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Disclaimer  

Co-financed by the European Union. However, Anita Tullrot, project manager for LIFE Lophelia, 
is solely responsible for the content (text and images) of this plan. The content should not be 
interpreted as the official position of the European Union, the European Commission, CINEA or 
the co-financing authorities. 
 

Project group 

Ann Larsson*, Susanna Strömberg*, Iga-Maria Nestorowicz*, Nina Luckas* at the University of 
Gothenburg*, Anita Tullrot and Marie Pehrsson as well as communicators at the County 
Administrative Board of Västra Götaland. 
 

Clarification on species name change 
The cold-water coral Lophelia pertusa changed name to Desmophyllum pertusum during the 
project due to a revision of its taxonomic relatedness with species within the genera 
Desmophyllum. We use both names interchangeably, using L. pertusa when referring to 
references of our previous work from before the name changed, and D. pertusum when referring 
to references and our current work after the name change. 
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Abbreviations 

AR Artificial reef 
CABO County Administrative Board of Västra Götaland  
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SEPA Swedish Environmental Protection Agency  
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SwAM Swedish Agency for Marine and Water Management  
UGOT University of Gothenburg 
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Figure 1. Project location: Natura 
2000, Kosterfjorden-Väderöfjorden, 
County of Västra Götaland, Sweden. 

The area is also protected as 
Kosterhavet National Park, 
Väderöarna Nature Reserve and as 
OSPAR MPA Koster-Väderö 
Archipelago, with the aim to preserve 
the unique and species diverse 
marine- and archipelago area. The 
County Administrative Board of 
Västra Götaland manages the area. 

 

 

 

 

 

 

 

 



 

4 
 

2. Introduction 

2.1. Aim 
The purpose of this After Life plan is to serve as a source of support and inspiration for the 
ongoing work to restore living coral reefs in the Natura 2000 area Kosterfjorden-Väderöfjorden, 
an effort that began as part of the LIFE Lophelia demonstration project. Since the main objective 
of the LIFE Lophelia project was to develop a cost-effective method for restoring reef habitats for 
the scleractinian cold-water coral (CWC) Desmophyllum pertusum (syn. Lophelia pertusa) using 
artificial reefs, it is also important to continue transferring the project’s results to other 
stakeholders within the European Union. 

2.2. Background 
The cold-water coral Desmophyllum pertusum (syn. Lophelia pertusa) is a key habitat-
forming species in the deep sea of the North-East Atlantic and Mediterranean. Its reefs 
support high biodiversity and provide important ecosystem services, including nursery and 
feeding grounds for commercially important fish species. However, various anthropogenic 
activities and extensive damage from bottom trawling have led to severe degradation of reef 
habitats, with an estimated 30–50% of Scandinavian reef areas affected. 
 
In Sweden, Desmophyllum reefs are classified as having an unfavourable conservation 
status according to the EU Habitats Directive. Within the Natura 2000 area Kosterfjorden-
Väderöfjorden, four of the six known reef areas are dead and only two areas have living corals 
in small parts of their former range. Natural recovery has been very limited. The species is 
therefore listed as critically endangered on the Swedish Red List. 
 
Recovery of cold-water coral reefs is extremely slow due to low growth rates of Lophelia pertusa 
with up to 26 mm per year, and dependence on hard elevated substrates for larval settlement. 
Artificial reefs (ARs) can facilitate recovery by providing suitable settlement surfaces and 
temporary habitat complexity while coral colonies develop. 

The LIFE Lophelia project aimed to develop and implement a cost-effective restoration method 
using artificial reefs and to transfer the results to other stakeholders within the European Union. 
The project also evaluated the use of metallurgical slag as a sustainable material with high 
surface complexity that is likely to promote recruitment of coral larvae. 

The project objectives were: 

1. To develop an efficient and cost-effective method to restore Lophelia pertusa reefs.  

2. To implement the developed method to restore all reefs in the Natura 2000 
Kosterfjorden-Väderöfjorden with the goal to restore ecosystem services and provide 
blue infrastructure. 

