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WELCOME
Danovaro R. – MERCES Coordinator
This second business-oriented newsletter of the Horizon 2020 funded MERCES
“Marine Ecosystem restoration in Changing European Seas” project is dedicated
to the private and public industrial stakeholders and regulating authorities who
wish to put their business at the heart of the Restoration Agenda.
In the framework of the MERCES Business Club, several other initiatives have been
carried out in the last year. The ultimate purpose of these activities is to create a
unique network of industries and regulating authorities for stimulating interest in
marine ecological restoration and for the business development. One of such
examples is an industrial portal on the MERCES website (www.merces-project.eu),
a direct link to the Business Club where the best practices in marine ecosystem
restoration and news on specific ongoing initiatives are presented. The other
important activity is MERCES industry webinars, with the first webinar entitled
“Getting Better Value from our Coasts” being held in February 2018 and another
planned for September this year. Saved copies of all webinars are available on
the MERCES project website.
Hereby would specifically like to highlight three MERCES major reviews, all
introduced in the current newsletter. These are: i) review of best practice and
economic costs of marine ecosystem restoration, ii) review of international
governance structures and legal frameworks, and iii) review of stakeholder
perceptions on marine restoration.
Happy reading and keep tuned, much more has
to come!

Prof. Roberto Danovaro
MERCES Coordinator
Università Politecnica delle Marche, Italy
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EDITORIAL INTRODUCTION
Billett D., Ojaveer H., Ramirez -Llodra E.
Welcome to the second business-focussed newsletter produced by the MERCES
project on marine ecosystem restoration. As with our first business-focused
newsletter (MERCES Newsletter No. 2), we have tried to highlight in this edition the
wide variety of restoration actions that are being undertaken in the marine
environment and how these are being scaled up to larger areas in a costeffective manner. In the following pages you will find technologies and ways in
which fish communities in ports and marinas, seagrass meadows and kelp forests
in the coastal zone, and coral communities in shallow and deep water are being
restored. Moreover, we have broadened the scope of the newsletter to include
greater content relating to 1) stakeholder collaborations for achieving effective
ecosystem restoration, 2) policy matters in regional seas, 3) the way in which
private finance might be generated for restoration measures and 4) aspects of
the social acceptance of manipulating marine ecosystems through restoration.
As previously, we present case studies of active restoration projects provided by
businesses and companies who are members of the MERCES Business Club (a
hub and network for disseminating information on marine ecosystem restoration
for businesses, policy makers, decision takers and scientists). In this edition,
however, we also feature a number of the outputs being generated by the
MERCES project, now in its second year. We hope this will lead to greater
collaborations being formed between MERCES scientists and those wishing to
apply the new methods being developed and tested in the project. As before, all
the articles provide details of individuals who may be approached to take the
work further.
We are pleased that so many businesses have contributed to this newsletter and
to the case studies which are now available online on the MERCES website. They
very clearly show that marine ecosystem restoration is not anymore a pipe dream
but of real benefit in getting better value from our coasts and seas, not just in
monetary terms, but also in the health of our ecosystems and, indeed, our lives.
As the work progresses in Europe, we would like to see the methods and lessons
learned being expanded to other countries and, especially, developing
countries where coastal ecosystems are under pressure through humans’
activities.
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If you would like further information on marine ecosystem restoration and need to
talk through any particular aspects on the topic, then please contact us and we
will put you in touch with a MERCES partner that will be able to help you with your
enquiry. One of our aims is to put coastal zone managers around the world in
touch with companies that can address their particular needs. We are also
always on the lookout for projects that feature best practice in marine ecosystem
measures. Please contact us if you have a project you would like to share and we
look forward to featuring it in our next newsletter.

The editorial team,

David Billett, Deep Seas Environmental Solutions Ltd (merces@deepseasolutions.co.uk)
Henn Ojaveer, University of Tartu (henn.ojaveer@ut.ee)
Eva Ramirez-Llodra, Norwegian Institute for Water Research (eva.ramirez@niva.no)
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Restoring coastal fisheries using artificial habitats
Lecaillon G. - Ecocean, France
Introduction
Marinas and ports could offer suitable habitats for post-larval fish owing to their
calm and food-rich waters. However, port infrastructures with their steep smooth
sides and hard surfaces do not provide protection for the juvenile fish from
predation meaning that most, if not all, the juvenile fish do not reach a size to
survive in nearshore fisheries. Ecocean have addressed the problem of how to
turn marinas and ports into safe havens for fish, and so enhance local fisheries, by
creating artificial substrates, called ‘Biohut’, which can be attached to docks,
pontoons and seawalls to provide suitable habitats for the fish. Here, we describe
the outcomes of tests of the ‘Biohut’ system in a Mediterranean marina and in the
commercial Port of Marseille.
What is ‘Biohut’?
‘Biohut’ consists of a patented double-caged framework that provides food and
shelter to young fish, thus improving their survival rates in environments which
have been modified radically by man and where natural substrates favoured by
juvenile fish are no longer available (Figure 1).
Two research projects have validated the efficacy of the ‘Biohut’ concept, one
in a marina the Mediterranean Sea (NAPPEX project) and the other in the busy
commercial port of Marseille (GIREL project).

Figure 1. Characteristics of Biohut®.
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NAPPEX project – the use of ‘Biohut’ in marinas
NAPPEX was created to answer a call from the French Ministry of Ecology for
ecological engineering solutions to achieve “Good Environmental Status” targets
set by the European Marine Strategy Framework Directive (MSFD). In March 2013,
192 Biohut® structures were installed along docks and under pontoons in six
Mediterranean marinas. Scientists from the University of Perpignan monitored
each location for two years, quantifying the number of juvenile fish, and of
mobile and attached fauna. The NAPPEX survey provided scientific validation of
the ability of Biohut® to restore the fish nursery function in marinas. A total of 56
different species of fish were observed using the Biohut at juvenile stage. The
surveys also showed that the abundance and diversity of fish larvae varied
depending on the location of the marina and the positions of the Biohut® within
the marina. Finally, the NAPPEX project highlighted the lack of knowledge about
marina environments. Three theses are now in progress on the relevance of
integrating ecological engineering into the design of port infrastructures.

Figure 2. A Biohut® just after it had been installed under a pontoon. Over time,
the substrate inside (in this case empty oyster shells) will become covered in a
rich community of attached flora and fauna, providing food for the young fish,
while the external grids prevent larger predators from entering the habitat, thus
creating a safe place for the young fish to grow.
page007
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GIREL project – the use of ‘Biohut’ in commercial ports
The GIREL project was conducted in one of the largest commercial ports in the
Mediterranean Sea, the Grand Port Maritime of Marseille. 120 Biohut® were installed
in 3 different areas of the port and monitored along with two control areas (docks
and rocky breakwaters without Biohut® reef structures). The observations reported
higher abundances of juvenile fish in the artificial nurseries compared to the control
areas (on average x4 and up to x30 in the best areas). In terms of diversity, 26
different fish species were observed using the Biohut®. Subsequently the French
Water Agency recognised the Biohut® system as an operational tool for enhancing
fish nurseries and ecological restoration in coastal areas. This project also raised
additional questions relating to whether there is any chemical contamination of the
fish within the artificial nurseries. Recent results clearly show that fish (Sparidae) are
not more polluted inside than outside these artificial nurseries.
Outcomes
The installation of this innovative solution is easily replicable on any built shoreline
infrastructure. Convinced by the efficiency of the process, 17 port authorities in the
Mediterranean coast have deployed the Biohut® artificial reefs already. The word
NAPPEX has become closely identified with ports which are committed to sustain
biodiversity within their waters by implementing artificial habitats for the protection of
fish larvae and many other marine species. The Biohut® concept is being deployed
increasingly in other regions, such as the tropical waters of the French Caribbean,
brackish environments of the east coast of the USA, lagoons of the southern
Mediterranean (Morocco) and the colder waters of Northern Europe (Netherlands
and Denmark). In all these places, the benefits Biohut® system on marine biodiversity
have been seen.
Further information
Gilles Lecaillon (gilles.lecaillon@ecocean.fr), Ecocean, France.
Further reading
Further information about Biohut® projects around the world (plus pictures and
videos): www.nappex.fr. General information about Ecocean: www.ecocean.fr
Bouchoucha et al., 2016. Potential use of marinas as nursery grounds by rocky fishes:
insights from four Diplodus species in the Mediterranean. MEPS 547, 193–209.
Mercader et al., 2016. Observation of juvenile dusky groupers (Epinephelus
marginatus) in artificial habitats of North-Western Mediterranean harbors. Marine
Biodiversity. DOI 10.1007/s12526-016-0498-x
Mercader et al., 2017. Small artificial habitats to enhance the nursery function for
juvenile fish in a large commercial port of the Mediterranean. Ecol. Eng. 105, 78-86.
Bouchoucha et al., 2018. Growth, condition and metal concentration in juveniles of
two Diplodus species in ports. Marine Pollution Bulletin 126, 31-42.
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Coral reef restoration - The ‘Coral Engine’: the way for local communities to
manage the long term and large-scale supply of genetically diverse corals for
reef rehabilitation
ter Hofstede R. – Van Oord Dredging and Marine Contractors (Van Oord), The
Netherlands
Dutch marine contractor Van Oord has achieved a major milestone in the
development of environmentally-responsible maritime infrastructures with the
establishment of their first large-scale underwater coral nursery (known as the
‘Coral Engine’) (Figure 3) (https://vimeo.com/vanoord/coralengine). This
innovation, developed originally by Van Oord in the Bahamas, is ground-breaking
in the maritime industry. The work is part of Van Oord’s Coral Rehabilitation
Initiative which aims to promote active coral reef management approaches.
The Initiative seeks to gain a deeper understanding of coral reef ecology in
general and how they may best be protected for marine and coastal
engineering development projects around the world.

