin, 10: Bratten MPA/Skagerrak, 11: Palmahim Disturbance MPA

Data type

Use (Area ID)

Software website and
references, last

consulted on 31 January
2025

Biigle Images Species annotation ( 2, 4, 5,11) for ML | Biigle
Adelie Video Handling and enhancing data, Sea Flotte oceanographique
bed maps/image mosaics (1)
Matisse Images Photogrammetry (1) GitHub-stored algorithm
SonarWiz, Sidescan sonar Seafloor mapping (4) SonarWiz — Chesapeak
PRISM technology
PRISM (Lebas &
Huhnerbach, 1998)
Qimera Multibeam Bathymetry from AUV (4) QPS company
bathymetry
AGISoft Images Photogrammetry (4, 10?) Agisoft Information
Metashape
R Sidescan Sonar + Multivariate statistics and Machine R
bathymetry + video Learning for species distribution
of benthic modelling/Habitat mapping. Example
community and of approach: (Zelada Leon, et al.,
substratum + 2020) (4);
ADCP;
Misc. Data analysis (5)
Python Sidescan Sonar + Machine Learning Habitat mapping Python
bathymetry + video (4);
of benthic
community and
substratum + ADCP
WinADCP ADCP Current speed and directions (4, 10) of | RD Instruments
RDI sensors
Hafmynd (MFRI Images Species annotation (5) (Olafsdéttir, Burgos,
software) Brendtner, &
bPrandardottir, 2021)
OFOP Optical images Species annotation (4, 7) Emma-technologies
DEESS data Images Large scale photogrammetry; Machine | Cosma.tech
proprietary learning habitat mapping, Species
workflow counting and identification with ML (8)
YOLO (TBC) Images Species and Lebensspuren annotation | Github YOLO
(7,9,10)

Back to Table of contents
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2.2. Cold-water coral reefs

The restoration of cold-water coral reefs occurs at six sites (Table 2), with four of them belonging to the
coral belt distributed on the continental slope of the European continental margin in the Atlantic.

Table 3. General technologies and monitoring activities for deep cold-water coral reefs

Monitoring activities

(ID) Sites Technologies Field work Processing \ Complementary wish-list
(1) Bay of Platforms: ROV, 2025 (6 days) - R/V Al: not planned In situ camera for 1 year.
Biscay Artificial reefs, Pourquoi Pas ?; In situ respiration experiments.
ARMS, 2026 (8 days) - R/V
Experience: Thalassa; Software: Adelie,
Growth 2027 (14 days)-R/V | Matisse
experimental Celtic Explorer TBC
structure,
Eco-Reefs
Sensors: MBES,
Temperature,
Oxygen, and
Turbidity
(2) Irish Platforms: ROV 2026 (14 days)-R/V | Al: Possible
Porcupine Thalassa; Software: Biigle
Bank Experience: 2027 (2 days) - R/V
Growth Celtic Explorer TBC
Experience with
nubbins
Sensors: MBES,
CTD
(3) West of ROV 2026 or 2027 Al: No In situ camera for 1 year;
Shetland Summer Software: TBD Recycling dead coral collected
from oil rigs into restoration
structure (e.g., Barnhill, et al.,
2023)
(4) Canyons Platforms: AUV, 2027 - Summer. Al: Yes Lander deployment
MCZz* ROV, RUV, Lander In situ time lapse camera
Continued Software: SonarWiz, SAS mapping
Experience: timeseries from PRISM, Quimera,
Eco-reefs 2019 survey and with | BIIGLE,
2028 plan AGISoft Metashape,
Sensors: MBES, R, Python, WinADCP,
Sidescan Sonar, OFOP
Sediment trap,
ADCP,
e-DNA sampler,
hydrophone,
microCAT, CTD,
Conductivity,
towed camera
(5) Off Platforms: 2026 — Summer. Al: Yes Two Landers
Iceland LANDER, ROV, Lander deployed Regular ROV visits
conductivity Ann.ua.l revisits: Softwares: MFRI
sensor retrieving and .
. annotation software,
deploying back the BIIGLE. R
lander and ROV ’
surveys (TBC)
(6) Dohrn Platforms: ROV, 2024 - July. Al: TBD Molecular analyses for recruitment
Canyon ASDER landers Deployment of Software: TBD and connectivity
ASDERs and ARMs
Experience: 2025 - Summer.
ARMS