3. To transfer the results of the project to other stakeholders within the European union.  

4. To assess the use of the industrial by-product metallurgical slag in cold-water coral 
restoration efforts. 
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3. Summary of project activities and results  
The main objective of the project was to develop an efficient and cost-effective method to 
restore reef habitats of the scleractinian cold-water coral (CWC) Desmophyllum pertusum (syn. 
Lophelia pertusa) using artificial reefs (ARs). Restoration using this method has now been 
implemented in the Natura 2000 area Kosterfjorden-Väderöfjorden on the Swedish west coast, 
with the long-term goal of restoring ecosystem services and providing blue infrastructure. The 
area contains all six known Desmophyllum reef sites in Sweden, of which only two still harbour 
live coral in limited parts of their former range. The project also assessed the use of metallurgical 
slag, an industrial by-product rich in calcium carbonate, as a sustainable material for reef 
construction with high surface complexity that is likely to promote recruitment of coral larvae. 
The method developed builds on studies of larval behaviour and preferences at settlement and 
will thereby be applicable to other regions.  

The key deliverables and outputs from the project are: 

• A restoration method using artificial reefs designed to maximise settlement and 
recruitment of Desmophyllum pertusum larvae. 

• Implementation of the method at six reef sites in Natura 2000 Kosterfjorden-
Väderöfjorden, Sweden. 

• A total fishing ban in all six reef sites. 

• A published Technical Handbook describing the developed restoration method and its 
implementation. 

• Increased awareness of cold-water coral reefs, their ecosystem services, and the 
restoration efforts carried out within the project. 

During the preparation phase, laboratory and field studies were conducted to investigate larval 
behaviour, substrate preferences, and hydrodynamic conditions affecting larval settlement. 
Various AR designs and materials, including different concrete mixes, metallurgical slag, natural 
substrates, and 3D printed structures, were tested to optimize the materials and complexity of 
the artificial reefs. Shorter behavioural experiments showed that coral larvae preferred 
metallurgical slag and a concrete mixture with granulated slag, and that a high surface 
complexity is important for settlement of coral larvae. 

Settlement panels with different materials and surface structures were used in the field to 
evaluate recruitment rates, larval availability and development of biodiversity. In conclusion, the 
high surface complexity of the substrate was more important than the material composition for 
the associated fauna. It is thus possible to produce AR that benefits both corals and reef-
associated fauna. Although no juvenile corals were observed, artificial reefs may provide 
important habitat for associated fauna and help prevent further biodiversity loss while coral 
recolonization is awaited. 

Environmental monitoring included measurements of currents, temperature, sedimentation, live 
parts of each reef area with associated biodiversity, and seabed topography. These data were 
used to guide refined reef design, optimise reef placement, and identify the most suitable 
restoration sites through habitat suitability modelling.  

To further protect the reef areas, a total fishing ban was introduced in all six restoration areas in 
October 2021, extending the previous trawling ban to include all fishing gear types. 
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The developed restoration method was implemented during 2024 through the deployment of 
163 artificial reefs. Of these, 135 were star-shaped cast reefs incorporating metallurgical slag on 
top and arms, and 28 were 3D-printed reefs. Both reef types were made of climate-adapted 
concrete with a mix of granulated slag and Portland cement. The reefs, each weighing 
approximately 600 kg, were deployed in clusters across six restoration sites at depths of 80–115 
meters to enhance habitat complexity and ecological connectivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Above the star-shaped cast reefs with close-up of metallurgical slag and surface structures, 
below the 3D-printed reefs with close-up of detailed structures on the right. 

All major dissemination activities planned within the project were completed, including the 
project website, technical handbook, scientific and public videos, workshops, seminars, the 
final conference, and communication materials. Extensive outreach through international 
collaborations, conferences, lectures, and media coverage increased awareness of cold-water 
coral ecosystems and restoration methods among researchers, policymakers, stakeholders, 
and the public. 

Dissemination achievements included: 
• 392,120 visitors reached through visitor centres 
• 29,200 social media followers reached 
• 118 lectures, webinars, conferences, and presentations reaching 5,185 participants 
• 136 newspaper articles 
• Extensive regional and national radio and television coverage 
• International exposure including BBC Blue Planet III 

These results demonstrate strong dissemination success and significant potential for long-term 
impact and replication. 
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4. At the end of the project 
Monitoring was performed in September 2024 using video transects with a towed camera, only 
three months after deployment. The results demonstrated that the artificial reefs (ARs) 
successfully increased habitat complexity at both unit and site scales across all surveyed areas. 
Early biological responses included colonisation of AR surfaces by sessile fauna and aggregation 
of mobile fauna around the reef structures. Given the slow growth and recruitment dynamics of 
Desmophyllum pertusum, coral recruitment was not expected to be detectable at this early 
stage. 

