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Foreword
For years, human activities around the globe have affected oceans and marine habitats and species. This
has, for example, caused marine ecosystems to lose their functions and species populations to dwindle. Today experts agree that we have to not only stop the destruction of marine habitats but also restore those that
have been previously disturbed. Restoration of marine environments is, however, a rather new topic.
The Bothnian Bay is a unique marine area with special characteristics that separate it from other areas of the
Baltic Sea and other marine areas. This needs to be considered when planning restoration measures in the
BB. Often there are several reasons for restoring the same object and it is important to have guidelines for
the entire area to avoid different restoration measures counteracting each other. Many of the habitat types,
communities and species in the BB are threatened and protected by EU legislation.
In the Bothnian Bay, relatively few actual restoration measures have been tried and the experience of marine
restoration in the area is limited. At the same time, there is an increasing need to get started. This report,
together with restoration mapping and a pilot study, was therefore compiled as part of the Interreg Nord project SeaCOMBO to increase the knowledge of potential restoration methods and prepare for future practical
measures. SeaCOMBO is a collaboration between the County Administrative Board of Norrbotten, Sweden
and the ELY Centre of northern Ostrobothnia, Finland and is financed by Interreg Nord and Lapin Liitto.
The report gives a description of the specific conditions of the Bothnian Bay, sets out the background and
frames the environment within which restoration actions are to take place and to which they must relate.
The report also describes some of the objects and targets for restoration that are relevant within the BB and
reviews potential restoration methods. One chapter is dedicated to a prioritization of various aspects, and
another chapter gives recommendations for future studies and highlights needs and challenges. The report
contains tips on literature, further reading, and other resources related to marine restoration with a focus on
the Bothnian Bay. The report includes three appendices. Appendix A is a report on potential restoration sites
and measures from the Swedish coast of Bothnian Bay. Appendix B is a report from a pilot study where Canadian waterweed was removed in the Bothnian Bay National Park. Appendix C is a study that aimed to find
where in the BB invasive alien vascular plant species are found with endangered vascular plant species so
that critical areas can be identified.
The aim of the report is to provide an easy, first-step resource for anyone planning or involved in marine restoration in the Bothnian Bay. It can be seen as a tool kit for the coming years in a rapidly changing world. It is
not a scientific publication; rather, it aims to give a rough overview of different kinds of restoration measures
that have been tried as a way to respond to similar ecological problems (or their underlying reasons) that
we face now or in near future in this very area. Examples are taken from the Bothnian Bay, similar areas, or
comparable contexts all over the world. Methods are analysed according to objects, targets, methods, risks
and implementation details. For each measure reviewed examples from the literature or practical experience
are given and evaluated for applicability in the area.
This work does not aim to go into the theoretical background of restoration, as the topic is very broad. A basic orientation to aquatic restoration can be found in “Habitat recovery and restoration in aquatic ecosystems:
current progress and future challenges” by Geist and Hawkins, 2016.
In this work, restoration refers to any measures that aim to change an ecological state or process
towards a more natural one (or a more desired one in the sense of nature conservation). This includes intensive measures, which are traditionally defined as management, in cases where they lead to a clear change.
Restoration measures in the catchment areas and other parts of the Baltic Sea are not addressed
here, although they may have major impacts on the BB.
Thank you for reading!
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Förord
Mänskliga aktiviteter runt om i världen har sedan länge påverkat haven och förekommande livsmiljöer och
arter. Detta har exempelvis lett till att marina ekosystem har förlorat sina funktioner och att populationer av
arter har minskat. Experter är idag överens om att vi måste stoppa den fortsatta förstörelsen i haven, men
även återställa områden som utsatts för negativ påverkan. Restaurering i marina miljö är dock fortfarande ett
relativt nytt område.
Bottenviken är ett unikt marint område, med speciella egenskaper som skiljer sig från resterande delar av
Östersjön och andra marina områden. Detta måste tas i beaktande vid planering av restaureringsåtgärder i
området. Dessutom kan det finnas flera olika skäl till att restaurera ett och samma objekt, det är därför viktigt
att ha riktlinjer för hela området, så att olika restaureringsåtgärder som motverkar varandra kan undvikas.
Många hotade habitat, artsamhällen och arterna i Bottenviken är skyddade av EU-lagstiftning.
Erfarenheten av marina restaureringar i Bottenviken är begränsade, då endas ett mindre antal restaureringsåtgärder har gjorts i området. Samtidigt finns det ett ökat behov av att komma igång med restaurering.
Inom Interreg Nord-projektet SeaCOMBO sammanställdes därför denna rapport, tillsammans med en kartläggning av områden i behov av restaurering och en pilotstudie. Detta för att öka kunskapen om olika restaureringsmetoder, samt för att förbereda inför framtida åtgärder. SeaCOMBO-projektet utgörs av ett samarbete
mellan Länsstyrelsen Norrbotten i Sverige och ELY-centralen i norra Österbotten på finska sidan. Projektet
finansieras av Interreg Nord och Lapin Liitto.
Rapporten ger en beskrivning av de specifika förhållanden som finns i Bottenviken och anger bakgrunden
och de ramar för vilka restaureringsåtgärderna kommer att utföras inom och relatera till. Rapporten beskriver
också en del för Bottenviken relevanta objekt och mål för restaurering, samt potentiella restaureringsmetoder. Ett kapitel belyser prioriteringsordning av olika aspekter, medan ett annat kapitel ger rekommendationer
för framtida studier, behov och utmaningar. Rapporten innehåller tips på litteratur, vidare läsning och annat
material som relaterar till marin restaurering med fokus på Bottenviken. Rapporten innehåller tre bilagor, där
bilaga A är en rapport om potentiella restaureringslokaler och åtgärder på svenska sidan av Bottenviken. Bilaga B är en rapport skriven efter en pilotstudie där vattenpest rensades bort inom Bottenvikens nationalpark.
Bilaga C utgörs av en studie som syftade till att hitta områden där invasiva främmande kärlväxtarter växer
tillsammans med hotade kärlväxtarter, så att kritiska områden kan identifieras inom Bottenviken.
Syftet med rapporten är att tillhandahålla ett enkelt hjälpmedel för alla som planerar eller är involverade i marin restaurering i Bottenviken. Den kan ses som en verktygslåda för kommande års restaureringar i en snabbt förändrande värld. Rapporten utgör ingen vetenskaplig publikation, utan syftar till att ge en översikt över
olika typer av restaureringsåtgärder, så att även liknande ekologiska problem (eller deras bakomliggande
orsaker) som vi står inför idag eller inom en snar framtid kan åtgärdas i denna region.
Exemplen är hämtade från Bottenviken, likartade områden, eller andra jämförbara exempel från hela världen. Metoder analyseras utifrån objekt, mål, metodik, risker och genomförbarhet. För varje åtgärd beskrivs
exempel från litteratur eller praktisk erfarenhet samt utvärderas med avseende på tillämpbarhet inom området.
Rapporten går inte in i detalj på den teoretiska bakgrunden till restaurering, då det är ett brett område. En
grundläggande översikt till akvatisk restaurering finns i ”Habitat recovery and restoration in aquatic ecosystems: current progress and future challenges” av Geist och Hawkins, 2016.
Med restaurering avses i detta arbete alla åtgärder som syftar till att förändra ett ekologiskt tillstånd eller
process mot ett mer naturligt (eller mot ett mer önskvärt tillstånd i enlighet med naturvård). Detta inkluderar
intensiva åtgärder, som traditionellt definieras som förvaltning i de fall de leder till en tydlig förändring. Åtgärder för restaurering i avrinningsområdena och andra delar av Östersjön har inte inkluderats i denna rapport,
även om påverkan kan vara stor på Bottenviken.
Tack för att du läste!
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Esipuhe
Erilaiset ihmistoiminnot ympäri maailman ovat vaikuttaneet meriympäristöihin ja niiden lajeihin jo vuosia.
Tämä on aiheuttanut esimerkiksi sen, että meriekosysteemien toiminta on muuttunut ja populaatiot ovat alkaneet pienentyä. Asiantuntijat ovat yhtä mieltä siitä, että meriympäristöjen tuhoutumisen pysäyttämisen lisäksi
täytyy myös kunnostaa elinympäristöjä, joiden tila on heikentynyt. Merellisten elinympäristöjen kunnostus on
kuitenkin melko uusi aihe.
Perämeri on ainutlaatuinen meriympäristö, jolla on erityisiä ominaisuuksia, jotka erottavat sen sekä Itämeren
muista altaista että muista merialueista. Kunnostustoimia suunniteltaessa tämä täytyy ottaa huomioon. Koko
Perämeren alueen yhteiset suuntaviivat ovat tärkeitä, sillä saman kohteen kunnostukseen voi olla useita eri
syitä, ja eri kunnostustoimet voivat poissulkea toisiaan. Monet Perämeren luontotyypit, yhteisöt sekä lajit ovat
uhanalaisia ja Euroopan Unionin lainsäädännön nojalla suojeltuja.
Perämeren alueella konkreettisia kunnostustoimia on tehty melko vähän ja täten kokemusta merialueiden
kunnostuksesta on vain rajoitetusti. Tarve kunnostustoimien aloittamiseen kasvaa kuitenkin koko ajan. Tämä
raportti, kunnostuksien kartoittaminen ja pilottikoe osana Interreg Pohjoisen SeaCOMBO -hanketta pyrkivät
lisäämään tietoa mahdollisista kunnostustoimista ja valmistamaan tuleviin käytännön toimiin. SeaCOMBO on
yhteistyöhanke Ruotsin Norrbottenin lääninhallituksen ja Suomen Pohjois-Pohjanmaan elinkeino-, liikenneja ympäristökeskuksen välillä. Hankkeen rahoittavat Interreg Pohjoinen ja Lapin Liitto.
Raportissa kuvataan Perämeren erityisolosuhteet, esitetään taustat sekä rajataan mihin ympäristöihin kohdistaa toimia. Raportti myös käsittelee joitain Perämerelle oleellisia kunnostuskohteita ja tavoitteita sekä käy
läpi mahdollisia kunnostustoimia. Yksi luku keskittyy eri näkökulmien priorisointiin, ja toinen antaa suosituksia tuleville tutkimuksille ja korostaa tarpeita sekä haasteita. Tämä raportti sisältää myös vinkkejä kirjallisuuteen, lisälukemiseen sekä muihin tiedonlähteisiin kunnostustoimista Perämeren alueeseen keskittyen. Raportissa on kolme liitettä. Liite A on raportti mahdollisista kunnostuskohteista ja -toimista Perämeren Ruotsin
puoleisella rannikolla. Liite B on raportti pilottitutkimuksesta, jossa poistettiin kanadanvesiruttoa Perämeren
kansallispuistossa. Liite C on tutkimus, jossa pyrittiin löytämään Perämeren alueet, joilla esiintyy putkilokasveista sekä haitallinen vieraslaji että uhanalaisia lajeja, jotta tärkeät alueet pystyttäisiin tunnistamaan.
Tämän raportin tarkoituksena on tarjota helppo, ensimmäinen tiedonlähde kaikille, jotka suunnittelevat Perämerellä kunnostuksia tai ovat niissä mukana. Raportin voidaan ajatella olevan työkalu tulevina vuosina
maailman muuttuessa. Se ei ole tieteellinen julkaisu, vaan pyrkii antamaan karkean yleiskuvan eri kunnostustoimista, joita on kokeiltu eri ekologisiin ongelmiin, joita kohtaamme tällä alueella nyt tai lähitulevaisuudessa. Raportissa käytetyt esimerkit ovat Perämereltä, vastaavilta alueilta tai samankaltaisista ympäristöistä eri
puolilta maailmaa. Menetelmiä on arvioitu suhteessa kohteisiin, päämääriin, tapoihin, riskeihin ja toimeenpanoon. Jokaiselle tarkastetulle menetelmälle annetaan esimerkkejä kirjallisuudesta tai käytännön kokemuksista, ja niiden soveltuvuutta alueelle arvioidaan.
Tämä työ ei pyri kattamaan kunnostuksen teoreettista taustaa, sillä aihe on hyvin laaja. Vesiympäristöjen
ennallistamisen ja kunnostuksen perusperiaatteet ovat luettavissa Geistin ja Hawkinsin vuonna 2016 julkaisemasta artikkelista nimeltä ”Habitat recovery and restoration in aquatic ecosystems: current progress and
future challenges”.
Tässä työssä kunnostus viittaa kaikkiin niihin toimiin, joiden tavoitteena on muuttaa ekologista tilaa tai prosessia kohti luonnonmukaista (tai luonnonsuojelun perusteella haluttua). Tähän kuuluu myös voimakkaat
toimet, joihin viitatessa puhutaan hallinta- tai hoitotoimista, niissä tapauksissa, joissa toimet johtavat selviin
muutoksiin. Kunnostustoimet valuma-alueella tai muissa osissa Itämerta eivät ole mukana raportissa, vaikka
niillä voikin olla suuria vaikutuksia Perämeren alueeseen.
Kiitos mielenkiinnostanne!
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Abbreviations and terms used
Al: Aluminium (chemical element)
BB: Bothnian Bay
Abiotic – biotic: not biological – biological
Anthropogenic: originating from human activities, e.g., anthropogenic pollution.
DOM: Dissolved Organic Matter
ELY Centres: Centre for Economic Development, Transport and the Environment in Finland/ ELY-keskus/
NTM-centralen. Regional authorities with different responsibilities in overlapping areas. ELY-centres are
responsible for the regional implementation and development tasks of the central government. www.ely-keskus.fi
Eutrophication: the process when a body of water becomes enriched with excessive minerals and nutrients
(mainly nitrogen and phosphorous). It can cause effects such as increased growth of filamentous algae.
Fe: Iron (chemical element)
GoF: Gulf of Finland
Havs-och vattenmyndigheten/SWAM: Swedish Agency for Marine and Water Management, https://www.
havochvatten.se
HELCOM: Baltic Marine Environment Protection Commission, www.helcom.fi
Helmi programme: The Helmi habitats programme is led by the Ministry of the Environment in Finland. The
programme aims to strengthen Finland’s biodiversity and safeguard the vital ecosystem services that nature
provides for us. One of its actions is the restoration of coastal and aquatic habitats.
IAS: Invasive Alien Species, i.e. animals and plants that are introduced into a natural environment where
they do not exist naturally. This is done accidentally or deliberately, and they can have serious negative influence on the new environment.
LUKE: Natural Resources Institute Finland / Luonnonvarakeskus/Naturresursinstitutet: conducts research on
natural resources such as fisheries and aquaculture; www.luke.fi
Länsstyrelsen/County Administrative Board: Regional authorities for each county, www.lansstyrelsen.se
Metsähallitus/Forststyrelsen: Finnish forest authority responsible for national parks, state-owned waters
and land, and the main actor in marine and coastal protection and inventories; www.metsa.fi
MSY: Maximum Sustainable Yield (a fisheries term referring to a certain fish stock by fisheries)
MSL: Mean Sea Level (a hydrologic and geographic term used here in an ecological/functional meaning to
define the very local mean sea level, which can differ from official definitions and adjacent gauge measurements)
N: Nitrogen (chemical element)
Naturvårdsverket/EPA: Swedish Environmental Protection Agency, https://www.naturvardsverket.se/
P: Phosphorus (chemical element)
Restoration: measures that aim to change an ecological state or process towards a more natural one
RKTL: Finnish game and fisheries research institute / Riista- ja kalatalouden tutkimuslaitos / Vilt- och fiskeriforskningsinstitutet, Incorporated into =>LUKE in 2015
SeaCOMBO: Sea Cooperation for Management of Bothnian Bay
SLU Artdatabanken: SLU Swedish Species Information Centre, https://www.artdatabanken.se/
Sportfiskarna: Swedish recreational fishing organization, https://www.sportfiskarna.se/
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SVK: Finnish Federation for Recreational Fishing (FFRF); https://www.vapaa-ajankalastaja.fi/
SYKE: Finnish Environment Institute; Suomen ympäristökeskus, Finlands miljöcentral, the national institute
for environmental research and main national advisor on environmental policy and guidelines; www.syke.fi
YOY: Young of the Year, a fisheries term for fish hatched the same growing season

1. Background – The Bothnian Bay, a slightly different
water body
The Bothnian Bay (BB), the northernmost part
of the Baltic Sea (Figure 1), differs in many aspects from otherwise similar marine and coastal
areas, as well as from nearby boreal freshwater
environments. This makes it difficult to apply
experiences from other areas to the specific
problems and needs of this area. On the other
hand, this area is sparsely inhabited, and direct
as well as indirect anthropogenic environmental
changes have had a lower impact. The result is
that comparatively few restoration experiences
have been collected yet on a local scale. As human impact and pressures are still rising in the
Bothnian Bay, it is time to see what we can learn
from earlier work what must be done to preserve
this unique marine area.
Its main special characteristics are listed below,
and their importance to certain methods will be
estimated for any restoration case.
Figure 1. Bothnian Bay is the northernmost part of the
Baltic Sea, situated between Sweden and Finland.

1.1. Land uplift and sea-level rise
Land uplift, as a process, is rather rare (outside the arctic it is mainly a phenomenon of Fennoscandia). The
BB coast has a land rising rate of about 9 mm/a (+/- 0.5 mm) (MML, internet source 1), which is extremely
high and makes it the only European coast where actual sea level rise might not be seen in this century. This
ongoing process creates challenges for the assessment of restoration measures along the shoreline, since
measures might counteract natural processes and site suitability may change within a few years. We will
need locally adapted concepts to achieve successful restoration.
On the other hand, even though global sea-level rise may not cause coastline retreat in the area, it will slow
down or even eliminate the land uplift effect; a marked reduction has already been observed and will continue for 30-50 years, and land uplift will probably be eliminated by the end of the century and possibly earlier.
This fact calls for large scale coordination in environmental protection and restoration planning. The effective
end of the land uplift effect within the coming decades (Figure 2) will put an end to whole processes and succession chains, which must be planned for when allocating resources to today’s restorations.
Due to these two factors, it must be stressed more so than in most other regions, that areas with no
or low protection value will or can be the last reserves for tomorrow. For restoration planning, this requires strong bilateral coordination and planning work for resource allocation, using modelling tools
and stressing abiotic factors and network concepts.
Restoration in the Bothnian Bay
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Figure 2. Measured (1922–2019) and predicted (2000–2100) annual average water levels for the northern (Kemi) and
the southern (Vaasa) ends of the Bothnian Bay. Deviation (in cm) from theoretical zero level (2019). Data from Johansson and Milla (Finnish meteorological institute), modified. Model prediction from Pellikka et al., 2018.

1.2. Low salinity – but still saline
The extremely low salinity (0.1–0.4%) excludes most marine and Baltic key species. Most environments and
communities differ from their marine counterparts in many aspects, which makes it difficult to apply experiences even from similar communities elsewhere. Due to the moist boreal environment and – on the Finnish
side – the ancient base rock structure, there are no comparable inland aquatic environments with a similar
high salinity or even hardness in the region. The impact of these slight differences can be seen very readily in plant community changes at the seawater-freshwater and seawater-groundwater interfaces along the
shore. Restoration measures changing the target area’s hydrology will often have unpredictable consequences on competitive balances. As most biota considered are more-or-less freshwater specific, and the magnitude of salinity change is comparatively low (even negligible in a global marine scale), experiences from marine areas cannot be applied straightforwardly. On the other hand, physical and spatial features (e.g., wind
and wave energy influences, ecological connectivity and dispersal pathways, large pelagic area, connectivity
to vast geographical areas), as well as its chemical-ecological resistance capacity, closely resemble marine
patterns, which makes it difficult to apply experiences from similar freshwater biota.
The retreat of shoreline also starts a process of acidification and decalcification in many sediments, which
irrevocably shifts soil and groundwater chemistries in comparatively short times. Acid sulphate soils are a
typical problem in many coastal areas, but due to the BB’s low marine influence (no tides, low storm tides,
and low overall salinity), their influence extends quite close to the sea. Additionally, as a result of ditching,
and indirectly of land uplift, vast inland areas are acidified, resulting in the acidification of estuaries and
shore-emerging groundwater. This is a strong abiotic limiting factor for many plant species and fish spawning. and this must be considered wherever restoration actions will change hydrology regimes. This also
means that acidified areas cannot easily be restored to a non-acidic state.

1.3. Environmental stability and species richness
Despite the fact that coastlines emerge at high rates, the BB coast can be seen as a very stable environment
compared to other shallow marginal seas. This is due to the total lack of tides, stable ice cover during winter
and very low influence of the oceans, as the area is isolated by a chain of narrow straits, shallow sills and
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deep basins with differing wind regimes. This leads to a quite predictable succession within the tidal range
(which is mainly caused by weather) and a high importance of biotic factors (e.g., competition) and disturbances compared to abiotic factors within the tidal range. Also, many of the locally adapted species seem
to have a low capacity for spread, which must be considered when planning protection measures,
including restoration.
Abiotic disturbance factors (wind strength, wave impact) are predicted to change only in low magnitudes due
to climate change (Anon., 2018d), but the predicted change in the ice regime (shorter ice cover period, discontinuous ice cover) might be very import to the shoreline environments. If and how this can compensate
for the dynamic reduction caused by sea-level rise (see above) is unknown.
As a result of historical development, the region has low species diversity compared to the ecosystems of
the large oceans. Lithophilic plants and fish communities, in particular, reflect the species richness of large
boreal lakes and not of a marine area. Fish communities are dominated by single species. In the future, we
may expect a shift in dominant fish species as was observed in adjacent freshwaters due to climate warming,
eutrophication and habitat deterioration. Moss et al. (2011) describe the positive impact of climate warming
on the effects of aquatic eutrophication, e.g., turbidity and shifts in fish communities (piscivorous to omnivorous). They state that climate warming increases the need for measures against eutrophication and its consequences. Still-ongoing anthropogenic nutrient loading, in combination with invasive species and fisheries,
are clear risks for the currently stable ecosystems of the BB.

1.4. No way out
The Baltic Sea has seen many different environmental stages during the postglacial period, including salinity
changes, sea level drops and invasions from the Atlantic and Arctic oceans. Nonetheless, it has developed a
unique community of low-salinity–adapted species and populations of marine and arctic origin that cannot be
found anywhere else. These species rely mainly on oligotrophic, cool and low salinity environments and rising shores with low competitive pressures. The abrupt temperature rise now being seen, combined with the
cessation of the effects of land uplift, threaten most of these species. However, the biggest challenge is that
at the same time there is also eutrophication, anthropogenic humic input and acceleration of species introduction. Although these problems are fairly minor in the BB compared to southern areas of the Baltic Sea,
their impact will be much stronger due to the arctic adaptation of many species found here and the area’s low
physical dynamics. For these adapted species there is no way out, and many of them previously existed further south in the Baltic as well, where they have disappeared – probably due to stronger human
impacts – before the onset of massive climate change. We must expect that climate change will now
bring these extinction pressures from the south further north, with no way out in the geographical
dead end of the Bothnian Bay. For this reason, this report will review some measures suited for these locally adapted species. There is also a need to identify unnoticed invasions of species which are considered
native on a national scale but have not existed in the area before: i.e., continuous monitoring and data evaluation.

1.5. Human mobility in the coastal area
Humans have long pursued livelihoods in the area (hunting, fishing, animal husbandry, trade), but these
traditional forms of human presence have greatly declined, reflected by decaying fishermen’s cottages
and abandoned harbours and meadows. Vast areas of the archipelago and coast are uninhabited. Modern
mobility, however, compensates for this. Today we travel quickly and easily on motorized vehicles, off-road
bikes, speedboats, surfing kites and similar means of recreational transport. Independence from economic
limitations and the need to go “somewhere wild” brings more and more people and their growing ecological
footprint to remote areas. The protective factor of distance loses its meaning even in the BB, with its comparatively remote coastal landscapes. The greatest impact is on the shorelines. Often, this is seen as a problem
only for the bird species, but the impact on bird and mammal landscape engineering can be immense (see
3.4, Keystone and foundation species). The area also sees noticeable effects from local invasions (mainly
terrestrial plants and sessile invertebrates, as well as aquatic weeds), seen in observations of range-expanding plants along roads. Managing and channelling human recreational traffic, together with large-scale restorations of offshore areas, can provide solutions to the growing problem.

1.6. Similar areas
As shown above, it is difficult to find similar areas anywhere else in the world, and for any biota, very different
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ecosystems and geographic areas might be comparable. Due to their similar ecosystems, physical/chemical
conditions and high species comparability, adjacent regions of the Baltic Sea, as well as its less saline bays,
are a good choice for comparison. Regions further south can also predict the future of the BB some decades
hence. As plant species resemble those of hardwater lakes, large southern Swedish and Eastern European
lakes may be comparable. Fish communities resemble those of large lakes, although a significant part of the
biomass is made up of Baltic herring, a brackish marine species. The same is true, to some extent, for periphyton and invertebrate communities; these, however, show clear brackish features (dominance of polyps
and presence of large invertebrates such as Saduria entomon). The Laurentian Great Lakes are of particular
interest when looking for examples of restoration, as they have a similar food web and community structure,
although their anthropogenic influence is far stronger and, accordingly, much more work has been done to
study and restore them. These lakes also offer good examples of future changes caused by eutrophication
and community shifts driven by species invasion (from plankton to sessile filter feeders, almost total exchange of major fish species, temperate-zone fish versus cold-water species).

2. Threats and reasons for restoration
As always, restoration may be needed for one or more reasons, sometimes quite different. These reasons,
listed below, differ mainly according to their geographical impact. Of course, they also differ by object (species, communities, processes) which is, however, a rather practical differentiation and will be considered later
by listing the different measures according to their object.
It is a common problem that there may be several reasons for the restoration of the same object (e.g., a
certain habitat). These reasons might even call for counteracting measures. For example, a coastal lagoon
should be closed to ensure the natural succession process which was interrupted by rising sea levels. On
the other hand, the same lagoon should be open to the sea to save species that are threatened by exactly
the same problem – the loss of natural succession processes. Also, the decision to manage a salt marsh by
grazing or to let natural succession take place will depend very much on the state of the species found in it
and nearby. For this reason, after identifying a problem that can be solved by restoration, other values and
problems will be always reviewed, different reasons and measures traded off and the decision made after a
prioritization process. The need for knowledge about the larger context is recognized in the list of measures,
where possible targets and risks will be identified.
It is important for this decision-making process to have guidelines for the entire area which enable sound
trade-offs and reasonable resource allocation in the entire area, which is shared by Finland and Sweden. It
is necessary to find compromises and strategies to avoid different measures counteracting each other and to
tailor different responses to local and areawide problems.

2.1. Problems that threaten the entire area, with impacts that
differ at smaller scales
•

sea level rise: change of natural processes, need for measures to save species, communities
and processes (new optimal areas needed due to local change in physical factors)

•

local climate warming: as above

•

other aspects of climate change (areawide and local changes in flood and ice regimes, wind
strength, chemical factors): as above

•

eutrophication: impact on most habitats and large water bodies, mainly land-based, via drainage;
impact probably strengthens the impacts of climate change.

•

pollution by humic substances: this problem mainly occurs and must be solved inland (due to
geologic but also economical and historical factors). The problem is not well understood yet and is
probably underestimated. There seems to be little reliable data on changes in the influx and impact of
humic substances, their chemical-geographical pathways etc.

•

Other pollution (e.g., bioaccumulating substances, microplastic)

•

Seawater acidification (rising CO2 levels): not considered here
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•

Species decline, especially locally adapted, endemic populations but also other threatened species
(mainly birds)

2.2. Areawide and local problems
•

anthropogenic habitat destruction or deterioration (building, traffic, overuse)

•

regional (mostly estuarine) and local pollution

•

decline of valuable local species populations

•

decay of protected environments/communities: the same allocation-strategy problem as above

3. Objects, targets and methods of restoration
The following chapter lists methods by the objects and targets of restoration. All mentioned restoration measures are marked =>; and will be described and analysed in the next chapter (4. measure review).