Back to Table of contents
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First expected
Sensors: CTD, monitoring activities
microCAT, in situ
cameras,
hydrophones

2.2.1. Bay of Biscay

The monitoring approach targets the overview of the megafauna biodiversity at restored, control and
reference sites (Figure 1), and carrying growth experimental structures in chambers. Several
technologies will be implemented:

- Photogrammetry, videos, and photos with ROV transects, which will contribute to visualise in
3D the monitored areas and provide ecological indicators on the coral status and the associated
megafauna/engineer species (i.e., biodiversity, abundances, densities, sizes)

- Growth experiments thanks to deployed chambers equipped with temperature, oxygen, and
turbidity sensors, which will be retrieved after one year for measurements and analyses.

5"2'5'0 5'2:)'0

470N

0 50 100 200 Metres|
—

Cold-water coral reefs
[-46°55'N

e Coral debris
— Antipatharids and/or gorgons on hard bottom
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Slope 15m
[]o0-100

Bﬂ A
res I 10-15¢
|| No Fishing Area (sept 2022) I .

Figure 1. Left panel: Restoration area in the Bay of Biscay where the artificial reefs will be deployed and the monitoring will be
operated (yellow contour). Right panel: Transect during BOBECO-2011 Cruise (CoralFISH project) showing habitats and coral
communities (multicolour line).

Supplementary information: The ROVs to be used during the scheduled monitoring survey are the
Ifremer’s ROVs Victor 6000 in 2025, Ariane in 2026, and the Irish ROV in 2027.

2.2.2. Porcupine Bank

The monitoring approach targets the overview of the megafauna biodiversity at restored (Aglantha
Mounds) and reference (Explorer Mound) sites (Figure 2).

Back to Table of contents
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Aglantha Mounds Explorer Mound

Figure 2. Top panel: Images from ROV transect and location of the restoration site on the far-right panel. Bottom panels:
Indicative tracks of the ROV on Aglantha Mounds (left) and Explorer Mount (right).

2.2.3. West of Shetland

The monitoring approach of the restoration area is highly depending on the decommissioning phase of
the oil platforms, occurring between March and April 2025. The proposed ROV survey will be relatively
opportunistic with BP’s decommissioning interventions on the oil rig.

\ ST ABBS

) MARINE

STATION

Figure 3. Spatial overview of the restoration. 1: Removal of live corals from North Sea oil platforms, 2: Moving live corals to
laboratory station, 3: Translocation of live corals to the west of Shetland.
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2.2.4. Canyons Marine Conservation Zone

The monitoring approach is based on acoustic and image-based mapping that will be acquired during
the monitoring survey in summer 2028. Acoustic mapping will be obtained using 400kHz Norbit MBES
and 410 kHz EdgeTech Sidescan sonar, mounted on the Autosub5 AUV. Image-based mapping will be
facilitated with image surveys using the AUV Autosubb equipped with the Grasshopper camera (Figure
4). An ROV or the RUV HyBIS (a towed platform with thrusters) will be potentially used to provide
additional videos and environmental data (endowed with Scorpio Camera System) in 2026 and 2027,
that will be coupled with data provided by seabed moorings, suspended between 2 and 75 mab,
equipped with a sediment trap (at 15 mab), an ADCP (downward-looking with 600kHz), and MicroCAT
CTDs.

eez_boundaries_v11
|:] The_Canyons_MCZ

Whittard Canyon Bathy

metres
wor High : -147

w4562

Figure 4. Top panel: Map of the restoration areas (Explorer and Dangaard interfluves of the Whittard Canyon system).
Ecoreefs will be placed on cold-water coral minimounds in the areas mapped by AUV. Bottom panel: Technologies used for

11
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the monitoring actions in the next surveys. From left: Autosub Long Range (ALR), the ISIS ROV, Autosub5 AUV, and the RUV
Hybis.

