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Background
The document contains a summary of measures related to coastal restoration.
An attachment (Document 2 Att.1 HELCOM ACTION WP2.2a Draft list restoration measures revised last
version) also provides further information and an approach for evaluating the proposed measures. This latter
aspect will be introduced and utilized under Agenda item 5.
Action requested
The Workshop is invited to discuss the information provided.

Measures related to restoration of coastal habitats
This document contains information on 16 measures of relevance for improving coastal habitats.
The content is to be viewed as representing measures for which at least some experience is
available today, and is intended to support their further evaluation.
The measures represent three broad categories: i) measures aiming at restoring or rehabilitating 1
habitats or habitat forming species, ii) measures aiming at reducing pressure levels, with a focus
on nutrient loading, which is a predominating pressure in many coastal habiatats, and iii)
measures focusing on protecting habitats or strengthening functionally important species.
On a generalized level, the different categories are suggested to sort by level of cost-efficiency as:
1) protective measures, 2) measures to improve existing habitats and species and/or to reduce
pressures, 3) restoration measures. However, differences in the applicality and need of specific
measures within each of these groups affect the total picture.
It should also be noted that different measures may be advisable in different areas, depending on
community composition and key species, local characteristics and what local key impacts that are
identified, and that a combination of measures is likelyto be the most effective in many cases.
The measures for which information is presented are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Restoration of eelgrass, Zostera marina
Restoration of soft bottom macrophytes (other than eelgrass)
Restoration of brown macroalgae, mainly Fucus vesiculosus
Restoration of blue mussel reefs
Restoration of stony reefs
Restoration of soft bottoms free of vegetation
Restoration of coastal wetlands
Strengthening piscivorous fish to rehabilitate coastal ecosystem function
Reducing nutrient loading by farming and harvesting blue mussels
Rehabilitation of hypoxic areas by oxygen pumping

In this context, ecological restoration involves restoring lost or severly deteriorated habiatats or habitatforming species to a previous/historical state while rehabilitation involves improving the state of existing
but deterioratied habitats or habitat-forming species.
1

11. Reducing internal phosphorus loads by metal bounding
12. Biomanipulation to remove cyprinds and sticklebacks and rehabilitate coastal ecosystem
13.
14.
15.
16.

function
Rehabilitation of anoxic, nutrient rich or polluted sediments by removal or coverage
Rehabilitation of hard bottoms by establishment of artificial reefs
Protection of habitats
Follow-up and knowledge sharing

Tables 1–15 have been filled in as thoroughly as possible under the general understanding that
practical experience is still limited for most of these measures in Baltic Sea coastal areas. Table 16
suggests actions to remediate this limitation in the future by enhancing follow-up and knowledge
sharing. The tables synthesise work of the ACTION project and of Kraufvelin et al. 2020 2.
The text was written by Patrik Kraufvelin, Lena Bergström, Jens Olsson, Ulf Bergström and Andreas
Bryhn, submitted by the SLU Aqua (Department of Aquatic Resources, Swedish University of
Agricultural Sciences) and the HELCOM ACTION project.

Kraufvelin, P., Bryhn, A., Olsson, J., 2020. Erfarenheter av ekologisk restaurering i kust och hav. Havs- och
Vattenmyndighetens Rapport (in preparation). (In Swedish).
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Title

1. Restoration of eelgrass, Zostera marina

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Mechanical transplantation of vegetative eelgrass shoots.

Activity:

Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Extraction of minerals (rock, metal ores, gravel, sand, shell)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Agriculture
Transport – shipping (incl. anchoring, mooring)
Transport – shipping infrastructure (harbours, ports, ship-building)
Tourism and leisure infrastructure (piers, marinas)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources

State:

In western Sweden, seagrass meadowns have decreased in distribution over the last decades.
Seabed habitats

Extent of impact:

Positive impacts of restoration measures are very local and within coastal waters

Effectiveness of measure

From western Sweden (Skagerrak/Kattegat), there are examples of successful results from restoration of
eelgrass at the experimental scale. Transplantation of vegetative shoots is the only possibility, sowing
does not work. The method is still both expensive and time consuming (Cole & Moksnes 2016, Eriander
et al. 2016, Infantes et al. 2016, Moksnes et al. 2016a, b). The measure is only effective provided that the
orginal pressures causing the eelgrass loss is also removed, for example related to water quality aspects.
Recently, the role of local physical regime shifts shuch as changes in light and sediment condition and
how and why these conditions prevent eelgrass recovery have been investigated (Moksnes et al. 2018).

Cost, cost-effectiveness of measure:

The estimated costs for western Sweden approach 120 000 – 250 000 euro per hectare restored eelgrass
meadow (Moksnes et al. 2016a, b). However, Bayraktarov et al. (2016) give a median prize for the
western world of 392 988 euro per hectare restored seagrass and de Groot et al. (2013) present a range
of 250 000 – 600 000 euro per hectare for coastal systems including seagrasses.

Feasibility:

The shoot transplantation measure for eelgrass seems to be working in western Sweden
(Kattegat/Skagerrak), but the costs are relatively high. For Kalmar Sound and Denmark, only little
information is still available (https://www.novagrass.dk/en/home/, Kraufvelin et al. 2020).

Follow-up of measure:

In western Sweden (Kattegat/Skagerrak), eelgrass restorations are followed up (Moksnes et al. 2016ab,
2018)

Background material:

Comprehensive details exist for eelgrass in western Sweden (Kattegat/Skagerrak), but still quite little
information from other parts of the Baltic Sea such as Kalmar Sound and Denmark. From the USA, a lot of
information is available.
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Title

2. Restoration of soft bottom macrophytes (other than eelgrass)

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Transplantation and sowing of macrophytes, transplantation of overwintering propagules, harvesting
undesired competing vegetation.

Activity:

Canalisation and other watercourse modifications (coastal dams, culverting, trenching, weirs, large-scale
water deviation)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Agriculture
Forestry
Transport – shipping (incl. anchoring, mooring)
Transport – shipping infrastructure (harbours, ports, ship-building)
Waste waters (urban, industrial, and industrial animal farms)
Tourism and leisure infrastructure (piers, marinas)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources

State:

Mainly local declines in the distribution of macrophytes (other than eelgrass) have been reported from
the Baltic Sea.
Seabed habitats

Extent of impact:

The positive impacts of these restoration measures are supposedly very local and within coastal waters.