3.1. The Bothnian Bay as a whole
3.1.1. Mitigation of climate change impacts: counteraction or adaptation
Climate change is an international problem. Here we concentrate on mitigating the impact on the BB region.
Mitigation of the impact of climate change as described above needs a sound bilateral strategy specifically
adapted to the biogeographic area of the BB and its special aspects. There is a need for a prioritized list of
possible local restoration measures to, e.g., simulate ongoing land uplift, open new habitats and save species and communities which will lose their ecological niches due to climate change.
Counteracting the loss of processes means returning the natural succession to a certain point or starting
it in a new area. This will be very expensive for the most part and feasible only in connection with human
activities (e.g., infrastructure building). Adaptation mainly means freezing the ecological status quo: e.g.,
replacing natural succession with small-scale disturbances to enable the survival of weaker competitors. The
costs for this measure will be lower for the most part, but ongoing. Models for this concept can be found from
areas where water levels used to be stable: e.g., the Southern Baltic, especially above the waterline. However, counteracting measures will be necessary to serve the special needs of BB biota, including measures to
prevent organic soil accumulation, chemical soil stratification and ecological shoreline stabilization.
Counteracting measures would be the artificial establishment of new islands, shores or habitats (using,
e.g., => artificial island construction, sand replenishment, => dune fixation, => closing/minimizing/damming of
natural or artificial sea connections, => estuary restoration) and also rejuvenating younger succession stages
(=> invasive vegetation removal). Rejuvenating is also an adaptive strategy and includes measures such as
=> reopening of waterways, dredging and => vegetation removal, => deforestation, => dune opening and the
establishment of grazing regimes. Especially for vascular plants, => transplantation to new locations will be
an important measure, as the spreading capacity of many endemic and key species is too slow in a changing environment, and changes in competition factors might disrupt spreading pathways and metapopulation
structures. Adaptive strategies will include management measures, while counteractions will focus on physical restoration. Which measures are needed must be defined in an overall strategy.

3.1.2. Reduction of nutrients, humic substances and pollutants
The input of nutrients and pollutants is a problem to be solved on a drainage-basin scale, as most inputs
come from inland areas (Korpinen et al., 2018). There are several EU, national and regional programs to
reduce nutrient and pollutant influx to inland waters and the Baltic Sea (see 5. Prioritization aspects, Programmes and strategies). Methods are well known, and the problem is established in EU and national
legislation. The influence of humic substances, however, is not well understood, although concepts for its
reduction (reduction of bog and forest ditching, restoring of natural hydrology) are known, and plans for implementation are underway (e.g., in the Finnish Helmi-programme). For this reason, restoration to reduce
drainage-basin pollution is not considered here. For measures to mitigate its marine or coastal impacts,
see the points considered.
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Humic pollution. Humic substances are thought to cause an ongoing decrease in water clarity in the area
(Helcom, 2009; Korpinen et al., 2018). Restoration measures to directly address it (e.g., chemical retention)
are not being developed. There is a theoretical positive influence from estuary restoration in reducing humic-matter impacts on marine environments (offshore coagulate accumulation, reduced light penetration) as
a result of longer water dwell time, earlier precipitation at salinity contact and higher UV exposure.
Areawide de-eutrophication measures are already being tried on an experimental level in the form of =>
nutrient removal (=> via biomass removal, => chemical nutrient retention). Plans to use mussels (Mytilus
trossulus) => biofiltration for nutrient removal is not feasible in the BB as the species do not thrive in the low
salinities of BB. Because the largest part of nutrient input happens via inflowing rivers, one theoretical measure might be a coordinated => estuary restoration programme in order to enhance biological and chemical
nutrient retention and reduction in the estuarine/delta area by increasing plant biomass, prolonging water
dwell time, increasing water-biomass and water-sediment interfaces (increasing nutrient intake, reduction
and retention).
Project ideas such as the re-oxygenation of the Baltic-Proper basin for phosphorus retention are not applicable to BB, as there is no anoxia in this area’s deep water (SYKE, 2020) and no risk of it in the near future
due to morphological and biological reasons (Essi Keskinen, Metsähallitus, pers. comm.).
Local pollution and eutrophication will be addressed later.

3.1.3. Invasive species – mitigation of invasion effects
For the most part, species invasions are not sustainably restorable. Restoration measures should
instead mitigate their impact on local species or communities. This is especially true for aquatic animals and submersed plants, whose spread is almost impossible to limit or stop in open bodies of water,
and most of which are r-strategists.
The overall impact of invasive aquatic species is low compared to Baltic areas further south. In the more disturbed Eastern Gulf of Finland, invasive species were found to make up more than 90% of zooplankton and
zoobenthos abundance and/or biomass (Orlovka et al., 2006). Serious problems are or might be caused by
single species (e.g., Neovison vison, Nyctereutes procyonoides, Elodea spp., Neogobius melanostomus).
Invasive aquatic macrophytes are becoming more common due to human activities: e.g., Elodea canadensis.
As mentioned above, climate change–induced and human activity–assisted range expansions could be seen
as problematic for this area (mainly species regarded as native on a national scale, e.g. Sander lucioperca
or Ceratophyllum demersum), and limits and measures need to be defined. A thorough decision-making process is needed to determine the acceptable extent of range expansion and how local species and environments can be protected cost-effectively. Typical restoration methods will include local elimination or reduction
of invasive populations, measures to strengthen the competitiveness of native species (management rather
than restoration, e.g. grazing, fishing, food web manipulations / => biomanipulation). If necessary, restoration
measures will mainly target local extirpation or reduction (collecting, => invasive vegetation removal, trapping, poisoning) or management or restoration of threatened habitats to improve the competitiveness of local
species, e.g. grazing/mowing management, => nutrient removal/retention (=> chemical, => via wetlands or
=> via biomass removal), => artificial island construction for breeding birds. Species-specific measures are
listed in 3.5 Invasive species.
Future challenges: Overall, the lack of larger problems with invasive species seems astonishing, as BB is
open to marine pathways, and navigation channels to the Ponto-Caspian area have been open for a century.
Shipping has been massive in adjacent areas since the beginning of the industrial age. One might think that
whatever organisms are capable of arriving and surviving here should be already established. The reasons
for the low number of invasions might be the cold boreal climate and lengthy ice cover, as well as barriers to
dispersal caused by different chemical gradients (higher salinity in the Baltic Proper and the low hardness
of Finnish-Carelian freshwaters) – especially the area’s comparatively pristine state. However, low species
richness and the absence of certain ecological key role actors (e.g. macro filter feeders, littoral macrocrustaceans, large lithophilic macroalgae/macrophytes, pelagic deepwater predatory fish) allows us to assume that
the capacity to resist invasions is actually low. As protective factors are increasingly diminished via climate
warming, increasing eutrophication and human traffic, as well as increased disturbance of aquatic pathways,
the spread and establishment of potentially invasive species will increase as we see everywhere else. Major
changes are probable, as has happened in the Laurentian Great Lakes, where similar barriers were destroyed decades ago. This is one more reason to adapt areawide strategies for restoration.
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3.2. Certain water bodies or coastal transects (regional scale)
Relatively isolated water bodies (mainly bays and estuaries) and clearly limited coastal transects can be
restored if the problem is of a regional origin and has a regional impact, or if a larger-scale problem is technically solvable due to isolation. This is mainly true for pollution and water-quality issues. There are examples
of efforts to reduce nutrient loads via nutrient retention improvements in drainage basins (not addressed
here); => chemical nutrient retention and => biomanipulation to achieve water-quality goals would be a possibly effective measure.
Another middle-scale aspect would be the mitigation of impacts from infrastructure projects (shipping routes,
wind farms and water warming from nuclear power plants), which normally include very diverse objects and
targets on a local scale (e.g., sea bottom or => reef restoration, return of water circulation => opening or =>
closing of waterways etc.).
Fish stock management often happens on a regional scale. Restoration measures are mainly => spawning
ground restorations (action on a local scale) and => biomanipulation.

3.3. Environments and communities
Many typical habitat types and communities of BB are threatened in the area or are protected by EU legislation, as they are rare or threatened almost anywhere else. Most of these are defined by the EU’s Natura
2000 network. Due to the special conditions of the area, not all environments fit within the Natura definitions
and are very different or have a different importance. Here we list the most important marine habitats found
in the area and possible problems and measures for restoration. Notice that currently, shallow water and
above-water marine and shoreline habitats will have a maximum lifetime expectation of only a few decades
at their current sites before transforming into a different marine habitat or a terrestrial one.

3.3.1. Natura 2000 habitats
There are different overviews and risk analyses for the different habitats. Here we give a summary, with a
description and analysis for the BB, which might therefore differ from other papers. The classification is according to Airaksinen & Karttunen (2000) for the Finnish descriptions, and Naturvårdsverket (2011) for the
Swedish ones.

1110 Sandbanks which are slightly covered by sea water all the time
In most areas, these are abundant, dynamic and self-sustaining ecosystems. May function as important
spawning and feeding habitats for fish and bottom-dwelling animals. Restoration is necessary only at very local scales (restoring after building/dredging, creating shelter for other habitats). They can become overgrown
due to construction (reduced wave energy), eutrophication and disturbance by grazers. Measures: => Sand
replenishment / => artificial sandbank construction, => vegetation removal

1130 Estuaries
This habitat includes the area surrounding river mouths. It often hosts a rich diversity of freshwater and marine species. It is an important habitat for anadromous fish and several birds species. Estuaries are often
modified for shipping and flood protection. Problems: altered sediment or flood regimes, erosion, reduced
land growth, overgrowth, eutrophication and de-eutrophication. Measures: => opening of flood channels, =>
closing/damming of channels, sediment retention via restoring flood plains or vegetation management; impact mitigation (=> vegetation removal, => spawning ground restoration, => small-scale habitat modification).

1140 Mudflats and sandflats not covered by seawater at low tide
This habitat is only recognized as a Natura 2000 habitat in Sweden. Shallow, soft bottoms that at low-water
level are exposed above the waterline. In BB they often host a variety of macrophytes species that are adapted
to the everchanging environment. They are important as feeding grounds for wading birds. Problems: Coastal
exploitation such as dredging, land reclamation and eutrophication. Measures: => establishment of aquatic
macrophyte stands in suitable areas, => measures to physically reduce human disturbances on coastal key
environments, => removal of submersed vegetation, => small-scale disturbances, => translocation.
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1150 Coastal lagoons
These are very important in BB due to their function as fish recruitment sites. Different types are classified
by their degree of isolation from the sea and by their freshwater influence (the latter is extremely strong
via groundwater in the sedimental areas of the eastern coast). Lagoons are probably the best example of
a habitat that is impossible to restore to a former state, as their connection to the sea decreases naturally
very quickly via land uplift, sedimentation and overgrowth. Problems are mostly induced by human activities
(opening/deepening of sea connections, the closing of sea connections, local pollution, changes in hydrology, ditching). Depending on the problem and target, measures might include => closing/damming sea connections, => opening/expanding sea connections, changes in runoff and hydrology, => vegetation removal
or even construction of artificial lagoons. The latter might be important, as the cessation of land uplift in
connection with natural processes will cause a continuing loss of natural lagoons at all stages. Restoration and the creation of new lagoons should be based on data and well-defined targets but can be also
integrated into infrastructure projects (compensation).

1160 Large shallow inlets and bays
This habitat is a very typical type in the area of Oulu and all along the Swedish coast of the Bothnian Bay.
They are home to important areas for shorebirds and waterbirds, and often home to Alisma wahlenbergii.
Land uplifting is the key dynamic along shores. Problems: mainly eutrophication from land run-off. They are
subject to eutrophication-driven community replacement in aquatic macrophytes, emerging macrophytes and
fish. They also experience an overgrowth of natural and anthropogenic salt grasslands and shallow waters
due to the cessation of traditional grazing regimes, shore ditching, eutrophication, and cessation of land uplift. Measures: => vegetation removal, => estuary restoration, => nutrient retention wetlands, => biomanipulation and => spawning ground restorations. For birds, => artificial island construction could be beneficial.

1170 Reefs
Typical marine or Baltic reefs, as defined for Natura, do not exist in the BB. Rock and stone reef/ esker structures are very common and are mainly inhabited by freshwater mosses, some small-sized algae and polyps.
They thus differ completely in ecosystem structure and biota from any marine reefs, and also from the Fucus
reefs that can be found in the adjacent Quark. However, moss reefs still function as shelter and habitat for
benthic (Cottus spp., Myoxocephalus quadricornis) and semibenthic fish (Perca fluviatilis, Gymnocephalus
cernua). Due to their commonness, restoration is hardly necessary, except for creating stepping stones in
pelagic areas or for the mitigation of construction activities. => Translocation of mossy stones or moss to
damaged areas (dredging spots) or artificial structures (breakwaters, shipwrecks, lighthouse and wind turbine foundations) to improve their ecological functioning might be worth attempting. However, the aquatic
spread of moss spores, as well as moss-dwelling invertebrates, should be effective in colonizing even remote areas, making translocation rarely necessary. In the case of invasion by dreissenid mussels, shoreline
reefs will probably turn over and mosses might become rare. Then, colder offshore areas might remain unaffected by mussels and => artificial reef construction might be interesting as a conservation measure. For
fisheries, reef cleaning (see => reef restoration) might be an interesting approach.

1210 Annual vegetation of drift lines
This ecotype can be found in BB, but almost all threatened marine species are missing. In addition, the structures mainly consist of nutrient-poor reeds and other grasses and fast-decaying filamentous algae, while
typical marine macroalgae are absent, with consequences on habitat functionality and community composition. Many species assemblages resemble inland anthropogenic habitats instead and are very susceptible to
grazing. The processes forming this ecotype are comparatively undisturbed outside grazed areas, as beach
cleaning and shoreline alterations are rare. This ecotype will both benefit and suffer from local pollution reduction, depending on the site. In the area, drift lines are instead removed to reduce the overgrowth of other
habitats such as beaches. This ecotype will probably benefit from long-interval beach cleaning and => invasive vegetation removal. No examples have been found of restoration targeting this specific environment.
Sand beach restoration, mainly by => vegetation removal, seems to be a reasonable measure, if necessary.
The main effects will be caused by rotational grazing and management that reduces human beach use.
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1220 Perennial vegetation of stony banks
Probably the most common shore ecotype in the BB. Restoration in a strict sense is not common but is done
for aesthetic reasons in urban areas and alongside infrastructure projects. Such artificial or modified shorelines are mainly uniform, and the underwater profile is extremely unnatural. Natural colonization of artificial
stony shores usually works effectively, if there is enough spatial variation. Due to prevalence, disturbance
resilience and good future prospects, restoration of such habitats will mainly be important to improve ecosystem services (aesthetic landscape functions, naturalistic environment, wave/ice energy attenuation) for artificial shorelines (road dams, breakwaters, artificial islands). On the other hand, in lentic habitats, comparable
structures have been lost and restored at a massive scale. Technical applications might be copied, but the
targets and ecosystem functions must be analysed very carefully, as fluvial dynamics and seashores differ
fundamentally. Measures: => stony shore restoration; for underwater parts: => Spawning ground restoration
at open sea.

1230 Vegetated sea cliffs of the Atlantic and Baltic coasts
This habitat is common along the southern and western coasts. Problems and measures: They are sometimes disturbed by cottages. Otherwise, they are rarely disturbed due to the physical nature of the bedrock.
Restoration for protective reasons is probably not necessary, and the restoration of disturbed environments
to their natural state normally requires only the removal of buildings etc. and natural recovery. In the future,
the cessation of land uplift will reduce natural dynamics, increase shoreline erosion and change zoning from
successional dynamics to stable zoning. If this is a problem, => vegetation removal might be considered to
restore natural dynamics. However, an ecologically sensible restoration network will hardly be cost-effective.
Acceptance of change is probable, as the impact is comparatively small, the ecosystem’s functions are unchanged and most species will still retain their niches.

1610 Baltic esker islands with sandy, rocky and shingle beach vegetation and sublittoral
vegetation
This environment type suffers from eutrophication below the waterline, and many spawning grounds have
been lost already. In the future, increasing organic biomass from flotsam (the result of higher algal growth)
might also degrade the areas above the waterline. With the cessation of land uplift, erosion will start reshaping these shores, and some islets will probably vanish within decades, destroying the breeding habitats of
many birds. These developments might lead to a need for restoration, including beach cleaning, vegetation
removal and artificial island construction/replenishment of shingle. There seems no reasonable measure
against the most urgent problem, eutrophication. Regarding the restoration of offshore islands, it must be
noted that many changes also create valuable new environments which are lost at the shoreline, and restoration is not a solution. The need to create spawning habitats for, e.g., Thymallus thymallus or Coregonus
spp. far from the shoreline has emerged and is being studied (see 3.4, Threatened endemic species, =>
spawning ground restoration at open sea).
Terrestrial parts of these islands (not addressed here) are threatened by overuse and overgrowth, especially
from open anthropogenic landscapes. In the future, naturally developing islands will face a shift from successional dynamics to stable shore zoning. Some islands have been restored by => vegetation removal, =>
deforestation or canopy opening. They are often managed by sheep grazing.

1620 Boreal Baltic islets and islands in outer archipelago and open sea zones
The problems with this habitat are similar to those for the preceding habitats 1230 and 1610 (underwater and
shore areas). Restoration possibilities are probably low, as the systems totally depend on the surrounding
sea. Bird breeding facilities might need improvement through the addition of stones and coarse sediment to
counteract material loss as a result of climate change. The underwater habitats of the Boreal Baltic islets and
islands are defined as reefs (1170).

1630 Boreal Baltic coastal meadows
Coastal meadows used to be very common in the area, especially around Oulu, FIN. As it is a mainly an anthropogenic habitat, most areas have been shifting to uniform reed stands, successional bushland or primary
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forest after grazing ceases. In the past two or three decades, many areas have been restored by enforced
grazing and/or mowing management. For many sites, restoration measures (=> vegetation removal, => deforestation) were necessary. There is still uncertainty about the environmental impacts of different grazing
regimes. In similar environments along tidal coasts (e.g., the North Sea and the southern Baltic), meadows
were often dammed and are being restored by re-opening them to sea influence by opening dikes and water channels. This problem does not exist along the rising Bothnian coastline, nor is the solution applicable;
however, the effect of salinity return is interesting for restorations here as well, especially in the face of ceasing land uplift. In the BB, natural processes (shore-wall building [see 3.3, keystone and rare communities],
vegetated sandy shore walls), overgrowth and biomass accumulation) often cut coastal flats from continuous
tidal influence and enforce a de-salinization almost behind the shoreline, causing changes in geochemistry
and species compositions. Measures such as vegetation removal, shore-wall opening (=> opening of waterways) and restoration of natural waterways or ditches might be appropriate measures if the return of salinity
is desired (currently, this is typically achieved by grazing management). If chemical washout by freshwater
threatens a protected ecosystem (e.g., saltmarsh mosaics, viable stands of rare plants), even ditching to cut
off the inflow of groundwater and surface water might be an option, depending on the objectives. Because
in the future meadows will no longer shift seawards, the accumulation of organic material and soil, inducing
a reduction of mineral soil availability, will occur, resembling processes in the southern Baltic. It is not known
whether this will threaten certain species or communities (Marko Hyvärinen, Finnish Museum of Natural History, pers. comm.). Possible restoration measures might include => vegetation removal or small-scale disturbances or changes in management.

1640 Boreal Baltic sand beaches with perennial vegetation
This habitat is quite common along the eastern shore of the Bothnian Bay. It is comparatively intensively
used and disturbed, mainly by recreational activities. These disturbances are often remarkable: e.g., for
breeding bird and landscape engineering organisms, but can also counteract the effects of eutrophication.
Sand beaches, in particular, suffer from eutrophication, which causes terrestrial overgrowth, biomass accumulation (shorelines) and erosion reduction via enhanced aquatic macrophyte growth. Many sand beaches
could face strong erosion when land uplift ceases. Measures: => vegetation removal, dredging of protecting
flats, => sand replenishment, beach cleaning.

1650 Boreal Baltic narrow inlets
This habitat does not exist within the Finnish or Swedish side of BB.

2110 Embryonic shifting dunes
This habitat exists in a smaller scale in many places without leading to further dune development. Many larger open sandy coasts with more connected habitats suffer from human recreational use. Dune development
is often disturbed by trampling, either by humans and vehicles or by grazing animals. These processes can
be positive or negative for habitat development. As sand beaches, this environment suffers from eutrophication. In addition to management (grazing, access regulation), such areas can be restored by => vegetation
removal and => dune fixation/vegetation enhancement, depending on the local problems and objectives.
In many coastal areas (e.g., the North Sea and southern Baltic), dunes service as a coastal defence. Their
formation and growth in such areas are enforced by => sand replenishment, => artificial island construction,
dune fixation, plantations. Experiences from this would be technically applicable on the BB coast if there
were a need to build up coastal dune areas. This study has not identified such a need.

2120 Shifting dunes along the shoreline with Ammophila arenaria (white dunes)
These face the same problems as the preceding habitat (2110). Additional aspects include construction adjacent to dunes. Shifting dunes can be rejuvenated (=> dune rejuvenation from shifting dunes themselves and
to a certain extent from older dune types 2130. 2140. 2180 as well). On the Finnish coast, there are signs of
a major change in white dune dynamics in the most recent decades (Deinhardt, own observations). The connection to land-use changes and eutrophication seems obvious. What and why is happening, and whether
this will have consequences on restoration, must be discussed.
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2130 Fixed coastal dunes with herbaceous vegetation (grey dunes)
The main problem here is overgrowth. Measures: => dune rejuvenation, => deforestation, grazing management.

2140 Decalcified fixed dunes with Empetrum nigrum
See preceding type (2130).

2180 Wooded dunes of the Atlantic, Continental and Boreal region
These are mainly subject to commercial forestry management. They do not concern the marine/coastal environment addressed in this report.

2190 Humid dune slacks
This environment is quickly lost to forestation and bog formation as a result of land uplift and high washout
rates. The theoretical prolonging of the marine-influenced habitat lifespan will be possible by opening dunes
to the sea (=> dune rejuvenation), => opening waterways and => vegetation removal (for hydrological dynamics), if this is desired. Here, the targets must be well defined. Extensive grazing management will have a
similar effect.

Important bird areas (text by Sami Timonen),
Many coastal and marine areas in the Bothnian Bay are important for a variety of waterfowl and shorebird
species. Some of the most important shallow shore areas host tens of thousands of feeding and roosting
birds in a single migration season. The most valuable feeding habitats (defined as Natura 2000 habitat types)
include estuaries (1130), coastal lagoons (1150), large shallow inlets and bays (1160) and, in Sweden, mudflats and sandflats (1140). The most valuable breeding habitat types include perennial vegetation of stony
banks (1220), boreal Baltic inlets and islands in outer archipelago and open sea zones (1620), Boreal Baltic
sand beaches with perennial vegetation (1640) and especially Boreal Baltic coastal meadows (1630), which
have been restored and taken into active management again in recent decades.
There are 24 SPA areas in the Bothnian Bay region, some of which are the largest and most valuable Finnish
SPA areas for many wetland species. There are five areas designated as internationally significant wetlands
under the Ramsar Convention: Liminganlahti Bay Area, Bird Wetlands in Siikajoki, Bird Wetlands of Hailuoto
Island and Krunnit Islands (in Finland) and Mellerstön in Piteå Archipelago (in Sweden).

3.3.2. Keystone and rare communities
Below we describe some communities not covered by Natura 2000 definitions, but which might play important roles for biodiversity and ecosystem services in BB.

Charales meadows at open sea
Charophytes probably make up the largest share of macrophyte biomass in the BB, especially in its northern
part. They are almost omnipresent, especially Chara aspera, often forming dense “meadows” between the
lower ice limit and 2–3 m depth. HELCOM classifies the biotope Baltic photic muddy or coarse sediment,
sand or mixed substrate dominated by Charales as near-threatened in the Baltic Sea. The impacts of eutrophication have shifted many systems to large vascular plant stands or turbid ecosystems without benthic
vegetation, decreasing the presence of charophytes overall. However, the still-abundant charales meadows
in the BB are an important and probably underestimated part of the ecosystem. They cover major parts of
the shallow bottoms, even in totally open flats and stony open shores and shallow reefs. Coverage often
reaches 100% year-round, contributing to photosynthetic capacity (basic production) and nutrient retention
to an unknown but remarkable extent, as well as a filtering function via retention and prevention of re-suspension of particles. Dense, monocultural charales meadows are home to surprisingly large biomasses of
invertebrates with no signs of predation on the living parts of the algae and no biofilms (Manuel Deinhardt,
own observations). This might be a sign of the high retention capacity for particulate organic matter, as well
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as an important role for higher levels in the food web (fish, grazing birds). There are studies showing that
charophytes are more effective than some vascular plants at fixing nutrients and carbon, and more resistant
to grazing by waterfowl. All this shows that charales meadows are probably a key habitat in the BB and
their protection and restoration might be of high importance for ecosystem functioning. Experiences from
freshwater ecosystems and the southern Baltic show that eutrophication and increased shading can cause
charophytes to disappear rapidly in a switch (at ecological tipping points) to alternate states (vascular plants
canopy or unvegetated, turbid systems). Thus, one may assume that restoration may be necessary, possible, desirable and effective, although we lack sufficient background knowledge for the BB specifically. There
are many open questions regarding the point at which a certain measure will be necessary and effective,
and Chara aspera seems to be especially viable and to have a high dispersal and recovery potential under
oligotrophic conditions (Blindow, 2019). However, many factors, such as waterfowl grazing and the impact
of humic substances and diatom biofilms, are not yet well understood. We have knowledge of whether
these meadows house significant quantities of cladocerans to influence water clarity, as suggested by Moss
(1990). We must assume a possible strong deterioration in the near future due to predicted changes
in major factors (clarity, nutrient load, humic pollution, algal blooms, freshwater influx [Anon. 2018d]), which
might trigger ecological turnovers/tipping-point developments, as we can see happening in shallow bays and
lakes. Thus, measures such as => transplantation, selective => vegetation removal, => biomanipulation of
natural grazing regimes and => establishment of aquatic macrophyte stands should be carefully considered.
For the restoration of smaller bays and closed systems after construction/dredging/major disturbances, as
well as after other restoration measures (e.g., chemical nutrient fixation, biomanipulation, nutrient source
elimination, invasive removal of nuisance weeds), artificial mass planting/propagation (=> Establishment of
aquatic macrophyte stands) with charophytes might be desirable to prevent problems from return or to prevent alternative natural development and ecological fixation of less-desired ecosystems. Planting will be an
alternative to natural development when the rapid return of ecological services is desired or necessary after
major disturbances (e.g. in urban environments, feeding grounds, major water-clarification environments,
removal of aquatic vegetation).

Vegetated sandy shore walls
This environment is typical of shallow, soft-sediment shores in land uplift zones. Small walls (mainly 10–50
cm above their surroundings) are shaped by erosion (mainly ice pressure) and sedimentation processes
(drift lines and wave-driven sand re-sedimentation); their development is driven by natural grazing and
overgrowth dynamics. These walls often concentrate natural forces at a clear shoreline and are the natural
home to a mosaic of small-scale habitats and communities such as short-grassed saltmarsh communities
and drift lines that would otherwise be rare and extremely fragmented. They also create natural backwaters
and wetlands by damming the marsh behind them and cutting lagoons of from the sea. These walls are left
behind by the retreating coastline after one or two decades and eventually disappear, reforming in a different
location. In grazed coasts they might be destroyed or degraded by trampling or become more dynamic due
to erosion. These walls are defined nowhere in our knowledge, but they might play an important role for ecosystem connectivity and might be the only ecological niche for certain species in vast coastal areas, especially along the shallow sandy coast around Oulu, Finland. The cessation of land uplift can be expected to be
a future threat for this habitat mosaic, as well as the return of grazing management. There is no concrete
measure known to restore this environment, nor is it known whether there is any need to do so. Other
than drift line vegetation (1210), they have no definition as a Natura 2000 habitat but are more typical in and
for the BB.