The monitoring information will be combined and associated with previous and future surveys spanning
a 13-year period. In particular, the last assessment of the area was carried out in 2025, just before the
ecoreefs were placed, mapping and taking images with the AUV Autosub5, the RUV HyBIS, and a towed
camera frame (‘SeaSpyder’). The next full-scale monitoring survey is planned for summer 2028, in
collaboration with the Joint Nature Conservation Committee (JNCC), and the NERC-funded National
Capability programme AtlantiS. However, in early summer 2026 and 2027, short opportunistic camera
surveys will be carried out with the RUV HyBIS or equivalent. After 2028, future monitoring surveys in
collaboration with JNCC can be used to revisit the restored area with several similar or same static and
mobile technologies.

2.2.5. Offlceland

The monitoring approach consists of the deployment of a benthic lander, ROV surveys that have yet to
be scheduled for 2026/2027, and plankton samples over the restoration site within the Skeidarardjup
fisheries closure (Figure 5). The lander will be equipped with a SMOOVE resident camera, led lights
(from Forssea Robotics), a data acquisition system COSTOF2-DW (RTSYS), the conductivity sensor 5990
(from AANDERAA). The ROV (SubAtlantic) should be equipped with HD (4k) video camera and
underwater digital camera.
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Figure 5. Left panel: Location of the restoration site within the fishing closure areas (yellow polygons) on the southeastern
side of Island (brown polygon). Right panel. Location of the restoring site (blue spot) within the fishing closure area. Red stars
indicate the presence of observed degraded corals. Blue to red grid cells show the fishing effort prior to the closure (2011).

2.2.6. Dohrn Canyon (Tyrrhenian Sea, Gulf of Naples)

The monitoring of the restoration activities consists of the deployment of 4 ASDERs equipped each with
6 ARMS at the three depths (head, middle, and bottom) where the 3D-printed eco-reefs have been
deployed along the Dohrn Canyon. An additional ASDER has also been deployed close to the head of
the Dohrn Canyon. Instruments (microCAT, CTD, HD-camera and hydrophone) are presentin 2 ASDERs
located at the head of the canyon (HC) and at mid-depth (530m) on the western flank of the canyon
(WC) (Figure 6). The first monitoring survey is planned in 2025.

12
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Figure 6. Locations for 3D-printed artificial reefs and ASDERs deployment (blue dots) in the Dohrn Canyon off the Gulf of
Naples (Italy).

Details of the instruments available in the ASDERs are reported below:
- (WC) a high-resolution camera collecting photos on the fauna recruitment on ARMS (Sony
Action Cam FDRX3000 4k) for 10 seconds each 3 hours,
- (HC) a micro-CTD MicroCAT Sea-Bird and 1 ADCP, taking 1 sample each 30 minutes
- (WC) a micro-CTD (n=3) STAR ODDI, taking 1 sample each 30 minutes
(WC) a hydrophone Soundtrap 300, targeting the detection of Loggerhead turtle pin by recording
1 minutes each 20 minutes.

An example of ASDER with ARMS and different equipment is reported in Figure 7.

Figure 7. An ASDER with ARMS, CTD, Camera and Hydrophone deployed in the Dohrn Canyon (Italy).

The same instruments deployed at the mid-depth of the canyon (WC) will be used at similar depth in the
Cuma Channel (562 m) and the Magnaghi Canyon (515 m), two areas close to the Dohrn Canyon.

Repeated ROV survey will contribute to the monitoring of these sites and gather information on sessile
and motile species for the calculation of spatiotemporal ecological indicators (biodiversity,
connectivity, health of restored species) along with concomitant sampling of sediment and water
samples.

2.3. Hard-bottom coral gardens

The restoration of hard-bottom coral gardens will be undertaken only at one site, the Condor
Seamount in the Azores, northeastern Atlantic Ocean (Table 4).
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Table 4. General technology and monitoring activities for hard-bottom coral gardens

Monitoring activities

(ID) Sites Technologies Field work Processing Complementary
wish-list

(7) Condor Azor drift-cam Pilot trial: 2024 - August, OFOP USBL system added to

Seamount Deployment: 2025 — August the Azor drift-cam

Duration and frequency: Annual
visits during summer/autumn
for 2-3 years

All tools provided by 2025 or 2026 TBC, Al: Yes
NIOZ partner. Duration of Lander deployment:
Platforms: 1-2 years