Effectiveness of measure

Some success has been achieved for restoration of macrophytes within lake restoration on the European
continent. Swedish information is available from lakes and rivers in the report by Degerman et al. (2017),
while Torn et al. (2010) have some information about brackish-water charophytes in Estonia. The
methods from freshwater systems can potentially be used also in brackish water areas, although they are
largely untested (Kraufvelin et al. 2020). Re-establishment of plant communities is, however, a very slow
process, often comprising 20–40 years (Hilt et al. 2006, Bakker et al. 2013).

Cost, cost-effectiveness of measure:

Costs per restored hectare of other macrophytes on soft substrate are possibly comparable with those
for seagrass or ca 120 000 – 600 000 euro per hektar (de Groot et al. 2013, Bayraktarov et al. 2016,
Moksnes et al. 2016ab).

Feasibility:

Too little experience is available for this measure in order to fully judge its feasibility.

Follow-up of measure:
Details are missing

Background material:

For other macrophytes, there is very little information available from brackish water, although some
initial attempts have been done in Björnöfjärden in Stockholm archipelago
(http://balticsea2020.org/alla-projekt/overgodning/15-oevergoedning-avslutade-projekt/402restaurering-av-vegetationsklaedda-bottnar)
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Title

3. Restoration of brown macroalgae, mainly Fucus vesiculosus

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Transplantation of seaweed attached to stones/boulders

Activity:

Land claim
Coastal defence and flood protection (seawalls, flood protection)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Extraction of minerals (rock, metal ores, gravel, sand, shell)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Agriculture
Forestry
Transport – shipping (incl. anchoring, mooring)
Transport – shipping infrastructure (harbours, ports, ship-building)
Waste waters (urban, industrial, and industrial animal farms)
Tourism and leisure infrastructure (piers, marinas)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources

State:

Loss of bladder-wrack, Fucus vesiculosus, is considerable along many stretches of the Baltic Sea coastline,
especially at the deeper ranges of its former depth distributions.
Seabed habitats

Extent of impact:

Restoration can at best improve conditions locally in coastal waters, but there is still no evidence of
successful restorations of perennial brown algae from the Baltic Sea.

Effectiveness of measure

For bladder-wrack in the Baltic Sea, transplantation methods have been tested and used without longterm success (e.g. Engqvist et al. 2000, Berger et al. 2001, Kautsky et al. 2019), but see Krost et al. (2018)
from the Kiel bight in Germany. Kautsky et al. (2019) list epiphytic load, light conditions, grazing and type
of substratum as factors that need to be taken into consideration in order to achieve successful
restoration of bladder-wrack, F. vesiculosus.

Cost, cost-effectiveness of measure:

Costs for restoration of Fucus vesiculosus in the Baltic Sea have recently been estimated by Kautsky,
Schagerström and Qvarfordt (personal communication) and they present time use for various stages
connected with transplanting a certain number of bladder-wrack individuals, including a follow-up
program. In total 464 h are estimated to be needed planning and actual transplantation and following up
the transplantation success for 350 bladder-wrack individuals. De Groot et al. (2013) present a range of
250 000 – 600 000 euro per hectare for coastal systems including perennial macroalgae on rocky shores.
Globally, the presented costs for macroalgal restoration, depending on species and geographical region,
vary with several orders of magnitudes; from 26 012 euro (Campbell et al. 2014) to 2 285 880 euro per
hectare (Carney et al. 2005).

Feasibility:

Restoration through transplantation of bladder-wrack is very difficult and still no real success stories
exist from the Baltic Sea (see Kautsky et al. 2019 for details) with some possible exceptions (see Krost et
al. 2018).

Follow-up of measure:

All long-term follow-up studies of bladder-wrack transplantation attempts in the Baltic Sea demonstrate
failures (Kautsky et al. 2019, Kraufvelin et al. 2020), although the study by Krost et al. (2018) presents
some promising results.

Background material:

Restoration of bladder-wrack through transplantation has been tested in Björnöfjärden (Stockholm
archipelago, eastern Sweden), in Himmerfjärden (Trosa archipelago, eastern Sweden), in the Kalmar
Sound (southeastern Sweden), in the Bay of Gdansk (Poland) and in the Kiel bight (Germany).
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Title

4. Restoration of blue mussel reefs

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

The measure aims to support the natural recruitment of blue mussel (Mytilus edulis/trossulus). This can
be achieved by deploying mussel shells (for example from mussel farms) or other natural or artificial
substrates onto hard bottoms in areas with natural availability of mussel recruits. Alternatively, mussels
can be naturally recruited onto (jute or coconut fibre fabric) substrates in the water mass and later
transplantaed to the bottom together with the substrate. Direct transplantation of young or adult
mussels may be another option.

Activity:

Land claim
Coastal defence and flood protection (seawalls, flood protection)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Extraction of minerals (rock, metal ores, gravel, sand, shell)
Renewable energy generation (wind, wave and tidal power), including infrastructure
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Transport – shipping (incl. anchoring, mooring)
Transport – shipping infrastructure (harbours, ports, ship-building)
Waste waters (urban, industrial, and industrial animal farms)
Tourism and leisure infrastructure (piers, marinas)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Input or spread of non-indigenous species
Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources
Input of other substances (e.g. synthetic substances, non-synthetic substances, radionuclides) — diffuse
sources, point sources, atmospheric deposition, acute events

State:

This far, mainly local decrease in mussel abundance has been reported, but in western Sweden (Kattegat
and Skagerrak), a larger-scale disappearance of blue mussels is taking place.
Seabed habitats

Extent of impact:

The positive impacts of restoration measures are local and within coastal waters.

Effectiveness of measure

The used methods for restoration can in Denmark lead to fast re-establishment, within 1–2 years, of
functional/harvestable mussel stands (Dolmer et al. 2009). Succesful restoration of biogenic reefs of
mussels have been observed to increase the structural complexity and biodiversity of the habitat and
associated fauna, which may support an increased fish growth and diversity over time (Kristensen et al.
2015). The restoration may also include many positive side effects, such as habitats for associated
organisms and fish, clearer waters and increased coastal protection (Kraufvelin et al. 2020).