Ice-driven vegetated islands
Translocated habitat fragments with emerging shore plants, probably driven by ice dynamics, can be found
along some shallow shores, reaching more than a kilometre from their natural habitat. The water is too deep,
for the most part, to facilitate natural colonization (via seeds, translocated roots or shoots) of the translocated
species but shallow enough to allow some of them to survive for many years and facilitate colonizing shallow
areas far from the shoreline by the initially translocated species and also other species (e.g., endangered
Alisma wahlenbergii). These translocated communities seem to function as oases, offering shelter for fish,
quicker colonization of emerging sandbanks and even speeding up land rise by sediment fixation (roots) and
accelerating sedimentation processes (shoots). The ecological significance of this phenomenon is unknown,
but it shows that the establishment of vegetation via ecological facilitation with translocated habitat fragments
is possible. Studying this phenomenon will help us understand the ecological mechanisms that might enable
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future restorations to imitate lost land uplift processes, or more importantly, restoration of shore transects
after major disturbance events (e.g., storms, dredging) so as to return their ecosystem functioning or habitat
connectivity.

Deep bottoms
The BB, with a max. depth of 146 m, is not a deep-sea region by definition (Van Dover et al., 2014). Deep
bottoms below the photic zone, however, cover an extensive part of it. At the time of writing, there is low
pressure on these areas, including good oxygenation status of deep waters. Increasing interest in utilization
for seabed mining (mainly sand and gravel extraction), as well as construction of offshore wind farms and
powerlines etc., might change this status, and a need for restoration could arise. It will be difficult to apply
marine experience (e.g., Van Dover et al., 2014), and area-specific fundamental research needs to be conducted. First, restoration needs and targets must be defined. At the time of writing, there seems to be no
research on this topic. Obvious BB-specific problems from deep(ish) sea bottom utilization are: 1. destruction
of spawning areas for coregonids and herring, Clupea harengus (and possibly economically insignificant
Myoxocephalus quadricornis) in the BB, probably only in the uppermost layers (at around 10-20 m depth, =>
spawning ground restoration at open sea), 2. anoxia development in steep structures produced by suction
dredging (Korpinen et al., 2018, p. 99), with an influence on biota of the wider surroundings, which can be
mitigated by intelligent dredging strategies (not addressed here, as they are not restoration per se), and 3.
continuing sediment turbidity from unstable dredging profiles or disposed waste (via eroding currents or sea
slides), which can be solved by planning and technical surveys of dredging activities. All of these impacts can
be mitigated by suitable work practices to facilitate the suitability of the new bottom surfaces (morphological
restoration). Biological recolonization (invertebrates) of stable bottoms can be expected within months or
years. Slow-recovering (decennia-millennia) deep-water ecosystems, such as oceans or old lakes do not
exist in BB. Altered areas with strong exposure to currents might primarily need physical restoration (e.g.,
covering with coarse stone material) to inhibit sediment resuspension. If they are not included in the damaging works (dredging etc.), this can be very costly. Exposure of naturally toxic (anoxic) deeper bottom layers
is theoretically possible. If this needs technical restoration (covering with sediments), it must be assessed in
each specific case.

Soft bottoms
Soft bottoms in adjacent Baltic Sea areas are often damaged by pollution, eutrophication and anoxia, and
locally by bottom trawling. The effects of the invasive Marenzellia spp. Worms should also be mentioned but
are expected to be rather positive. In the BB, the bottoms are in comparatively good condition (Korpinen et
al., 2018), and most of these problems do not exist here. Soft bottoms below the photic zone are also less
impacted by ongoing environmental changes. Only in the vicinity of ports and navigation routes do we see
noticeable damage from navigation, dredging, pollution and littering. Disturbed surface structures tend to be
repaired by geological, hydrological and biogeochemical processes over short timescales. A need for restoration was not identified here. Larger=scale problems might include increasing humic input and eutrophication, resulting in accelerating sedimentation. Whether this needs restoration is unknown, and whether such
restoration is possible is questionable.
In closed bays, bottoms that function as P-retention media can be restored via => chemical nutrient retention.
Harbour bottoms can be polluted and might need covering with suitable sediment when dredging is unavoidable. This technical solution for a technical problem is not analysed here as a form of restoration.

3.4. Threatened, key and engineer species
Protection of species happens in national and EU-contexts, but measures are often taken at the local level.
For endemic species and those of regional responsibility or importance, coordination on an areawide scale
is necessary to allocate resources effectively. A typical problem remains limited knowledge about species’
distribution and status in general.
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3.4.1. Threatened endemic species and populations
Alisma wahlenbergii
Baltic water-plantain has disappeared from a large part of its historical range, probably because of human
impacts (eutrophication, habitat fragmentation and ecosystem breakdown). It prevails only in BB, Lake Malar (a small population) and in the Russian part of the Gulf of Finland (declining). The species achieved the
3rd-highest score in the Finnish nature museum’s ESCAPE -project (Ryttäri, 2013) for species needing protection ex-situ, and the Finnish environmental centre recommends immediate protection measures, including
habitat restoration (Kemppainen, 2013). However, no measures were implemented. There is almost no data
available on the species’ ecology and lifecycle, but the following can be assumed: low resistance to longterm disturbances, short lifespans and poor dispersal potential. On the Swedish side of the BB, the largest
populations of A. wahlenbergii are known from two main areas: Haparanda Archipelago National Park and
Rånefjärden. Translocation from still-vast populations (millions of individuals) to yet uncolonized, suitable
environments might be of importance for the survival of this endemic species. Measures of nutrient retention,
well-planned vegetation manipulation/removal or biomanipulation/grazing bird management are worth discussing. Depending on future developments, habitat manipulations (e.g. => opening of overgrowing lagoons,
physical protection of shore habitats using => artificial reefs) or even habitat construction at coastal transects
with high water quality but low geomorphological suitability (using artificial stone reefs and bays/lagoons to
create suitable environments) might be considered. There is some knowledge about optimal germination
conditions that could be used for massive and inexpensive inoculation- and => transplantation experiments.
These should be done before a possible rapid population decline. Transplantation was tried in Lake Malar
(Johansson, 2014), with negative results, so there is still much to learn. The most important lesson learned
from the Lake Malar attempt is that the species thrives in freshwater under certain conditions. These could
be analysed and used for the preparation of ex-situ protection (e.g., in flooded quarries or gravel pits).

Arctophila fulva (var. pendulina)
Several populations are found in Sweden (registered as Arctophila fulva) but only two populations remain in
Finland (registered as var. pendulina). It is classified as VU in Sweden and CR in Finland. The species relies
on naturally developing subarctic estuaries and sandurs. Rautiainen (2006) recommends habitat conservation instead of subpopulation conservation. Secondly, she recommends transplantation. Currently, it is saved
and enhanced by => transplantation, ex-situ protection and => small-scale habitat modification, and its natural survival is sought to be improved by => estuary restoration (Markkola, 2016a). It is conserved ex-situ in
Oulu Botanical Garden.

Artemisia campestris ssp. bottnica
This almost-extinct subspecies survived unhybridized on only one island off Kemi, Finland. It benefits from
measures to keep its environment (open esker island environments) open, e.g., => vegetation removal, lowscale grazing management. It has a very low dispersal capacity and low germination success in its current
habitats. It was taken into ex-situ protection, and artificially propagated plants were => translocated to different islands. At least one translocation was successful.

Coregonus spp. (sea spawning)
The sea-spawning whitefish Coregonus spp. is the object of very different opinions as to whether it is a single
species (Coregonus widegreni or other synonyms), a subgroup of Coregonus lavaretus, a group of several
sexually isolated (sub-)species, a morph of a different phylogeny, and other concepts. Recent genetic studies suggest that there are several diverted sea-spawning populations which are locally adapted strains of C.
lavaretus. They are more closely related to some anadromous populations than to others, even neighbouring
ones (Koljonen et al., 2019). However, there are more-or-less isolated populations with a remarkable ecological and socioeconomic role in this area. These fish differ in ecology and state of threat, but the influence
of stocking-induced genetic introgression is mostly lower than in the threatened anadromous populations
(Lari Veneranta, LUKE, pers. comm.). In the north-eastern part of the BB, fishermen note a clear increase
of catches; this, however, could be due to reduced fishing pressure and could be masking an ecological
decline. These fish are mainly seen as potentially threatened by climate change, fishing pressure, organic
pollution and eutrophication, which threaten their spawning habitats and reduce their competitive potential
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(Veneranta et al., 2013). A clear decline of non-anadromous whitefish populations can be observed in other
areas of the Baltic Sea, as well as in adjacent Finnish inland waters. The reasons for the threats in inland
waters are often combinations of climate change, eutrophication, humic pollution, mismanagement (including
the introduction of maladapted populations) and invasive species (e.g., Sander lucioperca, Elodea canadensis). As the problems in BB are similar, but change is slower, we can expect a future decline of populations in
this area comparable to that in freshwater habitats and adjacent Baltic areas, resulting in a massive loss of
biodiversity in whitefish. For this reason, this group is included in this report. The only direct restoration measure targeting these fish is compensation for spawning and nursing habitats that are lost due to pressures
such as infrastructure projects and sea mining. The larvae will benefit from the restoration of feeding habitat
(open sand shores) e.g. via => vegetation removal. Any measure to reduce turbidity, macrophyte overgrowth
and competitive pressures (cyprinids) will be beneficial for their competitiveness and survival.

Deschampsia bottnica
This endemic species thrives in vast numbers along shallow stony shores just above the waterline: i.e. very
recently risen shorelines. It might theoretically lose a large part of its current habitat when land uprising ceases, shores start to erode and zonal communities stabilize. When this happens, it will probably be fragmented
in optimal refuges, and population dynamics might need some help via => stony shore restoration (connectivity) or => artificial island construction (refuge), as well as beach cleaning or vegetation removal (habitat
improvement, succession restart). However, the vast extant populations in areas south of intensive land uplift
areas (Stockholm- and Åland archipelago) show that it probably merits a low level of concern.

Hippuris tetraphylla
This species has been extirpated from a large part of its historical range in the Baltic Sea, probably because
of human impacts (eutrophication, habitat fragmentation, ecosystem breakdown, shore use and overgrowth).
Today it prevails only in the BB and adjacent waters. In Sweden, it is currently only known from Kronören
Nature Reserve in Västerbotten County, south of the Bothnian Bay. The Baltic population is geographically
isolated from other circumpolar populations. It received the highest score in the Finnish Museum of Natural
History ESCAPE project for species to be protected ex-situ (Ryttäri et al., 2013; together with three other species). No measures were implemented, obviously due to the allocation of limited resources to more
cost-efficient species (Marko Hyvärinen, Finnish Museum of Natural History, pers. comm.). No information on
genetic identity and isolation from viable subarctic (circumpolar) populations was found. Continuous spread
from these populations via bird ingestion of seeds cannot be excluded.
There is contradictory information on the effect of increased seashore grazing management in its habitats.
The HELCOM Red List Macrophyte Expert Group (2013) recommends grazing management, but occurrence patterns in short-term field observations paint the opposite picture (Deinhardt, unpublished; Markkola,
2013 and 2015), including site-specific abundance reductions in Europe’s former largest population, from a
1,000,000 shoots to 15,000 in less than 15 years, connected to the onset of grazing management (Markkola,
2015; causal analysis not given). In a report from the Finnish Ministry of Environment, extensive grazing is
evaluated as having negative effects on optimum habitats (Kemppainen & Kaipiainen-Väre, 2017).
The species seems to have a very low dispersal capacity and is mostly represented by single clones in its
optimal growth habitats (Deinhardt, own observations). In BB, it has two ecological niches, both of which are
problematic: 1. stony, salty, shallow ponds on stony shores, which are often lost due to overgrowth, freshwater influx (the result of land uplift) and waterborne plant biomass accumulation (drift lines). 2. open shorelines
along extremely shallow silt/sand shores with high protection during the growing season but which are open
to the sea and which are subject to eutrophication-driven overgrowth. A third (secondary, low-quality) habitat
is grazed shores. A special problem is the naturally short lifespans of its habitats – often only 10–20 years
– and their small geographic size, which reduces the metapopulation’s resilience to disturbances. The species suffers from eutrophication via drifting filamentous algae and overgrowth, and – possibly – from cattle
trampling. The species reproduces vegetatively under good conditions. and root shoots are strong and easy
to transplant. Knowledge about sexual reproduction and seed dispersal was not found, but seed production
is vast, and Hippuris vulgaris has been said to disperse via ingestion by birds (Wikipedia, Internet source
2); one experiment in the germination of H. vulgaris seeds from duck gizzards was conducted and possibly
successful (R. & Good, 1924, only preview available). It is not known whether this is applicable to H. tetraphylla, but it is probably due to their similar seed structure (Deinhardt, own observations). The species would
be easy to transplant by taking roots of viable clones to suitable habitats. Fencing of natural or transplanted
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populations is probably an option. This and even ex-situ protection will be necessary if filamentous algal biomass increases in the area. More knowledge about population dynamics and the effect of grazing management is necessary to assess the need for these measures.
A good example would be => translocation and => small-scale habitat modification, as used for Arctophila
fulva var. pendulina.

Primula nutans ssp. finmarchica var. jokelae
This subspecies thrives in natural and grazed seashore communities. Populations are classified as NT (FIN)
and LC (SWE), respectively. The northernmost BB populations are sustainable in nature, while the more
southerly populations have been protected with partial success by grazing management (FIN). It is threatened by overgrowth of former habitats, shore use and, in the future, possibly by loss of natural succession
dynamics (as an outcome of the cessation of land uplift). This species will benefit from the restoration and
management of open shores but will hardly depend on those measures.

Puccinellia phryganodes
Only one population of this species remains in Finland, and it is not found in Sweden. It is classified CR in
Finland. It can be saved and enhanced by => transplantation, ex-situ protection and => small-scale habitat modification. Its natural survival has been sought to be enhanced by grazing management (Markkola,
2016b). The species is conserved ex-situ in Oulu Botanical Garden. The species relies on relatively dry salt
shore surfaces, which are mainly supported by grazing. Additional measures to improve habitat quality (e.g.,
ditching to improve flood access or reduce groundwater leaching) might be worth discussing.

Pusa hispida botnica
More than 80% of the total population of this isolated subspecies is found in BB and the Quark. More southerly populations (FIN, SWE, EST, RUS) are predicted to possibly go extinct due to ice-cover retreat (Halkka,
2020). The protection of this endemic species will be difficult, as the limiting factor (after reduction of hunting
and pollution pressures) is the reduction of suitable breeding areas on strong sea ice in February–March.
=> Breeding shelters might be built to enhance breeding success, as has been done for its closest relative
subspecies, Pusa hispida saimensis; however, the method used is not directly usable for the Bothnian subspecies.

Thymallus thymallus (sea spawning)
Sea spawning grayling are only known from the Bothnian region. Their genetic isolation is being studied in
an ongoing project. they are primarily treated together with anadromous grayling, which are threatened too.
The populations were identified in the northern areas (Sweden), one in the northeast (Finland) and one in the
western Quark (SWE). In Finland, ex-situ protection and artificial propagation measures have been taken.
Several possible spawning sites were mapped, with low success, partly due to mistiming or lack of resources
(Erkki Jokikokko, LUKE, pers. comm.) Restoration of => spawning sites is planned, but no resources have
been assigned (Lari Veneranta, LUKE, pers. comm.). In northern Sweden, natural spawning locations were
mapped successfully and analysed. Restoration trials can be conducted in this area to confirm if they work,
and if successful they can be applied in areas with weaker populations. The reasons for this species’ decline
are not totally certain but are likely to be a combination of warming climate, eutrophication and fishing pressure. There is still a significant lack of knowledge about this fish, including migration, fishing mortality and
nursing site requirements. There are still suitable spawning grounds in the BB. Rehabilitation of these places
might have no effect as long as water quality is not improved. Fishing restrictions in the last near-pristine
spawning grounds will probably do more than any restoration measure. The existence of these fish should be
considered when planning invasive actions and offset measures in relatively pristine areas (e.g., connected
to offshore wind power projects or seabed mining).
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3.4.2. Keystone and foundation species
Plants
Restoration can target the enhancement or survival of key species to produce environments for dozens of
other species. Typical marine foundation species such as Fucus are absent, but mosses do have a key role
for invertebrate communities inhabiting reefs. Charophytes also seem to have a yet-unrecognized key role
similar to that of seagrass in more saline areas. For the role of charophyte stands, see section 3.3, keystone
communities. Measures: => biomanipulation, => translocation, and => establishment of aquatic macrophyte
stands.

Grazers
In BB there are only few clear habitat engineers altering and producing environments for many species. The
most important are grazing birds (Cygnus, Anser), elk (Alces alces) and other grazers and browsers, which
probably need no direct restoration measures but rather management of feeding grounds and resting places.
In the case of loss (locally due to increasing human presence) of the main species (Anser anser and Cygnus
cygnus), restoration/management will be necessary to maintain habitats (adapted grazing management for
sheep or horses, => small-scale disturbances and selective => vegetation removal).

Nutrient accumulating birds
Colony breeding birds could be also seen as key species that alter the environment around their colonies
by accumulating nutrients from the sea, creating very typical communities. Restoration would mainly target
breeding facilitation but not compensate for the birds’ influence, which would mean fertilizing. At times of rising eutrophication, there is probably no need for compensation measures.

Piscivores
Piscivore fish, especially those of coastal and estuary areas, are important to the top-down regulation of
ecosystems. With rising temperatures and eutrophication, formerly rare cyprinids (Abramis brama, Rutilus
rutilus) are multiplying their biomasses and ecological impact (bioturbation, algal blooms), as well as creating feedback loops with cold-water species (Coregonus spp., Lota lota) via competition and roe predation.
Thus, the role of predators, especially pike (Esox lucius), is more and more important. Perch plays a key role
in predation on smaller fish, especially in the northern parts of BB. Pike and perch populations can be enhanced by => spawning ground restoration (e.g., wetlands, lagoons, naturalistic deepwater stands of emerging plants, and => artificial spawning structures). Any measure enhancing habitat structure and invertebrate
production in shallow, protected areas will improve the nursery grounds of predatory fish. A special feature of
the shallow east and north coast of BB is that many spawning grounds and most nursery grounds are situated in comparatively open sea areas. It must be noted that many objects of restoration measures like vegetation removal are detrimental to the spawning and nursing sites of predatory fish.
Threatened species of seals have received successful protection. A specific need for protection in their role
as top predator could not be identified. From a fisheries point of view, well-recovered seal stocks are even reducing ecosystem services and nutrient extraction possibilities. Based on their prey selection and pressures
on fisheries, this development might even speed up community changes in coastal waters towards cyprinid
domination. It is doubtful that there is any need to restore or manage population densities for these reasons,
but this possibility should be analysed thoroughly in light of a growing demand for management for economic
reasons. Salmon, as the other pelagic top predator, is subject to intense management, ensuring relatively
stable populations. See below.

3.4.3. Species of public interest
Salmonids and Coregonids
These fish are not restricted to this area, nor does the region have a substantial role as habitat for maintaining their decreased populations. However, they are subject to high utilization pressure and have important
ecological roles in marine ecosystems.
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Anadromous salmonids (Salmo salar, Salmo trutta) are the most important target species of vast recreational fishing in the whole area and are important to local and Baltic Sea (Salmo s.) professional fisheries.
The most important factors for their protection are fisheries regulation and spawning-ground connectivity and
restoration in the catchment area. Both measures are not within the scope of this work. There is no need
identified for any restoration in coastal areas for these specific species. In => estuary restoration, connectivity for salmonids and other anadromous fish must be considered very carefully, including species of low public interest. Salmonids, as top predators, contribute to the removal of bioaccumulating pollutants. As such,
and being spawning-/nursing-ground limited and under high fishing pressure, Salmonids cannot be excluded
from the discussion of nutrient removal. Most of the salmonid catch belongs to food webs in more southern
areas of the Baltic.
Anadromous whitefish, Coregonus lavaretus, faces the same problems as salmonids, and the same solutions apply to this species. Populations are highly dependent on stocking, with negative consequences on
gene pool integrity and local adaptations. Restoration (and avoidance of unintended construction) of migration obstacles as a part of => estuary restoration will be even more important due to their lower swimming
capacity and higher predation pressure.
Vendace, Coregonus albula exists in sea-spawning stocks, especially in the northern BB, which have similar
spawning strategies as whitefish. Vendace can be expected to benefit from the expected decrease in surface
salinity. In lacustrine ecosystems with large pelagic zones, they usually persist in the face of eutrophication
much longer than related whitefish and can be even expected to benefit to a certain extent. Their current
increase in abundance and range expansions, despite intensified fisheries effort, seem to confirm these expectations. Spawning habitat (open sand and gravel bottoms at several meters of depth) is almost unlimited
along the eastern coasts and is less restricted by local bottom morphology than that of sea-spawning whitefish and less affected by environmental changes. Stocks can be assumed to be limited mainly by fisheries
(Sweden) and food competition (herring). It thus cannot be described as threatened by any habitat factors.
Local threats to spawning grounds cannot be excluded, but threats to genetic diversity cannot be assumed,
nor are fisheries threatened, as vendace is utilized in a mixed-stock system (Enderlein, 1989). This typical
r-strategic species will be best protected by the regulation of fisheries effort and not by restorations.

Other fish
Burbot, Lota lota has declined in the BB for unclear reasons (acidification of riverine and estuarine spawning/
nursery ground is a proven aspect (Hudd & Kjellman, 2002), bioaccumulation of pollutants is also suspected). This species profited from the invasion of the round goby, Neogobius melanostomus in the Laurentian
Great Lakes (Madenjian et al., 2011). It can be expected that burbot has a mitigating effect on the beginning
invasion of round goby. For this reason, restoration of coastal burbot spawning sites (e.g., => removal of annual vegetation biomass from known sites) and => estuaries (aiming on prolonged water residence time and
enlarged running-water-sediment interface) is worth discussing.

Birds
Bird conservation actions can be divided into area protection and habitat and species conservation measures. Area protection is facilitated by the Natura 2000 Special Protection Area network, safeguarding the
habitats of migratory and breeding birds. Habitat conservation consists of habitat management and restoration measures that benefit single species or species groups. The general decrease of species preferring
open landscapes (e.g., breeding waders) has been steep in recent decades, but there are also many positive
responses after the implementation of habitat management. This has been made possible especially by the
EU’s agri-environmental support for grazing and mowing of coastal meadows. Overgrowth on bird islands,
etc., is counteracted by brush removal and mowing. Species-specific measures include predator removal
from bird islands and coastal meadows. This predator control activity is increasing in Finland’s Bothnian Bay
area, in the most important SPA areas. One possible bird-related restoration measure in coastal and marine
areas is to construct artificial islands as breeding sites. In those breeding sites which are sensitive to human
disturbance, e.g., sandy beaches, guidance or restriction of human movement may be important.

3.5. Invasive species on a local scale
Mass occurrences are typical for invasive species. This is especially true with plants but also for different level heterotrophs; this often results in ecosystem degradation. To restore the affected systems, there are three
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approaches: 1. eradication of the species (closed systems like lakes or islands), 2. reduction of their competitiveness (closed or semi-closed systems like lagoons or bays) or 3. mitigation of their effects. The choice
depends on the affected ecosystem and the species in question.
1. includes => invasive vegetation removal, => submerged vegetation removal and also restoration measures that change environmental conditions to eradicate the species (e.g., water retraction, changes in salinity or oxygen saturation via damming of lagoons; not directly addressed here).
2. includes typical restoration measures, e.g., changing the hydrology, flood dynamics or chemical environment of lagoons (=> closing/damming or => opening of waterways) or => biomanipulation, but also management tools like continuous selective fishing or weeding (not addressed here).
3. concentrates on improving/compensating for the affected/lost ecosystem services, mostly focusing on
certain species of concern (lagoon restoration, => artificial spawning structures, => removal of submersed
vegetation, => reef restoration).
Overall, the BB is not an entrance gate for new species, but, as an open, marine environment, it is a nextstep area for range expansions of established species from adjacent areas of the Baltic. Thus, eradication is
not a typical measure. Means of structural restoration will be more successful.
the following section lists invasive species of high concern for the BB, which can be responded to by means
of restoration.