ROV, Software: YOLO

ASDER lander,

Experience: Benthic
chamber

Sensors: ADCP, CTD,
cameras

The restoration approach used in this site consists in the deployment of collected specimens using of
the badminton method with the Bio-Liberator release. This methodology comprises transplanting
bycaught sessile benthic organisms (corals, sponges, hydroids) recovered from long-line fishing,
attaching the organisms to supporting cobbles, and returning them to their natural habitat using a
device that allows the precise release of organisms a few meters above the seafloor. This method allows
for 15-20 specimens to be released in each deployment, reducing the potential spread of the
transplanted organisms, hence facilitating the monitoring of their condition during the following years.

The monitoring approach uses two strategies combined with specific platforms. In a first step, the Azor
drift-cam is used to relocate the organisms deployed with the badminton method (Figure 8). The Azor
drift-cam is a low-cost underwater imaging platform that enables rapid assessments of deep-sea
benthic habitats. Built with commercially available components, it can be deployed from small local
vessels, hence reducing the costs associated to the monitoring activities. It is equipped with
temperature and depth sensors and it is reliable for visual exploration down to 1,000 m deep. Because
this is the first time that the Azor drift-cam is used for monitoring restoration actions, in August 2024,
the UAc and IMAR teams carried out field trials to test the effectiveness of this methodology in relocating
the organisms and evaluating their landing position and survival (Figure 9).
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Figure 8. Top panel: Condor seamount area. Bottom left panel: front and side views of the main body of the Azor drift-cam,
with all its components mounted on the stainless-steel frame (image from Dominguez-Carrid et al., 2021). Right panels:
deployed benthic chambre (top) and lander from NIOZ (bottom).

Figure 9. Left panel: tank used to transport the organisms ready to be transplanted on board of the small-sized research
vessel. Right panel. Members of the IMAR and UAc teams deploying the Bio-Liberator Release system with the organisms
ready to be transplanted.

Results of these trials demonstrated that the Azor drift-cam can successfully be used to relocate the
transplanted organisms, assess whether the transplanted organisms fell in the desired upright position
over the substrate and if the organisms were alive. During the work at sea done in August 2024, a total
of 3 deployments with the Bio-Liberator Release were performed on the eastern side of Condor
seamount (Figure 9), releasing 62 specimens at a depth of 300 m, of which 10 were large hydrozoa, 44
gorgonian of several species and 8 sponges. After the release, 6 dives with the Azor drift-cam were
performed (Figure 10), with a total of 19 specimens filmed overall in the different transects (Figure 11),
proving the capacity of this system to be used for the regular monitoring of the transplanted organisms.
However, the Azor drift-cam fell short in measuring indicator variables of the recovery and health of the
ecosystem since it does not allow for targeted filming or to take close-up images of the organisms.
Furthermore, it does not allow the collection of samples, which would be needed to further verify the
health status and viability of the transplanted organisms. The advantages and drawbacks of using the
Azor drift-cam are summarized in Table 5.
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Figure 10. Transects of the Azor drift-cam. Light and dark blue drifts were carried out with successful observation of
transplanted corals. Red, orange and green transects did not drift as planned.

Figure 11. Images of organisms relocated filmed during the dives performed with the Azor drift-cam.

Table 5. Advantages and limitations in the use of the Azor drift-cam to monitor transplanted organisms in the deep sea.
Positive points Drawbacks

Low-cost technology, ease of use at sea, no engineers | Maximum operational depth constrained to 1,000 m. No
required samples can be collected

Designed to do visual exploration of the deep sea: useful to [ Movement underwater is determined by the drift of the
identify potential areas for restoration, identify patterns of | vessel, limiting the possibility of targeting areas of interest
species distributions and abundance/densities or following a predefined path.