Cost, cost-effectiveness of measure:

Blue mussel restoration is probably one of the least costly marine restoration methods, provided that the
measures are successful. Still, no cost estimates seem to exist for restoration of blue mussel reefs in the
Baltic Sea. For indicative comparison, a median cost of 194 270 euro per hectare restored oyster reef is
given by Bayraktarov et al. (2016). de Groot et al. (2013) present a range of 250 000 – 600 000 euro per
hectare for coastal systems including rocky shores.

Feasibility:

Restoration of blue mussel reefs, as a measure, is probably relatively easy and cheap compared to many
other benthic restoration measures.

Follow-up of measure:
-

Background material:

8-fjordar, Stenungsund (western Sweden); Limfjorden (northern Denmark); Nørrefjord (southern
Denmark)
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5. Restoration of stony reefs

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Restoration and revitalization of stony/boulder habitats is a priority in areas where these habitats have
previously been destroyed or lost due to human activities. These measures are undertaken in order to
bring back the degraded habitat to a state where it can support biodiversity and also the productivity of
fish populations. The measures aim to re-create natural physical hard structures, and are mainly
applicable for the southern and southwestern Baltic Sea. Natural or blasted rocks that can serve as
underwater stony/boulder reefs, are re-introduced to allow for colonisation of hard bottom macroalgal
and macrofaunal assemblages and fish.

Activity:

Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Extraction of minerals (rock, metal ores, gravel, sand, shell)
Transport – shipping infrastructure (harbours, ports, ship-building)
This refers to past activities

Pressure:

Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions

State:

The measure is relevant for coastal areas where stony reefs have previously been present, but where
they now are depleted, such as in the southern and southwestern Baltic Sea.
Seabed habitats

Extent of impact:

There are mostly local positive effects of the measure, but with combination of the establishment of
marine protected areas, some wider scale positive impact could possibly be achieved.

Effectiveness of measure

The measure implies re-introduction of natural or blasted stones that can serve as underwater
stony/boulder reefs to allow for colonisation of hard bottom macroalgal and macrofaunal assemblages
and fish communities (Kraufvelin et al. 2020). The measure is expected to lead to more habitat for
marine organisms, increased biodiversity, increased availability of essential fish habitats, preserved
ecosystem services, improved coastal protection against erosion, sequestration of organic material and
nutrients and more. Potential negative responses that should be considered during localization are
effects on bottom structure and water circulation, and the risk of claiming space from other marine
habitats. In areas of predominating soft bottoms introduced hard substrates can serve as stepping stones
for non-indigenous invasive species. Promoting the attraction by individuals to certain areas can lead to
overharvesting of fish unless fisheries are also managed.
In the Baltic Sea region, a restoration was applied in Denmark to areas where the original hard substrate
historically has been removed by stone fishing, leaving a soft, predominantly sandy substrate that could
not support the natural biological community including fish. When artificial stone reefs were reintroduced in such areas, it was seen that the biotic community changed as the new structures attracted
species with a preference for rocky habitats. Monitoring in such areas have shown increased biodiversity,
increased abundances of fish, including increased abundance of larger specimens of certain species of
fish (Støttrup et al. 2014, 2017).
Similar effectiveness of the measure can be deduced from monitoring fish close to off shore wind farms
in the Sound area, where boulders are deployed as scour protection around the turbine foundations
(Stenberg et al. 2015, Bergström et al. 2015). Comparable examples can also be found from areas outside
of the Baltic Sea (HELCOM 2018).
In some areas, the restoration of other types of hard substrates may be more relevant. Restoration of
biogenic reefs of mussels have been observed to increase the structural complexity and biodiversity of
the habitat and associated fauna, which may support an increased fish growth and diversity over time
(Kristensen et al. 2015). The long-term effect of the measure is dependent on the persistence of the
created habitat, why rocks are assumed to be more persistent, lasting and requiring less maintenance.
Whether the above-mentioned observations are the result of pure attraction effects of the fish or if they
also reflect effects at the population abundance level, is to date not established due to a lack of longterm follow-up studies. However, it is relevant to recommend that the measure is combined with
protection from fishing to facilitate the rapid re-establishment, and to avoid over-fishing as fish are
expected to become easier to catch in areas where they aggregate such as around restored stone reefs.

Cost, cost-effectiveness of measure:

Restoration of 7 hectares and stabilisation of 6 hectares of stony reefs at Læsø Trindel in Denmark cost 4
800 000 euro (Støttrup et al. 2014, 2017). The construction and monitoring of seven stony reefs (more of
the artificial reef type, see Table 14 below) at Vinga outside Gothenburg in Sweden cost about 1 200 000
euro (Salonsaari 2009, Wikström et al. 2016).

Feasibility:

The measure is comparably feasible when applied for the restoration of historically lost stony/boulder
reefs.

Follow-up of measure:

Increase in commercially important fish species such as cod and saithe (Egriell et al. 2007, Støttrup et al.
2014, 2017, Wikström et al. 2016), increase in shellfish and other benthic life forms (Salonsaari 2009,
Pålsson 2009). Restored stone reefs may also attract harbour porpoise (Mikkelsen et al. 2013).

Background material:

Note. This refers to the same measure as included in the set of measures for coastal fish provided
separately.
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Title

6. Restoration of soft bottoms free of vegetation

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

"Restoration" of unvegetated soft bottoms can be done through covering the seafloor with new bottom
material e.g. after installing cables/pipes or by collection and removal of e.g. drifting macroalgae to reestablish bottoms free from vegetation. The measures may also include natural resedimentation of
previously dredged waterways when these are no longer in use.

Activity:

Canalisation and other watercourse modifications (coastal dams, culverting, trenching, weirs, large-scale
water deviation)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Extraction of minerals (rock, metal ores, gravel, sand, shell)
Transmission of electricity and communications (cables)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Transport – shipping (incl. anchoring, mooring)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Disturbance of species: Other (e.g. barriers, collission)
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of organic matter — diffuse sources and point sources

State:

The total damaged area of vegetation-free soft bottoms may be considerable in the Baltic Sea, although
there are few restoration efforts going on. Probably natural recovery is the most efficient way to deal
with problems, especially on deeper bottoms.
Seabed habitats

Extent of impact:

The positive impacts of these restoration measures are very local and within coastal waters.