A second monitoring survey using a remotely operated underwater vehicle (ROV) was carried out 
in 2025 at the Säcken and Väderöarna sites, one year after deployment. Although no juvenile 
corals were observed and modest recruitment of associated fauna, 92 observations of mobile 
fauna associated with the reefs were recorded, indicating early ecosystem responses to the 
restoration measures. 

The developed restoration method has already begun to be replicated in other parts of Europe 
through collaboration with the EU Horizon project REDRESS – Restoration of deep-sea habitats 
to rebuild European seas (2024–2028). In October 2025, the first three LIFE Lophelia reefs were 
deployed in British waters within the Whittard Canyon system at depths of 326–349 meter. 
Additional deployments are planned for 2026 in Irish waters at the Porcupine Bank and in the 
Guilvinec Canyon in the Bay of Biscay, France, at depths reaching 1000 m. These deployments 
provide an opportunity to evaluate the performance and durability of the LIFE Lophelia reef 
design under deeper-water conditions and to compare them with commercially available reef 
structures. Monitoring within the REDRESS project will continue until 2028 and will provide 
important additional knowledge on restoration success and transferability of the method. 

Researchers in Norway are also requesting our ARs. They want to try to restore the seabed under 
closed salmon farms using our design for 3D ARs. The seabed under salmon farms is usually 
oxygen-free. ARs can create turbulence for increased mixing of oxygen-rich water and a place for 
fauna recruitment. 

The project has also successfully communicated the importance of cold-water coral reefs for 
biodiversity and restoration methodologies. Reports, videos, the technical handbook, and 
presentations from the final conference are publicly available on the project website. 

In addition, the project detected extremely high levels of mercury in sediment samples collected 
from the sediment traps that were placed on the seabed during the fall of 2022. This mercury 
may have originated from the test dredging carried out in nearby Borg Havn, Norway, during the 
same period. The relevant environmental authorities in Sweden and Norway have been notified. 

Based on the project outcomes and the planned continuation of restoration and monitoring 
activities, the following SWOT analysis summarises the main strengths, weaknesses, 
opportunities, and threats associated with the LIFE Lophelia restoration approach. 
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4.1. SWOT Analysis 
Strengths 

• The project successfully developed and implemented an innovative restoration method 
using artificial reefs. 

• Early monitoring results show increased habitat complexity and positive ecosystem 
responses. 

• Strong scientific foundation based on larval behaviour studies, habitat modelling, and 
environmental monitoring. 

• Large-scale implementation with 163 artificial reefs deployed across six Swedish reef sites. 
• Strong dissemination and international visibility, including collaboration through the EU 

Horizon REDRESS project. 
• Extensive technical guidance and publicly available resources support replication. 
• Long-term management commitment from authorities and continued research involvement. 

Weaknesses 

• No juvenile Desmophyllum pertusum corals have yet been observed. 
• Coral recruitment and biodiversity recovery are naturally very slow in deep waters. 
• Deep-sea monitoring and restoration are technically complex and costly. 
• Future monitoring and research depend on continued funding. 
• The effectiveness of different AR designs still requires evaluation. 
• Restoration success may depend on irregular larval availability. 

Opportunities 

• Expansion of the restoration method through the REDRESS project. 
• Long-term monitoring will improve understanding of restoration effectiveness. 
• Potential refinement through coral transplantation and laboratory seeding methods. 
• Increased awareness may strengthen policy support and conservation funding. 
• Comparisons with commercial reef structures may improve future reef design. 
• Continued dissemination can strengthen scientific collaboration and public engagement. 

Threats 

• Climate change and ocean acidification may negatively affect coral recovery. 
• High operational costs and logistical challenges may limit implementation. 
• Limited coral recruitment could reduce stakeholder confidence and funding. 
• Illegal fishing or insufficient enforcement could damage reef areas. 
• Cross-border management challenges may complicate conservation efforts. 

Conclusion 
The LIFE Lophelia project demonstrates strong potential as an innovative and transferable 
restoration method for cold-water coral ecosystems. Although coral recruitment has not yet 
been observed, early ecosystem responses, international collaboration, and long-term 
monitoring plans indicate promising conditions for future restoration success. Continued 
monitoring and possible methodological development will be crucial to evaluate long-term 
ecological outcomes and support broader implementation in European deep-sea habitats. 
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5. After LIFE Plan for further Actions 
The following sections provide a brief description of the main management, monitoring, and 
communication activities planned after the end of the project. Table 1 provides an overview of 
the objectives, planned actions, responsibilities and funding sources within this After-LIFE plan. 