Rapid deployment/recovery, possibility to make several | Cross-side currents over the seafloor can influence
deployments on the same day, capacity to cover large areas | performance, turning the drift-cam sideways
in short periods of time

Can be operated from small and medium sized local vessels, | Close ups and targeted filming not possible, limiting the
reducing monitoring costs measurement of different variables

Useful to see relocated corals/sponges in a simple and fast | No real-time GPS positioning system installed at the
manner moment

Because of these limitations, depending on vessel availability, classic platforms will be used to measure
fine-scale ecological indicators to assess: 1) the health of restored habitats (growth, branching, feeding,
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necrosis, and reproductive output from images and sample collection) using ROVs, and stationary
landers and benthic chambers, and 2) environmental conditions using sensors and seawater collection.
The benthic chamber deployed with an ROV will provide in situ measurements of the total exchange
rates (e.g. oxygen, nutrients) between the transplanted organisms and the water. These in situ
respiration measurements and nutrient fluxes will allow assessing the recovery of ecosystem
functioning of the restored coral gardens.

Supplementary technological Information:
- The lander is equipped with ADCP, CT, Oxygen, Turbidity/Fluorescence, and time lapse camera
with white lights.

2.4. Soft-bottom habitats
The restoration of soft-bottom habitats occurs at three sites (Table 6).

Table 6. General technology and monitoring activities for soft-bottom habitats

Monitoring activities

Technologies Field work Processing Complementary wish-list
(8) Gulf of Lion Platforms: Pilot trial: 2025 October, Al: Yes

PAGURE 2026 (~10 days) Software:

sledge, DEESS data

Swarm of workflow

Micro AUVs
(9) Catalan Platforms: Startin December 2024. Al: Yes -Multiparametric landers
Continental Landers, -Mooring line with water
Margin ASV, Annualvisit during 3 years in column profiling

ROV June -More video-imaging

and AUV Software: -Use of ASV and Glider

Duration of landers YOLO

Experience: deployment: up to 1 year

Benthic

chamber

Sensors:

Sediment trap,

in situ camera,

hydrophone
(10) Bratten Platforms: Pilot trials: 2025 January Al: Yes Additional years of lander
MPA/Skagerrak Crawler, deployment

Fuelcell 2025 June for the first

Lander, monitoring over the area 4 in Software:

SLM the MPA Bratten Agisoft

Metashape,
Sensor: ADCP, Duration: 1-1.5 years with Biigle
winADCP, CTD | maintenance periods. Crawler YOLO, OFOP
deployment (4 days)
2.4.1. Gulf of Lion
Monitoring strategy targets video quantitative analyses using two technological approaches (Figure
12).

PAGURE sledge is a towed system flying close to the bottom according to selected small weights
attached to four ropes dragged under a sledge frame. PAGURE sledge will be equipped with cameras.
Dives of the PAGURE sledge will be distributed according to bathymetric and trawling pressure gradients
(Figure 12). Trawling pressure is visualised by Swept Area Ratio calculated from the trawling activity
spatial position. This fishing pressure is controlled by different management strategies which includes
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8- and 6-months temporal closure of fisheries and permanently protected areas. Quantitative video
analyses include production of indicators of fauna density (abundance per m?), species size, and
impacted surface.

|| Gulf of Lion f‘{

Figure 12. Top panel: Gulf of Lion with monitoring dives (stars) and MPAs. Each star represents a repetition of three dives.
Colour indicates the fishing pressure. Black: High pressure, Yellow: Medium pressure, Green: Low pressure, White: No
pressure. Light blue contour: temporally close ground from September to April (8 months). Dashed blue polygon, temporally
close ground from November to April (6 months), Red square: Permanently close ground. Bottom panel: Technologies used in
the restoration area: swarms of micro AUVs (left) and PAGURE sledge (right).

Swarm of micro AUVs belongs to novel platforms used for monitoring, deployed to cover a large space
in a short time period. These AUV are equipped with cameras and spot lights. Micro AUVs are guided
from micro USVs, all operating simultaneously. From the collected images, a workflow of calculations
and processes enable the obtention of photogrammetry, an interactive photomosaic (georeferenced
ground truth pictures) and a Digital Terrain Model of the seafloor, Al-interpreted GIS layers including
species counting and identification undertaken by using automated Al recognition. With repeated
transects, the monitoring can provide the changes in surface rugosity and volumes by point cloud
comparison over time. These swarms and analyses are operated and carried out by the French startup
DEESS (now nhamed COSMA), partner of IFREMER.