Effectiveness of measure

The recovery process depends on which species are present in the area and their respective life cycles,
mobility and capability of dispersal (Lewis et al. 2002). Positive responses: re-establishment of previous
habitats and bottom substrates for bottom fauna as well as reproductory areas for fish. Negative
responses: risks for changed or unnatural sediment composition (as it is very difficult to reconstruct the
right proportions of sand, mud and gravel making up the seafloor), risks of removing important species
while removing macroalgae.

Cost, cost-effectiveness of measure:

Cooper et al. (2013) calculated restoration costs for a dredged site of 83.9 hectare in the Thames estuary,
Great Britain and reached a value of 944 058 euro which meant 11 252 euro per hectare. This amount
included cost for restoration (dredging, capping, bed levelling), licensing, carbon footprint and survey
costs (one baseline survey and two post-restoration surveys).

Feasibility:
-

Follow-up of measure:
-

Background material:
-
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Title

7. Restoration of coastal wetlands

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Recreating wetlands through e.g. impoundments enables periods with flooding keeping the water longer
in the system. These wetlands can serve as nutrient traps, improve birdlife, improve habitats for
amphibians, and promote the recruitment of pike and perch, but also other fish species. Coastal
wetlands are often popular recreational sites for nature enthusiasts. Restoration and revitalization of
coastal wetlands as spawning and recruitment habitats for fish are key priorities in areas where wetlands
have previously been drained and destroyed, in order to bring back the degraded habitat to a state
where it can support biodiversity and also the productivity of fish populations.

Activity:

This refers to past activities leading to loss of functions such as natural spawning habitats, nutrient
trapping, etc.
Land claim
Canalisation and other watercourse modifications (coastal dams, culverting, trenching, weirs, large-scale
water deviation)
Coastal defence and flood protection (seawalls, flood protection)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Agriculture
Forestry

Pressure:

Loss of, or change to, natural biological communities due to cultivation of animal or plant species
Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Disturbance of species: Other (e.g. barriers, collission)
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources

State:

Spawning and recruitment habitats in coastal tributaries for coastal fish have undergone substantial
deterioration in many regions of the Baltic Sea (Engstedt et al. 2010, Nilsson et al. 2014, Kraufvelin et al.
2018).
Seabed habitats

Extent of impact:

The measure is relevant for freshwater-spawning coastal fish species in the Baltic Sea and it aims to recreate natural fish spawning habitats in coastal tributaries and wetlands where the availability of natural
spawning areas is limited due to human-induced habitat loss. The positive impacts are mainly local,
within coastal areas, but with a potential for positive basinwide effects.

Effectiveness of measure

Wetlands can be recreated through e.g. impoundments enabling periods with flooding keeping the water
longer in the system. These wetlands can promote the recruitment of pike and perch, but also other fish
species such as cyprinids.
Experiences on the effectiveness of restoring wetlands and tributaries to support spawning habitats of
coastal fish are available for the Baltic Sea coast of Sweden. Restoration of wetlands as reproduction
areas for foremost pike have in many cases shown to result in a strong increase in the production of
juvenile pike as a result of optimal spawning conditions, predation refuge and food production (Nilsson
et al. 2014, Larsson et al. 2015, Hansen et al. 2019).
Effects on adult pike populations are not yet well established, but some studies are ongoing (Hansen et
al. 2019, see also Fredriksson et al. 2013).
Positive responses include maintenance of a high biological production and diversity as well as function
as nutrient and sediment traps (buffering zones), promoted fish reproduction ("pike factories", perch),
benefits for bird and amphibian life, recreation, etc. Increased number of predatory fish can contribute
to decreased eutrophication through an increased predation on smaller fish and other prey species, both
in the wetland and in the sea outside. This can in turn increase the amount of grazing zooplankton,
crustaceans and gastropods controlling phytoplankton and periphyton and filamentous algae (Östman et
al. 2016). Negative responses include potentially disturbed terrestrial ecosystems, alteration of
freshwater or marine habitats, potential harmful effects of certain bird species.

Cost, cost-effectiveness of measure:

For Sweden, 281 hectare wetland/coastal lakes were restored between 2010 and 2018 and 2 610
hectares were made accessible for pike by 83 measures/projects by the Swedish Anglers Association
(Hansen et al. 2019). The costs for one hectare restored wetland are estimated to 10 000 - 20 000 EUR
(including planning and restoration, but excluding monitoring costs afterwards). Globally, de Groot et al.
(2013) present a range of 15 000 – 600 000 EUR per restored hectare for coastal wetlands.

Feasibility:

The measures are fairly feasible to carry out and positive effects can probably be maintained with
comparably low costs and efforts.

Follow-up of measure:

Measures are rarely followed-up and therefore the knowledge-base needs to be improved by including
costs for post-project monitoring and follow-up in future projects.

Background material:

Note. This refers to the same measure as included in the set of measures for coastal fish provided
separately
Based on review presented by:
HELCOM 2018. Status of coastal fish communities in the Baltic Sea during 2011-2016 – the third thematic
assessment. Baltic Sea Environment Proceedings N° 161 and additional more recent studies.
Measures have been taken in e.g. Björnöfjärden (Stockholm archipelago), Kalmar Sound (southeastern
Sweden), Gyldensteen strand (Denmark), pike factories at numerous places along the Swedish Baltic Sea
coast (Swedish Anglers Association), etc.
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Title

8. Strengthening piscivorous fish to rehabilitate coastal ecosystem functioning

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Protection of shallow coastal environments, applying fishing and boating regulations, restocking, stock
enhancements, controlling seals and cormorants, etc. in order to restore populations of predatory fish.

Activity:

This refers to past activities leading to loss of functions such as natural spawning habitats.
Land claim
Canalisation and other watercourse modifications (coastal dams, culverting, trenching, weirs, large-scale
water deviation)
Coastal defence and flood protection (seawalls, flood protection)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Agriculture
Forestry

Pressure:

Loss of, or change to, natural biological communities due to cultivation of animal or plant species
Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Disturbance of species: Other (e.g. barriers, collission)
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources
Input of anthropogenic sound (impulsive, continuous)
Input of other forms of energy (including electromagnetic fields, light and heat)

State:

The measures are undertaken to counteract decreased abundance and size of predatory fish which are
present at a Baltic Sea wide scale.
Fish

Extent of impact:

The positive impacts are mainly local, within coastal areas, but with a potential for positive basin-wide
effects.