Figure 3. The Coral Engine, an underwater nursery generating genetically diverse
corals for reef rehabilitation.
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A Coral Engine is an underwater coral nursery that contains both i) locally
sourced coral fragments and ii) sexually produced coral juveniles obtained from
natural coral spawning events. As the corals grow, the Coral Engine provides a
continuous source of out-placeable corals with which local stakeholders can
create and, if necessary, restore or rehabilitate their coral reefs on the long-term.
Having coral 'in stock' allows reefs to be repaired quickly following harmful events
such as hurricanes.
In recent years Van Oord has been actively breeding corals using the
‘ReefGuard’ system (Figure 4) a mobile laboratory for the fertilisation, larval
settlement and initial outgrowing of coral recruits at a large scale. The laboratory
can be set up and operated anywhere in the world. The ReefGuard is described
in detail in an online article published by the International Association of
Dredging Companies (Van Koningsveld et al., 2017) (see link below). It offers
controlled environmental conditions that increase the growth and survival rates
of young corals significantly.
The ReefGuard system produces thousands of coral recruits obtained from
natural spawning events. These coral recruits of various ages are placed in a
nursery combined with a number of coral fragments to form a ‘coral engine’. The
recruits and fragments then grow into mature colonies which in time will produce
a continuous supply of i) mature colonies for transplantation to rehabilitate or
create reefs, ii) fragments to establish new nurseries and iii) gametes for natural
reproduction during coral spawning.

Figure 4. Coral propagation via fragmentation and sexual reproduction using Van
Oord’s ‘ReefGuard’ facility.
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The Coral Rehabilitation Initiative provides greater scientific understanding of
early stage coral survival and the causal linkages between environmental
conditions and coral recruitment. Corals cultured for a period of time in a
laboratory under favourable conditions before placing them out on a reef were
found to have higher rates of growth and survival than corals transplanted
directly onto a reef. The size of coral transplants is also important to increase
survival rates in the field, but culturing to an appropriate size just in the laboratory
may take 2 years and is costly. The Coral Rehabilitation Initiative research
therefore seeks to increase the practical understanding of optimal aquaculture
growth in the laboratory and the cost effective transfer of coral recruits at a
suitable size into the sea as part of the Coral Engine (Figure 3).
The Coral Rehabilitation Initiative concludes that active reef rehabilitation is a
viable part of management measures for the development of marine and
coastal infrastructures. The Initiative emphasised the value of the close
collaboration between academic researchers, non-profit conservation
organisations and marine contractors in achieving successful coral rehabilitation
at a large scale and for the long-term.
Pro-active solutions such as reef
rehabilitation are seldom addressed by coastal managers in their environmental
impact assessments and therefor rarely recommended as potential design
measures. Van Oord, in common with many members of the MERCES Business
Club, recommends that policy makers and environmental managers should
consider and use pro-active restoration solutions in marine and coastal
engineering activities. The Coral Rehabilitation Initiative with the ReefGuard and
Coral Engine systems, in combination with the wider trends for sustainable
solutions – such as 'Building with Nature', 'Working with Nature' and 'Engineering
with Nature' - provides important management solutions for true environmental
gain, thereby assisting to achieve goals of international legislative acts for the
sustainable use of our marine environment.
Further information
Remment ter Hofstede (remment.terHofstede@vanoord.com), Van Oord.
Further reading
ReefGuard: https://vimeo.com/102004850
Coral Engine: https://vimeo.com/vanoord/coralengine
van Koningsveld M, ter Hofstede R, Elzinga J, Smolders T, Schutter M, Osinga R
(2017) ReefGuard: a scientific approach to active reef rehabilitation. Terra et
Aqua 147, 5-16 (link: https://www.iadc-dredging.com/ul/cms/terraetaqua/
document/5/1/7/517/517/1/article-reefguard-a-scientific-approach-to-activereef-rehabilitation-147-1.pdf)
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Collaborative restoration of deep-sea corals between fishermen and scientists
Carreiro Silva M., Morato T., Bilan M., Institute of Marine Research, University of the
Azores
Setting the scene
Increased human pressures in the deep-sea have impacted some ecosystems
beyond the point that the ecosystem cannot recover without direct human
intervention. However, before starting restoration activities, methodologies suitable
for deep-sea restoration need to be developed. Pilot studies are required to
demonstrate the suitability of restoration actions at geographical scales relevant to
management.
Among the most important deep sea habitats in Azores are cold-water coral
gardens formed mainly by octocorals and black corals, occurring predominantly
between 300 and 900m depth. The structural complexity of coral gardens provides
essential habitat for many different organisms, including commercially important
fish species. Thus, coral gardens are often found in traditional fishing grounds and
large arborescent coral colonies are accidentally caught as bycatch during
fisheries operations.
Collaborative activities
The ultimate objective of the joint action between the Azores fisheries observer
program (POPA) and MERCES is to test the feasibility of recovering the corals
accidentally caught during the hook-and-line fisheries operations from a deep sea
fishery (Figure 5) and replanting them back at sea. Fragments of gorgonian corals
from 5 different species collected by the fisheries program were maintained at
Institute of Sea Research-University of the Azores (IMAR-UAz) aquaria facilities until
they were transplanted back to the deep-sea using landers (Figure 6). Some of
these landers will be collected in the summer of 2018 to evaluate the survival of
different coral species and their ability to grow and attract associated fauna, thus
restoring natural ecosystem functioning.
This strategic collaboration between fishermen and scientist is in its initial stages,
and therefore, the feasibility cannot be evaluated as yet. However, if it proves
promising, the collective effort will minimize the impact on natural potential donor
coral populations, and overcomes the need for expensive technology for coral
collection, reducing the overall cost of the restoration action. In addition, the use
of fragments of adult coral colonies caught by fishermen as bycatch instead of
rearing coral early life stages ensures immediate recovery of the three-dimensional
structure, facilitating the recovery of habitat-forming functions as structural habitat
for associated species. By using coral bycatch material, we are also likely
increasing the genetic diversity of the parent donor coral colonies used for
restoration. This is because fishing operations cover a much wider spatial scale that
could be used with technological means (e.g. using Remotely Operated Vehicles ROVs).
page012
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a
Figure 5. a) Longline fishing
vessel Manuel de Arriaga
from Horta, Faial Island,
Azores; (b) Antonio Godinho
(Deep-Sea Lab technician)
and Rodrigo Sá da Bandeira
(fisheries observer) discussing
the coral transport from the
vessel to the Deep-Sea Lab
aquaria facilities at IMAR-UAz.
Photo credit: Meri Bilan.

b
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This strategic collaboration between fishermen and scientist is in its initial stages,
and therefore, the feasibility cannot be evaluated as yet. However, if it proves
promising, the collective effort will minimize the impact on natural potential
donor coral populations, and overcomes the need for expensive technology for
coral collection, reducing the overall cost of the restoration action. In addition,
the use of fragments of adult coral colonies caught by fishermen as bycatch
instead of rearing coral early life stages ensures immediate recovery of the threedimensional structure, facilitating the recovery of habitat-forming functions as
structural habitat for associated species. By using coral bycatch material, we are
also likely increasing the genetic diversity of the parent donor coral colonies used
for restoration. This is because fishing operations cover a much wider spatial scale
that could be used with technological means (e.g. using Remotely Operated
Vehicles - ROVs).
Awareness raising mission
This collaboration has also been essential to increase awareness by the fishermen
of the need to 1) mitigate the impacts of their activities on coral gardens and 2)
preserve and restore these fragile ecosystems. Previous work in the Azores has
suggested that hand-line fishing has negligible impacts on benthic communities
compared with bottom longline fishing which often impacts organisms with a
complex morphology and therefore has a significant and unbalanced impact on
fish in the ecosystem as it destroys the environment on which the fish and the
fishery depend. In recent years, many fishermen have changed their fishing gears
from bottom longline to hand-lines, therefore significantly decreasing their impact
on deep-sea corals.
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Figure 6. Cold-water corals accidentally caught as bycatch during their hookand-line fisheries in the Azores and transplanted back at sea (a) Acanthogorgia
armata; (b) Dentomuricea meteor; (c) Viminella flagellum; (d) Callogorgia
verticillata; (e) Paracalyptrophora josephinae. Photo credit: Meri Bilan.