2.4.2. Catalan Margin

The monitoring approach embraces a panel of platforms to get a wide spatiotemporal range of images
in 3 permanently closed MPAs. The employed technologies over the selected study site are reported in
Figure 13. Monitoring surveys include: an ASV transect, equipped with an in-water HD camera and
oceanographic sensors (T, S, Chl-a), will transect across three MPAs and collect environmental data on
the water surface to complement the benthopelagic coupling information Multiparametric landers will
collect time-lapse images of the megafauna and other environmental information (ADCP, CT; Oxygen,
Turbidity, Fluorescence). In addition, landers lent by NIOZ and GEOMAR, will be equipped with
incubation chambers (up to 3), and sediment trap (carrousel with 12 bottles). Time lapse images from
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the landers will be intertwined with the image from ROV LIROPUS 2000 and AUV Girona 500 operating a
sit map survey.
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Figure 13. Marine protected areas in the Catalan continental margin (red polygon) along with the three acoustically-tagged
species, in which the location of the tag is indicated by the red round polygon. The three polygons marked with a white dot are
part of the ASV transect. Right panel: from top to bottom: scheme of the ASV, NIOZ lander, and GEOMAR SLM.

Survey expeditions in the Catalan Margin Area are financed by the LifeEcoRest (2024), REDRESS (2025,
2026) and DIGI4ECO, SUNBIO (2027), and MERLIN (2028) projects, which create opportunities to
operate more monitoring activities than the ones listed in this deliverable. For example, on the deepest
locations (< 200 m), acoustically-tagged individuals of three species have been released to track the
animal movement) and corals were actively reintroduced using the badminton technique.

2.4.3. Skagerrak area

The monitoring approach consists of getting time-laps of images with concomitant oceanographic data
collection (frequency of 10 minutes) by platforms provided by GEOMAR and the crawler (this latter
operating across linear transects in stepping-stone time-lapsed fashion; i.e., 2 m per day and then
stopping for time-lapse imaging), firstly at a shallow water test site where procedures for data collection
are being implemented (Figure 14).
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Figure 14. Top panel: Maps of the monitoring sites in the Skagerrak area. Left map extracted from Moland et al. (2024).
Bottom panel: Monitoring platforms : SLM (left), Crawler (Middle), FuelCell lander (right).

The crawler, MANSIO-VIATOR, will perform video-transects at ranges of hundreds of meters, and is
equipped with environmental sensors (CTD, ADCP, pH, O2, Chl-a) and acoustic modem for autonomous
deployment. The FuelCell lander and SLM are equipped with a time lapse camera system and
environmental sensors (CTD, ADCP, pH, O2, Chl-a and turbidity).

2.5. Cold seeps

The restoration of cold seeps only occurs at one site (Table 7). The monitoring approach in that
restoration areas follow a strategy of repeating visits to carry out SAS imaging.

Table 7. General technology and monitoring activities for cold seeps

Monitoring activities

(11) Palmahim
Disturbance
MPA

Technologies
Platforms: AUV
equipped with
SAS, ROV

Field work
2025:
Scheduled

Duration and
frequency:

Annual visits
for 2-3 years

\ Processing
Al: TBD

Software: TBD

Complementary wish-list
Lander
AUV equipped with eDNA sampling

The SAS for seabed morphology monitoring is used to define the seep ecotones. In addition, ROV
provides avisualfor both ecotones and megafauna presence in the area (Figure 15) and on the deployed
ARMS, aiding measuring recruitment.
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Figure 15. Top panel: maps of the monitoring sites. Red contour shows the position of MPAs. Bottom panels: AUV (left) and

ROV (right).
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3. Monitoring deep-sea restorations and TRLs

In terms of R&l maturity, REDRESS project targets TRL greater than 5 by the end of the project and
according to the objectives associated with WP3 in the Grant Agreement. Soliciting the expertise of each
partner involved across the 11 sites, the results showed that this objective will be easily reached. Most
of the tools, here categorised in programs, sensors, and platforms, are at an advanced, if not finalised,
level (Table 8). De facto, sensors have, on average, the highest TRLs.

Table 8. TRLs by category of tools applied or deployed in REDRESS project. Values are averages of TRL grading for all tools and
sites listed in this deliverable. Details grading is provided in “ Annex 1. TRLs.”