Effectiveness of measure

The goals are strengthened populations of predatory fish and of large individuals, which may also relieve
eutrophication symptoms and serve to strengthen habitats through re-establisment of trophic control
(see e.g. Östman et al. 2016 and references therein). Several measures can be considered out of which
not all have been rigorously tested. For example, fisheries no-take areas can lead to strengthened
populations of predatory fish (Egriell et al. 2007, Wikström et al. 2016, Bergström et al. 2019).

Cost, cost-effectiveness of measure:

Costs for protection measures by creating no-take areas are very low. Principally they can be established
more or less for free unless bought land and water areas are included or some compensation fees need
to be paid to former users.

Feasibility:

Highly feasible in combination with fisheries management

Follow-up of measure:
-

Background material:
-
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Title

9. Reducing nutrient loading through farming and harvesting blue mussels

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

The measure comprises enabling natural recruitment of blue mussels onto artificial farming substrates
such as ropes (longlines) or nets hanging vertically in the water mass. Natural mussel growth and
eventual harvest of mussels lead to nutrient removal (Kraufvelin & Díaz 2015).

Activity:

Not applicable

Pressure:

Input of nitrogen
Input of phosphorous

State:

Eutrophication of coastal water bodies calls for measures targeting internal nutrient loading and
excessive nutrients available in the water column.
Nutrients

Extent of impact:

The positive effect of the measure is mostly local (Kraufvelin & Díaz 2015), although many farms could
have cumulative positive effects (Kotta et al. 2020). Negative impact can occur especially below the
mussel farms (see e.g. Stadmark and Conley 2011, Hedberg et al. 2018) and due to this, the relevancy of
blue mussel farming activities to remove nutrients is being debated.

Effectiveness of measure

Farming and harvesting of blue mussels may lead to removal of nutrients and clearer waters. Negative
environmental impacts are restricted in the case of small mussel farms and farms that are located in
areas with a efficient water exchange rate (see Kraufvelin & Díaz 2015 for references), although Hedberg
et al. (2018) raise concern about negative impacts in connection with big and dense farms (see below).
Farming and harvesting of marine organisms is one of few methods available that are capable of direct
removal of nutrients that already are present in the marine ecosystem (see also tables 9–11 ).
Positive responses summarised: nutrient removal at harvest (one of few methods available to remove
nutrients already present in the sea), clearer waters and blue mussels constitute a marine resource.
Negative responses summarised: local accumulation of nutrients, organic load and possibly oxygen
deficiency beneath the farm, unwanted plankton blooms, possible conflicts with boat navigation, use of
water areas at the expense of other potential activities.

Cost, cost-effectiveness of measure:

Information is available on the costs for removing 1 kg of nitrogen and 1 kg of phosphorus through
farming and harvesting blue mussels (e.g. Lindahl 2012, Carlsson et al. 2009, Kotta et al. 2020). The latest
information by Kotta et al. (2020) reports a cost of 38 – 278 euro per kg N and 924 – 3 854 euro per kg P.

Feasibility:

Mussel-farming is presented as a feasible measure for reducing internal nutrient loads by Kotta et al.
(2020), although the measure has also faced considerable criticism (Stadmark & Conley 2011, Hedberg et
al. 2018).

Follow-up of measure:

See e.g. Kraufvelin & Díaz (2015) and Kotta et al. (2020)

Background material:

Farming data available from e.g.: Kumlinge, Åland Islands, Finland (inner Baltic); Sankt Anna,
Southeastern Sweden (central Baltic); Kiel Bay, Germany (outer Baltic); Limfjorden, Denmark; Settlement
and growth data available from numerous areas (see Kotta et al. 2020).
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10. Rehabilitation of hypoxic areas by oxygen pumping

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Combating hypoxia through oxygen pumping has been suggested as a measure to improve the
conditions of the Baltic proper and in hypoxic coastal waters (see e.g. Stigebrandt & Gustafsson 2007).

Activity:

Not applicable

Pressure:

Input of nitrogen
Input of phosphorous

State:

Eutrophication of coastal water bodies calls for measures targeting internal nutrient loading and
excessive nutrients available in the water column.
Nutrients

Extent of impact:

Possible positive impact may mainly be expected at the local scale and within coastal waters.

Effectiveness of measure

The oxygen pumping method has only been tested at small scales, inner-bay-level, in Sweden and in
Finland. In Byfjorden, western Sweden and in Lännerstasundet, in the inner Stockholm archipelago, there
were positive short-term effects leading to decreased phosphorus levels, but in Sandöfjärden in
Raseborg in Finland, there were even negative results
(http://mmm.multiedition.fi/itameri/uutiskirje/2011/1-2011/sv/3.php, Lehtoranta et al. 2012, Pitkänen
et al. 2012, Bendtsen et al. 2013, Stigebrandt et al. 2015, Ollikainen et al. 2016).
Oxygen pumping to reoxygenize bottom waters and sediments on accumulation bottoms through
artificial mixing of the water column demands hypoxia in the bottom water in order to work. The idea is
that the oxygenisation will prevent leakage of particle bound phosphorus to the water mass. In addition,
habitats for bottom living organisms will be improved
(www.havochvatten.se/download/18.b62dc9d13823fbe78c80003223/1348912824427/evaluation-boxand-proppen-projects-english.pdf). These kind of methods have, however, been criticized in the
literature (e.g. Conley et al. 2009, Håkanson & Bryhn 2010, Reed et al. 2011) as they come with
unknown, but potentially large risks.
For the oxygen pumping in Sandöfjärden, the bottom water stayed oxygenized until the end of summer,
but the pumping capacity was not sufficient to keep the entire area of 4.75 km2 oxygenized during the
entire experimental period; with oxygenized water, the P-level is low, but when oxygen drops, the P-level
increases to former levels. In Lännerstasundet, which had a smaller anoxic area of 0.26 km2, a higher
pumping capacity was used and the bottom water was oxygenised within a few weeks and the P-level
was significantly lower than in a reference area. Similar results have been seen from corresponding
experiments in lakes (Hupfer & Lewandowski 2008). Positive long-term effects on phosphorus leakage do
not occur (http://mmm.multiedition.fi/itameri/uutiskirje/2011/1-2011/sv/3.php, Pitkänen et al. 2012)
and in Sandöfjärden, there was even a nitrogen release and negative end results (Ollikainen et al. 2016).
This restoration measure is spurious in lakes, and possibly in Baltic Sea coastal areas too, due to
eutrophication leading both to oxygen deficiency and leakage of phosphorus, seemingly independently
(Hupfer & Lewandowski 2008). As there always will be sediment depths with anoxic conditions,
oxygenization will only lead to leakage of phosphorus a few cm deeper in the sediment.