Water pests: Elodea canadensis and Elodea nuttallii
Elodea canadensis is established in adjacent freshwater areas and continually drifts out to sea. Nonetheless,
it does not thrive there, except in closed lagoons, small streams in river estuaries and coastal ditches and
freshwater ponds. The reason is probably its reduced viability, growth and overall competitiveness due to its
low tolerance for salinity (Thouvenot & Thiebaut, 2018). Despite this problem, drifting shoots remain viable
for long periods, and colonization of any coastal habitat is always possible. On the eastern shore, dispersal
is partly reduced due to unfavourable conditions in most freshwater habitats (soft, humic water, locally acidic
soils). In some lagoons and coastal lakes, the species was observed to form high-density stocks, affecting other plants and water chemistry (Deinhardt, unpublished). The species is established, and restoration
should mainly focus on reducing compatibility and competitiveness. Its low salinity tolerance and low drought
tolerance make it probable that measures to increase salinity (e.g., via flood pulses) or periodical lowering
waters will be successful (=> opening of waterways). In areas with humic or acidic drainage areas, reduction
of hard seawater influx might also be a good choice (closing of sea connections). Both effects will greatly
affect other biota, especially fish and birds, and should be used only after thorough evaluation. Due to its low
dispersal possibility, ponds on offshore islands could be a reasonable location for eradication attempts.
Elodea nuttallii seems to tolerate higher salinities, and open-sea occurrences along the Swedish coast support this. The species has not been found on the Finnish side of the Bothnian Bay yet, and its spread has
stopped at the Swedish-Finnish border for years, which might be due to main currents and bird migration
routes and limited coastal boat traffic (fishermen, as typical vectors, rarely cross the border). However, continuous invasion seems inevitable. Local eradications (especially through suffocation and poisoning, see =>
removal of submersed vegetation and => invasive vegetation removal) of new occurrences might slow its
spread, although they will not stop it.
Both species are adapted to colonizing disturbed, nutrient-rich habitats. Invasive removal might require the
establishment of additional macrophytes immediately after removal to avoid the re-establishment of these
colonization specialists. Otherwise, removal needs to be so effective that no pieces of the plants are left and
none can immigrate into the area again.
Mowing of both species should be avoided in open water bodies, as loose shoots are perfect propagules. For
E. canadensis, long-distance propagation in swan (Cygnus cygnus) faeces has been claimed but not proven
experimentally (Seppo Hellsten, SYKE, pers. comm.). Short-distance propagation by waterfowl (external
transport of shoots) is possible but is probably far exceeded by human propagation (via boats, trailers, fishing gear, fish transport etc.). Waterfowl can instead be seen as one management aspect, as e.g. swans can
consume enormous amounts of these plants.
A review of both species and their management is found in Zehnsdorf et al. (2015).
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Dreissenid mussels
Dreissenid mussels are sessile mussel species from brackish environments (Pontocaspian area: Dreissena
polymorpha, D. bugensis, and coastal areas of Gulf of Mexico: Mytilopsis leucophaeata). Both can be expected to thrive in the salinities of BB and are rather temperature limited.
Risk analysis: Dreissena polymorpha invaded the Gulf of Finland in the 1990s and has spread since then
until reaching the Finnish Archipelago but did not invade freshwater systems other than in Estonia, Russia
and Sweden, where it has been present for decades. The reason is probably the soft water in the ancient
bedrock areas of south and central Finland and missing connectivity in Scandinavian drainage basins.
In southern Sweden, they are mainly restricted to freshwater habitats (www.artfakta.se). An analysis was
conducted in 2003 (Antsulevich et al.) and found that the species is probably at its northern thermal limit
in the GoF and limited by excessive salinity in its western parts. Ackerman et al. (1994) found a spawning
temperature of 17–24 °C and a planktic phase of 18–90 days until settling, Antsulevich et al. (2003) mention
spawning time in the GoF being the end of July, with larvae settling happening by the middle of September.
The lower spawning temperature is typically reached in BB around the same time. Heat levels in the GoF are
probably far higher in the given phase, while in BB water temperatures typically drop rapidly in August, with
August-September temperatures being some 2-3 °C lower in open waters (internet-source 4) and probably
even lower in shallow areas, which might explain the absence of Dreissena. According to DFO (2013), the
upper salinity limit for larvae is 6 ppt (usually not reached in the BB). Lower limits are not given, as it is a
freshwater species. If these limits are true, an invasion of the coastal BB is possible with rising summer temperatures. This could be sped up by the Olkiluoto nuclear power plant (Bothnian Sea, FIN) and the planned
plant at Hanhikivi (BB, FIN, expected to be in operation in 2028), the warm effluent areas of which might
serve as source population “incubators”. The existence of a thriving population in the northern mouth of
Dvina, in Russia, with similar environments (humic water, harsh winter conditions and a long ice period) but
more continental climate, as found in the mouth of the Oulujoki and Kemijoki, Finland, for example, suggest
that summer temperatures and source populations (the Dvina is probably colonized from upstream) might
be the keys to invasion. Invasion of D. polymorpha is expectable in near future, so it is of high interest
in this work. There is some linkage of D. polymorpha to eutrophication levels. Orlova et al. (2004) discuss
that low mussel impact in some areas of the GoF is caused by the lower amount of particulate organic matter (POM, carrier of seston), which is insufficient to maintain large mussel biomasses. In the Great Lakes,
massive eutrophication and turbidity development preceded mussel invasions (Barbiero & Tuchman, 2004).
Comparatively low POM and eutrophication levels in BB might weaken the impacts of a dreissenid invasion,
but many European clearwater lakes also have a severe mussel problem (Deinhardt, own observations).
The closest findings of D. bugensis are from the eastern GoF (2004, Orlova et al., 2006). Its ecology is assumed to resemble D. polymorpha. Its physiological limits were not analysed but are probably similar.
Mytilopsis leucophaeata has been found in the Gulf of Finland, the Finnish Archipelago, the southern Bothnian Sea (laji.fi) and the Swedish Archipelago (artfakta.se). Its invasion was only noticed in 2006 and is probably still ongoing. It is claimed to survive at salinities of 0 to 32 PSU, with typical levels being 0.5 to 18 PSU
(citation in Duhaime & Cudmore, 2012; PSU being the incorrect unit but used synonymously for ppt). Larvae
are claimed to thrive at a lower limit of 1 ppt, which is still available in most of BBs open pelagic. The species comes from subtropical environments and can be expected to be at its temperature limits, as in North
America, an invasion into similarly cold Canadian waters has not been reported, despite the high proximity of
temperate occurrences (DFO, 2013). However, the lower temperature limit of +5 °C (Duhaime & Cudmore,
2012) is definitely not true, as the Gulf of Finland is substantially colder every winter. A spread to BB must be
assumed, similar to D. polymorpha. We cannot predict whether it will be a massive invasion.
The invasion probability of these species has not been modelled in Finland yet (Anette Bäck, Metsähallitus/
Forststyrelsen, pers. comm.). Modelling and basic limitation experiments would be comparatively easy and
inexpensive for these well-studied species.
In temperate Europe and the Laurentian Great Lakes, dreissenid species have been one cause for the collapse of entire ecosystems, with enormous ecological and economic consequences. These sessile mussels
infest and alter any hard surface available within one season, due to their planktonic larvae. Sustainable
restoration of infested habitats is basically impossible due to rapid re-colonization. Given sufficient hard
structures, mussels can switch food webs from planktic to benthic-dominated energy and nutrient flows, with
consequences for species abundances, benthic oxygen levels and the lifecycles of many species.
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For the case of dreissenid invasion in the BB, heavy environmental changes must be expected, as
the region has no natural sessile filter feeder but offers vast hard-bottom habitats. A partial shift from plankton- to mussel-driven food webs can be predicted. Reef-spawning whitefish and reef-dwelling mosses will
probably be negatively affected, and mussel-feeding fish and birds will benefit. Lessons learned from the
Great Lakes and Eastern and Central Europe should be studied, a topic beyond the scope of this work.
Management and restoration: Managing measures (annual repeats) have been poisoning and physical destruction of mussels (Baetz et al. 2020). Mussels also impede the restoration of reefs lost for other reasons
(Gatch et al. 2020). The current direction in the development methods in the strongly affected Great Lakes is
rather to mitigate the effect of mussels through, e.g., reef cleaning attempts (=> reef restoration).
The North American strategy of impact mitigation seems feasible, and our focus might be on creating structures that provide the same ecological functions despite mussel infestation (e.g., steeper reefs) or removing
mussels naturally (improved access for ice at the shoreline/shallow spawning habitats, deeper drainage
channels for lagoons to increase water-level fluctuations, => opening of waterways). Also, threatened species can be protected by removing other life-stage bottlenecks than those affected by mussels (e.g., for fish,
nursery ground restoration instead of impossible spawning ground restoration).
Dreissenid mussels are consumed by some fish species: in the BB roach, Rutilus rutilus, and the invasive
round goby, Neogobius melanostomus. Both species are expanding, potentially problematically, and might
benefit from a mussel invasion. Roach are capable of feeding only on juveniles and cannot be expected to
be a means of biologic control. The round goby was concluded to not be capable of controlling established
mussel stocks in the Great Lakes by Ray & Corkum (1997), but Lederer et al. (2006) presented controversial results. They also showed a heavy impact on other invertebrates, proving that invasive gobies are not a
favourable means of biological control. Their biological control effects in the BB might be stronger, as slow
growth at the northern range limit can be expected, resulting in higher susceptibility to round goby foraging.
Interactions with mussel-feeding birds like Somateria mollissima and Aythya spp. were not analysed but
might be positive from a conservation point of view. Whether => biomanipulation is capable of impacting
planktic mussel larvae has not been explored. Once established, mussels can be also used for restoration,
e.g., artificial structures in soft-bottom habitats to home mussels and improve water quality (=> biofiltration).
A positive example might be the assumed use of mussel banks by semi-anadromous whitefish as spawning
grounds in German waters, where eutrophication has degraded any other hard bottom types (Volker Huckstorf, state institute for fisheries, Mecklenburg-Vorpommern, Germany, pers. comm.). An assumed temperature limitation makes it probable that colder offshore areas in BB would gain more importance for conservation due to lower mussel-driven degradation.

3.6. Processes
Restoration will aim to return, initiate, or simulate natural processes or certain parts of them. The major
process in the BB is natural primary succession, which is unidirectional along the coastline. As a result
of land uplift, no location will return to a former state under natural conditions, with the exception of small
patches. The cessation of land uplift is the biggest future challenge, as vast areas will shift to older stages,
others will stabilize, and the chemical and ecological properties of many environments will change. Some pioneer species will demand invasive restoration measures to survive. => Vegetation removal, dredging, beach
cleaning and even artificial shores or islands might be necessary to restore lost dynamics. This includes
measures to simulate land uplift via => sand replenishment (=> artificial island construction) or enhancement of sedimentation (mainly in estuaries; => estuary restoration, => establishment of aquatic macrophyte
stands, reed plantation).
Important ecological processes on the species level are population dynamics and dispersal, which are
interrupted for various reasons. These can be enhanced by the measures mentioned above or simulated by
=> transplantation.

3.7. Local pollution and eutrophication
Locally restricted pollution can be addressed by single restoration measures. Eutrophication from small
coastal drainages can be mitigated by artificial nutrient sinks (=> nutrient retention wetlands) and => estuary
restoration (not necessarily to original topographies but to the desired ecological function) to increase nutrient and sediment retention. For => nutrient retention wetlands, there are good examples from freshwater
habitats, but it remains to be studied whether they work under marine influence or even above the flood line,
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under acid water influence. Regional results are very encouraging. => biomanipulation is possible with respect to macrophytes and fish communities in closed systems such as lagoons.
A special issue for anthropogenically enhanced pollution is acid sulphate soils. Their existence must be considered in any measures changing soil hydrology, flood regimes and water exchange in closed coastal water
bodies. Restoration following chemical or oil spills is not addressed here.

3.8. Ecosystem services
Different ecosystem services might be a good reason to consider the restoration of certain environments,
communities or populations. The most common ones in the adjacent countries are water quality (see pollution and eutrophication), aesthetic and recreational values (not directly addressed here) and fishery use (=>
spawning ground restoration and => estuary restoration; see also pollution and eutrophication or certain fish
species). In the future, ecosystems’ resilience to pollution and their carbon storage capacity might be important (possible measures that are beyond the scope of this work). The goal of flood protection is not important
to marine restorations (in contrary to almost anywhere else in Europe), but flood protection must be considered when changing estuarine morphology. Certain shore stretches near infrastructure might be restored
with the aim of creating flood or erosion protection (sand replenishment, => artificial sandbank and island
construction, => artificial reefs, => stony shore restoration).

4. Measure review: examples, costs, suitability
As the line between management and restoration measures is not always clear, certain management measures are treated as restoration if they cause a clear change in the current state or future development of the
environment or population, as implied in the management plan.
Measures are not evaluated in terms of returning the geographical object to a natural state. This concept is
not applicable to the quickly changing Bothnian coastline, as explained above (see section 1, Background).
Restoration here must mean the creation of a natural habitat or state suitable for the place in question and
capable of developing in a natural matter, not the return to a past stage that would have disappeared naturally.
All given measures are evaluated from the Bothnian Bay perspective. Examples from other areas are evaluated according to their suitability (Remarks).

4.1. Acid sulphate soil – restoration and control measures
Acidification via the use of sulphate soils is a large-area catchment problem, which is not addressed here.
Mitigation of acidification impacts is sometimes necessary with several restoration measures and deserves
mention.
Object: anoxic sulphide-rich sediments, oxygenated (acid) sulphate soils
Targets: prevention of oxygenation, preventing acid and/or heavy metals from leaching into environment,
mitigation of leaching/poisoning effects via dilution
Methods: neutralization via liming (terrestrial environments), disposal of dredging waste below groundwater
level, disposal on stable sea floor), ground water level regulation (in restorations, damming)
Risks: see remarks
Advantages: Alternatives: Legal aspects: EU and national legislation on pollutants
Costs: high – massive chemical treatment or disposal and sometimes negative costs. Correct disposal below the waterline can reduce total costs.
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Remarks: Anoxic, sulphide-rich soils (mainly clays) are common in the BB coastal zones. They are often
encountered when dredging, digging or ditching are part of a restoration. Measures that influence groundwater levels can also influence the chemical properties of this soil. Direct exposure to air/water or lowering of
groundwater levels will oxygenate sulphides to sulfuric acid. The lowered pH causes leaching and chemical
activation of poisonous metals (Al, Hg, Cd, Ni; the two latter ones being the most problematic). The leaching
of metals limits the use of dredging waste for forming new structures. Acidification per se also limits changes
in groundwater levels as a method of restoration in sulphide/sulphate-rich areas, as low pH will often inhibit
the desired development. Disposal under anoxic conditions or the use of high dilution effects should be considered in the strategic planning of measures. The problems of acid soils are well known and are included in
the planning of measures in the region. Low strategic creativity can be observed in solutions, despite technical possibilities. Typically, dredging mass disposal will have the highest ecological effect at the waterline or in
shallow water (artificial islands/shallows) – a solution rarely encountered in any dredging project. Obviously,
there is unused potential waiting for utilization.
Priority: Examples: No concrete examples given. See remarks.

4.2. Artificial sand bank and island construction
Object: shallow waters or shores
Targets: establishment of a new island to compensate for habitat loss/local construction or other disturbances, or island as a technical solution, including restoration targets (compensation, improvement of ecological
footprint)
Risks: destruction/fragmentation of submersed habitats, steppingstone for invasive species, change of currents
Advantages: new islands are easier to implement/protect/isolate than existing ones, sometimes the most
cost-efficient way to dispose of dredging waste/dismantled abandoned structures or compensate for new
construction
Alternatives: Legal aspects: Costs: millions of € for deliberate construction, low or negative costs in connection with construction/dismantling
Remarks: Artificial islands were obviously not designed for environmental issues in the Nordic countries’
marine areas. It is primarily birds that have colonized artificial island-like constructions successfully. In the
Netherlands, there are two large projects to upgrade degraded environments and provide coastal defences
(main purpose). Future infrastructure or sea mining projects might produce an opportunity to build such islands in the BB, and rising pressure on coastal areas (human traffic, eutrophication) can be a good reason to
implement such projects. The cessation of land uplift (no more new islands, loss of extant ones) will increase
the value of new islands.
Priority: only in connection with large construction projects (e.g., for use of dredging waste)
Examples:

Marker Wadden – Large artificial islands for creating new nature
Description: As a result of land reclamation in the Netherlands, Lake Markermeer was constructed from a
dammed marine bay. The 700 km2 lake suffers from a lack of natural shorelines, eutrophication and heavy
turbidity and silting. A decline of waterfowl, invertebrate and fish production is anticipated, and that is why
several artificial islands are planned for construction from the lake’s shallow sediments, with large, channelled sedimentation areas behind these islands. The main goal was to create habitats and prey for waterfowl. This is to be achieved through the following targets: reduction of turbidity via physical induction of permanent sedimentation, restoration of smelt spawning grounds, restoration of naturalistic shores and island
habitats to serve birds and other wildlife. The concept includes natural dynamics (sedimentation, erosion,
succession). A concept for common access and recreational use has been implemented. In an initial step,
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one 5 km2 island and a 10 km2 sedimentation structure were built 2016-2017 via suction dredging and sediment pumping into diked enclosures. The costs for this portion were estimated at €75 million. Four additional
islands had been constructed by 2020, with no further information available. The project is accompanied by
scientific monitoring, but no scientific articles on the construction or biota were found.
Results: One island is ready as a physical structure. The structure is accepted by birds, including threatened
species. Natural colonization, mainly by plants, has begun, partly accelerated by transplanting. The island
already serves for recreational purposes and nature education.
Remarks: A project of this dimension for similar targets is not necessary for the still quite-pristine BB. Here,
only small islands might be constructed for certain protection needs. However, the example shows that creating large artificial islands for nature protection is technically possible and can be successful – and what it
costs. Ongoing studies will shed light on processes in a dynamic artificial system. Large island construction
might be of interest in connection with large infrastructure projects, where disposal of dredging waste might
be used for compensation or reduction of building costs.
Further reading:
https://www.natuurmonumenten.nl/projecten/marker-wadden/english-version (basic information, in English)
https://rewildingeurope.com/news/marker-wadden-project-reaches-milestone-with-island-opening/ (basic information, in English)
https://nl.wikipedia.org/wiki/Marker_Wadden (Dutch Wikipedia article, good information density, in Dutch)
https://de.wikipedia.org/wiki/Marker_Wadden (German Wikipedia article, good information density, in German)
https://www.nationaalparknieuwland.nl/en/marker-wadden (the area as a part of a national park of artificial
nature)
https://kennismarkerwadden.nl/english/kima/ (overview of ongoing research in the area)

Sand motor – an artificial island to feed natural sediment dynamics
Description: An artificial 1 km2 sand island was constructed from suction-dredged offshore sand to replace
traditional short-interval sand replenishment along the eroding dune coast of southern Holland. The aim was
to reduce costs for coastal defences, increase the lifespan of coastal defence measures, give more space for
nature and natural processes, reduce impacts on biota and improve recreational use of the defended coast.
Costs totalled €70 million (€3.25/m3).
Results: The coastal defence expectations have been fulfilled, recreational use is high and pioneer succession biota have started colonizing the area despite strong recreational use. Old dunes are growing and
embryo dunes are forming. Positive and negative changes on benthos and benthic fish have been observed,
and the benthos recovery rate is high (only one year in the wave zone).
Remarks: This example is mainly a coastal defence work, which is not necessary in the BB. The biological
data are mostly inapplicable, as the biota of intertidal marine wave shores have nothing in common with
morphologically similar BB shores. The techniques used and lessons learned might be interesting when the
aim is to create/restore natural sediment dynamics on an open shore or offshore islands, especially when
seeking to improve the ecological footprint of large infrastructure projects. Also, similar measures might be
an option for the restoration of overgrowing dune areas. So-called soft coastal management might be an alternative or supplement to typical stone walls of road or harbour dams. Note that flood and sediment dynamics are magnitudes higher in the North Sea than in the BB. Sand motion will be slower and plant colonization
much faster here. Projects with the aim to restore sediment dynamics can be much smaller in size and must
be adapted to local flood regimes.
Literature: Luijendijk, A. & van Oudenhoven, A., 2019, The Sand Motor: A Nature-Based Response to Climate Change: Findings and Reflections of the Interdisciplinary Research Program Nature Coast.
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Kicking off: Potential integration of artificial islands in construction in the BB
Construction of harbours, road dams, navigation channels and “reclaimed land” is a part of human activity
and impact in the BB. They are not avoidable and will always have an impact on the local and regional environment. Although there are tools (permit conditions, compensation measures) to reduce the ecological
footprint of such measures, the opportunities for financing restoration via targeted construction activities
are underutilized. A clearly structured catalogue of possible restoration measures to include in construction
projects might be a good way to implement the “polluter pays” principle. Many measures are even cheaper
than state-of-the-art construction. Some examples include:
Gaps in breakwaters are to some extent common, mainly for better flushing of harbour basins. They are
often accepted by terns and other birds as safe nesting sites. A water-filled gap in a new breakwater will not
cost any money and produces rare nesting sites, improving water flushing as well. Also, abandoned piers
and breakwaters can be cut off from land with little effort, which is even cheaper than total dismantling. Often, this will entail the removal of asphalt or soft soil.
Strategic disposal of dredging waste is another rarely used measure. Historically and still ongoing, waste
was/is disposed of next to the channel or in deeper areas (e.g., for the construction of the Hanhikivi nuclear
power station, Finland, a permit for at-sea disposal of 1,100,000 m3 dredging waste in deeper water was
issued; Pohjois-Suomen Aluehallintovirasto, 2015 – sufficient material for a several-ha island), causing
damage. To avoid problems and acid impacts from sulphate clays, dredging waste is also often disposed of
on land or integrated into the landscape. Well-planned disposal to shape islands, flats, sandbanks, reefs or
even lagoons can save transportation costs and produce desirable restoration at a low cost. Also, dredging
waste from harbour basins or road projects could be disposed of alongside stony breakwaters/road walls to
construct naturalistic shorelines with natural sediment dynamics and a negative or low budget impact for the
construction project.

4.3. Artificial spawning structures
For lithophilic and hard-bottom spawners, see => artificial reefs, stony shore restoration, and spawning
ground restoration at open sea
Object: Water bodies suitable for spawning and possibly nursing of structure-spawning target species but
with insufficient spawning structures (lagoons, sparsely vegetated or eutrophied bays, sheltered shallow-sea
areas
Targets: increasing spawning success by adding spawning structures (organic material) suitable for target
species (mainly perch)
Risks: Insufficient resources for high larvae population, unexpectedly high egg or larval mortality (reproduction trap), undesired species (mainly cyprinids) benefits from artificial structures, conflict with fisheries (entangling of nets or hooks)
Advantages: inexpensive, often high social acceptance, involving fishermen in costs (user pays)
Alternatives: fisheries regulation, opening of structure-rich spawning sites (=> lagoon restoration)
Legal aspects: permission from water owner necessary (FIN, SWE)
Costs: low and often zero cost to the public (users pay, volunteer work, donated materials)
Remarks: More eggs will not always result in more recruits to fisheries or more next-generation spawners.
The local carrying capacity of nursery areas should be evaluated first. Also, more optimal spawning structures in less-optimal environments can be an ecological trap, resulting in a reduction of total offspring.
Priority: Examples:

Branch bundles and spawning mats for percids – a synthesis
Description: A traditional method all over Europe to improve spawning of perch and zander (Sander lucioperca) is to offer branches of coniferous trees and also unleafed deciduous branches and even plastic brushes.
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Kuningas et al. (2019) report that, according to older studies, structures made from coniferous trees were
accepted as spawning substrates by perch, and partly accepted by zander, if deposited in extant spawning
grounds. Their own trials in the Gulf of Finland archipelago have not been successful. They conclude that
spawning structures can be useful in sufficiently warm, sheltered areas where natural vegetation has vanished. Different possible structures are presented by Sandström (2003). Sziraki et al. (2018) show that the
material used for artificial spawning structures for zander was less important than the nest structure. Observations of perch spawning on wooden, plastic and metal structures (Deinhardt, own observations), as well
as successful use of plastic brushes and coco fibre or plastic doormats for zander, show that there might be
very effective materials for large-scale spawning-ground enhancement.
The Finnish sport fishing association (SVK) encourages local actions to improve spawning structures by
sinking Christmas trees. Although this action is somewhat of a publicity stunt, it shows that public interest is
high and potential costs are low. Similar actions to improve zander stocks are very common in Central Europe (e.g., Mitterlehner, n.d.) and show the potential of this measure to cost-efficiently restore fish stocks and
improve social acceptance at the same time.
Remarks: This method will be mainly suitable for turbid, eutrophic bays and estuaries without deeper vegetation. Also, the upgrading of otherwise-optimal spawning areas (lagoons, coastal lakes with high spring
temperatures) will be an option. Open-water areas of the BB have sufficient vegetation for perch spawning
for the most part. In most areas, reefs should be good habitats for invading zander. As zander are non-native
but locally established and intruding from the south as a range expansion, active support for zander invasion
outside disturbed coastal areas is questionable, since they are a top predator with a significant influence on
pelagic and benthic fish. For the same reason, the species might be a solution for controlling plankton-feeding fish in degraded bays. Here, the introduction of massive spawning structures is worth discussing, especially as fishermen are often willing to finance this. A clear risk of these structures is that they might benefit
cyprinids more than the target species (Deinhardt, own observations). Monitoring of actual structure use is
necessary to avoid this. For zander, a later timing of structure introduction can reduce use by cyprinids, while
for perch, early removal can have the same effect.

4.4. Artificial reef construction and reef restoration
Object: degraded or naturally low-functioning reefs, suitable areas with no functional reefs
Targets: restoration of the desired ecological functions of reefs (e.g. spawning habitat, biological hotspots,
water filtration), compensation for habitat loss
Methods: addition of borrowed stone material in suitable areas, dredging of overgrown reefs, flushing of
clogged/covered reefs, addition of sediment traps or turbulence-inducing structures
Risks: need for continuous maintenance/management, immediate clogging or covering in the wrong places/
under the wrong conditions
Advantages: Alternatives: Legal aspects: Costs: very high for construction, if not connected to construction works (as compensation or ecological disposal of dredging waste), high for repeated cleaning
Remarks: In the area of the Laurentian Great Lakes, there is considerable experience with comparable reefs
and their construction, especially regarding their function as spawning reefs. Also, this area suffers from
problems which can be expected in the BB within the next few decades, and the BB is climatically and biologically comparable.
Reef-like environments serve as spawning habitats only for whitefish and smelt (and some bottom-dwelling
fish such as cottids and the invasive Neogobius). Their restoration for fishery purposes will not be as effective as in the above-mentioned Great Lakes, where lithophilic spawning species are much more abundant.
Priority: low at the moment, but large-scale cleaning will become interesting in the case of increasing eutrophication and humic precipitation, as well as a possible invasion of sessile filter feeders (Dreissena, Mytilopsis).
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Examples:

Reef restoration by (repeatable) sediment flushing
Description: Gatch et al. (2020) identify increased sedimentation and biological fouling of interstitial spaces
as the major problems of natural reefs, according to their ecosystem role as spawning grounds for lithophilic
substrate and free-water spawners in the Great Lakes. The problem is linked to anthropogenic pollution, eutrophication and invasive Dreissena-mussels. Conditions for fish eggs are reduced (low oxygen in interstitial
spaces, sediment and periphyton clogging of interstitial spaces) resulting in higher egg mortality, egg predation and dislocation. This problem is also true for artificially created reef structures. The authors propose
that technical maintenance via flushing sediment out of the interstitial spaces of reef structures would be an
inexpensive, sustainable measure compared to the alternatives. The authors tried to use flushing of large
reef areas to clean interstitial spaces using newly developed devices. The target was to improve spawning
habitats for whitefish, Coregonus clupeaformis, and walleye, Sander vitreus.
Two sledges designed to direct current to the bottom surface, priced at USD 600 (€500) and USD 3,400
(€2800) each, were towed by a small vessel over 3–5 m deep reef bottoms to clean the study area. 50 m
diameter plots were treated using natural currents for dislocation of suspended fine sediment. Sediment
hardness was measured with sonar, while egg deposition was assessed with spawning mats.
Results: one of the devices increased substrate hardness significantly, while the other one partly increased it
and partly decreased it, with no statistical effect. Egg deposition was increased in some treatment locations
for both whitefish and walleye.
Conclusions: With well-designed devices, large reef areas can be partially cleaned of sediment. This is possible using small vessels and a low budget, but it very much depends on the properties of the reef, especially
re-sedimentation. There is no clear proof that fish spawned more on cleaned areas or that egg retention was
higher. The authors suggest that mechanical reef cleaning would be a highly cost-efficient alternative to artificial reef construction, especially in areas with high sedimentation rates.
Remarks: The theoretical background of this work is worth reading when thinking about aspects of BB reef
restoration. This is especially true for fisheries restoration.
The effect on egg presence is clear, but it is not clear that total survival was improved, – it is possible it was
lowered (e.g. via increased predation caused by high egg concentration). Also, the relationship between site
choice and egg retention will be important for application in the BB.
This method seems much more feasible than artificial reefs for the BB, where reefs are ubiquitous and
large-area degradation is mainly caused by comparatively small seasonal or occasional sedimentation or periphyton building in coastal and estuary zones. Currently, there seems to be no need for this measure in the
BB (see => spawning ground restoration at open sea, whitefish), but things can – and probably will – change
with increasing eutrophication and changing biota.
Literature: Gatch, A. J.; Koenigbauer, S. T.; Roseman, E. F.; Höök, T. O., 2020, Assessment of Two Techniques for Remediation of Lacustrine Rocky Reef Spawning Habitat. North American Journal of Fisheries
Management.

Review articles
McLean et al., 2015 (Artificial Reefs and Reef Restoration in the Laurentian Great Lakes): Only the abstract
was read. The authors give an overview on artificial reefs in the Great Lakes and their effect on fish. They
stress that reefs attract fish and spawning activities, but population-level effects are unclear and monitoring is
underdeveloped. It is worth reading when planning lentic reef restoration, because the Great Lakes are probably the only area where a systematic overview on the topic is possible.
Baetz et al., 2020 (Review of Methods to Repair and Maintain Lithophilic Fish Spawning Habitat): The authors reviewed 54 studies on rocky spawning habitat restoration. The data is strongly oriented toward river
habitats and salmonid species and is not of any more interest than any other article on river restoration. The
discussion, however, addresses potential methods for cleaning large lentic reef areas cost-effectively, and
the lack of almost any literature on this topic is stressed. The authors make a point that the improvement of
extant habitat is often a cheaper alternative to artificial habitat construction and that artificial reefs must often
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be remediated after short timespans. The discussion, case list and references are worth a glimpse when
planning restoration of shallow reefs and stone shores for grayling (see => spawning ground restoration at
open sea).