Further information
Marina Carreiro Silva (carreirosilvamarina@gmail.com), Telmo Morato
(t.morato@gmail.com) or Meri Bilan (meribilan@gmail.com), Institute of Marine
Research, University of the Azores.
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Working with recreational diving businesses for marine ecosystem restoration:
a promising partnership and business opportunity
Garrabou J., Gómez-Gras D., López-Sanz A. – Institut de Ciències del Mar,
Milanese M. – Studio Associato Gaia snc, Linares C., Montero I., Medrano A.,
Pagès M. – Universitat de Barcelona, Cerrano C. – Università Politecnica delle
Marche
Setting the scene
The Mediterranean Sea is a primary destination for recreational divers. Divers are
attracted by the aesthetics of the rich natural heritage in the Mediterranean Sea
and its underwater habitats, with gorgonian forests as a particular attractive
diving destination. Diving is a growing tourism industry and one of the main
players in many areas of the Mediterranean Sea supporting the development of
local economies especially in the vicinity of Marine Protected Areas (MPAs). From
this experience it follows that greater income might be generated for local
communities, especially in the Mediterranean Sea, by restoring degraded
ecosystems to attract sports divers.
Gorgonian forests
Gorgonian forests that develop between 15 and 120 m of depth (depending on
the region) are among the most emblematic natural features in European seas.
Several species of gorgonians form dense forests of colonies, some which can
reach up to 1 m in height. However, they suffer from repeated impacts by the
anchoring of commercial and leisure craft, physical damage from fishing
activities, marine ‘heat waves’ (high water temperatures related to climate
change) and localised intense diving activities in some areas. In some cases,
these stressors have reduced significantly the abundance of gorgonians, corals
and other species that shape the seascape, undermining their role to support
high levels of biodiversity and their attractiveness for divers.
Restoration actions and future perspectives
Restoration actions can support recovery of gorgonian forests and thus
enhancing their resilience. Despite the availability of methods, scaling up of
gorgonian restoration actions is challenging because working underwater is timelimited, requiring many repeated dives. Within MERCES we developed a pilot
restoration action in partnership with recreational diving centers to restore a red
gorgonian population in the Medes Islands MPA, which is one of the most popular
diving destinations in the Mediterranean Sea with more than 60.000 dives per
year. It was a successful initiative with the participation of 8 local diving centers
which allowed transplanting more than 400 gorgonians in less than 1 hour.
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A similar endeavor was also undertaken at the Gallinara Island, with the
transplantation around 170 gorgonians. These experiences proved the potential
to include “restoration dives” in the offer of diving operators, to be carried out by
recreational divers under scientific supervision. Currently we are developing
partnerships with PADI Europe, Middle East and Africa and DAN Europe. Since
these organizations are the most influential associations for recreational diving
operating at Mediterranean scale, this partnership offers a unique opportunity to
develop a program on marine restoration with recreational divers and at low
cost. The benefits will go beyond to the restoration actions themselves, by
merging new business opportunities with raising environmental awareness.

Figure 7. Dr. Cristina Linares and Dr. Joaquim Garrabou giving the final directions
to the diver instructors for the gorgonian transplants just before heading to the
restoration site within the Medes Islands Marine Protected Area (Spain). Photo by
Boris Weitzmann.
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Figure 8. Diving instructors working by pairs transplanting gorgonian fragments
(5-10 cm in height) on a rocky wall (the natural habitat of gorgonians) in he
Medes Islands Marine Protected Area (Spain). Photo by Joaquim Garrabou.
Further information
Joaquim Garrabou, Daniel Gómez-Gras, Àngel López-Sanz, Institut de Ciències
del Mar (garrabou@icm.csic.es); Martina Milanese, Studio Associato Gaia snc
(m.milanese@studioassociatogaia.com); Cristina Linares, Ignasi Montero, Alba
Medrano, Marta Pagès, Universitat de Barcelona (cristinalinares@ub.edu); or
Carlo Cerrano, Università Politecnica delle Marche (c.cerrano@univpm.it).
Medes Pilot Action video can be found at: https://www.youtube.com/watch?
v=Kgar7860Lic
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Rescuing seagrass beds - Project Indre Viksfjord (Norway)
Trondsen I.E. – IT-TEK AS, Rinde E. – Norwegian Institute for Water Research
Valuable seagrass beds and a rich birdlife
Seagrass beds in Viksfjord, Norway are of national importance. In addition to the
seagrass habitat the fjord also has valuable shallow unvegetated soft-bottom
areas. Blooms of green algae (Figure 9) threaten these important marine habitats
and their rich birdlife. The green algae produce oxygen that is trapped within the
algae and causes it to rise to the surface. This causes aesthetic and practical
problems in harbours (Figure 10). The green algae mats cause low-light conditions
for the seagrass and reduce the ability of the seagrasses to photosynthesise.
Furthermore, the decomposition of the algae leads to oxygen hypoxia on the
seabed. At the same time, the way in which the algal mats rise to the surface
allows for their comparatively easy removal.

Figure 9. Green algal mats in Viksfjord harbour in 2009. Photo credit: Christoffer
Boström.
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Figure 10. Algae on its way to the surface. Photo credit: Project Indre Viksfjord.
The project
The project aiming to preserve the Zostera marina seagrass beds was started by
Indre Viksfjord Association (IVIV), a voluntary organization of local interest in 2012.
It is funded by the Norwegian Environmental Directorate through the County
Governor of Vestfold. The action plan includes measures such as removing
floating green algal mats and improving the rate of water exchange within the
fjord. To remove the green algae mats a special craft called "SLIKKEN" was
developed (Figure 11). SLIKKEN collects the green algae and deposits it at a
collection site, from where the algae are up-loaded to a truck and transported to
landfill sites to allow the seawater to drain away. In some cases, the dried algae
have been used as a fertiliser.
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Figure 11. Harvesting green algae with SLIKKEN. Photo credit: Project Indre
Viksfjord.

Figure 12. Sea grass attached to a grid and planted on the bottom. Photo credit:
Hartvig Christie.
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Revitalisation of anoxic sediments
In 2016, the project tested several approaches to revitalize the dead and lifeless
anoxic bottom sediments. Dredging methods were found to be extremely labour
intensive and the experience inspired the development of more efficient
solutions. A method of injecting air into the sediments was developed and tested
with promising results. This work continued in 2017 and the treated area was
expanded in 2017 to approximately 3000 m2. Successful attempts were also
made to plant seagrass in the injected area (Figure 12). This work will continue in
2018.
Increasing the water exchange rate
Several approaches to enhance the water exchange rate between Viksfjord and
the outer coastal area have been considered, including dredging, submerged
propellers and building a tidal port. It was concluded that building a tidal port,
forcing the tide to flush through the fjord and bringing fresh water in and taking
the nutrient-rich water out of the fjord, is the best solution. The dedicated project
on the development of a tidal port, funded by the Oslofjord Foundation, will start
in 2018.
Further information
Ivar E Trondsen (ivar@it-tek.no), projec leader of "Project Indre Viksfjord", IT-TEK AS,
or Eli Rinde (eli.rinde@niva.no), Norwegian Institute for Water Research.
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Restoration of marine ecosystems using natural biodegradable materials
Didderen K., Lengkeek W. – Bureau Waardenburg
Radboud University, Nijmegen, is testing how structures made from
biodegradable potato waste-derived starch might be used to restore marine
ecosystems as part of the MERCES project. The structures, known as BESEelements (Biodegradable Elements for Starting Ecosystems) (Figure 13) were
developed by the environmental consultancy Bureau Waardenburg (www.beseelements.com). The aim of the study is to determine whether the introduction of
mussel beds in BESE-elements improves for the success of seagrass restoration
measures. A large scale field experiment was setup in March 2017 at the Wadden
Sea island of Griend in the Netherlands (Figure 14) to study the facilitating effects
of mussel beds (Mytilus edulis) on seagrasses (Zostera marina) planted behind the
mussel beds. Biodegradable structures were used for the introduction of both the
mussel beds and patches of seagrass. The experiment will be monitored at
regular intervals over the next 2 years (Figure 15). The experiment is a
collaborative effort between MERCES, the Local Authority in Griend, the
Netherlands Organisation for Scientific Research Domain for Applied and
Engineering Sciences (TTW) (previously the Technology Foundation STW) ) and is
being conducted by Radboud University Nijmegen, Bureau Waardenburg,
Netherlands Institute of Sea Research (NIOZ), Groningen University and the
Fieldwork Company, Groningen.