Cost, cost-effectiveness of measure:

For Lännerstasundet, the calculated reduction costs of nitrogen equivalents were slightly below 5
euro/kg, while the costs for reducing phosphorus equivalents were between 13–17 euro/kg (Ollikainen
et al. 2016)

Feasibility:

The measure is probably not feasible other than at a very local scale under strict control and possible
side effects have not been studied. Suggestions to oxygenise whole sea basins have been highly
controversial.

Follow-up of measure:
No information

Background material:

Geographical areas where the measure has been tested in the small-scale: Byfjorden, Uddevalla, western
Sweden; Lännerstasundet, inner Stockholm archipelago; Sandöfjärden, Raseborg, southern Finland
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Title

11. Reducing internal phosphorus loads by metal bounding

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Eutrophication combated through phosphorus inactivation by addition of aluminium or iron has been
tested at small scales, inner-bay-level, in Sweden (Malmaeus & Karlsson 2013, Huser 2014, Rydin 2014,
Rydin et al. 2017, Rydin & Kumblad 2019, Kumblad & Rydin 2019,
www.naturvardsverket.se/Documents/publikationer6400/978-91-620-6522-5.pdf?pid=3831).

Activity:

Not applicable

Pressure:

Input of phosphorous

State:

Eutrophication of coastal water bodies calls for measures targeting internal nutrient loading and
excessive nutrients available in the water column.
Nutrients

Extent of impact:

Mainly local scale and within coastal waters.

Effectiveness of measure

Metal treatment of active sediments (accumulation bottoms) prevents leakage of phosphorus by binding
P in particle form instead of leaking out into the water as phosphate iones (Huser 2014, Rydin 2014,
Rydin et al. 2017). This method has been tested in Björnöfjärden with aluminium (Malmaeus & Karlsson
2013, Rydin et al. 2017) and in Östhammarsfjärden with iron (Rydin 2014) in eastern Sweden. Rydin et al.
(2017) evaluated the tests using aluminium in Björnöfjärden and they demonstrated lowered
phosphorus levels in the water as well as an increased water clarity. These kind of methods have,
however, been criticized in the literature (e.g. Conley et al. 2009, Håkanson & Bryhn 2010, Reed et al.
2011).

Cost, cost-effectiveness of measure:

Rydin (2014) calculated an aluminium cost of 10 euro per kg phosphorus bound to aluminium in the
sediment, without application costs, by this method. The total costs for aluminium treatment of
Björnöfjärden is calculated to 900 000 euro. In total, it is expected that 4 ton phosphorus can be bound
to added aluminium. This corresponds to the entire phosphorus surplus (the “old sins”) in Björnöfjärden.
When 4 ton of phosphorus is bound, the cost for the measure becomes 225 euro/kg P (Kumblad & Rydin
2019). Håkanson & Bryhn (2010) commented in their criticism that it would be more cost-effective to
remove phosphorus in land-based water treatment plants. For phosphorus, Hasselström (2007) presents
a cost range of 42–108 euro/kg P.

Feasibility:

The measure is probably feasible only at the small and highly controlled scale and not for the basin-scale.

Follow-up of measure:
No information

Background material:

Geographical areas where the measure has been tested in the small-scale: Björnöfjärden, Stockholm
archipelago, eastern Sweden; Granfjärden, Östhammar, eastern Sweden
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Title

12. Biomanipulation to remove cyprinids and sticklebacks and rehabilitate coastal ecosystem
functioning

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Biomanipulation through fisheries targeting mesopredators as cyprinids or sticklebacks aims at reestablishing or affecting trophic structures in ecosystems where these have been altered. The alterations
may for example be due to overfishing of large predatory fish, eutrophication or beneficial conditions for
mesopredators and lead to a dominance of mesopredators (i.e. small predators in the food web) such as
cyprinids and stickleback in the Baltic Sea and wrasses, shore crabs and black goby in Kattegat. The
measure can also be undertaken to reduce the amount of nutrients. Biomanipulation of planktivorous
fish has been tested as a restoration method in lakes (Hansson et al. 1998, Lammens 2001, Mehner et al.
2004), but biomanipulation is a relatively untested measure in marine systems (but see Jokinen &
Reinikainen 2011, Sandström 2011, https://johnnurmisensaatio.fi/en/projects/local-fishing-project/). On
a general level, enhancing trophic regulation in coastal fish populations has been suggested as a
potential measure for essential seagrass and seaweed areas of the Baltic Sea (Östman et al. 2016).

Activity:

Not applicable

Pressure:

Extraction of target fish and shellfish species and incidental fish catches
Changes to hydrological conditions
Input of nitrogen
Input of phosphorous

State:

Changed trophic structures call for measures to reduce the amount of mesopredators in the ecosystem.
Eutrophication of coastal water bodies calls for measures targeting internal nutrient loading and
excessive nutrients available in the water column.
Fish
Pelagic habitats
Seabed habitats

Extent of impact:

Mainly local and within coastal waters, but possibly some impacts could be achieved at the sub-basin
level.

Effectiveness of measure

Biomanipulation measures could be undertaken to counteract increased eutrophication symptoms and
problems with trophic cascade effects (Östman et al. 2016). Biomanipulation by removing sticklebacks
(http://balticsea2020.org/alla-projekt/rovfisken/12-rovfisken-pagaende-projekt/464-trala-efterstorspigg-i-bottenviken), for instance, could provide positive effects both through the trophic regulation
of filamentous algae and decreased stickleback predation on the egg and larvae of predatory fish,
although this has not been tested (Byström et al. 2015, Bergström et al. 2015). Biomanipulation targeting
cyprinids is another alternative and this has been tested in Finland, however, without much success with
regard to a decrease in total biomass of bream nor as improved water quality (Jokinen & Reinikainen
2011).
As biomanipulation of ecosystems is very complicated with high risk of of failures, the effects and
possible successes are hard to perceive. Therefore, methods for biomanipulation, if they are considered
relevant, should first be tested at a very small local scales. A positive side-effect of targeted
biomanipulation would be that nitrogen and phosphorus also are removed from the ecosystem together
with the caught fish (Hjerne & Hansson 2002). Biomanipulation through targeted fisheries is one of the
few methods available that are capable of direct removal of nutrients already present in the marine
ecosystem.