4.5. Biofiltration
Object: partly isolated water bodies with high bioturbidity
Targets: enhancement of sessile filter feeders (mussels) for clarification water via biological filtering of phytoplankton and undissolved matter, nutrient retention and removal via harvesting mussels or denitrification of
mussel faeces
Methods: establishing artificial structures (stones, poles, ropes or nets) for sessile filter feeders (mussels);
for enhancement of zooplankton filtration, see => biomanipulation: fishing
Risks: problems caused by mussel faeces (bottom anoxia, nutrient resuspension, filamentous algae growth)
Advantages: Alternatives: Biomanipulation with the goal of reducing turbidity, enhancement of aquatic macrophytes (or
not, see remarks) – especially charophytes, estuary restoration, reducing underlying reasons of turbidity
Legal aspects: Dreissenid mussels are considered invasive alien species. As such, they do not have a national or EU-state, but laws should be considered when promoting these species.
Costs: filtering – low (depending on structure, tens or hundreds of €/ha/decade; nutrient removal via farming – high (for blue mussels, €100–417/kg N, €1670–6250/kg P; Anon. 2018b; compare: P removal via reed
harvesting or fishing costs around €60–100/kg P)
Remarks: In rather isolated marine areas (e.g., docks) enhancement of sessile filter feeders, mainly mussels, has been successful in reducing turbidity. In the BB, this will not work, as there are no mass-occurring
native filter feeders. Filtering in this system happens via zooplankton (see => biomanipulation). Sessile polyps feed on zooplankton, so comparative structures might even negatively affect the targets. The same might
be true for large stands of larger Potamogeton species, especially P. perfoliatus, as older plants often house
noticeable numbers of polyps. Invasions, e.g., from the Ponto-Caspian area, might change everything. The
only actual candidates, Dreissena spp., do not thrive this far north yet. In the case of an invasion compared
to those seen in the Great lakes, it might be wise to accept the situation and use the established invader for
water quality restoration in closed bays or harbours.
Priority: Currently not applicable

Synthesis: Mussel use for water clarification and nutrient extraction
Mussels filter plankton and particles from the water column, transferring them into their own tissues, faeces
and pseudofaeces, thus extracting nutrients and organic matter from planktic into benthic systems, partly
removing them from the nutrient cycle for years or even totally. The clarification effect can be easily utilized
by restoring mussel environments, whereas nutrient removal usually requires costly management or a commercially viable concept.
In the BB, there is no key filter feeder exhibiting massive biomasses (Essi Keskinen, Metsähallitus/Forststyrelsen, pers. comm.), which is rather an exception in brackish environments. Natural occurrences of freshwater species (Anodonta, Pisidium) in coastal and estuary areas are occasional compared to their densities
in lakes. Most Baltic marine species do not thrive here at all (Mytilus, Macoma, etc.) or only occasionally.
Increases or range expansion of any of these species seems improbable. Invasion of dreissenid mussels,
however, is a probable scenario due to global warming (See Section 3.5, Invasive species, dreissenid mussels), and for this case, a massive impact on food webs will be possible, as well as the utilization of these
filter feeders for restoration in the near future.
Successful use of mussel filtering for restoration (clarification) is mentioned by Geist & Hawkins (2016),
without concrete data. The ecosystem treated was a quite isolated brackish dock, where mussels were
grown on ropes to improve water quality, along with other measures. Schernewski et al. (2019) estimate significant local clarity effects from massive Dreissena-farming in a low-salinity and highly eutrophic Baltic bay,
based on modelling. Friedland et al. (2019) show a chlorophyll reduction of 10% within a small experimental
Restoration in the Bothnian Bay

38

farm in the same waters. Improved clarity in larger systems after dreissenid invasions is often claimed (e.g.,
Orlova et al., 2006), and at least in the initial years, has been proven in many cases. Barbiero & Tuchman
(2004) show that this is not always the case for the Great Lakes. One typical problem is recirculation of
nutrients (Friedland et al., 2019) and replacement of phytoplankton turbidity with organic matter turbidity
(Barbiero & Tuchman, 2004). Nutrient redirection into benthic algae is another problem: Orlova et al. (2004)
calculate a massive recirculation of P through mussel banks in the Gulf of Finland, which they see as one
reason for increased filamentous algae growth. Lederer et al. (2006) conclude that increased predation on
mussels reduces benthic algae growth in the Great Lakes. Restoration measures for clarification with the
help of mussels include simple, long-lived constructions such as artificial reefs, pebbles and shells dispersed
on semi-soft bottoms, and poles and other hard materials. Removable ropes, fences and nets need a certain
degree of management, but these restoration measures are reversible in the event of unexpected problems
or failure.
Mussel farming for nutrient removal includes harvesting and is instead a management tool. The method
has been launched in the Baltic Sea through pilot projects, experiments and modelling. The species used
were blue mussel, Mytilus trossulus (Anon. 2018b, Anon. 2018c), and zebra mussel, Dreissena polymorpha
(Schernewski et al., 2019; Friedland et al. 2019). Both projects show that nutrient removal is technically possible with methods of commercial mussel farming. They also show that there is no possibility to finance this
via food production, as the mussels will not be accepted on the market. The authors of both studies conclude
that harvested mussels can be sold as animal feed but their low price makes them unprofitable. They suggest additional financing via nutrient trade systems and/or public investment. As has been shown, commercial methods as ropes and nets work for Baltic Sea mussel farming, making them reversable but also costly
measures. The use of Mytilus spp. will not be applicable, but systems working for Dreissena might be interesting for the BB, too. The methods used seem to be prone to damage by ice and need to be adapted, which
should not be difficult technically.
Remarks: The fact that adult mussels can exist in a broader range of salinity than their larval stages is interesting. This can be exploited by actively moving artificial substrates with attached mussels across a salinity
gradient for local restoration (within the water body) without causing local spread. This requires sufficient
knowledge of the species’ ecology.
Nutrient removal costs more than ten times as much as fishing underutilized fish species, which makes
mussel fishing unsustainable if additional financing (e.g., food/feed use) is not feasible. Mussels can also
accumulate many bioaccumulating poisons very effectively. Combined financing of mussel fishing to remove
nutrients and pollutants might be feasible in polluted waters.
An important problem with selling harvested mussels from co-financed nutrient harvesting is that this can
disturb and destroy established markets for sustainable fisheries.
Petersen et al., 2019, provide a good overview of nutrient extraction with bivalves.

4.6. Biomanipulation: Enhancement of biologically active
macrophyte growth
Object: shallow water bodies or larger shallow areas
Targets: Biomanipulation of communities in water bodies by enhancing aquatic macrophyte growth, mainly
to achieve improved light penetration, reduce phytoplankton biomasses and trap sediments and nutrients, as
well as to change food webs and improve certain fish production.
Methods: Planting/inoculating of submersed vegetation, reduction of algal blooms via fishing or nutrient reduction (=> chemical nutrient fixation, nutrient retention), reduction of grazers (cyprinids, birds such as Cygnus cygnus), addition of structures.
Risks: Failure due to too strong balancing mechanisms (plankton shading, periphyton, grazing etc.), negative impacts of successful food web changes (reduced water exchange, warming, steppingstones for invasive species, reduced fisheries production, loss of ecosystem services such as bird feeding habitats), obstacles to boat use (entangling macrophytes), unexpected ecosystem changes towards new communities (e.g.,
potamogeton instead of characeae).
Advantages: -
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Alternatives: reduction of underlying reasons for the undesired state (nutrient input reduction, reduced fisheries effort)
Legal aspects: Costs: Remarks: Experiences are mainly from freshwater bodies but could be applied in the BB due to similar communities. The biggest problem will be the relative openness and conductivity of most water bodies. The capacity of potentially achievable macrophyte stands to reach the targets should be calculated very carefully.
Priority: Examples:

A synthesis on restoring shallow lakes from turbid to macrophyte-dominated, Moss,
1990
Description: The author states that for shallow lakes there are two alternative stages possible at the same
nutrient input level: (1) a macrophyte-dominated, clear-water habitat (assumed to be mostly natural/pristine)
and (2) a turbid, phytoplankton-dominated habitat (assumed to be disturbed). At extreme nutrient levels (oligotrophy, hypereutrophy) only one of them can prevail, but over a large range of nutrient levels the stages
can be interchangeable. He shows these states to be stabilized by ecological mechanisms. He hypothesizes
that the turbid state can be shifted to the clear one through nutrient reduction, but this will not necessarily
work without biomanipulation and can be possible even without nutrient reduction. He suggests that the main
aims of such a restoration are improvement of light conditions (for a reasonable timespan) and the availability of plants to colonize and change the system. Suggested measures are structure enrichment for substrate-dwelling cladocerans, and fish removal or exclusion until a stabilized state is reached by macrophyte
establishment. No plant propagation measures are mentioned. He identifies plant longevity as important for
ecosystem resilience against turbidity. He also mentions competition for CO2, being beneficial for phytoplankton, in addition to nutrients.
Remarks: This is a fundamental piece of literature worth reading before studying any concrete cases of
shallow lakes or BB bays. The concept has been studied intensively since its publication, and, e.g., Hilt et al.
(2018) modelled the intermediate phase between turbid and stable clear states in lakes, which is difficult to
apply directly in the BB. In the BB, possibly restorable bays/lagoons often are shallow enough to have similar properties. The long winter period with almost no light in smaller, sheltered water bodies (snow on ice) is
problematic. The applicability of the two-stage theory is thus questionable, although it is still probably applicable. The importance of plant-dwelling, night-active cladocerans, as described by the author, is questionable
for BB ecosystems due to 24-hour daylight during the growing season and the stronger role of cnidarians in
brackish water. The impact of high polyp density in brackish environments should be studied before starting
biomanipulation, as their predation on zooplankton might be massive. Altogether, the concept is important for
restoring coastal regions with low possibilities for reducing nutrients. Due to possibly different mechanisms in
northern brackish water, the application of experiences from temperate lakes entails high risks. The following
chapter presents the best current literature to start with.

Main literature on aquatic macrophyte biomanipulation:
Modern literature reviews on the topic add enormous knowledge to Moss’s concept and experiences. Their
content is too large to be correctly reflected in this work, so please read following articles:
Bakker et al., 2013, Restoring macrophyte diversity in shallow temperate lakes: biotic versus abiotic constraints. (An excellent article on basic ecological features, offering a precise choice of examples for most
problems).
Obligatory reading for any measure concerning manipulation of aquatic macrophytes)
Hilt et al., 2006, Restoration of submerged vegetation in shallow eutrophic lakes – guideline and state of the
art in Germany. (An interesting discussion, with macrophytes being a tool of biomanipulation, and containing
a good list of references)
Hilt et al., 2018, Response of submerged macrophyte communities to external and internal restoration meaRestoration in the Bothnian Bay
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sures in north temperate shallow lakes. (A good overview of the reactions of different taxa to restoration and
may be useful for lagoon/bay restoration planning, as the taxa are similar.)
Remarks on the literature: The literature listed here is concentrated on temperate and warmer freshwater
lakes. Special features of the BB must be considered when adapting these concepts: its fundamentally different light regime, ice in winter, high connectivity, marine water body size (with consequences on connectivity
and external restoration possibilities), salinity effects, acid shores and vast wilderness areas.
Analysing all relevant background literature that is valuable for biomanipulation (which is vast) in the BB
would fill a doctoral thesis, and which would actually be a very good idea to pursue.

4.7. Biomanipulation: fishing
Object: aquatic food webs, mainly via fish stocks; for manipulation via macrophyte stands, see => enhancement of biologically active macrophyte growth
Targets: restoration of desired water quality via manipulation of food webs to induce higher zooplanktic
grazing pressure on phytoplankton, overfishing of planktivorous fish, and, in part, reduction of nutrient or sediment resuspension via fishing of benthivorous fish
Risks: failure (high risk), conflicts with and market disruption of commercial fisheries, undesired ecosystem
changes
Advantages: low costs by harnessing commercial fisheries, significant short-term impact
Alternatives: elimination of underlying causes (nutrient load)
Legal aspects: water owners must be consulted, fishing might include quota-regulated species
Costs: Depends on the restorable water body, target species and fishing strategy. E.g., fyke nets cost
€1,200–6,000 (1–3/100 ha, with a lifespan of 10–15 years), fish traps cost €50 (> 10/ha, with a lifespan of
5 years), fishermen cost approx. €100–500/fishing day (depending on the gear used and catch usage), and
seining costs around €500–800/day. Costs are typically 0.5–1€/kg fish using professionals. Also, catch disposal and transport may entail a cost. Total fishing requires tens of kg per ha per year (3–5 years), later on,
several kg/ha/year (ongoing; price/kg often higher than in initial phase). Strategic planning and/or tendering
can reduce costs efficiently. The use of volunteers is often inefficient. In optimal cases, migratory species
(cyprinids, smelt) can be trapped at costs of < €0.1/kg and sold for a better price.
Remarks: Any water body connected to a larger one is an open system, which is extremely risky to manipulate. Documented experiences from similar brackish water are not available.
Priority: Low compared to the reduction of underlying reasons; the focus should be directed to cases where
economically sustainable commercial fisheries can be employed.
Examples:

A short overview of biomanipulation via fishing
Biomanipulation via fishing is a very common restoration measure in developed countries, and there is a high
level of aggregate expertise in the Nordic countries. There is no need to list any of the vast literature here, as
it will be well known to any planner considering biomanipulation. The following section addresses its applicability to the relatively open systems of the BB. Biomanipulation is usually applied to freshwater lakes (closed
systems).
Two basic mechanisms are used in fishing biomanipulation, often in combination, as most target species
(cyprinids) can fill both affected food web niches: 1. Planktivores are overfished to release zooplankton
from predation pressure and force massive grazing on phytoplankton, improving water quality. 2. Normally,
an additional effect is the removal of benthivorous cyprinids, which reduces bioturbation (resuspension of
sediments and nutrients caused by cyprinid suction feeding) and recirculation via excretion of benthic-born
nutrients. Most target lakes in the Nordic countries are dominated by cyprinids, most of which are capable
of switching niches (planktivore <=> benthivore). Percids with similar adaptability but low resuspension potential are sometimes also targeted. Additionally, piscivores are often increased to stabilize these effects.
Biomanipulation includes a removal phase (massive overfishing over a short timespan) and generally needs
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a maintenance phase (continuous low fishing effort for planktivore stock management) (Sammalkorpi, 2018).
Reduction of the underlying reasons (nutrient influx, internal loading, anoxia) is commonly recommended
before biomanipulation.
Data evaluation by Bernes et al. (2015, systematic review) on 123 temperate (including many southern boreal) lakes shows that biomanipulation fishing is primarily capable of improving water quality (secchi depth,
chlorophyll a, cyanobacteria blooms), with effects lasting for up to three years in most lakes. After fishing
(restoration), in most cases continuing management is required. Piscivore stocking alone (which is intended
to have the same effect as planktivore reduction) has been found to be ineffective. The study shows that success increases with fishing intensity (kg/ha/a) and decreasing water dwell time. Lake size was found to be a
negative factor. Bernes et al. (2015) found no improvement in outcomes in shallow lakes, which contradicts
most of the literature.
Remarks: The BB is an open system with partly marine biota, and lake solutions might not work at all or only
to a certain degree. Almost all bays and lagoons are accessible to fish in high quantities, and even true lakes
several kilometres upstream have been found to be impacted by anadromous fish, a factor that “sabotaged”
biomanipulation efforts (Deinhardt, 2018). Massive fish migrations can be observed even through small connections, making targeted fishing highly challenging. Manipulation of parts of lakes (single basins) has been
rather unsuccessful, although fish migration is less intense in inland waters, and fish reservoirs are comparatively small. Also, the fish stocks grazing on zooplankton might be migratory and of economic or ecological
significance in other areas (e.g., young-of-the-year [YOY] perch, vendace or smelt), so fishing is not a sustainable solution. Another problem is that food webs are more complex and more flexible in open brackish
systems: polyps and predatory zooplankton contribute to major zooplankton mortality, swans and other waterfowl cause major bioturbation, and minor local and invasive species might only be waiting for a niche to be
opened by biomanipulation. The biggest problem is that nutrient loading must be reduced first, which is more
difficult in open water bodies. Probably the most important uncertainty factor is the more diverse food web
structure, which likely results in higher system resilience in the face of biomanipulation: even if fish are in the
main role of controlling zooplankton grazing on phytoplankton, there might be invertebrates capable of taking
their role, even within one growing season. In structure-rich areas, polyps might affect zooplankton densities,
and the high diversity of predatory zooplankton should not be underestimated.
All in all, it is extremely difficult to predict the outcome of biomanipulation. If this method is chosen to restore
an isolated water body in the BB after reducing nutrient load, a preliminary analysis will be necessary to
determine if fishing is the right way to solve the problem: does the targeted stock play a key role in the food
web? Are the stocks local? Are they important elsewhere? Typical species targeted in lake manipulations,
namely cyprinids, will be of importance mainly in smaller lagoons. In larger areas they might be easy to fish
due to their intense spawning and wintering migration, but their effect on the food web is generally low due
to low total summer biomass. In areas where cyprinid stocks are clearly rising to significant levels, intensive
fishing intended primarily to serve a fisheries purpose (changing species composition) could be designed to
also serve as biomanipulation to improve water quality.
Trials are needed to confirm that biomanipulation is an appropriate tool for restoring isolated water bodies in
the BB. It remains to be seen whether it is worth the high risks on a wider scale. Out of precaution, all other
alternatives should be tried first. Extensive (costly) monitoring is very necessary.
Examples: There are countless examples, which cannot be addressed here. Good results over an exceptionally long time frame have been achieved in Vesijärvi Lake (city of Lahti, FIN) by employing different methods,
reaching quite high cost-efficiency and social sustainability for biomanipulation of a large lake (www.lahti.fi,
www.vesijarvi.fi).

4.8. Breeding shelter construction for Pusa spp.
Object: Reproduction facilities for ringed seals
Targets: Improving reproduction success by offering winter shelters with low snow or pack-ice levels
Methods: constructing shelters on existing strong ice to imitate natural pack-ice and snow conditions
Risks: dangerous work
Advantages: -

Restoration in the Bothnian Bay

42

Alternatives: natural selection
Legal aspects: Costs: very high and ongoing (management)
Remarks: Populations of Pusa in the BB have risen after pollution stress has been reduced and hunting has
been almost completely eliminated. Currently, population restoration is not necessary, and control may even
be required. If climate change makes action necessary, hundreds of shelters would be needed every winter
on open sea ice areas to sustain a viable relict population. Currently, this seems unrealistic.
Priority: currently not necessary
Examples:

Artificial lair structures to improve breeding success of the endangered Saimaa ringed
seal
Description: In lake Saimaa, FIN, artificial snow drifts were built over the course of several winters. Because
artificial snow structures still show some problems and cannot be built under expected future conditions,
shelters made of reed and technical materials were tried.
Results: Seals accepted the artificial snow drifts for lair building, and in an exceptionally warm winter, more
than 90% of all pups were born in artificial shelters. Non-snow materials are still being tested, but an initial 2
pups have been born in such shelters.
Conclusions: Artificial snow drifts are successful and necessary in winters with less snow (current situation).
Non-melting artificial shelters will be necessary for the species’ survival under climate change.
Remarks: The Baltic ringed seal has different needs and breeds on open sea pack ice. The methods shown
here are difficult and dangerous to employ under open sea conditions. The more stochastic marine environment will require many more offspring, and thus shelters, than the example lake population discussed here.
So far, it looks like ice conditions will – on average – remain good enough for natural reproduction, but snow
conditions are not as optimistic.
Literature: Auttila et al. 2017, Auttila, 2015.

4.9. Chemical nutrient fixation in marine environments
Object: relatively isolated water bodies with high internal nutrient loads
Targets: interruption of internal nutrient cycling or establishment of alternative ecosystems (surpassing a
tipping point) via a one-time chemical application, resulting in trapping of cycling nutrients
Risks: failure due to high external nutrient load or high system resilience, failure due to biological limitations
(rapid establishment of alternative system is impossible due to physical/chemical or ecological reasons), poisonings from applied chemicals
Advantages: quick method, comparably inexpensive, high publicity value (high visibility, people see what is
done and what happens in a quick timescale, no long-term-visible slaughters/destruction or “suspicious ecologists hanging around”; “restoration populism”)
Alternatives: Biomanipulation
Legal aspects: EU and national laws on chemical pollution
Costs: some €100–1000 /ha, one-time measures with long-term effects
Remarks: Reduction of nutrient loading necessary first, otherwise costs rise due to repetition
Priority: Examples:
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Aluminium treatment, Björnöfjärden, SWE
Description: Björnöfjärden is a hydrologically isolated bay on the Baltic Sea (SWE) with high amounts of sedimented P from past decades. Anoxia of the deeper bottoms causes massive recirculation of P, eutrophication problems and hydrogen sulphide development, while external loading has been reduced substantially. To
interrupt the internal loading cycle, the authors applied aluminium (poly aluminium chloride) to anoxic bottom
surfaces in two treatments in 2012 and 2013. Aluminium was applied as 50 g/m2 at 73 ha, totalling 36 t of
Al altogether. P sediment retention, water chemistry and Al content in fish and biota were monitored before
and for several years after. Nutrient and biota monitoring were compared to a control. The measure was accompanied by continued drainage area management and restoration of pike stocks (which were not effective
during the treatment time).
Results: Internal loading was successfully interrupted and halted sustainably (no return during 2013–2018).
1.3 t of P were trapped in the sediment, and P content in open water was reduced substantially. Anoxia did
not disappear, but poisonous hydrogen sulphide was no longer produced. Water transparency increased
slightly, and macrophytes, benthic invertebrates and fish shifted to deeper waters. Marine invertebrates with
pelagic larvae recolonized the bay’s shallower benthic zone.
Conclusions: Al treatment works sustainably in brackish environments, but a reduction of external loading
is crucial. The authors conclude that it is possible to apply this method in the Baltic Sea. For shallow areas,
changing peaks of high and low pH are limiting and necessitate alternative P-binding agents.
Remarks: The method can be applied only for P-limited systems, which is largely the case in the BB (the N:P
ratio is decreasing, while relative P input is increasing in the area). It will be efficient only in systems with
major impacts from P recycling from anoxic bottoms and reduced external P loading. Such sites are rare in
the BB, and due to high total costs, its application will be most appropriate in narrow, urban (or recreationally important) bays and lagoons with substantially reduced external P loads. In areas with high acidification
(sulphate soils in the catchment), low pH limitation will threaten sustainability. In the BB, iron and humic substance input is much higher than in the southern Baltic Sea. Because both can bind P under oxic conditions,
possible interferences with Al treatment should be evaluated when planning. Utilization of these agents instead of Al might be a solution.
Literature: Rydin et al, 2017; Rydin & Kumblad, 2019.

Fe-treatment of oxic coastal waters
Background: Iron is very abundant in BB coastal and terrestrial environments. Its naturally high leaching
rate (on the east coast, at least) is increased by ditching of peatlands and sulphate soils (Saari et al., 2020).
Iron is seen mainly as a problem, but it might be part of the solution to another one. Iron in many coastal
ditches and groundwater is reactive or becomes reactive in anoxic sedimentation areas like estuary fans.
Reactive Fe can effectively bind phosphorus under oxic conditions. Also, iron binding to coloured organic
matter (COM, humic substances) might change at marine-freshwater chemical interfaces, with effects on P
retention. The geochemical Fe-cycle is not totally understood in this area and is well outside the scope of
this work. The role of iron in P retention in the BB should be studied to gain knowledge of its possible use in
nutrient retention. The high efficiency of P-retaining wetlands in the area is assumed to be connected to high
Fe content (Jermi Tertsunen, ELY Oulu, pers. comm.) and might indicate a high potential for the use of iron in
restoration.
Iron has been used to bind P in lakes (Hilt et al., 2006). Emil Rydin (BalticSea2020 project) planned for Fe
treatment in microcosms in a brackish bay. He intended to develop a system of iron retention in shallow
bays, where well-proven Al treatment is not stable enough due to changing water chemistry. However, he did
not respond to our request for his results.

4.10. Closing/minimizing/damming of sea connections of lagoons and bays
Object: water bodies with relatively restricted connections to the open sea
Targets: establishment of a more isolated hydrologic regime, mainly to promote environments favourable to
bird or fish reproduction (on this, see => lagoon restoration as spawning grounds) or recreational use
Risks: destruction of natural processes and environments, eutrophication, acidification, humic pollution,
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overgrowth
Advantages: comparatively inexpensive measure
Alternatives: propagation of natural overgrowth and sedimentation processes
Legal aspects: Costs: low to high, often partly financeable via private initiatives (fishing societies)
Remarks: There is a wide range of water bodies along the whole BB coast, as well as adjacent areas, which
are cut off from sea to a significant degree. Almost all of these cut-offs were done for purposes other than
environmental restoration, with the main reasons being road building, and more rarely conservation of current shorelines and other recreational purposes. Almost none of these cut-off water bodies, as well as most
of the few restoration cases, have not been monitored nor reported on. However, the large number of cut-off
water bodies would make it possible to conduct a large-scale study on changes in them, as there are also
many controls available. For the Finnish coasts, an analysis of existing data (VELMU-project) might produce
important knowledge about the effects of hydrologic isolation.
Priority: Urgent need for creating sufficient knowledge and expert networks among the different authorities,
since this measure is becoming “fashionable”.
Examples:

Akionlahti, Oulu, FIN
Description: Akionlahti, a former lagoon, has been opened repeatedly by dredging its outlet and thus cutting
through its natural threshold. After a partly illegal dredging in 1990, the lagoon almost dried out during low
water events and started to grow over with emerging vegetation (mainly reeds) in its shallow areas. This
development was seen as negative for the lagoon’s birdlife and recreational use. As restoration measures, a
threshold was constructed in 2010/2011 to establish a theoretical natural-state water level. The aims of the
restoration were to stop the lagoon’s overgrowth, improve breeding conditions for birdlife and recreational
use (mainly shore use). Restoration included vegetation removal and grazing management of the most important bird areas.
Results: The water surface was restored as planned, resulting in almost total hydrological isolation from the
sea, allowing for significant influence only during the very highest floods (several times a year). The now-stable water body was populated by dense aquatic vegetation typical of almost entirely freshwater lagoons in
the area, including the mass occurrence of Elodea canadensis (Essi Keskinen, Metsähallitus/Forststyrelsen,
pers. comm.). The high submerged biomass was evaluated as being positive for waterfowl (Jorma Pessa,
ELY Oulu, pers. comm.). The lagoon’s importance as a reproduction area for pike and perch in the area was
not disturbed by the restoration, though under-ice fish kills periodically attract local attention. The fish kills are
obviously caused by anoxia as a result of isolation of the eutrophic water body, with high amounts of decaying plant biomass from the sea. This can be seen as a near-natural phenomenon existing in comparable lagoonal lakes of the area and does no harm to the targets of restoration or to the spawning fish stocks, which
do not reside in the lake but rather benefit from the elimination of resident fish and thus reduced predation
on their larvae. The sometimes low summer outflow is problematic, as young-of-the-year cannot escape the
lagoon (Jermi Tertsunen, ELY Oulu, pers. comm.).
Conclusion: successful, according to Oulu ELY Centre
Remarks: This case might be typical for the area, as the biota and targets involved are typical of the BB, and
geomorphology and conflicting interests (Natura birdlife-use, recreational use, fisheries) and the method
used (damming) can be seen representative at least for the Finnish shore. There is additional scattered data
and expert knowledge available, although planned monitoring has not been conducted. A detailed case study
would benefit upcoming restorations.
Literature: Pohjamo, Timo, 2007, AKIONLAHDEN KUNNOSTUS. EcoRiver Oy.
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Natural damming of a lagoon into a lake, Kirkkosalmi
Description and results: The former bay of Kirkkosalmi (Hailuoto/Karlö, FIN) was isolated from the sea by
land uplift in the second half of the twentieth century. Sea connections were kept open via dredging of a connection ditch, and the surface area of the new lagoon continued shrinking (Anonymous, 2018). The area was
protected as a Natura 2000 birdlife area. After the last dredging was undertaken in 1990, the sea-connecting
ditch started growing over. To this day, a reed species, Phragmites australis, has totally filled in the channel
over several hundred meters, resulting in a narrowed (< 10%), deepened (300%), partly meandering and almost subterranean channel. This re-naturalizing channel and the reed floodplain are reducing the rate of lake
drainage and the influence of sea flooding on the lake. Together with observed drifting biomass retention and
resulting natural damming, this seems to result in a visible rise in average summer water levels, as ongoing
emergent vegetation detachment adds to a valuable habitat mosaic that is important for waterfowl and many
aquatic macrophytes. Despite the partly clogged outlet, fish passage seems to function (at least spawning
migrations of pike), producing an estimated tens of thousands of YOY pikes. As is typical for eutrophic,
shallow lakes, the water body seems to suffer from winter anoxia, which might be positive for its value as a
birdlife area and a pike nursery ground, as it prevents cyprinids from establishing dense stocks. All observations are from Deinhardt, unpublished.
Conclusion/remarks: This case shows (up to now) that nature can restore a channelized lagoon by itself in
under 30 years. Reeds, mostly seen as a problem, proved to be an efficient agent to build up a natural barrier between the sea and (at least eutrophicated) lagoons in a reasonable time span. Planting or enhancement of reeds or similar vegetation such as willows would be applicable in restoration efforts in certain cases
where the budget is insufficient and the objectives allow for slow change. The example also shows that reed
is not always an obstacle to fish spawning migration, at least with sufficient year-round current. Also, fish
stocks and waterfowl can benefit from the same developments. However, the water body might develop in
an undesired direction as a result of dwindling marine influence, which might require planned anthropogenic
interference.