Tool \ Current TRL TRL at the end Tool numbers
Program 7.6 8.4 15
Platform 7.6 8 24
Sensors 8.5 8.5 27

A few technologies are expected to drastically level up by the end of the project, notably:

- The experience process about artificial reefs with nubbins (TRL 1 to 6)

- The software developed by COSMA Partner: DEESS workflow (TRL 3 to 7)

- The TRL for swarms of Micro AUVs started at 3 before the project

- ARMS have been hardly used in deep-sea conditions, and their design can be site specific, like
at Biscay Bay site where the number of plates and their substrates still need adjustments (TRL 3
to 6)

One rare case of a tool not complying with the TRL objective is the software PRISM (TRL 4) for seafloor
mapping, it was stated has a backup option for Sonar Wiz. A further development of PRISM is not
planned.

Along TRLs lower than 9 which won’t progress with REDRESS are:

- RUV (TRL 6) as an operational platform for an institutional scope, and no commercial plans.
- OFOP (TRL 8) as an operational software which won’t be updated
- AZOR drift-cam (TRL 8) as an operation platform, standardized and updated.

These high TRL values are justified because REDRESS monitoring activities rely on many tools that are
already commercialised (i.e., sensors), institutional and already operable, or had yet to be tested in the
deep-sea environment(YOLO). In that aspect, the innovation of the project lies in the combination and
application of these tools for cost-efficient deep-sea habitat restoration rather than in developing them.
Although some differences in designs, deployment, or applications, the tools have a standardised
productivity across sites (see the D3.2 on “Standardized Lander”).

Finally, it is noteworthy to remind that the TRL grading is highly self-declared and might defer between
tools and partner, although the information summarised above is subjectively coherent.

4. “Monitoring technologies and methodologies”
Workshop

A 2-day workshop aiming to “Compiling the available technologies and methodologies of monitoring”
was organised at NIOZ (The Netherlands, Conveners: Drs F. Mienis, S. Flogel, J. Aguzzi) from 8 October
14h00 to 10 October 2024 12h00. A total of 12 participants on site and 15 online attended the event
(see list of participants and complete agenda in Annex 2. Workshop)
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5. Other activities

In relation to the development of monitoring technologies and methodologies, some correlated
activities have been or can be carried out with four restoration sites.

- The Canyons MCZ (NOC): a test in The Canyons MCZ has been conducted with a new lander
system equipped with hydrophones to monitor the acoustic biodiversity in the area. This was
funded by a NOC internal project, and will be repeated in 2026. If results are good, this
equipment can be included in the wider future monitoring programme of the site.

- Offlceland (MFRI): Further activities in the restoring area are possible thanks to the MFRI having
a habitat mapping project and an on-going EU project with similar objectives (e.g.,
BIOPROTECT), and being involved in the 30x30 initiatives (30% of Earth’s land and ocean
protected by 2030).

- Skagerrak and Catalan seas (UGOT, CSIC): In June 2024, a Summer School on Practices and
Restoration Technologies happened at Kristineberg center (under the responsibility of UGOT);

- Catalan Margin (CSIC): The zone is regularly monitored by two Spanish institutes, such as
ICATMAR collect daily fishery fleet surveys (using VMS, Catches; CPUE) and the IEO operates
surveys of MPAs.

- Skagerrak sea (UGOT): Another Summer School on Robotics is organised in June 2025 at
Kristineberg by UGOT. The restoration area has an ongoing monitoring by SLU (Swedish
University of Agricultural Sciences).
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Annex 1. TRLs

Tools used at restoration sites and described in this deliverable was graded by partners contributing to
the restoration sites. TRL scales are self-declared, hence, the grading was relying on scales adapted
for numerical and materials technologies.