Cost, cost-effectiveness of measure:

There is a general lack of details with regard to biomanipulation costs for Baltic Sea fish, but Sandström
(2011) reported a cost of 160 euro per kg P in their biomanipulation study of cyprinid fishing in
Östhammar, eastern Sweden. For the cyprinid fishing in the Archipelago Sea in Finland, it is estimated
that 8 tonnes of phosphorus can be recycled from the sea on a yearly basis
(https://johnnurmisensaatio.fi/en/projects/local-fishing-project/). This cyprinid fishing is also selfsustaining at the moment, i.e. the phosphorus reduction takes place for free as it results in a food
product that is consumed by humans. All that was needed to get this going was some initial efforts to
achieve a useful product and then find a market for it.

Feasibility:

The measure is probably feasible only at small and highly controlled scales.

Follow-up of measure:
-

Background material:

Geographical areas where the measure has been tested in the small-scale: Pickalaviken, Gulf of Finland
and the Archipelago Sea (southern Finland) and Östhammarsfjärden (Eastern Sweden) for testing
reduction fishery of cyprinids; Åland (Finland), Gulf of Bothnia and Östergötland (Sweden) for testing
biomanipulation targeting sticklebacks.
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Title

13. Rehabilitation of anoxic, nutrient rich or polluted sediments by removal or coverage

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Removal of sediment through various methods of careful dredging and/or coverage of damaged soft
bottoms with a clean substrate or active carbon can lower the environmental effects from toxic
compounds in polluted sediments, e.g. in harbours, marinas or in industrial recipients (Akcil et al. 2015,
Rostmark et al. 2015, Eriksson et al. 2016). Similar methods could possibly be used for removal of anoxic
or nutrient rich sediments for example in shallow bays in order to combat macroalgal mats (Hulth &
Sundbäck 2009).

Activity:

Fish and shellfish processing
Aquaculture – marine, including infrastructure
Transport – shipping infrastructure (harbours, ports, ship-building)
Industrial uses (oil, gas, industrial plants)
Waste waters (urban, industrial, and industrial animal farms)
Solid waste (land-based disposal of dredged material and, e.g. land-fill)
Tourism and leisure infrastructure (piers, marinas)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Changes to hydrological conditions
Input of nitrogen
Input of phosphorous
Input of organic matter — diffuse sources and point sources
Input of other substances (e.g. synthetic substances, non-synthetic substances, radionuclides) — diffuse
sources, point sources, atmospheric deposition, acute events
Input of litter (solid waste matter, including micro-sized litter)

State:

Dead or disturbed sediments due to hypoxia, nutrient enrichment, pollution or litter
Seabed habitats
Nutrients
Hazardous substances
Litter

Extent of impact:

The positive impacts of these restoration measures are very local and within coastal waters. Removal of
some highly toxic substances may, however, be a measure having positive impact even at a Baltic Sea
wide scale.

Effectiveness of measure

Recolonisation of plants (in the photic zone) and animals (in the photic and aphotic zone) are typical
positive responses. If the surface sediment is removed or altered, however, a biogeochemically active
layer with associated functions disappear with possible consequences for the recovery (Hulth &
Sundbäck 2009). Experiments have shown that lower levels of bottom living microalgae restrict the
recolonisation of macrofauna (Stocks & Grassle 2001).
Full recovery after measures such as dredging is probably restricted both by a slow or seasonal
recruitment and by the availability of food (see Norkko et al. 2006 for references). The spatial scale of
the disturbance seems to be the most crucial factor for the speed, succession and completeness of the
recolonising macrofauna community (Lewis et al. 2002, Bolam et al. 2006, Norkko et al. 2006). The
recovery of flora and fauna can possibly be boosted by leaving undisturbed refugia in the treated area
that can serve as local banks for a recolonisation (Hulth & Sundbäck 2009).

Cost, cost-effectiveness of measure:

Wasserman et al. (2013) estimated costs around 22 euro per dregded m3 of polluted sediment and 14
euro per dumped m3 (Rio de Janeiro, Brazil).

Feasibility:
-

Follow-up of measure:
-

Background material:
-
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Title

14. Restoration of hard bottoms by establishment of artificial reefs

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

Establishing artificial reefs/substrates to allow for colonisation of hard bottom macroalgal and
macrofaunal assemblages and fish.

Activity:

Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Extraction of minerals (rock, metal ores, gravel, sand, shell)

Pressure:

Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions

State:

The measure should only be considered for areas with historical loss of the substrate that the reef is
mimicking.
Seabed habitats

Extent of impact:

Artificial reefs may have positive impact, but mainly locally, within coastal areas.

Effectiveness of measure

Artificial reefs attract e.g. fish and shellfish and they are of interest both for commercial and recreational
fisheries and for recreation (Seaman 2007, Fabi et al. 2011), although they can also affect the benthic
environments negatively (Bulleri & Chapman 2010, Dafforn et al. 2015, Ruuskanen et al. 2015). The reefs
may be placed out intentionally or un-intentionally as ship wrecks in connection with accidents
(Ruuskanen et al. 2015, Balazy et al. 2019). Positive responses summarised: more habitat/substrates for
marine organisms especially fish and shellfish, increased biodiversity, preserved ecosystem services.
Negative responses summarised: altered bottom structure, impact on water circulation, effects on soft
bottom organisms, the new habitat may claim space from other marine habitats. Introduced hard
substrates in areas of predominating soft bottoms can also serve as stepping stones for non-indigenous
invasive species. Promoting "attraction by individuals" ahead of "production" can lead to overharvesting
of certain species. Negative impact on existing values should be weighed against the expected ecological
improvements beforehand when planning to establish artificial reefs.

Cost, cost-effectiveness of measure:

Costs are highly variable, ranging from almost nothing (zero costs) to more than 100 000 euro. Costs are
mostly depending on the type of structures and measures, technique, whether monitoring is included,
etc.