4.11. Deforestation/tree and shrub removal (one-time or at long intervals)
Object: Overgrown shore habitats
Targets: improving competition for pioneer succession stages, prolonging habitat lifetime, restoring wind and
sediment dynamics
Risks: disturbing natural succession, impossible restoration due to irreversible changes in geochemistry and
hydrology, destruction of other environments (e.g., primary succession forest)
Advantages: often the only alternative for large-scale shore habitat expansion
Alternatives: concentrating on managing extant/younger target habitats
Legal aspects: Costs: low to high, mostly higher if not combined with management (due to the need to repeat); typically a
volunteer task
Remarks: Deforestation is used in the BB area for restoration and management of salt marshes and dunes,
and sometimes sand beaches.
Priority: Examples: Lowest priority in this work, with no examples explored. See => invasive vegetation removal
Further reading: Dune restoration on Gulf of Finland shores via deforestation and other vegetation removal:
https://www.metsa.fi/projekti/paahde-life-hanke/hangon-tulliniemenrannan-luonnonhoito/ (in Finnish); fewer
details in the final report: https://www.metsa.fi/wp-content/uploads/2021/01/Light_and_Fire_LIFE_Final-report_2020.pdf (in English).

4.12. Dune fixation
Object: large sandy beaches/dune areas with moving sand
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Targets: causing wind-driven sand to form dunes at desired places through vegetation planting or simple
fence construction
Risks: unnatural dunes, sand depletion from other sites, artificial sand replenishment needed
Advantages: inexpensive, natural processes
Alternatives: natural development
Legal aspects: Costs: low
Remarks: The North Sea offers vast experience as a form of coastal protection. The only reason for doing
so in the BB would be to create dune habitats in desirable areas (closed and protected areas, e.g., bird
islands) or to compensate for damage from construction projects. In cases where dunes are desirable but
grazing or massive human trampling are inevitable, the method might be feasible, too.
Priority: low
Examples: Dunes have a low priority for this work (see => dune rejuvenation), so examples were not explored. The literature is easy to find.

4.13. Dune rejuvenation
Object: Dunes of any succession stage
Targets: rejuvenation of dune succession, restoration of marine influence to valleys, dune slacks or backlands via physical opening of structures (breaches) or surfaces (vegetation removal, deforestation)
Risks: loss of dunes, habitat degradation
Advantages: inexpensive, one-time measure
Alternatives: grazing management, improved access for recreational activities (small-scale disturbance mosaics), => sand replenishment
Legal aspects: Costs: low for actual work, approx. € 100–1000, but probably high for planning (risk-assessment)
Remarks: As long as land uplift continues, successional stages will shift seawards. Older dunes will be cut
off from wind and water dynamics and sediment supply by distance, newly emerging dunes, emerging nonsand structures and other environment types. This reduces the potential for revitalizing old dunes in this
area. Before opening or deforestation, access to wind, flood and sand dynamics must be assessed. Another
aspect is that geochemical conditions change in older dunes and cannot be restored if sediment flow and
flooding do not reach the restored dunes. Thus, desired communities might not return despite restored physical conditions.
Dunes are not a priority environment in this work, although they are a marine shore environment in
the area. In the BB and adjacent areas, dunes are mainly an object of management. Restoration experience
mainly involves vegetation removal and deforestation. Examples of these can be found in Koskela et al.
(2014, in Finnish, and contains only plans and no evaluation). In Europe and other parts of the world, rejuvenation and remobilization of dunes is a major aspect of restoration (Martinez et al., 2013). Rejuvenation is
mentioned here as a restoration method to increase awareness of its existence, especially since disturbances like trampling by humans or grazing animals are mainly seen as negative (Ryttäri et al, 2014), although
dunes are naturally dynamic environments. In addition, observable recent changes in dune structure might
make it desirable to employ this measure in the near future.
Priority: low
Examples:
Dunes have a low priority for this work (see remarks), so examples were not explored. The literature is easy
to find.
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See also => invasive vegetation removal for an example of combined restoration of a sandbank/beach/dune
continuum with restored sand flow.
Literature:
See, e.g., Martinez et al. (2013), Restoration of Coastal Dunes. Springer. 347 p. https://link.springer.com/boo
k/10.1007%2F978-3-642-33445-0 (free download)

4.14. Estuary restoration
Object: whole estuaries/deltas or parts of them
Targets: return of natural hydrology regime, flood and sedimentation dynamics, sediment and nutrient retention, opening landscapes, initiating land-growing processes, protection of estuarine communities or certain
species
Risks: high potential for conflict with human needs (flood protection, shipping, recreational use), negative
impacts on shore users (mosquitos, overgrowth, landscape changes, water quality changes), need to (permanently) adapt infrastructure to dynamic environment
Advantages: one-time measures produce self-sustaining ecosystems with multiple positive effects (species
protection, pollution, recreational use)
Alternatives: Legal aspects: Costs: often low compared to effects, but initially high
Remarks: There are no examples of whole-estuary restoration in the area or in other Baltic Sea regions.
Estuaries are usually under high anthropogenic pressure, and examples from other areas always involve
compromises, which is basically good, because compromises will be necessary and targets will mostly involve restoring single functions and not whole systems. There are still some rather intact estuaries in Finland
and Sweden, but most larger estuaries are heavily impacted. The impact from navigation channel dredging
differs but is often comparatively heavy in smaller river estuaries. Most larger rivers contain marine harbours,
but their structural impact on the estuary is low, as navigation channels do not continue into the rivers. A
bigger problem with large and medium rivers is upstream regulation, which greatly reduces sediment dynamics and changes flood dynamics. Most estuaries in the region are deltas, partly as a result of glacial or
historical sea-deposited sediments that have returned to river dynamics via land uplift, which can prolong
estuary dynamics despite upstream regulation. The natural sediment transport of rivers before regulation
was often relatively low compared to more southerly rivers. For many smaller rivers, the opposite is true:
catchments experiencing high impacts from agricultural or forestry activities, sediment entrainment is higher
than natural, but over-dimensioned navigation channels in estuaries often force sedimentation to take place
only in ecologically negative zones (deeper coastal waters or the navigation channel itself, which must then
be dredged). Typically, many channels in impacted deltas are kept artificially open for small-scale navigation
and recreation or other social purposes: i.e., they are often dependent on human management. Thus, their
morphology and hydrologic networks are somewhat frozen at the time that regulation starts, with the main
dynamic force being land uplift. These conserved waterways offer a chance to start the revitalization of single
habitats but may also suffer from the restoration of sedimentation or succession dynamics. There is the risk
of losing the whole when trying to restore only parts of the dynamics. A holistic concept is critical when
restoring deltas, even if the aim will be to return only some of their functions.
More than any other restoration topic reviewed here, delta restoration needs prioritization: different interests
collide, and the potential for conflict is high. Compromises will be complex, and any measure will have many
consequences, with a high degree of uncertainty. Thus, a clear, realistic definition of the main targets is
very important. For example, measures to achieve the desired high sediment/nutrient retention ability might
reduce sediment flow from less-valuable land-building outer shores. Also, natural succession might cause
side-channel clogging and the stabilization of an unnatural main-channel environment. Opening of floodplains and channels might cause severe sedimentation in navigation channels, requiring dredging.
Priority: High, as estuaries are one of the most modified and threatened environments and are still experiencing the greatest pressures. It is probably best to start restoring modified estuaries in small rivers, ditches
and streams, if these have lost their role for navigation and flood protection. Here, it will be easier to impleRestoration in the Bothnian Bay
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ment holistic restoration measures and easier to correct possible problems. Also, large rivers still impact
strongly on their modified estuaries and can even “correct” some of the comparatively small anthropogenic
structures such that some dynamics remain. Smaller rivers’ flood and sediment dynamics are rarely capable
of correcting technical structures.
Examples:
There were no examples found in the BB area. Also, dredging/construction activities are still common but are
not connected to compensation measures. Suitable examples from other regions are rare.

Kick-off: Suitable one-time measures
As mentioned above, estuary restoration is complex, and a holistic approach suited to local conditions is
needed, as well as clearly defined, realistic targets and strategies. Very specific characteristics of estuaries
are flood and sediment dynamics, which are desirable for the most part. To restore these, the disturbed hydrology needs to be manipulated. Typical measures include => opening or damming of permanent or temporary/flood channels, => sand replenishment, => vegetation removal, and =>establishing of macrophyte
stands.
To restore retention functions damming of estuary bays (as retention wetlands) might even be an option,
although normally this is seen as the opposite of restoration, as it will destroy lotic-marine interfaces, reduce
local dynamics and degrade the dammed area. For nutrient retention, such solutions might be problematic,
as they will be prone to flushing, and the influence of sea water on chemical processes is unknown (=> nutrient retention wetlands). A high influx of reactive Fe from groundwater and high sedimentation rates might be
promising in some estuaries, however, no examples were found, but experimental exploration of the concept
might be a good idea.
Restoration of ecological functions for different species can be found from the list of measuring, including =>
artificial island construction, => vegetation removal and => transplantation.
Many of these actions are very artificial and are far from the ideal of natural development. However, heavy
anthropogenic impact and the need for compromises often leave no other options. Most of these measures
are expensive and must be paid for by polluters. Currently, the impact of anthropogenic modifications (mainly
dredging) in estuaries is directed by restrictive permits. The options for compensation measures or alternative designs are used only to a limited extent. Holistic strategies to direct human activities can reduce public
costs for restoration and reduce the ecological footprint of various activities in estuaries. A typical example
is the placement of dredged waste. A good design of where and how to dispose of this waste can determine
whether dredging has a positive or negative effect on certain estuary functions. Sometimes, compensating
disposal can reduce costs for the dredging project compared to more conservative approaches (minimizing
changes in the target environment), making it a win-win situation.
To mitigate lost dynamics management measures (grazing, return of natural grazers, technical flood regulation) are also good alternatives.

Temmesjoki, FIN
This is not a true restoration of delta functions but a compromise to return flood dynamics to certain habitats.
For analysis, see => re-opening of coastal and estuarine waterways.

Laihianjoki/Toby å: Integration of compensating restoration into flood protection – a negative example?
Description: The Laihianjoki/Toby å and Sulvanjoki/Solv å rivers run from an intensively used agricultural
area into a suburban bay. They have been the object of significant modification and channelling to drain and
protect agricultural land and have high sediment and nutrient transport. The earlier channelized estuary has
started developing into a funnel-shaped delta due to massive sedimentation, overgrowth and land uplift.
The delta area is of high importance for birdlife. Delta-building sedimentation resulted in a high flood-risk for
upstream lowland areas due to ice clogging in the ever-shrinking main channels, which made dredging necessary. Over 4.5 km of channels were dredged to the open water of the bay, 115,000 m3 of dredging waste
was disposed of on fields to avoid acid leaching (sulphate soil). Dredging was conducted from the ice cover,
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which resulted in major delays due to warm weather. The cost of the whole project was estimated at 1.6
million euros, with tens of thousands of euros allocated to fisheries compensation. Monitoring started in the
summer of 2013, before the first dredging, and continued after dredging was underway (2018). The monitoring covered water quality, nutrients, bottom sedimentation, invertebrates, fish stocks and birds. Many natural
processes (delta development, sedimentation pattern), spawning sites and macrophytes were not considered
in the monitoring. Measures used to mitigate impacts on ecosystem functions (e.g., nutrient and sediment
retention) were sediment retention basins and dredging side channels to maintain water diversions in the
extant delta.
Results and conclusions: The goals of flood protection were reached. Influence on birds was not observed,
and the predicted positive influence of dredging waste disposal was not found due to the fast drying of the
waste and conversion into arable land. Fish stocks seemed to partly suffer for short times, but long-term negative effects were not found. Open water phosphorus, chlorophyll A and undissolved matter rose during the
dredging years. The functioning of sedimentation basins and side channels were not directly monitored and
are uncertain. Side channels were symmetric, short and not adapted to the extant channel system morphology.
Remarks: This project was not intended for restoration purposes. However, it is a good example for estimating the costs and effects of a large-scale restoration via dredging. The state before dredging also shows that
a natural return to a delta form is possible in heavily impacted estuaries on smaller rivers, and at what costs.
It shows that under certain conditions, a return to natural dynamics will be possible with little technical effort
(e.g., building thresholds to main channels, enabling sediment-carrying water access to shallow waters). It
would be interesting to follow the development of cut-off delta channels and sedimentation dynamics, which
is possible based on aerial photography. The rise in pollution of the downstream bay shows the impact of
dredging measures, and also those connected to restoration. Changes in fish production might reflect the
influence of the estuary’s condition, but data is insufficient. Most important is the fact that the shape of the
dredged delta would have allowed for more effective restoration measures with only minor changes in the
project’s technical implementation (adaptive dredging of several extant flood channels, dredging waste disposal within the delta to create bird areas and new succession), with little impact on costs. Of course, the
effects on hydrology and water chemistry (acid and metal leaching) must be analysed by professionals, but
the addition of some compensatory measures might have reduced the probable ecological impact of this
necessary dredging. Many smaller estuaries along the BB coast are comparable to this one, and studying
this case might help in planning future compromises.
Responsible authority: Etelä-Pohjanmaan ELY-keskus / NTM-centralen i Södra Österbotten, FIN
Literature: Vuoksenvaara, O. & Ruususaari, R., 2019, Tuovilanjoen ja Sulvanjoen alaosan ruoppaushankkeen vesistö- ja biologinen tarkkailu vuosina 2013-2018. KVVY Tutkimus Oy. (Monitoring halfway report, no
effective conclusions, in Finnish)
Kannonlahti, Jouni, 2020, Tuovilan-ja Sulvanjoen ruoppaus-hankeen linnustoselvitys. KVVY Tutkimus Oy.
(birdlife inventory, no time series, in Finnish)
VÄSTRA FINLANDS MILJÖTILLSTÅNDSVERK, 2008, TILLSTÅNDSBESLUT Nr 97/2008/3, Dnr
LSY2005Y76. (permit for the measure, in Swedish)

Oulujoki stream restoration (Only salmonids, no other species)
Description: The Oulujoki (Ule älv) river is totally regulated for electricity production and flood protection. The
lowest dam is at the top of its urban estuary. Its flood dynamics are mainly regulated for the needs of electricity production; sediments are almost totally retained. De-damming is not a concept, and the addition of a
naturalistic bypass within the city of Oulu is impossible. The dam has a small additional opening that releases current into artificial park streams at the top of the estuary. Public lobbying has achieved the restoration of
these streams as spawning and nursing habitats for migratory sea trout, including improved water flow regulation for the needs of the target species, a possibility which was rejected for many years by the dam operator. The streams were restored to improve trout habitat and aesthetics. Other biota were not considered. The
restoration was organized with great publicity, including volunteer labour actions.
Results: Initial reproduction of trout has been observed, and public acceptance is high. Scientific reports are
not available yet.
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Conclusion/remarks: An example of how to achieve small compromises in a seemingly insolvable conflict
over a clearly designated resource. The delta ecosystem has not been restored, but the function of its surrogate for society has been improved, as more of the urban population uses it for recreation (ecosystem service). Also, it shows that technical solutions also have a social reward. Depending on further development,
re-establishment of a local, naturally reproducing sea trout population could be of importance for the biodiversity of this threatened morph. For further reading, see:
https://www.ouka.fi/oulu/ymparisto-ja-luonto/hupisaarten-purojen-kunnostaminen (project description, city of
Oulu, in Finnish)
https://www.luke.fi/projektit/hupisaarten-taimen/ (short project description for trout stock restoration, in Finnish)

Mississippi Delta restoration planning – a theoretical approach to a highly complex restoration project
Description: The Mississippi Delta has lost around one-third of its land area in historical times. The main reason is river channelizing and damming, with the result that sediment is largely channelized through the delta
into the open sea. This loss of delta sedimentation, combined with subsidence, sea-level rise and erosion,
cause an effective loss of land area. Paola et al. (2011) identify this problem and show that a newly established delta on a side fork of the river has largely restored delta dynamics and growth on a smaller scale.
They conclude that a well-designed restoration of within-delta flow and sedimentation dynamics will be sufficient to restore parts of the delta area, resume land growth, achieve flood protection functions, and adapt
the region to rising sea levels. They describe the theoretical background and critical effects on delta development processes. Here they mainly concentrate on restoring deltas via the restoration of sedimentation dynamics, using technical flow diversions from channelized main rivers.
Remarks: The case of a huge delta with massive sediment flow in a subsiding coast is difficult to apply to the
BB. The authors are mainly interested in the concept of an adapting delta confronted with rising sea levels.
Although this is not the case in the BB, vertical delta growth along the water surface is an important process
here as well, providing great ecological dynamics to the region. The authors treat the sedimentation regime
as the main factor in delta restoration, so that the given theoretical background is not very useful for many
estuary restorations in the BB: Many rivers in the BB have no major sediment flow, either naturally or due
to massive flow regulation. Thus, some estuaries cannot be restored to deltas. The main point, however
– that well-planned water diversions in channelized estuaries with high sediment flow can naturally
produce deltas – is definitely applicable in estuaries meeting these criteria. Also, the point of carbon sequestration and denitrification is worth mentioning when planning delta restorations. The authors mention the
importance of plants in sedimentation regimes, which sets physical limits for restoration measures (in the BB,
depending on local conditions, only very shallow areas offer the conditions needed for effective sedimentation of fine sediment). Unfortunately, the authors do not delve into technical solutions on how to effectively
diverge sediment and not only water. The facts given, however, show that hydrologic and geophysical expertise is needed when planning delta restorations.
Literature: Paola et al., 2011, Natural Processes in Delta Restoration: Application to the Mississippi Delta.
Further reading:
In the Mississippi Delta, different restoration projects are planned or needed but not yet implemented. Implementation seems uncertain, and sources are difficult to find.
https://mississippiriverdelta.org/restoration-solutions/sediment-diversions/
https://mississippiriverdelta.org/restoration-solutions/project-types/

Restoration in the Bothnian Bay

51

4.15. Establishment of aquatic macrophyte stands in suitable areas (note
difference versus biomanipulation!)
Object: Areas suitable for desirable macrophyte communities (but not colonized due to recent disturbances:
recovering from pollution, young age and remote location of habitat, dredging, or stochastic natural disturbances). For establishment in physically unsuitable areas with the intention of manipulating suitability, see =>
biomanipulation
Targets: improvement of ecosystem services (fisheries, erosion reduction, nutrient/sediment retention), acceleration of recovery, encouraging recovery towards desired and not undesired alternative stages
Methods: planting/translocation, spreading seeds/propagules, reducing stabilizing factors (grazing)
Risks: failure (see remarks), undesirable manipulation of natural succession, destruction of unknown or unrecognized ecosystem functions (e.g., spawning grounds)
Advantages: Alternatives: natural development, enhancing desired natural development via structural measures
Legal aspects: Costs: variable
Remarks: Most aquatic macrophytes do readily colonize suitable environments via different mechanisms
(seed dispersal in currents or via ingestion by birds or fish, seedbanks). This is especially true for an open
system like the BB. In other words: if a desired plant or community is not at a certain place, there is a good
reason, which is most likely not a lack of access. For the artificial establishment of certain species or
communities, there must be very good reasons to do so, and good ecological foundations for how
to do it, as the risk is high that the goals will not be met. One main reason is the artificial dispersal of threatened species with low dispersal potential to suitable habitats (in the BB, mainly Alisma wahlenbergii, see =>
transplantation, possibly Chara braunii). Another good reason is the transformation into alternative ecological states (with probably self-reinforcing mechanisms such as allelopathy or shading) for a certain habitat,
where one state is more desirable. Low suitability of the habitat for germination or younger age classes of the
desired species (need for facilitation) might be a good reason for action. A typical example is charales meadows versus dense Potamogeton spp. stands in mesotrophic, clear water. Also, the establishment/return of
invasive species (Elodea spp.) might be slowed in disturbed areas after local removal actions.
Priority: Examples:

Phoenixsee – establishment of charophyte-dominated vegetation in an artificial lake
Description: The plan was to turn an artificial urban lake in Germany into a charophyte-dominated environment. The main goal was to avoid the dominance of long-shoot vascular plants. The lake was free of aquatic
sediment, and thus oospores and other propagules of aquatic plants. Along with measures to reduce nutrients, the lake was stocked and inoculated with characeans from the outset on to ensure characean dominance. Three species were collected from nearby lakes and planted by divers in the lake. In addition, filtered
lake sediment containing a total of 305,000 oospores (ex-situ germination rate 75%, almost 450 active oospores/m3) of six characean species (including the three planted ones) were spread over the whole lake. The
plant community was monitored for five years.
Results: Characeans were established as the dominant vegetation in the lake. The planted individuals were
found to survive and spread. Oospores were concluded to have germinated all over the lake. No quantitative
data were collected for the success of each method. The lake was permanently populated by six characeans. One species not known to have been introduced was occasionally found. A high growth potential of
undesired long-shoot vascular plants was observed, but their occurrence stabilized after a rapid initial expansion.
Conclusion: The establishment of dominant characean communities was achieved, despite the problematic
potential of larger vascular weeds in an environment suitable for both communities (TP 10...30 µg/l). Planting
and inoculation were successful. The community composition seems stable after 5 years.
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Remarks: The method seems successful and might be applied to restricted cases in the BB. The method
of inoculating shows that extant oospores are readily available in areas of natural occurrences, i.e., in most
areas of the BB there would be no planting necessary. In disturbed areas, oospores can survive for a few
years, but not long. Blindow et al. (2016) found that the abundant diaspores from Baltic coastal sediments
had very low germination success. The same authors also state that characeans usually do not vanish totally from an area but can find refuges from shallow areas. Thus, the propagation of characeans in natural
waters is largely unnecessary. One good reason for using propagation is the insufficiency of extant oospore
reserves to guarantee rapid colonization and ensure characean dominance. The methods described here
can be applied to the restoration of heavily disturbed water bodies with low nutrient content and insignificant
oospore reserves, especially after an immediate positive change in the environment (chemically treated bays
or restored lagoons/harbours after the removal of dense vegetation like Elodea) to guarantee quick stabilization of the desired community. The application of inoculation in open areas of the BB seems unnecessary,
as several species are ubiquitous and will germinate if the environment is suitable. Planting denser stocks in
disturbed areas (e.g., after dredging) seems an alternative if germination problems seem probable (e.g., surface erosion) as a means of facilitation. The fact that BB characean stands would need facilitation to become
established is not proven, but it seems logical in areas with current-induced mobile surface sediments. For
a similar ecosystem – the marine seagrass beds – the need for facilitation is acknowledged (Bekkeby et al.,
2020). It is worth testing whether facilitation could be more cost-efficient using artificial structures instead of
planted specimens, as propagules should be in the environment. The Phoenixsee case shows that massive
plantings are possible and sustainable – but probably expensive (costs were not given in the example).
Literature: van de Weyer, 2014, van de Weyer, 2018

Planting of threatened characeans – literature review
Description: Blindow (2019, in Swedish) reviewed the literature and theoretical background on 15 threatened
characeans in Sweden, including a thorough synthesis of restoration methods, especially the introduction of
characeans. The review and its exhaustive reference list are mandatory reading when considering planting, reintroduction or promoting characeans in the Nordic countries. The author addresses the theoretical
background, life strategy and ecology of several species, along with biomanipulation, transplantation, ex-situ cultivation, mowing management and interconnection with other biota. Practical examples of better and
worse suitability are given.
Literature: Blindow, Irmgard, 2019, Litteraturstudie om kransalger.
Additional literature: Havs- och vattenmyndigheten, 2020, Åtgärdsprogram för sällsynta kransalger längs
kusten.
In English: Bakker et al., 2013: Restoring macrophyte diversity in shallow temperate lakes: Biotic versus abiotic constraints (basic theory and many characean-related examples).