5.1. Management 
The County Board of Västra Götaland is responsible for the management of the protected area 
and will ensure that the protection of coral areas is effective, including through monitoring of the 
fishing ban. Enhanced protection is also needed on the Norwegian side of the Säcken area, as 
well as in the Väderöarna reef area. 

After monitoring the development on the ARs in 2027 we will decide whether additional 
restoration measures with the developed AR are needed. If no coral recruits are observed during 
the survey planned for 2027, additional restoration measures may be necessary. Such measures 
could include further development of the AR design, transplantation of adult corals from the 
Tisler reef in Norway, or the development of laboratory-based seeding methods using coral 
recruits for out planting at restoration sites. Since we have not observed any juvenile D. 
pertusum on the test panels that have been on the seabed for four years at the restoration sites 
and the reference site, this may indicate that larval availability of D. pertusum varies between 
years. Cold water coral research at University of Gothenburg has been ongoing since 2009, and 
the goal is to continue the research to increase knowledge about these corals. 

5.2. Monitoring 
The County Board will ensure that there will be monitoring of the artificial reefs beyond the 
project. This monitoring is planned every third year in the future, with the next survey planned for 
September 2027, three years after deployment. The surveys are designed to allow for a full 
Before-After-Control-Impact (BACI) analysis with reference areas as controls so that any 
general changes not caused by the intervention can be detected. Surveys will be done with a 
tow-camera system, giving an overview of the areas with and without ARs. This video transects 
make it possible to identify larger fauna and monitor the development of fish populations and 
benthic communities on and around the ARs. Some of the smaller organisms, however, cannot 
be identified with a tow-camera and complementary monitoring using an ROV-mounted camera 
will also be necessary. 

The researchers aim to apply for funding for more detailed monitoring of developments on and 
around the ARs using ROVs and higher resolution cameras. In this higher resolution monitoring 
we will aim to evaluate the effectiveness of the AR design. We will compare community 
developments on ARs between sites considering the status of habitat complexity and the 
presence or absence of live corals, as well as the various environmental parameters measured 
during the project. In addition, we will evaluate the scale of implementation, i.e. whether the 
number of ARs and cluster sizes provide ecologically relevant results and/or whether additional 
ARs should be deployed. 
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5.3. Transfer of knowledge and communication 
The LIFE Lophelia website (www.lifelophelia.se) will be managed and updated by the County 
Board for five years (2026–2030) after the end of the project. The restoration method is publicly 
available to the European community through the technical handbook and technical videos 
published on the project website. The website also includes the Layman’s report and a public 
outreach video. The visitor centres, naturum Kosterhavet and Tjärnö Laboratory, will continue to 
provide information to the public and to students about corals and the restoration process using 
display reefs, brochures and videos. 

All new progress in monitoring will be made available on the website. The researchers at the 
University of Gothenburg will participate in international conferences to present the 
methodological developments within LIFE Lophelia and the development of the artificial reefs. 
 
 

http://www.lifelophelia.se/


Table 1. After-LIFE Objectives

MANAGEMENT
Objective Action Method When, how often Responsible Sources of finance
Protection of sites with corals, coral ruble and AR with 
fishing ban

Surveilance of fishing ban, protection 
in place 2021

Survey of AIS-tracks 
of fishing boats and 
other ships

2026 and beyond SwAM, KBV, 
CABO

Within the framework of the authority's budget

Protection of sites with corals, coral ruble and AR with 
fishing ban

Extend the fishing ban northwards at 
Väderöarna area

Change fishing 
regulations

2026-2027 SwAM, CABO Within the framework of the authority's budget

Protection of sites with corals and AR with diving ban Surveilance of diving ban, protection in 
place 2025

Surveys and 
restrictiveness with 
exemption from the 
ban

2026 and beyond KBV, CABO Within the framework of the authority's budget

Protection of coral reef site in Norwegian waters adjacent 
to the Säcken Reef in Sweden

Establish a marine protected 
area/coral protected area

Dialogue with 
Norwegian fishery 
authority and SwAM

2026-2027 SwAM, CABO, 
Norwegian 

Directorate of 
fisheries

Within the framework of the authority's budget

Reproductively active coral reef at Väderöarna Add corals to the living reef area, if 
needed