Feasibility:

The measure is feasible but the use of artificial reefs may be disputed ethically and environmentally. The
measure is only to be considered for areas with historical loss of the substrate that the reef is mimicking.
For feasibility scores for this measure, see the ranking in the introduction as well as Appendix 1 at the
end of this document.

Follow-up of measure:

The effects of established artificial reefs should always be monitored and evaluated

Background material:

Artificial reefs have been for instance deployed in Kiel and in Nienhagen (northern Germany), in the Odra
river estuary, in Puck Bay and in the Pomeranian Bay (Poland), in the Vistula Lagoon (Russia), in the Gulf
of Riga (Estonia); in the Gulf of Finland (Russia and Finland) (Fabi et al. 2011).
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15. Protection of habitats

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

The measure aims to protect natural habitats, shores and also spawning and recruitment habitats for
coastal fish from further deterioration due to human activities. It is applicable in the designation and
management of MPAs, in shore protection as well as in spatial planning.

Activity:

This refers to past activities leading to loss of functions such as natural habitats.
Land claim
Canalisation and other watercourse modifications (coastal dams, culverting, trenching, weirs, large-scale
water deviation)
Coastal defence and flood protection (seawalls, flood protection)
Restructuring of seabed morphology (dredging, beach replenishment, sea-based deposit of dredged
material)
Fish and shellfish harvesting (bottom-touching towed gears, professional, recreational)
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)
Aquaculture – marine, including infrastructure
Transport – shipping (incl. anchoring, mooring)
Transport – shipping infrastructure (harbours, ports, ship-building)
Urban uses (land use)
Tourism and leisure infrastructure (piers, marinas)
Tourism and leisure activities (boating, beach use, water sports, etc.)

Pressure:

Loss of, or change to, natural biological communities due to cultivation of animal or plant species
Disturbance of species: Visual, presence, boating, recreational activities, above-water noise
Disturbance of species: Other (e.g. barriers, collission)
Extraction of target fish and shellfish species and incidental fish catches
Physical disturbance to seabed (temporary or reversible and recovers within 12 y)
Physical loss (due to permanent change of seabed substrate or morphology and to extraction of seabed
substrate)
Changes to hydrological conditions
Input of organic matter — diffuse sources and point sources
Input of anthropogenic sound (impulsive, continuous)
Input of other forms of energy (including electromagnetic fields, light and heat)

State:

Coastal degradation is continuously increasing in coastal areas today, as the effect of physical
modifications of seabed, tourism and boating activities, etc. lead to cumulative loss of habitat. Thus, the
measure is relevant in all parts of the Baltic Sea coastline.
Seabed habitats

Extent of impact:

The positive impacts are mainly local, within coastal areas, but with a potential for positive basin-wide
effects.

Effectiveness of measure

Safeguarding important habitats for maintenance of biodiversity and provision of ecosystem services, for
example the recruitment and production of fish (Sundblad et al. 2014, Kraufvelin et al. 2018), can be
considerably more effective compared to restoration of deteriorated habitats, in terms of costs and since
there is no time lag before the effect of the implementation can be seen. In comparison, restoration is
likely to require more resources in terms of cost and time and a has a lower level of certainty in that all
original functions and ecosystem services will be recovered.
There is generally a lack of follow-up studies on the effect of habitat protection in the Baltic Sea.
However, substantial indirect evidence is provided from studies showing how habitat deterioration
reduces fish productivity (Kraufvelin et al. 2018). For example, Sundblad et al. (2014) showed that
habitat limitation for early life stages of perch and pikeperch may restrict the abundance of later adult
stage fish. There is evidence of long-term negative effects on fish reproduction habitats from physical
development, boating and infrastructure related to boating (Sandström et al., 2005, Sundblad and
Bergström 2014, Hansen et al. 2018, Sagerman et al. 2020), and studies have shown negative impacts on
the habitat and the production of juvenile fish from recreational boating traffic (Sandström et al. 2005).
The studies are from Swedish waters but the observed relationships can be assumed to also apply to
other countries in the Baltic Sea.

Cost, cost-effectiveness of measure:

Costs for protection measures by creating marine reserves are very low. Principally they can be
established more or less for free unless bought land and water areas are included or some compensation
fees need to be paid to former users.

Feasibility:
High

Follow-up of measure:
-

Background material:

[Free text: Clarify choice of background material for the synopses, e.g. does it represent a comprehensive
overview of results with regard to the measure or a sub-selection]
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Title

16. Follow-up and knowledge sharing

Submitted by:

SLU Aqua, Swedish University of Agricultural Sciences, Sweden; HELCOM ACTION

Description of measure

The measure “Follow-up and knowledge sharing” aims to enhance the evidence-base on efficiency of
measures over time by mutual sharing of existing and ongoing experiences among countries. To support
an adaptive management, it might also be beneficial to apply measures as test with the dual aim of
improving environmental status and learning. The measure “Follow-up and knowledge sharing” is further
expected to support engagement and acceptance to measures among the general public and
stakeholders concerning the needs of the measures and their objectives, if supported by campaigns
dedicated for specific groups.

Activity:

Not applicable

Pressure:

Not applicable

State:

Even though a wide range of measures has already been implemented for coastal habitats in the Baltic
Sea, there is generally a lack of scientific evaluations and evidence about the effects of many of the
measures. This lack of knowledge significantly limits the work with restoring and supporting coastal
habitats, through impacts on the capacity of the society to carry out measures.
Seabed habitats
Nutrients

Extent of impact:

Even though a wide range of measures has already been implemented for habitats in the Baltic Sea,
there is generally a lack of scientific evaluations and evidence on the effects of many of the measures.
This lack of knowledge significantly limits the work with restoring and supporting coastal habitats
through impacts on the capacity of society to carry out measures.

Effectiveness of measure

Scientific evidence to follow-up on the effectiveness of measures for coastal habitats is only available for
a few measures and for some areas. An effective way to support an increased evidence base would be to
encourage adaptive learning and the mutual sharing of experiences among countries. To gain stronger
support for these measures and for those not yet suggested in this report, it is of outmost importance
that past, on-going and future measures for coastal habitats are scientifically evaluated, something that
unfortunately is undertaken only rarely. Designed in a proper manner and applied for a specific coastal
area, many measures to improve coastal habitats are likely to have positive effects on other parts of the
food web.

Cost, cost-effectiveness of measure:
-

Feasibility:
-

Follow-up of measure:
-

Background material:
-

References
-