Scale Software Platforms & Sensors & Experiences

TRL1/2 Concept and feasibility Concept and feasibility

TRL3 Prototype on Prototype in restricted conditions
representative/subsampled data

TRL4 Routine/Repetition of algorithm/script | System in controlled environment

TRL5 Integration of software in a multi-step | System demonstrated in relevant
workflow environment

TRL 6 Demonstrated and robust with field Operational demonstration
survey

TRL7 Operational prototype Operational systems

TRL 8 Qualified operational system Qualified and standardized platform

TRL9 Proven and sustainable use Long-term operational use
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Annex 2. Workshop

Final Agenda & Participation of the Workshop

Workshop REDRESS D3.1/M3.1
Compilation of available technologies and methodologies of monitoring

Workshop conveners:
Furu Mienis (N10OZ), Sascha Flogel (GEOMAR), Jacopo Aguzzi (ICM-CSIC)

Contact info: furu.mienis@nioz.nl, tel. +31611370229

Workshop details:
Date/time: 8 October 14h00 to 10 October 2024 12h00
Place: Noordzeezaal NIOZ, Landsdiep 4, 1979 SZ ‘t Horntje, The Netherlands

Online link:
Microsoft Team

Participants:

In person:

Furu Mienis (N1OZ)

Federico Gigli (NIOZ)

Sascha Flogel (Geomar)

Morane Clavel-Henry (GEOMAR)
Simone D'Alessandro (UEDIN)
Quentin Calas (DEESS)

Vignesh Gokuladas Menon (UGot)
Marie-Claire FABRI (Ifremer)
Veerle Huvenne (NOC)

Damianos Chatzievangelou (CSIC)
Fabiola Cecchini (CSIC)

Jan-Eike Rossius (UGot)

Johanna Buerkert (WUR, only Tuesday)

Online:

Marina Carreiro Silva (UAc)
Carlos Dominguez Carrié (UAc)
Jacopo Aguzzi (CSIC)

Maxim Rubin Blum (IOLR)
Claudio Lo lacono (CSIC)
Andrew Gates (NOC)

Nadia Papadopoulou (HCMR)
Gal-la Edery (Okeanos-IMAR-UAc)
Jordi Grinyo (CSIC)

Laurenz Thomsen (UGot)
Yizhaq Makovsky (Uni Haifa)
Anthony Grehan (Uni Galway)
Oisin Callery (Uni Galway)
Cristina Gambi (UNIVPM)
Emanuela Fanelli (UNIVPM)
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Program Day 1:

14.00 Welcome and introduction to the goals of the workshop
Short introduction of participants

14.15 Presentations

Introduction to monitoring (Jacopo)

Mapping (spatial and temporal) (Claudio/Veerle)
Ecological indicators (Damianos)

Short presentations of workshop participants on the different proposed methodologies for monitoring
in the different case study sites in relation to restoration activities. (~10 minutes per presentation incl.
discussion)

Proposed program:
1. Cold-water corals in the Atlantic (Marie Claire Fabri)
a. CWC Bay of Biscay (Marie Claire Fabri)
b. CWC SW Porcupine Bank (Anthony Grehan)
c. CWC Darwin Mounds (Veerle Huvenne)
Lophelia damaged by long lining Iceland (Stefan Ragnarson)
Coral colonies on decommissioned oil rigs’ (Simone D'Alessandro, Murray Roberts)
Soft sediment community Bratten (Laurenz Thomsen, Vignesh Gokuladas Menon)
Cold-water corals in Dohrn Canyon (Cristina Gambi)
Seep community Palmahin disturbance (Maxim Rubin Blum)
Soft bottom communities Catalan shelf (Jordi Grinyo)
Soft communities Gulf of Lion (Marie Claire Fabri, Quentin Calas)
Coral garden Azores (Marina Carreiro Silva, Carlos Dominguez Carrid)

©CoNDO RN

15.00 Coffee and tea break

15.30 Continuation of presentations

Program Day 2:

9.00 Discussion on best practices of monitoring based on presentations of Day1.

10.30 Coffee break

11.00 Break out groups: discussion of standardization of monitoring in different case study sites
12.30 Lunch break

13.30 Tour around workshops at NIOZ

14.30 Presentations of breakout groups

15.30 Coffee and tea break

16:00 Best practices on how to compare data and observations - > standard of monitoring ->

ecological indicators
Finalising the Table
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18.00 Diner at Paal12 (reservation made at beach restaurant, transport will be arranged from NIOZ to
the restaurant and back to the hotel)

Program Day 3:

9.00 Writing of D3.1, report on available technologies and methodologies of monitoring
10.30 Coffee break

11.00 Writing of D3.1, report on available technologies and methodologies of monitoring

12.00 Closing and lunch in NIOZ canteen
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