Transplanting  
corals from Tisler 
reef, or seeding 
substrates in the lab 
for outplanting

2028-2030 CABO/UGOT SwAM, FORMAS

Coral recruitment on artificial reefs Further  development of  the ARs, if 
needed

Research 2029-2032 UGOT SwAM, FORMAS

Increased area of living corals Continued restoration with AR Deploy more 
artificial reefs

2029- CABO SwAM/SEPA

Long-term goal: A network of viable reproductive reef sites 
with the possibility of larval exchange

Assess larval dispersal and population 
genetics

Research 2029- UGOT FORMAS

MONITORING
Objective Action Method When, how often Responsible Sources of finance
Coral recruitment on artificial reefs Monitoring of artificial reefs, with 

targeted close-range monitoring 
recommended

Survey with tow-
camera and ROV

2027, every three 
years

CABO SwAM/SEPA

Increased biodiversity at restoration sites Monitoring of associated fauna on and 
around AR and reference sites

Survey with tow-
camera and ROV

2027, every  three 
years

CABO SwAM/SEPA

Increased area of living corals Monitoring of distribution of live corals 
and coral rubble

Survey with tow-
camera

2027, every  three 
years

CABO SwAM/SEPA

Increased of fish populations in deeper areas Monitoring of fish populations >130 m Test fishing, shrimp 
trawl without grid

2027, every  three 
years

SwAM/SLU SwAM

Long-term objective: The national Red List status of Lp in 
Sweden can be changed from Critically Endangered (CR) 
to Endangered (EN) or better

Use of monitoring data Assessment 
according to 
established criteria 
for redlisting

2030, every  five 
years

SLU Swedish 
Species 

Information 
Centre

SwAM/SEPA



TRANSFER OF KNOWLEDGE
Objective Action Method When, how often Responsible Sources of finance
Restoration method available to the European community Online publication of the Technical 

Handbook 
Technical Handbook  
available on 
www.lifelophelia.se

2026-2031 CABO Within the framework of the authority's budget

Restoration method available to the European community Online publication of  Scientific video, 
in three parts

Scientific videos 
available on 
www.lifelophelia.se

2026-2031 CABO Within the framework of the authority's budget

Replication and Transfer of restoration method Guidance to new restoration projects, 
if inquired for

Dialogue with 
managers and 
researchers. 
Contact info on web 
site

2026 and beyond CABO, UGOT Within the framework of the authorities budgets

No mercury leakage to coral areas Inform about the high mercury levels 
that were measured

Dialogue with 
relevant authorities 
and researchers

2026 and beyond CABO, UGOT Within the framework of the authorities budgets

DISSEMINATION AND COMMUNICATION
Objective Action Method When, how often Responsible Sources of finance
Dissemination at LIFE Platform Meeting: Meeting the 
Challenges of Nature Restoration Regulation in the Marine 
Environment, Valencia

Communication of scientific results of 
the restoration method

Talk &  workshop 
discussions

9 - 11 June 2026 UGOT LIFE IP Intemares

Dissemination at 9th International Symposium on Deep-
Sea Corals (9th ISDSC), Barcelona, Spain

Communication of scientific results of 
the restoration method

Talks and/or posters 2 - 5 Nov 2026 UGOT National travel and conference funding

Dissemination at International conferences Communication of scientific results of 
the restoration method

Talks and/or posters 2027 and beyond UGOT Scholarships for travel and participation in 
conferences 

Public awareness of cold-water coral reefs, their 
importance and of restoration efforts 

Communication at Kosterhavet visitor 
centre, Tjärnö Marine Laboratory

Talks, video, 
posters, Layman's 
report

2026 and beyond CABO, UGOT Within the framework of the authorities budgets

Dissemination at national Marine Restoration Conference Communication of monitoring results Talk and/or poster 2028 CABO, UGOT Within the framework of the authorities budgets

Public awareness of cold-water coral reefs, their 
importance and of restoration efforts 

Information from project Website with reports 
and videos: 
www.lifelophelia.se

2026-2031 CABO Within the framework of the authority's budget

Information about the restoration method and restoration 
results

Communication Videos and talks, 
public cruises

2027 and beyond CABO, Tjärnö 
Marine 

Laboratory

Within the framework of the authorities budgets
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