Main literature on aquatic macrophyte restoration:
Bakker et al., 2013: Restoring macrophyte diversity in shallow temperate lakes: Biotic versus abiotic constraints. (An excellent article on basic ecological facts, with a precise choice of examples for most problems.
Mandatory reading for any measure concerned with manipulating aquatic macrophytes.)
Hilt et al., 2006, Restoration of submerged vegetation in shallow eutrophic lakes – guideline and state of the
art in Germany. (An interesting discussion, but mainly related to lake restoration, with macrophytes being a
tool of biomanipulation. The article includes a good reference list.)
Hilt et al., 2018, Response of submerged macrophyte communities to external and internal restoration measures in north temperate shallow lakes. (A good overview of the responses of different taxa to restoration and
may be useful for lagoon/bay restoration planning, as the taxa are similar. The topics and examples refer to
lake restoration, with macrophytes being only a secondary object of interest.)
Remarks on the literature: All the articles mentioned focus on lake restoration. The topic is difficult in the BB,
and conclusions should be made carefully. However, the biomanipulation perspective improves insight into
ecological mechanisms that are important for the establishment of aquatic macrophytes. The articles review
many very basic studies on different species’ needs, and the articles’ reference lists must be concluded by
any planner according to their own needs.
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4.16. Invasive vegetation removal
Object: total removal or targeting of certain main species in a given plot/area
Targets: restart of succession, change/return of sediment dynamics, elimination of undesired species/ecological effects
Methods: total surface removal, ploughing, seining/chain-dragging, dredging, suffocation (plastic cover),
herbicide
Risks: failure (method not intensive enough), undesired development (e.g., due to permanent changes in
physical/chemical soil features), unplanned damage to neighbouring ecosystems (e.g., via sedimentation),
undesired erosion, nutrient and sediment pollution, low social acceptance
Advantages: inexpensive restoration of areas to previous stages compared to, e.g., artificial construction;
natural dynamics instead of “gardener” management of frozen succession stages
Alternatives: vegetation removal either periodically or combined with grazing management, can effectively
reduce undesired vegetation like reed (Javanainen et al. 2013).
Legal aspects: herbicide application is probably very difficult
Costs: around €100/h (tractor), labour-intensive work can partly be achieved with volunteer workers, invasive plant disposal can be costly. Costly in inaccessible areas (islands, rocky shores).
Remarks: Timing and environmental conditions influence whether “non-invasive” mowing can destroy a
plant. Here we focus only on truly invasive methods. One field of application, for which no good examples
could be found, is the invasive destruction of emerging plants below the waterline. Especially for nuisance
reeds, this should be comparatively efficient, as harrowing of reed roots is a common method for recreational
lakes and seashores. In the BB, stony shores and bottoms often do not allow for efficient mechanized methods. Management (grazing, burning) is generally less expensive.
The invasive removal concept is not directly applicable for many aquatic nuisance weeds (Elodea spp., Ceratophyllum spp.), as it might only facilitate them. Professionals should be consulted in this case (see => Removal of submersed vegetation; 3.5 invasive species, water pests).
Priority: Examples:

Sand beach and dune succession restoration, Laitapauha
Description: The Laitapauha area (1.45 ha), in North Ostrobothnia, consists of a natural-state sand beach
and adjacent dune succession series. The beach above mean sea level and the dunes have started to be
overgrown by reed, Phragmites australis, and partly willows (Salix spp.), and the dunes are also being overgrown by pines, Pinus sylvestris. This overgrowth reduces wind-sand dynamics and reduces the ecological
functioning of the area. Overgrowth is reinforced by eutrophication (seaborn, precipitation) and the cession
of traditional use. It was anticipated that the main parts of the sand beach and dunes would be lost. A part
of the dunes is cut off from natural sediment flow by land uplift, but the larger part is situated leeward of the
sand beach. To restore natural dynamics via increasing openness, removal of major parts of invasive reed
stands (0.85 ha) and deforestation (0.55 ha) were used from 2014 onwards. These measures were hoped
would return wind- and water-driven sediment dynamics and improve the competitiveness of beach- and
dune-adapted species and communities. As a side effect, recreational use (swimming beach) was hoped
to be improved. The measures were planned to be repeated at intervals of several years and supported by
mowing management. Pines and willows were cut and removed. Reed was mowed and its roots destroyed
by harrowing; waste was partly left in place for financial reasons.
Results: After removal of reed, intensive flood-induced sand dynamics on the beach were observed, resulting
in a clean beach the next growing season (Tupuna Kovanen, ELY Oulu, pers. comm.). In the dune areas, an
increase in typical vegetation and the development of new embryonal dunes was observed.
Conclusion: At least for several years, the restarting of succession dynamics and strengthening of beach
sediment dynamics can be confirmed. Dune dynamics were observed, but no reliable before/after control is
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available. Presumably, the situation truly did improve, as the restored dune area is situated leeward of the
opened beach. Its subjective usability for recreation was estimated to have been improved (SLL, Internet
source 3).
Remarks: This beach is typical of the BB coast, and so the application of the outcomes from this experimental restoration will be easy. The restoration was pioneering for this area, so more data on its success would
be desirable. A part of the restored dune area is not connected to a sand beach anymore due to land uplift.
Prolonging its lifespan via deforestation might be a good idea to improve the resilience of locally established
species and communities. The sustainable restoration of dynamics in this part, however, seems improbable,
especially as the area was not totally opened to sea winds, and the dune patches were not connected.
The lifespan of dune areas in the BB is comparatively short due to ongoing land uplift. Restoring the sand
beach is a more sustainable way to protect dunes and is commonly used in central and western Europe.
This basic concept should be important in the BB area, and the case addressed here might be a good study
example. If lifespan extension of older, cut-off dunes is necessary and feasible, it should be discussed as
part of an areawide strategy. There are hints that the cessation of traditional land use has caused similar patterns. Also, future sand supply for beaches and dunes should be a top criterion for the selection of restorable
areas (environmental protection) to reduce costs and maximize efficiency and sustainability. Dunes, beaches
and sandbanks are different, but linked, environments, and are unidirectionally dependent on each other. A
viable dune area starts several meters below sea level. Due to the mosaic nature of environments in the BB,
cut-off beaches and dunes are also important in a natural metapopulation model (species and community
protection).
Reed is a huge problem in the BB, overgrowing vast areas as a consequence of eutrophication. Mowing is
ineffective, and grazing is often impossible in sandy areas (Hellström, 2014). Root destruction seems feasible and is much less expensive than total root removal, but is not widely used in the BB. Its effectiveness and
impact should be monitored to increase the planning efficiency of future measures.
A similar measure in the sandbank-beach-dune continuum – removal of submersed vegetation – also seems
feasible, if vegetation growth caused by eutrophication, disturbance or construction reduces sand dynamics
and such development seems reversible and desirable. One example could be root destruction (harrowing)
of large Potamogeton perfoliatus stands to increase the growing season from wave energy at the shoreline.
The expected positive effect (no true results were reported) on recreational use is a good example for improved social sustainability.
Literature:
Hellström, 2014, Laitapauhan ranta-alueen hoitosuunnitelma. Pohjois-Pohjanmaan ELY-keskus. (in Finnish)
Internet source 3.: Finnish association for nature conservation. report on the restoration. (in Finnish) https://
www.sll.fi/pohjois-pohjanmaa/toiminta/luonnonhoito/laitapauha/
Further reading: For similar dune restoration projects using vegetation removal and re-vegetation, see also
=> deforestation and => dune rejuvenation. The invasive Rosa rugosa is commonly eliminated in Finland by
repeated physical removal; see, e.g., Metsähallitus, 2020, Light and fire LIFE – final report.

4.17. Lagoon restoration as spawning grounds or nursery habitats
This topic is an object-specific target and not a measure. It employs several measures, depending on current
habitat status and targets. For reasons of importance, it is treated as its own topic (see remarks).
Object: lagoons, former lagoons (now bays or coastal lakes)
Targets: improving spawning or nursery ground properties of lagoons or similar coastal waters (mainly water
temperature regime, water level, accessibility to fish migration, water quality and vegetation factors), with the
aim of restoring desired fish stocks (mainly valued predators such as perch and pike)
Methods: fish passes, channel openings, channel damming, flow regulation, artificial spawning structures,
measures for nutrient and pollution reduction in drainage basins (not addressed here)
Risks: unwanted destruction of habitats, communities and natural processes; benefit to undesired species
(e.g., cyprinids, sticklebacks); measures counteract targets (e.g., altered fish passage does not work any-
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more, improved spawning area reduces nursery area features, cut-off from sea increases acidification, humification or eutrophication), high risk of overdoing, i.e., targets are counteracted by the action and resources
are wasted
Advantages: Inexpensive and easy measures can improve the status of key species stocks; can be easily
adopted by fishermen’s societies (i.e., fishing pressure problems are mitigated and financed by the source
of the problem, i.e. polluter-pays principle), high social sustainability, well-planned actions can benefit other
elements of nature (umbrella species effect)
Alternatives: fishing regulation (unpopular, ineffective), natural development, habitat restoration focused on
other targets
Legal aspects: Costs: mostly low (a few thousand €), In FIN and SWE there is often good financing available due to growing societal interest
Remarks: The restoration of lagoon spawning grounds will benefit only nearby areas, as according to studies from the Quark, perch remain in areas 5–10 km from their spawning grounds (Veneranta et al., 2020)
and pikes stay within a radius of less than 10 km (Lari Veneranta, LUKE, pers. comm.). This must be considered when planning restoration networks. The same is true due to the fact that lagoons, more so than most
coastal environments, show high between-year variation in different species’ production. resulting from a
high influence from coincidental, weather-dependant changes in water levels, precipitation, salinity, nutrients,
connectivity etc. Juvenile production is known to vary greater in these environments, especially when under
continuous marine influence, so-called flad lakes (Lari Veneranta, LUKE, pers. comm.). This must be reflected by aiming for a diversity of available spawning habitats to ensure stable stocks.
This topic has received great public and scientific attention in recent years, and knowledge is rapidly accumulating due to several ongoing and planned projects. Thus, the knowledge collected here will be outdated within a year or two. For any plans that consider lagoon restoration, further research into the latest
development is recommended. The main actors in Finland are Metsähallitus/Forststyrelsen, LUKE, the
ELY Centres (especially Ostrobothnia). In Sweden, the main actors are county administrative boards and
SWaM. Fishermen’s associations also have their own projects: SVK (FIN) and Sportfiskarna (SWE). At the
very moment, all experiences have been collected from south of the BB (Quark, Bothnian Sea, archipelago,
and main basin; with a major focus on the Quark). Many of these environments differ from BB ecotypes
in many aspects: they are often in a bedrock geostructure, have more predictable hydrology and geochemistry, and a clearly definable catchment; the surrounding salinity is higher, and often the inflow pH from
the drainage basin and hardness levels are higher, making the loss of continuous marine connections less
critical. Thus, great caution and biogeochemical and local ecological background knowledge are necessary
when applying these experiences.
Priority: High
Examples:
See also the examples from => closing/minimizing/damming of sea-connections of lagoons and bays, =>
opening of coastal and estuarine waterways.

Opening of channels to lagoons and bays to enhance fish reproduction in southern Finland
Description: Several isolated (shallowed and/or overgrown, cut off by roads) bays and lagoons in southern
Finland were opened by dredging canals to allow spawning and hatchling migration in the 1990s, with no
documented preliminary evaluations or demand analyses. Härmä et al. (2008) mapped YOY production in
the restored areas in the 2000s and analysed possible success. A spawning success analysis was not conducted.
Results: YOY densities were found to be higher in the more open habitats, but the lagoons also had noticeable densities. Species richness was found to be higher in the opened lagoons than was naturally expected,
although marine species were still underrepresented compared to more open systems. Perch seemed to be
abundant in the inner archipelago.
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Conclusions: Data from before the restoration are lacking, but the opening has probably increased the number of spawning species; burbot, Lota, is assumed to benefit in particular. The dimensions of connection
channels are seen as being critical, as they are often oversized and cause harm to temperature regimes.
Remarks: The authors have not evaluated the suitability of lagoons as spawning habitats; but only as nursery
habitats, with the first habitat type probably being more important. Proper mapping of spawning and hatchling
migration might reveal that the restoration was successful. Both spawning and nursery habitat roles, as well
as migration possibilities, must always be considered. An analysis of ecosystem services lost by restoration
would be interesting (cost-benefit analysis). What we learn here is the fact that more species will have access to an opened lagoon. This is not always the target of restoration and might harm the actual targets. This
is interesting in relation to the stickleback problem in the Quark and more southerly Baltic areas (this problem
does not exist in the BB). For target species like pike and perch, but also for cyprinids, small, seasonal water
channels with reasonable flow regimes and migration obstacles might be good species filters. Despite doubts
as to the usefulness of lagoon opening for fisheries, this measure is an option for enhancing salinity-dependent plant communities, and its impact on fish stocks should be assessed to enable compromises.
The strategy of opening lagoons and bays was designed to counteract the impact of eutrophication
and accelerated vegetation succession in combination with geologic-morphological isolation (land
uplift, sedimentation, road construction) by restoring marine influence. The report stresses the role of
migration pathways, but clearly, the important factor is to restore the physical/chemical influence of marine
waters to improve water and environmental quality. From this point of view, the strategy may very well be
applicable to habitats with similar problems, like eutrophic inlets and lagoons with agricultural, humic-rich
or acid drainage basins.
Literature: Härmä, Meri; Auvinen, Heikki & Hudd, Richard, 2008, Kunnostettujen mataloituneiden merenlahtien kalanpoikasyhteisöt. (In Finnish, with Swedish and English summary)

Threshold restoration, damming and structural restoration in the Quark (KvarkenFlada
project and others)
Description: The Finnish-Swedish KvarkenFlada project (2016-2020) studied and mapped the biota of lagoons in the Quark area and studied the possibilities for lagoon restoration. Since this habitat’s role as
spawning/nursery grounds for spring-spawning fish was found to have a major ecosystem function, the focus
was on the restoration of spawning habitat functionality. Environmental factors were systematically mapped
and older restorations for spawning grounds were analysed and retrospectively documented (Hynninen et
al., 2019). Saarinen (2020a and 2020b) describes typical problems for restoration and provides four examples that were analysed, monitored and restored in this project. The results are partly unpublished at the time
of writing this report (1/2021); the reports available are either in Finnish or Swedish, and some translations
are still unpublished.
Results: According to Hynninen et al. (2019) and Saarinen et al. (2021), lagoons are important for the reproduction of local marine perch and pike in the Quark area and the Baltic. They found the most important criteria for spawning grounds are access (fish pass, channels, flood regimes), temperature (warmer than open
sea), water quality (neutral pH, not too high eutrophication, low turbidity) and available spawning structures
(rough vegetation for perch, flooded grasses for pike). They also emphasize the importance of facilities for
hatchlings to escape and migrate to the sea and that the availability/accessibility of nursery ground is crucial
for the functioning of spawning habitats. They analysed natural spawning grounds and earlier restorations in
the Quark (mostly done by fishermen for fish reproduction) and found that even small measures to improve
access for spawners can be very successful. They identify the opening of lagoons/lakes to the sea via canals
to be critical, especially in the outer archipelago and exposed coasts. They found that possible slow changes
in fish productivity are difficult to detect and recommend early stock monitoring. They conclude that success
is uncertain if there is no current spawning population. This is due to the low mobility and high homing rate of
pike and perch. Saarinen (2019) describes some initial results from the restorations within the project, finding
that where thresholds and openings seem to have impacted vegetation, first spawnings are reported.
Conclusions: Based on older, poorly documented examples, spawning habitat restorations can be very successful at a low cost. They seem to be necessary to compensate for habitat loss (dredging, eutrophication)
and fishing pressure. Negative examples show that targets must be well defined and possible consequences well analysed; pre-planning monitoring is crucial. Demand for more studies is high, and the documented model restorations from this project will hopefully help us understand more in a few years. The lack of
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post-restoration documentation from this project makes it impossible to conclude anything, but the results will
be available in the coming years.
Remarks: The Quark is adjacent to and partly overlaps with the BB. Nonetheless, there are certain differences in their nature that necessitate great caution when applying experiences from the Quark further north.
These include the lower importance of lagoons for red-listed plant species, higher salinity, lower river influence, mainly small bedrock drainage basins, deeper adjacent sea areas, and high impact of stickleback.
The restoration of higher thresholds or even total water level elevation can shift currently open lagoons (flad
lakes) directly to closed lakes with little or no marine influence. Depending on the drainage basin, this can result in total destruction of existing communities, eutrophication, acidification, overgrowth, winter fish kills (due
to anoxia, often beneficial for spawning/nursery ground functioning), and loss of recreational value. Thus, the
impact of this measure must be carefully assessed in the planning phase. This risk will be higher in sedimental areas such as those found in river valleys and the entire eastern shore of the BB, where unpredictable
groundwater and soil chemistry dynamics are common.
One method to mitigate the loss of marine influence in dammed lagoons might be the integration of reverse
flood valves in the dam/threshold, which would allow more marine water to pass into the isolated water body
when sea-side pressure is higher (during floods or when the lagoon is experiencing draught) and strengthen
chemical effects of flooding without disturbing outflow dynamics. However, there was no documented case of
usage found.
Literature:
Hynninen et al., 2019, Fladojen, kluuvien ja kluuvijärvien kalataloudelliset kunnostukset Merenkurkun rannikolla. (A descripion of several restorations with a focus on fisheries, in Finnish)
Saarinen, 2019, Restaurering av grunda kustmiljöer i Kvarken / Merenkurkun matalien rannikkoympäristöjen
kunnostus, KvarkenFlada -project (A descripion of several restorations, in Swedish and Finnish)
Saarinen et al., 2021, Fiskyngelproduktion i grunda avsnörda havsvikar – Metoder och resultat från projektet
Kvarken Flada. KvarkenFlada -project (Theoretical and statistical background for the importance of lagoons
for fish reproduction, in Swedish)

Kick-off: Fish migration route restoration
There is a vast literature and well-documented examples from freshwater fish passage restorations that
can be applied to any route where there is a considerable difference in water level and one-way flow. These
will not be considered here. The most important special aspects that must be considered when applying
freshwater experiences are: (1) In many cases, marine influx into the lagoon (during flooding) is crucial for
the ecosystem and thus must not be disturbed or should be desired (note changes in hydrologic conditions
during flow redirection). (2) Flow is often seasonal or occasional, with consequences for ecological stability
(overgrowth) of the flow channel. (3) Water flow is low compared to most freshwater systems, and over-dimensioning will result in malfunctioning channels. (4) The sea-side baseline of a migration route can vary
with changing water levels. Planning a reasonable length (ca. 0.5–1 m or more below normal sea level) can
be crucial for the success of a restoration. (5) Often, migration possibilities are underestimated. Spawning
perch and pike can run through very tiny ditches and thick vegetation, and restoration here is not appropriate. Don’t try to repair a working system. A good preliminary evaluation is always necessary. (6) Downstream
migration of spawners and hatchlings/YOY are easily overlooked. Locally specific migration ages (depending
on habitat carrying capacity and drainage basin properties) must be assessed and applied to channel planning. Manual opening of channels can be a solution at low flow. (7) Nursery grounds near spawning grounds
are crucial for success, as many lagoons have no capacity for feeding large numbers of hatchlings. Access
to nursery grounds should be included in planning. Especially with open shores, low volumes of spawners/
spawning substrate might be better for total offspring survival, as the population/system might be limited by
nursery ground availability.
Examples of more and less successful fishway restoration in lagoons and coastal lakes can be found in the
following reports: Hynninen et al. 2019; Saarinen et al. 2021; Saarinen, 2020.
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4.18. Measures to physically reduce human disturbances in key coastal environments
Object: well-defined environments that suffer from recurrent disturbances from human traffic, e.g., shoreline
plant communities, important breeding/feeding environments for protected or habitat-engineering birds
Targets: control of human (or cattle) traffic via physical changes to the environment in order to protect/enhance natural ecosystem functioning
Methods: fencing, artificial ditches, deepening/widening of natural watercourses or wetlands, physical destruction/functional reduction of roads and paths, planting/enhancement of dense vegetation
Risks: Habitat fragmentation, unwanted destruction of non-target environments, analysis of the wrong target,
underestimation of the positive effects of human disturbances (e.g., trampling, reducing predators), counter-effects (e.g., the area becomes more interesting for even more damaging backwoods camping or poaching when public access is reduced)
Advantages: inexpensive, less bureaucracy than many alternatives, for the most part does not require continuous control or management, easier to achieve support from local residents (social sustainability) than
when attempted through legal means
Alternatives: Non-invasive means of management (road closings, official restrictions, vegetation management, cattle grazing at critical times)
Legal aspects: road and access rights
Costs: rather low one-time event costs, and can often be achieved through volunteer work
Remarks: Establishing physical obstacles is a management tool rather than a restoration measure, as it
does or should not directly influence ecosystem functioning. However, it is worth mentioning here because
it is a common but often poorly documented measure for protecting environments. These measures are an
efficient way to reduce human pressures without altering certain rights. The principle is to reduce accessibility but not eliminate the right to access. This can be quicker, cheaper, and more acceptable than restricting
public rights. However, these measures should be included in a comprehensive management strategy and
carefully analysed for their total impact. Reducing accessibility is also a means of grazing management,
which has a high potential of guiding and improving impacts from ongoing grazing management. Unfortunately, there seems to be a lack of impact studies for concrete methods, as they are often used without a
management concept or even illegally.
Priority: Examples: No examples are given; see remarks.

4.19. Non-invasive vegetation removal (annual or short intervals)
Object: terrestrial/emerging plant communities, successional community structures
Targets: reducing competition for certain species, restoring/freezing of early successional stages, mitigating
eutrophication impacts. For => nutrient removal, see that section.
Methods: mowing, burning of annual vegetation
Risks: destruction of natural ecosystems, increasing stochasticity, target species suffers, other valuable species suffer or are disturbed
Advantages: controllable effects (compared to grazing management), biomass and nutrient removal possible (side effect)
Alternatives: grazing management (cattle, sheep, elk, or geese on land, and swans in aquatic environments), small-scale disturbances, invasive vegetation removal (restoring earlier succession stages)
Legal aspects:
Costs: €10–100/ha/year (tractor mowing)
Remarks: Often impossible with mechanized methods (tractors) due to stony shores. Annual mowing can
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sustainably reduce the biomass share of problematic species like reed. This effect can be strengthened by
the choice of timing and method and by additional grazing. On BB coastal meadows, mowing is used to increase grazing impact.
Priority: Examples:

Mowing and brush removal management of Primula nutans
Description: shores with Primula nutans were mowed and brush was removed for 4 years, including controls.
The aim was to reduce competition by later-successional species. The abundance of different age classes
was assessed.
Results: Both mowing and brush removal increased the abundance of different age classes and reproducing
individuals in the following years.
Conclusion: The author recommends large-scale mowing or grazing for management. She stresses caution,
as mowing and grazing can entail risks to other species and increase stochasticity.
Remarks: The method is widely used. Northern populations in particular thrive well in unmanaged areas, but
ongoing eutrophication and the cessation of land uplift increase the necessity to restore/freeze early successional stages in the area. At the same time, negative impacts from grazing are an emerging topic, and the
importance of differentiated management, including restoration measures and mowing, is discussed. Longterm monitoring of mowed areas will be very interesting, as mowing might cause a decline in the target species again (e.g., due to soil chemistry changes or peat accumulation).
Literature: Rautiainen, 2006, Population biology of the Primula sibirica group species inhabiting frequently
disturbed seashore meadows: implications for management. PhD thesis (All information comes from this
work)
Rautiainen et al., 2007, Management of Three Endangered Plant Species in Dynamic Baltic Seashore Meadows. (only the abstract was read; this publication has more detailed data)

4.20. Nutrient removal via plant biomass removal (management)
Object: Aquatic or shoreline vegetation
Targets: removing nutrients from (mostly local) food webs by removing biomass from ecosystems
Risks: unwanted system changes, habitat destruction, unfavourable habitat alteration (e.g., dwelling/hiding
places eliminated), destruction of sediment or nutrient retaining systems achieve the opposite effect, no longterm management possible due to low vegetation recovery
Advantages: the disturbances caused benefit many threatened species/communities
Alternatives: natural development, grazing management (very low effectiveness)
Legal aspects: Costs: high, if biomass is not utilized, about €60–100/kg P, €6–10/kg N when harvesting reed
Remarks: Traditionally, terrestrial plant biomass has been removed from most shores of the BB to differing
extents, mainly via hay mowing. Thus, many shore areas functioned as nutrient traps. This has changed, and
environmental shore management partly induces nutrient export from shores to the sea during the growing
season. Note: nutrient cycles can be complicated, and even successful nutrient harvesting does not always
mean targeted extraction/reduction from the targeted water body; indeed, the opposite can occur.
Priority: Examples:
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Reed harvesting for nutrient removal
Description: Aquatic and emerging plants extract significant amounts of nutrients from marine water, tributaries and soils. Harvesting these plants will reduce the nutrients returned to the cycle. In southern Finland, a
private foundation started a project to remove nutrients from the Baltic Sea via the development of sustainable reed harvesting (Phragmites australis). The expected efficiency was up to 10 kg/ha/year for P and 100
kg/ha/year for N. The project used outcomes from earlier projects to develop techniques and economies to
utilize reed on the Finnish and other Baltic coasts.
Results: no results from this project have been reported.
Remarks: Reed is very common in the BB coastal area and covers vast areas, often in thick stands, compared to a near absence of thick stands in the middle of the previous century. It is probably the only harvestable plant with a high enough biomass in the BB to have any effect on the nutrient cycle. However, estimates
of its nutrient removal potential (kg/ha) are probably lower due to a shorter growing season and less eutrophicated habitats. With estimated harvesting costs of €600–1000/ha (Ajosenpää, 2014) and an (unrealistic)
maximum estimate of 10 kg/ha of P, P removal costs will be €60–100/kg. The average amount of P harvested will be lower, but harvesting costs can probably be reduced by choosing optimum areas. Knowledge of
increased nutrient influx was not available. Harvestability will also be problematic, as many shores cannot
be harvested economically, and many of the most interesting areas – vast shallow shorelines – are or have
been restored to salt marshes. Costs will increase when there is no market for the harvested reed and disposal must be arranged. In restoration mowing, reed is commonly left chopped on site to reduce costs (Tupuna Kovanen, ELY-centre Oulu, pers. comm.). Transportation – e.g., for combustion for energy – can be as
expensive as harvesting, which reduces opportunities to finance operations by selling the harvested material.
The cited project has not published its results, so there is no convincing solution as to how to economically
utilize harvested reed. Earlier projects did not succeed in this task. Winter harvesting would probably reduce
harvesting costs and environmental impacts while simultaneously increasing the biomass value for certain
forms of utilization as well as increasing sustainability. It also reduces both the total harvestable biomass and
its nutrient content even more so. No budget calculations or estimates for this alternative have been found,
but it will not be difficult to generate them.
The potential of nutrient removal is unknown, but if there were 1000 ha/year to be harvested sustainably with
a financing concept for transport and utilization of the harvested biomass, and harvestable P is estimated at
10 kg/ha (probably unrealistic), 10 t of P could be harvested annually, around two-thirds of the amount currently removed by fishing effort. The cost will be around €600,000/year for harvesting alone if the biomass
cannot be sold.
Details on marine-terrestrial interface nutrient cycles in reed stands could not be explored in this work. It is
probable that reed stands are nutrient sinks (via soil building and denitrification) and also transfer an unknown share of their nutrient budget to terrestrial habitats via drifting biomass and food webs, while nutrient
sources vary between locations. Whether harvesting reed biomass truly increases nutrient extraction from
marine cycles or inflowing waters must be assessed for the BB specifically, and probably for every potential
location.
Project link: John Nurminen foundation. Rannikkoruohohanke/vassprojekt för kusten. https://johnnurmisensaatio.fi/hankkeet/rannikkoruokohanke/ (in Finnish); https://johnnurmisensaatio.fi/sv/projekt/vassprojekt-for-kusten/ (in Swedish)
Additional literature:
Ajosenpää, 2014, Suunnittelulla ja ruo´on hyötykäytöllä tehokkuutta rantojen hoitoon – Tuloksia ja kokemuksia VELHO-hankkeesta. (In Finnish)
Ikonen & Hagelberg, 2007, Etelä-Suomen ruovikkostrategia – Esimerkkeinä Halikonlahti ja Turun kaupungin
rannikkoalueet. (In Finnish)

4.21 Nutrient retention wetlands
Object: Small coastal tributaries (ditches, streams)
Targets: local reduction of nutrient influx to coastal waters via bio-geochemical P retention in artificial wetlands
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Risks: Advantages: Wetlands can also serve many species (birds, fish)
Alternatives: Legal aspects: Costs: might be low if connected to other purposes and multi-financed (see remarks), dredging/digging costs
around €10/m3 (FIN)
Remarks: Smart connection with => spawning ground restoration and bird wetland creation is possible.
More knowledge on the effects of high iron content and salinity is needed.
Priority: locally high (areas with large agricultural coastal drainage basins)
Examples:

Observation: Common wetland design based on inland restorations works on the coast
Description: Wetlands for nutrient retention have been established in the immediate vicinity of the BB shoreline. In the region of Northern Ostrobothnia (FIN), these have been found to be even more effective than in
the Finnish inland, according to water quality measurements (Jermi Tertsunen, ELY Oulu, pers. comm.). Effectiveness under ice has not been evaluated for the most part, but hypoxia, including fish kills, is obviously
common but does not necessarily mean total anoxia and phosphorus resuspension. Single under-ice measurements have not revealed large-scale P leaching from inland wetlands in the region. Wetlands were constructed using the same basics as inland wetlands. In the vicinity of the shoreline, potential flushing by sea
water is avoided during the planning stage. The reson for observed higher efficiency might be found from the
chemical profile of coastal wetlands, especially high Fe content. This, however, has not been proven (Jermi
Tertsunen, ELY, pers. comm.).
Remarks: The area still shows a broad potential for creating wetlands. More data on effectiveness and Fe
influence could improve their design. Winter effectiveness might be less important on a local scale if redox
potential is not too high. Most effects from local nutrient pollution probably have an immediate impact on algal growth during the growing season.

4.22. Opening of coastal and estuarine waterways
Object: valuable coastal habitats (wetlands, marshes, lagoons) that are isolated from marine or riverine influence by land uplift, overgrowth, sediment accumulation or construction
Targets: restoration or (re-)establishing of valuable habitats, restoration of earlier succession stages by restoring marine or riverine influence
Risks: disturbance of natural succession, destruction of extant habitats, unforeseeable changes in local hydrology and water chemistry, measure insufficient to reach targets, invasion pathways opened
Advantages: return of earlier succession stages which cannot be created in other ways (e.g., due to cessation of land uplift or disturbed sedimentation regimes)
Alternatives: Return of natural flow and sedimentation regimes in estuaries, vegetation management
Legal aspects: flood protection, infrastructure (shipping)
Costs: high, dredging/digging costs about €10/m3 (FIN), financeable via combination with/guidance of private dredging projects (navigation etc.)
Remarks: Possible answer to eutrophication, which accelerates succession rate above natural levels. Reopening is widely used to restore salt marshes along the North Sea coasts. Although many communities and
species are similar, these studies are not applicable to the BB due to the absence of tides, low sedimentation
rates and low salinity. However, it might be possible to develop similar concepts to (1) prevent increasing
freshwater influence and soil chemistry changes in salt marsh areas and (2) induce sedimentation and thus
ongoing land growth in estuaries of sediment-rich rivers.
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Priority: Examples:

Opening of channels to lagoons and bays
See => lagoon restoration as spawning grounds
Also note that a remarkable share of the area’s lagoons have been opened to some extent for the purpose of
navigation or water quality improvement. Whether opening lagoons or other isolated water bodies is necessary as a total concept is a matter of debate. Opening for recreational purposes remains important. Scientific
advice is needed on how to improve the implementation of such measures from a conservational point of
view. The ecological footprint of such projects could probably be improved if coordinated professional advice
on improvements and compensating measures were available.