Figure 13. Shellfish reef restoration with BESE elements for littoral mussel beds in the
Netherlands.
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Figure 14. Large-scale application of BESE elements in the Netherlands.

Figure 15. Monitoring restoration progress of mussel reefs in BESE elements in the
Netherlands.
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BESE-elements - how it all started
A number of efforts were made in 2012 to improve the health of littoral mussel
beds in the Netherlands. While these activities yielded greater knowledge only a
few attempts resulted in the successful restoration of mussel beds. Young mussel
recruits were not able to overcome pressures from predation and sediment
destabilisation. As a solution a matrix structure shown previously to be successful
in the recruitment of freshwater mussels was implemented in a small pilot project.
This led to good recruitment. However, the basic material used was plastic which
was not desirable in a conservation area. Therefore, a novel biodegradable
alternative was developed, multi-purpose Biodegradable Elements for Starting
Ecosystems (BESE-elements), consisting entirely of biopolymers based on potato
waste. In contrast to many other bioplastics, the product undergoes complete
breakdown in a natural environment without the need for composting agents
(Box 1).

Box 1 - BESE elements
The BESE-elements are biodegradable matrix structures that assist
restoration by facilitating the establishment of habitat-modifying
organisms. The BESE-elements provide:
• 3D structures for the attachment of mussels
• Reduction of local currents and waves which may cause erosion and
disturbance
• Shelter and protection from predators
• Stability
BESE-elements thereby create a window of opportunity to bridge critical
thresholds and enable ecosystem establishment needed for successful
restoration.
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Figure 16.
Oyster
overgrown BESE
elements in
Florida, USA.

Figure 17. Salt marsh restoration using BESE elements: horizontal outgrowth of
Spartina plants. All photo credits: Karin Didderen, Bureau Waardenburg.
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Applicability for ecosystem restoration
To test the applicability of BESE-elements in other wetland settings, a consortium
consisting of the developers, scientists, manufacturers and end users is now
collaborating in the project “Bridging Thresholds”. The material is currently being
tested for its applicability in the restoration of coastal ecosystems (mussel beds,
oyster reefs, saltmarshes, mangroves, coral gardens and seagrass beds) in pilot
projects in the USA, Indonesia, Singapore, Mexico, Bonaire, Sweden, Finland and
the UK (Figures 16 and 17). Other applications include riverbanks (for reed beds),
submerged aquatic vegetation and dune vegetation. Since the structure is
modular a variety of shapes can be customised based on the ecosystem needs
and adjusted depending on the outcome of the pilot projects.
Initiative
The BESE-elements have been developed by Bureau Waardenburg, together with
the Radboud University of Nijmegen, Enexio and Rodenburg Biopolymers.
Further information
Karin Didderen (k.didderen@buwa.nl), Wouter Lengkeek (w.lengkeek@buwa.nl),
Bureau Waardenburg. www.bese-elements.com
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Kelp restoration – the seeded gravel approach
Steen H., Fredriksen S., Moy F. - Institute of Marine Research, Norway
There has been a severe decline of sugar-kelp (Saccharina latissima) along the
southern coast of Norway in the last 20 years. This has resulted in habitat loss,
impoverishment of marine ecosystem, and consequent decline in aesthetic
values. The ultimate causes and exact mechanisms behind the decline of the
sugar-kelp are yet to understood. However, current data suggest that
environmental changes, such as increased sedimentation, elevated
eutrophication and rise in sea temperature may play important roles in the kelp
decline in Southern Norway. Preliminary, experimental studies conducted at the
Flødevigen field station suggest that sediment cover has a clear negative effect
on spore settlement and germination of the kelp (Figure 18). Thus, early life-stage
malfunctioning may prove to be a bottleneck, making it hard for the species to
retain populations and regain lost ground under the prevailing environmental
conditions.

Figure 18. Sugar kelp (Saccharina latissima) sporelings after 4 weeks of culturing
with and without sediment cover. Photo credit: Photo credit: H. Steen, IMR.
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Figure 19. Sugar kelp
(Saccharina latissima)
plants growing on
gravel. Photo credit: H.
Steen, IMR.

Figure 20. Sugar kelp (Saccharina latissima) germlings growing on gravel, after 2
months (left) and 4 months (right) of cultivation. Photo credit: H. Steen, IMR.
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The scope of this restoration project is to develop and test a cost-effective
method to restore sugar-kelp beds in Southern Norway. Preliminary studies and
field observations have shown that sugar kelp may settle and develop on small
stones or gravel (Figure 19). The generic idea is to rear sugar-kelp germlings on
gravel and cultivate them beyond their critical size in indoor tanks, before
placement onto the seabed (Figure 20). The transplantation will be tried for
various development stages to unravel the optimal transplantation size of sugar
kelp germlings. It is hoped that the localities with the tank-reared kelp may
function as oases for the subsequent natural dispersal of kelp germlings, thus
catalyzing the restoration of kelp communities more widely. This would allow the
restoration of a wide range of related ecosystem goods and services at a local
scale.
Further information
Hennig Steen, Stein Fredriksen, Frithjof Moy, Institute of Marine Research, Norway
(henning.steen@hi.no).
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MERCES review of best practice and economic costs of marine ecosystem
restoration
Papadopoulou N. – Hellenic Centre for Marine Research
The project deliverable on ‘State of the knowledge on marine habitat restoration
and literature review on the economic costs and benefits of ecosystem service
restoration’ was completed in 2017 and includes reviews on:
• Restoration terminology, particularly the range of restoration actions which vary
from direct interventions to ‘spontaneous natural regeneration’ once pressures
have been eliminated. The clarification of terminology is essential as terms are
often used interchangeably, leading to some confusion as to what actually is
being meant.
• Unassisted restoration or spontaneous regeneration: from removal of threats
through regulatory management or removing/adding barriers in an intervention
to protect an ecosystem from further harm.
• Assisted recovery or active restoration: nearly 500 global peer-reviewed studies
from the last 25 years: summarizing information to provide a framework on
where (which species, ecosystems, where in the world) and how (which
method, how long) restoration has been carried out and with what outcomes,
towards identifying drivers of success and reasons for failure.
• Recent European restoration projects carried out in the last decade, including a
number of iconic projects carried out in the rest of the world: looking at which
ecosystems and actions received funding (from methodological aspects to
restoration) and source of funding (most commonly through European
Commission-funded projects).
• Ten key European habitats/species covering the most current restoration
methods, approaches, timescales, bottlenecks/deal-breakers and means/
potential for up-scaling restoration experiments to larger areas to match the
actual scale of degradation.
• Economic costs and benefits of restoration actions summarizing current, sparsely
found data on marine restoration economic costs and benefits with a view to
identify gaps (e.g. ecosystems with less information) and areas requiring
attention (e.g. partial estimates of costs, benefits based on methodological
advances).
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Figure 21. Transplanting the bivalve Pinna nobilis into sea grass beds. Photo by
Tatjana Bakran-Petricioli, PMF–Zagreb.

Figure 22. Restoration of sugar kelp Saccharina latissima on a long line to avoid
sea urchin grazing. Photo by Janne K. Gitman, NIVA.
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In addition, several issues are discussed that warrant further development. Some
of these are:
• While the overall target of ecological restoration is an ecosystem, the actual
actions are primarily targeting particular species (e.g., habitat-forming species
and keystone species).
• Drivers of restoration might be a large-scale event (e.g. Gulf of Mexico
Deepwater Horizon oil spill), which may require a large-scale response, covering
multiple ecosystems and concerted management efforts.
• A number of key issues and threats are relevant to the management and
restoration of both marine and terrestrial ecosystems and we discuss litter,
invasive species, keystone species and the use of physical barriers.
• The mitigation hierarchy is a set of prioritised steps to alleviate environmental
harm as far as possible through avoidance, minimisation and rehabilitation/
restoration. Compensatory measures and offset management strategies (e.g.
No Net Loss) to mitigate environmental changes related to extraction, pollution
and biodiversity loss might be considered in certain cases.
• So called soft engineering (‘Nature-based Solutions’, ‘Building with Nature’ and
‘Ecological Engineering’) is becoming more popular. There are several success
stories in using this approach in coastal management for example to provide
coastal flood and erosion protection, sequestering carbon and nutrients, and
increasing biodiversity.
• As underwater restoration is tremendously challenging, compared to any
terrestrial analogue, new technologies and innovative tools/approaches are
required, as well as the engagement of volunteers through citizen-science
initiatives and the use of social media in enhancing campaigns.
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Figure 23. Restoration of deep-sea coral species though transplantation of
accidentally caught (fisheries bycatch) fragments of Dentomuricea meteor and
Viminella flagellum kept in aquaria and deployed by landers. Photos by IMAR-UAZ.

Figure 24. Transplants of the white gorgonian Eunicella singularis and the broad
sea fan Eunicella verrucosa at Gallinara Island, Italy. Local fauna looks interested
in the new habitat. Photo by Carlo Cerrano, UNIVPM.
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The report also considers ‘Whether or not to undertake restoration actions’ – a
decision that involves multiple socio-economic, ecological and technological
considerations. These include ecological features (such as connectivity,
vulnerability/fragility, structural complexity of the habitats), timescales in
restoration (depending on the ecosystem, recovery can take from a few years to
centuries), spatial scale of experiments, and possibilities for up-scaling efforts to
reach international targets. Finally the economic costs of restoration and valuing
and communicating ecosystem benefits are discussed.
Further information
Nadia Papadopoulou, (nadiapap@hcmr.gr), Hellenic Centre for Marine
Research.
Further reading
Papadopoulou N, Sevastou K, Smith CJ, Gerovasileiou V, Dailianis T, Fraschetti S,
Guarnieri G, McOwen C, Billett D, Grehan A, Bakran-Petricioli T, Bekkby T, Bilan M,
Boström C, Carriero-Silva M, Carugati L, Cebrian E, Cerrano C, Danovaro R,
Eronat EGT, Gagnon K, Gambi C, Kipson S, Kizilkaya IT, Kotta J, Linares C, Milanese
M, Morato T, Papa L, Rinde E, Sarà A. 2017. State of the knowledge on marine
habitat restoration and literature review on the economic costs and benefits of
ecosystem service restoration. Deliverable 1.3. MERCES project, 180 pages. http://
www.merces-project.eu/?q=content/list-deliverables (online available soon).
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MERCES review of international governance structures and legal frameworks
Ojaveer H. – University of Tartu
The MERCES project has produced two reports relating to international
governance structures and legal frameworks for marine ecosystem restoration;
one is a review of existing international governance structures, regarding the
conservation, restoration and recovery of marine ecosystems’ and the other a
review of how current soft law instruments in European countries might be
modified to promote the restoration of species and habitats, and the health of
the marine environment more widely. They include consideration of:
• The interactions and interdependencies of multiple authorities and competing
maritime activities with different economic, political, social, and cultural
interests.
• The meaning of the term ecological restoration from legislative and case law
perspectives.
The reports provide accounts of marine restoration activities, uncertainties in
decision making and governance arrangements and a conceptual framework
to understand the enabling and constraining conditions for governing marine
ecosystem restoration practices effectively. Some of the major conclusions
include:
• The endeavour to combine scientific, policy and regulatory approaches in
revitalizing natural capital in Europe’s regional seas has only just begun and
major efforts will be required over the coming decades.
• In addition to ecological considerations (e.g., recoverability, resilience and
adaptation), the effective implementation of marine habitat restoration, as with
any environmental management initiative, requires the inclusion of a
governance perspective.
• There is a clear difference between terrestrial and marine ecosystem
restoration. The governance challenge on land is 1) the delicate balance
between private ownership rights and freedoms and the individual actions
affecting the common good and 2) the issues of collective suffering from
individual actions. In contrast the governance challenges at sea relate to 1)
how to coordinate overlapping jurisdictions created by the legacy of sectoral
or single-use management payers and 2) the greater uncertainty associated
with marine ecosystems.
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• The institutional governance settings of the marine environment consist of regime
complexes and emerging ’network states’. Regime complexes are arrays of
partially overlapping and non-hierarchical institutions governing a particular issue
area, such as
shipping, fisheries and aquaculture, non-renewable and
renewable energy production. Network states refer to the shared sovereignty and
responsibility at sea between different states and other levels of governance,
such as the United Nations (International Maritime Organisation; the International
Seabed Authority, Commission on the Limits of the Continental Shelf), the
European Union, and Regional Sea Conventions.
• There is an obvious need to include restoration as a fundamental objective of a
new instrument under negotiation at the United Nations aimed at the
conservation and sustainable use of biodiversity in areas beyond national
jurisdiction.
• The findings of the law and policy review suggest that the principal regulatory
tools are already in hand and the duty to restore is very much included in many
international and EU legislative instruments. Although all of the instruments are
science-based and iterative in ambit, little progress has been achieved within
the first cycle of implementation in returning degraded marine ecosystem to a
favourable conservation status. Therefore, the EU’s marine restoration agenda
appears still to be in its infancy.
• Nonetheless, some important regulatory lessons are now evident. For instance,
the possibility of undertaking restoration actions should not be used as a
justification for undertaking economic activities that damage ecosystems
because it is considerably more economical to conserve ecosystems than to
repair, rehabilitate or restore degraded environments.
• Restoration measures cannot be viewed in isolation but should be considered as
part of the broader panoply of legislative measures aimed at the avoidance and
mitigation of environmental damage including the effects of climate change.
Further information
Henn Ojaveer (henn.ojaveer@ut.ee), University of Tartu.
Further reading
Ounanian, K., Delaney, A., Carballo Cardenas, E., Van Tanehove,
J.,Papadopoulou, N. and Smith, C. 2017. Review of existing international
governance structures, regarding the conservation, restoration and recovery of
marine ecosystems. Deliverable 6.1. MERCES project, 23 pages http://www.mercesproject.eu/?q=content/list-deliverables (online available soon).
Long, R. 2017 Review of current EU and international legal frameworks. Deliverable
6.2. MERCES project, 76 pages http://www.merces-project.eu/?q=content/listdeliverables (online available soon).
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MERCES review of stakeholder perceptions on marine restoration
Papadopoulou N. – Hellenic Centre for Marine Research
As with terrestrial ecosystems, marine ecosystems are also affected by many
types of human activities which may result in serious impacts. In recognition of
this, various international policies call for the protection of at least part of marine
ecosystems through establishing networks of Marine Protected Areas and the
restoration of ecosystems that have been damaged already. Effective
implementation of ecosystem restoration helps to achieve not only the UN Aichi
Biodiversity Targets, but also several UN Sustainable Development Goals while
enhancing ecosystem resilience and the provision of ecosystem services.
Terrestrial ecosystem restoration is rapidly advancing in many countries with
numerous major successful restoration projects (e.g. for forest and rivers). These
are being embraced by hundreds of thousands of people and local communities
around the world. But what about the social acceptance of marine ecosystem
restoration? Is there a wish to restore degraded marine ecosystems that are
usually hidden from view and which we cannot see and if so, why should we take
action?
Acknowledging how little we know on this subject a dedicated survey covering
several levels (national, European, global) was conducted by means of an
anonymous on-line questionnaire in MERCES. The survey posed various questions,
such as: 1) Is there a need for marine restoration actions?; 2) If yes, how should
restoration be performed?; 3) What is our motivation (e.g. for the benefit of future
generations, for the benefit of our economies and service provision)? In addition,
the survey covered perceptions on several other closely related issues, such as
mitigation, ‘polluter-pays’ and ‘no-net-loss-in-biodiversity’ approaches, as well as
acceptable actions of support and financing.
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The initial results obtained from the around 300 responses (including scientists,
governmental employees, NGOs and marine users) indicate that the vast
majority support the protection of marine ecosystems and would like to see more
than 10% of the seabed protected. The majority of stakeholders are in favour of
restoring damaged ecosystems and feel we have a responsibility to do so for
future generations. Despite strong agreement that marine ecosystems have high
value, respondents did not know or had mixed views about how expensive
marine restoration actions are. Many respondents felt that marine restoration can
reverse negative impacts from the damage caused by humans. They suggested
undertaking a combination of actions, including restricting impacting human
activities. Finally, respondents thought it was better to restore a system at its
original location rather than re-creating a similar system elsewhere.

Figure 25. Questionnaire for stakeholders.
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Figure 26. Use of plastic panels to aid recruitment of red coral larvae (Corallium
rubrum) (up) and transplantation of coral fragments using epoxy glue on hard
bottom (bottom). Photos by UNIVPM/GAIA.
Further information
Nadia Papadopoulou (nadiapap@hcmr.gr), Hellenic Centre for Marine Research.
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Building industries at sea: ‘Blue Growth’ and the new maritime economy
Billett D. – Deep Seas Environmental Solutions Ltd.
The EU Horizon 2020 project MARIBE (Marine Investment for the Blue Economy;
https://maribe.eu/) focused on emerging and innovative major ocean economic
sectors including ocean energy (wind, wave, tidal ocean thermal energy and
biofuels), offshore aquaculture, biotechnology and mineral resources. Established
business sectors, such as coastal and maritime tourism, offshore oil and gas,
fisheries and shipping were also analysed to see if new combined activities of
these business sectors might be stimulated, such as in developing floating
shipping terminals combined with offshore aquaculture. The project explored
how private and national infrastructure investments could be harmonised to
provide funding for pilot studies.
The MARIBE project has produced an online publication “Building industries at
sea: ‘Blue Growth’ and the new maritime economy” detailing nine case studies
involving 12 companies. Information is provided on technical specifications,
costs, financial projections, business plans with analyses of potential partners,
competitors, market trends, supply and demand gaps and risks. The report also
describes the regulatory and planning regimes in a number of different oceanic
basins. It is hoped the report will stimulate new thought in regulatory authorities
and businesses to see the benefits of combining business sectors or interests.
MARIBE seeks to challenge preconceptions and plan for business ‘not as usual’.
From the industries reviewed by MARIBE and listed above, here we focus on just
two: 1) offshore aquaculture and 2) tourism. Our focus is the value of marine
ecosystem restoration to the development of these new business opportunities.
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Aquaculture
In terms of offshore mariculture and offshore marine aquaculture the MARIBE
report (led by AquaBioTech, Malta, a MERCES Business Club partner) anticipates
mollusc and macroalgal culturing on offshore energy platforms as two areas that
could be developed in the future. It is noted that several established aquaculture
industries in the coastal zone are limited by space; by moving offshore it may be
easier to obtain licences and to increase production. Investment costs could be
reduced and market returns increased by combining aquaculture operations
with offshore energy structures. The report acknowledges the need for the longterm sustainable development of European aquaculture in terms of both the
environment and growth/jobs. It recognises the “fierce and often unequal
competition with third countries that brings market prices down” and that
differences in “regulation often creates a sloped playing field” in favour of
countries having “less stringent environmental or food security regulation”.

Figure 27. Offshore windfarm installations may in some cases be used also for
offshore aquaculture and mariculture. Middelgrunden offshore wind farm (40
MW) in the Øresund, 3.5 km outside Copenhagen, Denmark. Photo credits: Photo
by Kim Hansen. Postprocessing (crop, rotation, color adjustment, dust spot
removal and noise reduction) by Richard Bartz and Kim Hansen. CC Attribution
3.0 License.
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Tourism
The report also highlights the benefits of aquaculture to tourism in relation to
good local sources of seafood. Coastal and maritime tourism is the largest
maritime activity in Europe and employs almost 2 million people. It represents
greater than one third of the maritime economy. It has been a major contributor
to economic recovery in several European countries in recent times. The MARIBE
report notes that tourism is one of the most important and fastest growing
economic activities worldwide benefiting both developed and developing
countries. Europe has a vast coastal region providing a lot of natural and cultural
wealth, including biosphere reserves, sports diving, surfing, swimming, bird
watching, dolphin and whale watching. All require the delivery of good water
quality, in part dependent on ecosystem services which might be provided by
marine ecosystem restoration; especially salt marshes, seagrass meadows and
mangrove forests (see case studies on the MERCES web pages http://
www.merces-project.eu/?q=content/welcome-merces-business-club-4).

Figure 28. Thriving seascapes are key to coastal tourism. Photo credits: Bruno
Borelli, Portofino Divers.
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Ecotourism is one area of tourism that is predicted to grow most rapidly over the
next two decades. Global spending on ecotourism is expected to increase by
20% a year in the future making nature-based tourism is an important economic
component of the tourism market. The pressure from tourism on the coastal
environment will require careful management balancing nature conservation,
clean bathing waters (as part of the EU Water Framework Directive), sites for sport
fishing and the production of seafood with the development of ports for cruise
ships, marinas for yachting, hotels and other coastal infrastructure.
Holiday destinations such as Malta, southern Spain, the Balearic Islands, the
Greek islands and, more recently, Turkey, are all diversifying their tourism planning
to address new demands from holiday makers for ecotourism and to attract the
most profitable visitors. However, the MARIBE report also notes that politicians,
policy makers, local authorities and heads of industries not directly related to
tourism are underestimating the importance and impact of tourism on their
economies and business success. Greater vision and a deeper understanding of
the tourism sector and how it is integrated with other business sectors are
required.
Additional comment
The MARIBE study notes a lack of understanding of the spatial needs and
infrastructure of industry among planning authorities. Perhaps a greater valuing of
all ecosystem services, and their inclusion in economic studies, including the
MARIBE project, might assist in planning authorities making better integrated
decisions.
Further reading
Johnson, K., Dalton, G. and Masters, I. (Editors). Building Industries at Sea: ‘Blue
Growth’ and the New Maritime Economy. River Publishers Series in Renewable
Energy. Gistrup, Denmark; Delfth, The Netherlands. 516 pp. Available at: http://
www.riverpublishers.com/book_details.php?book_id=469
Further information
David Billett (david.billett@deepseasolutions.co.uk), Deep Seas Environmental
Solutions Ltd.
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Using ‘Assisted Evolution’ to make restored coral communities
resilient to bleaching events
Billett D. – Deep Seas Environmental Solutions Ltd., Linares C. – Universitat de
Barcelona
David Billett and Cristina Linares review some recent papers on a new method to
make coral reefs more resistant to higher water temperatures in the future. Given
ongoing climate change as well as the future predictions and the low capacity
of organisms to adapt to such rapid environmental changes, researchers at the
Australian Institute of Marine Science and the Hawaii Institute of Marine Biology
have proposed new ‘assisted evolution’ methods to increase resilience in corals.
Many shallow water reef-forming corals are dependent on a close symbiotic
relationship with a type of alga (zooxanthellae) in their tissues. If the coral
becomes stressed through rising sea temperatures owing to climate variability,
such as El Nino events, the zooxanthellae may be expelled as a defence
mechanism to ease metabolic processes within the coral. This gives the coral a
‘bleached’ appearance. If the thermal stress continues for some time, corals may
die over large areas; almost one quarter of the corals on the Great Barrier Reef
died in 2017. In addition, the time intervals between conditions that induce coral
bleaching have shortened from cycles of about 30 years to 5 to 6 years. As a
result the corals are unable to recover fully between events which may be
caused by climate change.

Figure 29. Bleached branching coral (foreground) and normal branching coral
(background). Keppel Islands, Great Barrier Reef. Photo credits https://
en.wikipedia.org/wiki/File:Keppelbleaching.jpg CC Attribution 3.0 License.
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In the wild there are different strains of zooxanthellae (Symbiodinium clades)
living both within corals and in the surrounding sediments. Some strains have
greater thermal tolerance, but it is unknown if the coral-alga symbiosis can
evolve fast enough to allow corals to thrive in future climate conditions. On the
other hand, there is evidence that some changes are passed from parents to
later generations for several organisms; the changes can be rapid and,
potentially, induced with human aid. Both processes have led scientists to
consider whether new strains of thermo-tolerant zooxanthellae might be
encouraged through the selection of successive generations in the laboratory, in
much the same way as breeds of dogs, crops and cattle have been changed
with time. The short generation times of zooxanthellae makes this a distinct
possibility. Reared larvae or corals can be inoculated with particular new thermotolerant strains of zooxanthellae reared in the laboratory providing greater longterm protection to coral reefs from climate change. This is just one approach
being studied currently.
Work at the Australian Institute of Marine Science, in Townsville, Queensland,
Australia has shown that temperature tolerance in zooxanthellae can be
selected by culturing about 80 successive generations over a period of two and
a half years. The laboratory-reared strains showed good growth at 31°C whereas
those strains in the wild were unable to photosynthesise or grow at the same
temperature. Growth at 27°C was similar in the two strains. However, the better
physiological responses of the laboratory-selected strains were not as great when
they were introduced into corals. This suggests that greater knowledge is required
on additional factors need to be selected other than just thermal tolerance.
The rate of change likely to occur in future climate scenarios suggests that work
such as assisted evolution, which include different approaches (induced
acclimatization, modification of microbial symbiont communities, selective
breeding, mutagenesis and selection of Symbiodinium clades) may be important
to ensure healthy coral reef systems in the future and ensure their ecosystem
services, such as protection from wave erosion.
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There are ethical, social and juridical issues of introducing species manipulated in
the laboratory into natural marine ecosystems which will need to be addressed.
There may be potential unintended consequences without further research. Is
assisted evolution a more acceptable method than direct genetic modification?
Are artificially enhanced strains potentially invasive ‘species’, or at least strains
that might produce invasive hybrids? A number of issues which are currently
under debate in relation to genetically modified crops may need to be
considered. However, it should be noted that assisted evolution methods are
significantly different in that they use wild stocks as the starting point. ’Assisted
Evolution’ uses methods that occur in nature, albeit at an accelerated rate.
Further information
David Billett (david.billett@deepseasolutions.co.uk), Deep Seas Environmental
Solutions Ltd., and Cristina Linares (cristinalinares@ub.edu), Universitat de
Barcelona.
Further reading
Chackravati, L.J., Beltran, V.H. and van Oppen, M.J.H. (2017) Rapid thermal
adaptation in photosymbionts of reef-building corals. Global Change Biology 23,
4675-4688. DOI: 10.1111/gcb.13702
van Oppen, M.J.H., Oliver, J.K., Putnam, H.M. and Gates, R.D. (2015) Building coral
reef resilience through assisted evolution. PNAS 112, (8) 2307-2313. https://doi.org/
10.1073/pnas.1422301112
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Can bivalves help in seagrass restoration?
Boström, C. – Åbo Akademi University, van der Heide T., van de Koppel J. – Royal
Netherlands Institute for Sea Research
Importance and state of seagrass meadows
In many coastal ecosystems both bivalves and seagrass co-occur. They are both
important ecosystem engineers, i.e. they strongly modify their living environment
and enable the existence of diverse associated communities. Seagrass meadows
form vast underwater landscapes and communities consisting of a myriad of
small invertebrates which in turn support higher trophic levels like fish and marine
mammals. Bivalve reefs formed by oysters or mussels also create complex
habitats which are home to many invertebrate and fish species. So what do
these cryptic, submerged ecosystems have to offer?
Many species of commerical shellfish and finfish utilize bivalve reefs and seagrass
beds as feeding grounds and nurseries. In addition, seagrass meadows are
intensive carbon, nutrient and particle sinks and function as sediment stabilizers.
Thus both the function and beauty of “the prairies of the sea” contribute
significantly to human wellbeing and tourism. Despite their importance and
value, we are losing our seagrass and bivalve habitats at a faster rate than we
discover their distribution and importance. Globally, 30% of seagrass meadows
and 80% of our oyster reefs have been lost. Preventing loss through efficient
coastal management is crucial, but what can be done when we have already
lost the entire habitat?

Figure 30. Experimental plot using blue mussels (Mytilus edulis) to aid
establishment of eelgrass (Zostera marina) in southern Norway. Photo credit:
Camilla Fagerli.
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Restoration trials
There is accumulating evidence of positive feedback mechanisms between
bivalves and seagrasses, e.g. through nutrient deposition, sediment stabilization
and particle filtering by bivalves. If true, there might be an opportunity to improve
the presently low (37%) success rate of seagrass restoration by adding bivalves
when planting seagrass shoots, or to put seagrasses in the facinity/wake of
bivalve beds. To test this, experimental plots consisting of eelgrass (Zostera
marina) with or without blue mussels (Mytilus edulis) in the Baltic Sea and the
Kattegat have been established. In the Mediterranean Sea the role of the
charismatic endangered bivalve Pinna nobilis and its effects on the reestablishment of several seagrass species (Cymodocea nodosa, Posidonia
oceanica, Zostera marina) are being investigated.
In the Wadden Sea, where seagrass has been almost completely lost, trials are
focusing on the use of biodegradable structures as a substrate for bivalve
settlement and seagrass restoration, to prevent loss due to erosion. These
structures are also being tested in the Baltic and Mediterranean seas to test their
use under a variety of environmental conditions. The use of biodegradible
structures, which is a method patented by the Dutch company Bureau
Waardenburg, is an example of a close collaboration with a commercial and a
scientific partner in developing new techiques for ecosystem restoration.

Figure 31. The noble pen shell Pinna nobilis transplanted into a Cymodocea
nodosa meadow at 12 m depth in the Javorike Bay (Brijuni MPA, Northern
Adriatic Sea, Croatia). Photo credit: Donat Petricioli.
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New knowledge obtained
So far we have learned that site exposure, mussel attachment, the presence of
filamentous algae, and the use of different seagrass shoot ancoring net materials,
all play an interactive role in the success of re-establishing seagrass patches and
meadows. Also, seagrass establishment success may be dependent on a
multitude of other factors, such as nutrient avaibility, the particle content of the
sediment, physical stresses, and grazing. Finally, our preliminary results highlight
the importance of initial patch size within seagrass restoration projects as an
important driver of restoration success.
Further information
Christoffer Boström (cbostrom@abo.fi), Åbo Akademi University, Tjisse van der
H e i d e ( t j i s s e . v a n . d e r. h e i d e @ n i o z . n l ) a n d J o h a n v a n d e K o p p e l
(johan.van.de.koppel@nioz.nl), Royal Netherlands Institute for Sea Research.
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The management and restoration of eelgrass meadows: the ZORRO programme
Ojaveer H. – University of Tartu
Background
Seagrass habitats are one of the world’s most threatened ecosystems. They are
disappearing in many parts of the world at an alarming rate. Nearly 30% of the
global seagrass area has been lost since the early 1900s. In some parts of the
Swedish coast more than 60% of the eelgrass meadows have vanished since the
1980s with little natural recovery. Studies suggest that the primary mechanism
behind the decline of eelgrass meadows in Sweden is caused by eutrophication
in combination with overfishing, which has caused a trophic cascade that
promotes the growth of harmful algae. As environmental conditions improve
through the careful management of the coastal zone, interest in restoring lost
eelgrass habitats is growing, but, so far, large-scale restoration of eelgrass has not
been carried out.

Figure 32. Eelgrass Zostera marina in the Baltic Sea. Photo credit: Kaire Kaljurand.
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The ZORRO Project
The goal of the research project ZORRO (Zostera restoration) is to improve the
management of coastal ecosystems along the Swedish west coast with a focus
on eelgrass meadows. The research within ZORRO has focused on:
• Ecological causes of eelgrass loss and lack of recovery in NW Sweden.
• Legal causes and ecological consequences for eelgrass of small-scale coastal
exploitation in NW Sweden.
• Economic valuation of eelgrass ecosystem services in NW Sweden.
• Deficiencies in legal management system of eelgrass and other coastal
ecosystems and how it could be improved.
• Developing methods and policies for mitigation through habitat compensation
to avoid net-losses of eelgrass affected by exploitation
• Developing cost-effective methods and guidelines for large-scale restoration of
eelgrass in Sweden.
The project provides a focus for research collaborations between marine
ecologists, environmental legal scholars, and environmental economists on the
management and restoration of eelgrass ecosystems. In Sweden the project has
stimulated the close collaboration with the Country Administrative Board of
Västra Götaland and the Swedish Agency for Marine and Water Management.
Some of the most recent research highlights/findings:
• In addition to coastal eutrophication and overfishing, the establishment and
expansion of marinas can negatively affect eelgrass: based on inventories of
marinas in 2008, it was estimated that approximately 480 hectares, an area
corresponding to about 7% of the present areal coverage of eelgrass was
negatively impacted in SW Sweden.
• Single adult eelgrass transplants originating from shallow environments with
good light penertration can acclimatize and be used for restoration within other
areas which have highly variable light conditions.
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• In order to maximize the number of new shoots produced during the first year of
new management measures, eelgrass restoration should be performed early in
the growth season.
• Flowering shoots should be harvested when >50% of the spathes have
developing seeds, with shoots not being stored for periods greater than 40 days
to obtain the optimal release of viable seeds.
• Major changes in the management practices and people’s behavioural habits
are needed in order to achieve both national and international goals on
attaining good environmental status.
Further information
Henn Ojaveer (henn.ojaveer@ut.ee), University of Tartu.
Further reading
The research programme ZORRO. https://havochsamhalle.gu.se/english/oceanscience/zorro---eelgras
Eriander L. 2017. Light requirements for successful restoration of eelgrass (Zostera
marina L.) in a high latitude environment – acclimatization, growth and
carbohydrate storage. Journal of Experimental Marine Biology Ecology. 496C:
37-48. http://dx.doi.org/10.1016/j.jembe.2017.07.010
Eriander L, Laas K, Bergström P, Gipperth L, Moksnes P-O. 2017. The effects of
small-scale coastal development on the eelgrass (Zostera marina L.) distribution
along the Swedish west coast – ecological impact and legal predicaments.
Ocean and Coastal Management. 148:182-194. https://doi.org/10.1016/
j.ocecoaman.2017.08.005
Infantes E, Moksnes P-O. 2018. Eelgrass seeds harvesting: flowering shoots
development and restoration in the Swedish west coast. Aquatic Botany.
144:9-19. http://doi.org/10.1016/j.aquabot.2017.10.002
Turner LM, Bhatta R, Eriander L, Gipperth L, Johannesson K, Kadfak A,
Karunasagar I, Karunasagar I, Knutsson P, Laas K, Moksnes P-O, Godhe A. 2017.
Transporting ideas between marine and social sciences: Experiences from
interdisciplinary research programs. Elementa-Science of the Antropocene. 5:14.
http://doi.org/10.1525/elementa.148
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Private finance of kelp restoration
Groeneveld R. – Wageningen University
Setting the scene
The shortfall in governmental funding for biodiversity conservation raises the
question of how private institutions might contribute to ensuring healthy seas. To
explore the possibilities for private financing in conservation a case study was
carried out on how Norwegian kelp forests might be restored. Large areas of kelp
have disappeared largely due to grazing by the green sea urchin
Strongylocentrotus droebachiensis. Hence, a significant part of the restoration
action entails the removal of the green sea urchin. In general, restoring kelp
forests should enhance a number of ecosystem services such as providing nursery
grounds for important fish species, source materials for food, cosmetics and
(potentially) biofuels, carbon storage, water purification, wave attenuation and
recreational/aesthetic values. Mapping these services in relation to different
groups of beneficiaries allowed an assessment to be made of how private
funding might contribute to restoration actions.

Figure 33. Healthy kelp forest in Sommarøy, Norway. Photo by T. Wernberg, KELPEX.
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Outcomes of the assessment
The study identified two considerations which might prove to be major hurdles in
attracting private financing. The first relates to the nature of free public access to
many ecosystem services at present although some ecosystem services could be
charged for in the future. Table 1 lists the main ecosystem services provided by
kelp and a code (A to F) which details how charging for ecosystem services
could be arranged in relation to the main beneficiary groups who would benefit
from kelp restoration. Some ecosystem services, such as alginate extraction are
probably marketed already (A), whereas others may require the introduction of
recreation access fees (B) or carbon offset payments to operationalise the kelp's
ability to store carbon (C). Other services will require cooperatives to facilitate
collective action by the tourism industry (D), local residents (E) and fishermen (F).
Harvesting of the green sea urchin is unlikely to generate significant revenue as it
requires expensive gear and the removal of all individuals, not just the ones likely
to fetch a high price.

Figure 34. Kelp being
grazed by sea urchins in
Sommarøy, Norway.
Photo by T. Wernberg,
KELPEX.
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The second major hurdle identified was the time gap between 1) investments in
restoration being made and 2) the generation of the tangible benefits. Currently
recreational visitors are likely to be willing only to pay for restoration out of a sense
of altruism, because the recreational services will not be available at the start of
the restoration project and at the time investments are required. Therefore, other
mechanisms from conservation finance would be helpful. The aforementioned
cooperatives of interests (tourism operators, local residents, fishermen) could set up
an environmental investment fund or issue green bonds. Credit Suisse Group AG,
WWF, and McKinsey & Company distinguished three types of investors who
historically have invested in such funds: (1) donors, who provide funds out of charity
or philanthropy, (2) wealth-preserving investors, who are usually not looking for a
return beyond their initial investment, and (3) return-oriented investors, who are
most like traditional investors looking for a substantial return.
This study demonstrates that despite the public nature of many ecosystem services,
kelp restoration can at least partly be privately funded. This requires a clear
description of the financial and conservation return for investors, and the
investment options should be investable, scalable, and financially rewarding. Due
to the time gap between the restoration efforts and the development of
ecosystem services, beneficiaries of the eventual ecosystem services have to be
included in order to generate the financial return and reduce free riding. It also
requires collaboration between public and private actors, and between different
stakeholder groups.
Further information
Rolf Groeneveld (rolf.groeneveld@wur.nl), Wageningen University.
Further reading
Credit Suisse Group AG, WWF and McKinsey & Company (2014). Conservation
Finance: Moving beyond Donor Funding toward an Investor-Driven Approach.
Geneva, Credit Suisse.
Gundersen, H., T. Bryan, Chen, F. E. Moy, A. N. Sandman, G. r. Sundblad, S.
Schneider, J. H. Andersen, S. Langaas and M. G. Walday (2017). Ecosystem
Services: In the Coastal Zone of the Nordic Countries. Copenhagen, Nordic Council
of Ministers.
Parker, C., M. Cranford, N. Oakes and M. Leggett (2012). The Little Biodiversity
Finance Book: A Guide to Proactive Investment in Natural Capital (PINC). Oxford,
Global Canopy Programme.
World Bank and PPIAF (2015). What are Green Bonds? Washington, DC, World
Bank.
WWF (2009). Guide to Conservation Finance: Sustainable Financing for the Planet.
Washington, DC, World Wildlife Fund.
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Understanding and communicating best practices
for river restoration in the Baltic Sea region
Rahikainen M. – HELCOM
Society today is having second thoughts about the utility of altering water flow in
rivers running to the sea. Benefits received from hydroelectric power production,
flood protection or timber transportation have been obvious, but awareness of
the external costs has improved over several decades. Anthropogenic
interventions have had dramatic impact not only on the fluvial environments and
their biota but also on the wealth of communities depending on or using these
ecosystem services. Sustainability of the migratory fish populations depend on the
quantity and quality of reproduction areas in rivers and streams. Several
populations have declined due to degradation of these essential habitats or
gone extinct when dams have blocked access from the sea to upstream
spawning areas. With the improved understanding increasing effort has been
directed towards restoration of degraded river habitats.
To improve the situation and to promote the use of the best available practices in
restoration activities in the Baltic Sea area, the Baltic Marine Environment
Protection Commission (HELCOM) cooperates with other regional partners in the
recently launched EU Interreg Baltic Sea Region Programme financed projecton
‘Development, promotion and sustainable management of the Baltic Sea Region
as a coastal fishing tourism destination’ (RETROUT; https://projects.interregbaltic.eu/projects/retrout-116.html) aims to develop the Baltic Sea region as a
coastal fishing tourism destination through river restoration and advanced
fisheries management. Promotion of sustainable fishing tourism will be built on sea
trout which is the “little brother” of iconic salmon.
The effective execution of restoration projects is imperative in the context of
resource-efficient Blue Growth. Cost-benefit analyses are often carried out a
priori to justify spending public money in restoration projects. Estimating the costs
of any activity is typically a clear-cut task after a reasonable project
implementation plan has been developed. Attaining a viable restoration project
plan will require integration of ecological knowledge, cultural and social
understanding, and engineering skills. Stakeholder engagement and efficient
communication are key elements of any successful project due to trade-offs
among many stakeholder groups.
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Evaluation of the expected benefits of a restoration project is non-trivial. The
challenge is many-fold: i) forecasts about the recovery rate of the fish
populations are uncertain, ii) fulfillment of the business aspirations at the fishing
tourism destinations is unsure, and iii) translating the value of ecological and
social benefits into a monetary scale is still controversial despite the growing
scientific basis for it. For instance, choice experiments, a form of stated
preference methods, are becoming a popular means of eliciting preferences
from individuals in hypothetical markets.

Figure 35. Electro-fishing for abundance surveillance of juvenile sea trout in River
Jägala (up) and River Selja (bottom), Estonia. Photos by Imre Taal and Martin Kesler.

Further information
Mika Rahikainen (mika.rahikainen@helcom.fi), Project Manager at HELCOM.
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