Temmesjoki estuary restoration
Object: a partly dysfunctional, channelized estuary of the small Temmesjoki River, FIN, that functions as the
last coastal habitat of Arctophila fulva var. pendulina
Description: The estuary of the small Temmesjoki River is the last remaining coastal occurrence of Arctophila
fulva var. pendulina in Finland. The population has drastically declined since the estuary was altered and
almost all water was channelled into a dredged main channel in the 1960s, eliminating natural sedimentation and erosion. The restoration aimed at restoring natural flow and sedimentation regimes to some areas
of the former estuary by opening side channels and diverting minor amounts of water to locally restore flood
and sediment dynamics. To avoid major natural changes in the flow regime (as a compromise with flood
protection, navigation, and other uses of the area) the heads of the opened channels were protected with
thresholds. The reopening of the channels was combined with other measures such as vegetation removal.
The works were partly conducted in 2018–19, although some measures remain pending (among others,
threshold building to direct water into an opened channel). Success and monitoring results have not yet been
reported.
Results: Not yet reported. No data about its holistic influence on the estuary was collected; only on the target
species and its environment. The initial data will be available in 2021 or 2022 (Jorma Pessa, ELY-centre,
Oulu, pers. comm.).
Conclusion: not available
Remarks: This restoration was far from a return to the natural state, as most of the flow is still directed
through an artificial channel into the sea and stable flow dynamics within the channel are unchanged. Additionally, the main navigation channel, which receives nearly 100% of sediments and flood pressure, is
planned to be dredged for navigation purposes (Jorma Pessa, ELY-centre, Oulu, pers. comm.), stabilizing
the status quo. However, we can learn a lot about the effects of small and strongly regulated restorations
and whether they are useful for achieving their object and target species and developing natural dynamics.
Hopefully, this project will continue to be monitored, as situations of conflict such as the case in question are
the rule and not the exception. This case is also interesting with respect to the problem of acid sulphate soils.
The problem was identified in the restoration plan, and it was planned to avoid digging into risky strata, although no monitoring measures were taken.
Responsible authority: Pohjois-Pohjanmaan ELY-keskus, Oulu
Literature: Verronen, 2016, Temmesjoen suiston ennallistamissuunnitelma, Finnish Consulting Group (in
Finnish)

Synthesis: Opening of coastal floodplains in intertidal areas (North Sea) and on the
southern Baltic coast
Description: In densely populated coastlines with historically rising sea levels (subsidence), salt marshes
have been embanked for flood protection and agriculture. Reacting to a decline in salt marsh area and anthropogenic sea-level rise, coastal defence dams have been retreated and areas restored as salt marshes.
Along with flood defence concerns, the conservational aim was to restore natural communities and dynamRestoration in the Bothnian Bay
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ics, often focusing on birdlife. Especially along the North Sea, allowing natural sedimentation was important
to adapt shore profiles to rising sea levels. Typically, as a one-time measure, embankments were opened to
allow the sea to reclaim the area, which then would develop naturally. Additionally, channels/creeks are often
artificially dug to achieve more predictable dynamics and better sediment access. Further management is of
low importance (mainly grazing), as the sea dynamics are sufficiently strong. Assessment of the restoration’s
success is often done using aesthetic and engineering criteria or focusing on birds. In addition, assessments
of changes in plant communities have been conducted (Wolters et al., 2005). Projects have been successful
for the most part in turning terrestrial habitats of different quality into intertidal habitats (salt marshes, mud
flats). A clearer analysis is often difficult, as targets and criteria are not well defined.
Remarks: There are many examples from an area that is difficult to compare to the BB. However, the direction (if not degree) of impact on communities and geological processes might be similar in wind/tide
influenced areas of the BB. Direct application is impossible. Application of the concept to establish a creek
network in a shallow, very open shoreline landscape that is left alone for natural development might be an
option to enhance birdlife and many rare plants. The outcome might be a self-sustaining mosaic of valuable
habitats. Sedimentation will not play a role in the BB. In contrast with the areas in the example, such massive
channel networks do not naturally exist in the BB outside estuaries due to low tidal dynamics. Implementation would be a compromise for certain communities, species and ecosystem services but would work
against the concept of naturalistic development.
Literature: Wolters et al., 2005, Salt-marsh restoration: evaluating the success of de-embankments in northwest Europe. (Evaluation, case list)
Scott et al., 2015, Delivering large habitat restoration schemes: lessons from the Steart Coastal Management
Project. Presentation Paper. (One massive case study with a good description of technical and public implementation)

4.23. Pike factories (Gäddfabriker, Haukitehdas)
Description: These projects try to restore lost spawning grounds for pike, a key predator. However, functioning spawning and nursing habitats for pike serve many other species and communities. This is a typical example of an umbrella species, where declined biota benefit from public interest and private investment in a
species of public interest. Measures undertaken can be divided into wetland creation/restoration and lagoon
restoration (see that section). One special aspect is the creation of surface-regulated wetlands designed and
operated as spawning grounds (method not addressed here). Wetland restorations will primarily restore natural disturbances (flood dynamics) and floodplain communities and often serve to support declining species
and nutrient retention.
Remarks: Actions by private owners can be supported by public organizations, including basic pre-mapping,
controlled monitoring and whole-ecosystem analysis. Establishing clear networks and partnerships would
make it easier for landowners to contact professionals and would lead to higher social acceptance of these
actions. Normally, there is local motivation to participate in voluntary monitoring, planning and implementation.
Read more: SVK mukana menossa! Tietoja kohteista. – Vastuullinen vapaa-ajankalastaja (vapaa-ajankalastaja.fi) (in Finnish)
https://www.sportfiskarna.se/Om-oss/Aktuellt/CategoryID/36 (in Swedish)

4.24. Removal of submersed vegetation
Object: submersed plant communities
Targets: biomass/nutrient removal, changes in community structure or physical structure, habitat remediation
Methods: mowing, seining, chain-dragging, harrowing, chemical treatment
Risks: see remarks
Advantages: might be more effective on species diversity than intensive aquatic grazing by waterfowl
Alternatives: doing nothing, management (encouraging bird grazing or navigation effects)
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Legal aspects: Costs: depends on method, targets and area; basic mechanized mowing costs several €100/ha
Remarks: Much more so than with terrestrial or emerging aquatic vegetation, targets, method and species
must be thoroughly planned before implementation. The same measure can be intensive for some species
(e.g., characeans, floating plants) but harmless biomass reduction for others (e.g., smaller hemicryptophytes
and rooting Stuckenia spp.). More so than with terrestrial plants, aquatic biomass reduction can cause immediate biomass explosions of opportunistic filamentous algae and free-floating species (Ceratophyllum demersum, Lemna trisulca), and also surface floating Lemna minor in sheltered waters. The invasiveness of certain
methods to communities and single species is often influenced by adaptations of the method and gear (e.g.,
mowing height above bottom, seine density) and timing. For successful implementation, it is important to
consult experts on aquatic plant ecology.
As a rule of thumb, characeans should be avoided in mixed stocks. Also, dense (100% coverage) multispecies vegetation normally suppresses the growth of problematic weeds such as Ceratophyllum demersum
or Elodea canadensis by limiting one or more nutrients or by allelopathy. Disturbances of vegetation will
generally benefit the latter species, as they are highly competitive following disturbances and periods of high
nutrient availability. Any attempts to reduce these plants or mixed stands where they occur should include
species-selective methods (in space, possibly in time) to avoid facilitating them. In closed, eutrophic water
bodies, including marine bays, total removal of dominating submersed vegetation will often lead to filamentous algal growth or phytoplankton dominance (= turbidity), which might be irreversible (see => biomanipulation).
Priority: Examples:

Existing guides for the general public
For a guide to domestic management of aquatic macrophytes in Finland and good overview for stakeholder
work, but with no additional value for restoration planners, see: Ketola, Mirva, 2020, Vesikasvit ja rannanhoito. Päijät-Hämeen Vesijärvisäätiö. (In Finniah)

Synthesis: Mowing as a tool to remediate charophyte stands
Based on the literature and ecological background of different macrophytes, Blindow (2019, chapter 6)
recommends trials of mowing to promote threatened charophytes. Verhofstad et al. (2017) tried different
mowing frequencies to achieve maximum nutrient removal. At greater frequencies, they observed beneficial
effects on charophytes versus larger vascular plants. A similar effect was observed by Lawniczak-Malinska et
al. (2018). Both articles were available for this review only as abstracts.
Remarks: As is commonly known, charophyte meadows are mainly a community with oligotrophic conditions
and shift towards larger, vascular plant communities as eutrophication increases. As the shift depends on
many competing factors like nutrient availability, light and grazing, there is an opportunity to influence natural
balances to the benefit of the desired community. However, under conditions that are too far from optimal,
this means ongoing management, which is expensive. In addition, there is a risk of turning the whole system into a turbid one (in closed water bodies), according to the theories of Moss (1989). At present, in many
areas of the BB, natural grazing by swans seems to have a strengthening effect on characean mats (Deinhardt, own observations), a pattern that has been studied in an Estonian Baltic bay (Hidding et al., 2010).
Selective mowing (management) comparable to swan grazing might work in urban waters if financing and
implementation are justified. A more realistic application of knowledge on mowing’s ecological effects would
be designing good instructions for common mowing initiatives for private landowners (mainly cottage owners
or municipalities, for recreation or navigation) to reduce their environmental impact.

Restoration of Täktbukten/Täktominlahti, FIN
Description: A ca. 75 ha open bay of the Gulf of Finland was chosen for experimental restoration via aquatic
plant biomass removal. The drainage area restoration (retention wetlands) has reduced its nutrient load, but
nuisance weeds have not retreated and cause ongoing internal loading (nutrients, biomass) in shore waters
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and formerly open sand beaches. Selective mowing of 10 ha of nuisance species at the end of the growing
season was chosen to improve currents, flushing and sediment flow, reduce oxygen consumption and reinstate natural dynamics. Planned root removal was not conducted due to technical problems. The vegetation
in the bay was mapped before the start of mowing in 2019, and monitoring continued until the end of mowing
(2021?). (Anna Arnkil, project manager, Metsähallitus/Forststyrelsen, pers. comm.)
Results: probably available after summer 2021. Total costs are estimated at €179,505 (including all monitoring, mowing and project management).
Remarks: According to the project manager, this is the first documented project to restore a Baltic bay via the
removal of submersed vegetation. Note that the bay is open to the sea, so the influence on nutrient budget
will be low, but the influence on nutrient flow might be very significant. This is a pioneering, well-monitored
study that should be consulted when planning similar actions on the Baltic coasts. The results will show
whether eutrophication can be impacted by local nutrient reduction measures, despite significant background
marine eutrophication.
Responsible organization: Metsähallitus/Forststyrelsen, CoastNet-LIFE (Rannikko-LIFE/Kust-Life) project
(2018–2025)

4.25. Sand replenishment
Object: beaches or coastal stretches with sand depletion problems, artificial environment construction
Targets: adding sand to an environment to initiate, enhance or secure natural sediment dynamics, e.g., dune
forming or sand bank movement
Risks: destruction of the object habitat, destruction of the sand extraction area, suspension of sediments or
poisonous or acidifying substances
Advantages: ensuring natural processes with small time intervals
Alternatives: restoration of natural sand flow/dynamics (breakdown/filling of artificial barriers/channels, =>
Invasive vegetation removal)
Legal aspects: Costs: high, tens of euros/m3 if material is not received from other dredging projects
Remarks: very invasive measure
Priority: only in connection with large building projects (e.g., for use of dredging waste)
Examples: This is a technical solution, not a restoration measure per se. For application in examples, see
=> artificial sandbank and island construction.

Synthesis: sand addition to natural dynamics – use and impact.
Description: Sand is dredged from deeper or offshore sea bottoms to replenish shoreline sand reserves and
feed the ongoing dynamics of water- and wind-driven sand flow and beach and dune-building processes.
The method is very common in western and central Europe, where it is used to mitigate a shortage of sand,
mainly for coastal defence, and for maintaining recreational beaches and maintaining natural dynamics
which have been interrupted/disturbed by human activities. The method is often used to combine restoration
measures with necessary coastal protection. Feeding into sand flow dynamics is mostly undertaken below
the waterline for financial and sustainability reasons. Impacts on marine-bottom fauna have been concluded
to be short-term in dynamic bare sand areas, for both extraction sites and deposit sites (Fröhlich & Rösner,
2015).
Remarks: Sediment and environmental dynamics in the BB are far lower and biota are less opportunistic
than in the oceans. Impacts on biota at input sites might last for several years, as recolonization via macrophytes is slower. At deep-water extraction points, impacts might be shorter-term, but could be long-term
(see section 3.3, Deep bottoms), as current dynamics are low. Overall, sediment extraction from the sea is
probably not justified for restoration in the BB. The method should be only used when dredged sand needs to
be disposed of in useful locations. Feasible sites for sand replenishment in the BB would include overgrown
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sand beaches or cut-off but viable/restored dune areas or sand islands that are suitable for development.
Deposit areas should be markedly shallower than in the European examples, preferably 1 m or less, depending on site-specific dynamics. Deeper sites are probably not sufficiently dynamic to ensure the desired sand
flow. A special case might be sand replenishment in modified estuaries. See also => artificial sand bank and
island construction, => dune rejuvenation, => Invasive vegetation removal, and => estuary restoration.
A ready “to-do list” with possible local applications might benefit the environment and society when infrastructure projects request dredging and associated disposal permits.

4.26. Small-scale habitat modification
Object: sites or key environments of certain species
Targets: mainly the protection of single populations or individuals of highly endangered species via microhabitat improvement (stressor removal, outbalancing competitors, resource improvement). Measures for otherwise valued species are not addressed here (for fish spawning grounds, see that section).
Risks: The measure does not work and may even harm the target. Ineffective resource allocation: the measures rescue the target but do not solve the underlying problem (e.g., lack of suitable habitat, dispersal problems), resulting in high costs, an uncertain future, and a mistaken sense of having resolved the problem.
Advantages: In-situ rescue of rare species reduces the risks associated with uncertainties when translocating species or manipulating the entire environment. It is also faster than many other alternatives. Especially
with plants, it is often the least expensive alternative. Its impact on other species is low.
Alternatives: Large-scale habitat alterations, translocations and ex-situ breeding, elimination of underlying
problem (e.g., nutrient reduction, restoring flood regimes), large-scale management (grazing, food web manipulations)
Legal aspects: Costs: depend on measure
Remarks: This measure is used to compensate for lost habitats, populations or dispersal. Every gardener
reduces competitive stress or improves resources to enhance the growth of a desired plant. Similar to gardeners, biologists should know what the target species needs and what it does not in order to reach their
goals. Thus, knowledge about extremely rare or steeply declining species should be collected before enhancement measures are necessary. Otherwise, loss and failure to restore the last surviving individuals may
result if rescue is inevitable and is conducted without background knowledge.
Small-scale trials of clearing reed around stands of Arctophila fulva have been undertaken at a couple of
locations along the coast, within Kalix and Haparanda municipalities, on the Swedish side of the BB. The
first measure was taken in 2018, and during follow-ups in subsequent years, pendant grass has been seen
to have benefited from the reed removal. However, the measure needs to be repeated continuously if it is to
have any effect (Anna Högdahl, County Administrative Board of Norrbotten, pers. comm.).
Priority: Mainly for extremely threatened populations which must not lose any genetic diversity
Examples:

Enhancement of the last populations of Arctophila fulva var. pendulina and Pucinellia
phryganodes, BB, FIN
Object: The last surviving Finnish Baltic basin populations of two arctic-adapted grass subspecies (Arctophila: estuaries and sandurs, Puccinellia: seashore salt marshes). Single stands/clones of these subspecies are
threatened by succession/overgrowth.
Description: Both species have declined sharply due to the destruction of natural environments as a result
of estuary destruction, eutrophication and a decrease in traditional grazing regimes. The last surviving populations consisted of single stands which were threatened by (1) overgrowth, (2) lack of natural reproduction/
dispersal, and (3) stochastic destruction. Along with other measures (ex-situ protection, translocation, estuary restoration and grazing management, both large-scale and long-term), immediate protection of the last
remaining individuals and enhancement of their competitiveness and reproduction capacity was necessary to
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avoid stochastic loss before population recovery. This was achieved by clearing adjacent competitive vegetation (weeding, mowing) and digging of the surrounding areas to return them to younger successional states,
free up resources and enhance natural reproduction.
Results: For Arctophila, all methods were successful, although natural reproduction was only vegetative. For
Puccinellia, the outcomes were not so clear, but analysis identified that digging produced contrary results, so
it should be avoided in the future.
Conclusion: For the immediate protection of the last remaining stands, measures to positively outbalance
competition and restore earlier successional states on a very local scale were effective. The situation of the
target populations could be improved in the short term. Microhabitat modification alone will not save the population if large-scale measures and concepts (which are under implementation) do not work.
Remarks: This is a very good example of a last-minute rescue project, where the time interval until wider
measures can be implemented and start their impact is too large. Relatively inexpensive and low-risk microhabitat modification helps effectively fill this time interval. This measure can and should be adapted for plant
species with a similar ecology in similar situations.
Literature: 1. Markkola, 2013, POHJANSORSIMO ARCTOPHILA FULVA VAR. PENDULINA JA RÖNSYSORSIMO PUCCINELLIA PHRYGANODES – Esiintymien tila 2013, Ekologia, suojelu, hoito ja seuranta (in
finnish)
2. Markkola, 2016a, POHJANSORSIMO ARCTOPHILA FULVA VAR. PENDULINA – esiintymien tila 2016,
hoito ja seuranta. (in Finnish with adequate English summary)
3. Rautiainen 2006, Population biology of the Primula sibirica group species inhabiting frequently disturbed
seashore meadows: implications for management. PhD thesis. (Scientific trials and description of underlying
methods)
3. Miranto et al., 2017, Etäsuojelijan opas, Norrlinia 32. (In Finnish)

4.27. Small-scale disturbances (periodic or one-time)
Object: Mainly plant communities
Targets: simulating natural disturbances to enhance regeneration, growth or reproduction of less-competitive
species (reducing competitive stress)
Risks: undesired disturbance of natural succession processes, failure
Advantages: easy to control the extent of disturbance
Alternatives: grazing management, enabling (management) of natural disturbances (e.g., ice scouring,
floods) or anthropogenic disturbances (access)
Legal aspects: Costs: Remarks: Mainly, this “measure” is a management strategy of using certain methods (e.g., => removal of
submersed vegetation, => reef restoration by sediment flushing, grazing management, access management) to create disturbances. It is listed here so that readers are aware of the possibility of deliberately
inducing small-scale disturbance by any suitable means if this is found to be desirable. Implementation can
be achieved by coordinated guidance of human activities (navigation, dredging, mowing for recreational reasons), thus achieving restoration “for free”.
Priority: Examples: This is a strategic concept (see remarks), and will be difficult to apply to specific cases, so there
are no concrete examples given here. One example of an integrated guidance strategy is different guides for
how to mow water plants along domestic shores (e.g. Ketola, 2020).
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4.28. Spawning ground restoration at open sea
Object: physical spawning grounds at open sea (gravel/sand bottoms, stone/gravel shores of offshore islands, possibly artificial constructions
Targets: improving or restoring lost properties of known spawning grounds (compensation for eutrophication
and warming impacts), creation of new spawning grounds (in-situ compensation for lost spawning grounds
after construction etc.), ex-situ compensation for lost spawning grounds (due to climate change/eutrophication) in areas switching to optimum conditions (more offshore)
Risks: destruction of existing spawning grounds of target or non-target species, failure of targets = waste of
resources, producing spawning traps (good spawning ground attracts fish to spawn, but high egg densities
increase predation, producing an overall negative impact on reproduction)
Advantages: Alternatives: de-eutrophication, alternative bottleneck solutions (fisheries management, nursery ground restoration)
Legal aspects: Costs: high – very high, if not a by-product of infrastructure construction
Remarks: There has not been any serious attempt to restore marine spawning grounds outside isolated
coastal water bodies (see lagoons and wetlands) in the BB or adjacent areas. In both Sweden and Finland,
there are plans to at least study the possibility of restoring/creating spawning grounds for sea-spawning grayling. Despite ongoing habitat degradation, restoration of spawning grounds for whitefish or even vendace or
herring is probably not necessary. Herring and vendace are probably not limited by spawning grounds in the
area, and there is little fear that this will change in near future. For whitefish, shallow hard-bottom spawning
habitats will probably be more affected by overgrowth and biofilms as a result of climate warming, eutrophication and sea-level rise, while deeper the habitats of both other species should be more resistant to these
changes, and these species are commonly less affected by warming and eutrophication per se. Whitefish reproduction has been shown to suffer from overgrowth (Veneranta et al., 2013). The situation of sea-spawning
whitefish may soon turn in the same direction as in adjacent freshwater and Baltic areas. This can be accelerated by a possible invasion of dreissenid mussels. Then, pressure release via habitat restoration might be
a reasonable measure.
Priority: low compared to the alternatives
Species cases:
As there are no good examples, the species in question are treated below according to the possibilities of
and need for restorations.
Whitefish
Whitefish spawn in the autumn, in shallow water above the spawning ground. The non-sticky eggs drop to
the spawning ground and easily drift with currents until they are trapped between structures (stones) or on
open areas. The eggs are large, visible and prone to predation during their long development. Spawning
sites vary and include many shallow mineral, vegetation-free bottoms, from sand to stones. In rivers and the
adjacent Quark, reefs are preferred (Kuningas et al., 2019). A clear local spawning ground preference or
limitation is also stated for the high coast (Gunnartz et al., 2011). In the northern and eastern BB, whitefish
seem to spawn almost anywhere around very shallow banks and islets (Erkki Jokikokko, LUKE, pers. comm.,
Gunnartz et al., 2011), but stony structures might play a major role for survival as shelters from dislocation,
predation and ice pressure. For the structure-rich Quark area, and partly for the southern BB, relatively few
areas have been found to serve as spawning areas, entailing high egg densities (tens of eggs/m2) (Lari Veneranta, LUKE, unpublished, forthcoming 2021?). Whether this is true for the northern BB is not certain due to
the greater number of suitable bottom areas, lower trapping risk and a theoretically lower predation pressure
due to lower egg densities.
There is no example of restoration of sea-spawning whitefish spawning grounds in the Baltic. Kuningas et al.
(2019) found that in the Quark area, restoration of inner archipelago stone and gravel bottoms and of reefs
might be possible through the construction of artificial reefs at strong current locations. They assume that this
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might be of some effect but doubt that this would be enough to safeguard local reproduction. This analysis
is, however, not applicable to the whitefish stocks of the adjacent BB, where spawning is not that clearly concentrated in certain stone/gravel areas and spawning grounds seem to be still available in large numbers and
the problem is, instead, potentially lower hatching success due to global warming and eutrophication.
Several examples of the restoration of reefs serving as spawning habitats for similar coregonid fish were
found for the Laurentian Great Lakes (see reef construction and restoration). Similar experiences of rare reef
restorations in large rivers can also be found. One that reports success (Fischer et al. 2018) concluded that
there was no significant use for Coregonus clupeaformis, a species with similar traits as the European anadromous Coregonus lavaretus. The applicability of these restorations, however, is questionable. The authors
show that small reef structures do work for Acipenser fulvescens and to some extent Sander vitreus, both
rheophilic lithophilic substrate spawners with sticky eggs and short egg development periods (spring spawners). The Coregonus species, with its free-moving, large eggs and long development time, does not benefit
based on the egg numbers found. This is not surprising, as the strategy of coregonids is to lay their eggs
over relatively large areas at small densities to avoid predation, while spring spawners concentrate their eggs
in optimal spots. Also, free-moving eggs cannot be expected to stay at a certain place for the whole winter,
even if spawners do use the artificial structures. Survival/spring presence of whitefish eggs in the spawning
localities has been found to be very low in similar environments in Finland (5.2%, compared to 61% survival
in egg boxes; Veneranta & Harjunpää, 2017). The lesson to learn from this might be that coregonid spawning
ground restorations should cover larger areas and ensure positive, large-area egg retention to protect eggs
from the accumulation of predation-prone masses or allocation to unsuitable microhabitats (fouling holes,
deeper zones). Whether small, restored reefs in the middle of unsuitable bottom areas would do that job is
debatable and probably a question of morphology.
Caution should be taken in case of dreissenid mussel invasion. The examples from the Great Lakes mentioned above stress the negative impact of mussel cover but do not directly prove it. A controversial claim is
the presumed use of mussel banks by semi-anadromous whitefish as spawning grounds in German coastal
waters, where eutrophication has degraded any other hard bottom types (Volker Huckstorf, State Institute for
Fisheries, Mecklenburg-Vorpommern, Germany, pers. comm.).
Kuningas et al. (2019) conclude that there is a positive effect from uninterrupted local ice cover on the reproduction success of sea-spawning whitefish. Veneranta et al. (2013) conclude that Bothnian Bay’s sea
spawning coregonids start nursing close to their spawning grounds and find that the highest larval densities
were along open, shallow sand shores, preferably behind sand bars. Also, they report that bottom coverage
is negatively correlated with larval densities in the area. According to this background, restoration of spawning grounds will be most feasible in locations that are: (1) less prone to eutrophication and nutrient/biomass/
sediment accumulation, (2) close to suitable larval nursery areas (sandy shores behind sand banks) and (3)
expected to be ice-covered throughout the winter. Additionally, the effects of egg predation should be considered, although the literature seems to give no clear results. Cyprinids in particular are sometimes suspected
to cause high egg mortality rates, but this remains to be proven. Measures should improve (1) sediment
flushing/water circulation in bottom layers, (2) egg retention (between stones or artificial structures => much
room for creative solutions), (3) ice stability in midwinter (wave energy reduction along exposed islands,
ice-holding large stones?).
Any measures that reduce algal, sediment and nutrient load will benefit local spawning success. An important, yet unstudied, issue might be the effect of flocculation of increasing humic load in estuary areas. Large
layers of flocculated organic matter can be expected to reduce oxygen concentrations to critical levels in
spawning sites near estuaries, but proof of this is not available.
In connection with sea sand mining and dredging of navigation channels, new concepts should be evaluated
to restore or compensate for destroyed spawning grounds or to save the functionality of the existing ones.
According to the knowledge mentioned above, sand extraction areas might be restored by leaving coarse
material and accumulating it into larger, shallow reefs on the planed slopes of the mines. It is important to
avoid steep sinkholes, which can accumulate organic matter and reduce oxygen concentration in the surrounding areas. Also, the slopes of navigation channels could be gentler and possibly covered with coarse
material, switching them from egg sinks to hatching grounds.
It is questionable whether there is a significant spawning ground limitation in the BB yet. It must be
considered whether resources assigned to whitefish protection should instead be invested in nursery area
restoration, especially vegetation removal and shoreline cleaning. Also, the creation of new beaches or the
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improvement of extant ones (e.g., via sand replenishment) and management of egg predators (cyprinids) or
early-stage predators (ide, Leuciscus idus and perch) might be more effective options. To start with, studies
on reproduction success and early-life-stage survival deserve to be financed before any physical measures
are taken. These fish are not threatened yet, and their importance to fisheries is declining. However, change
is ahead, and studies should be done now, before it is too late.
Grayling Most grayling populations spawn in strong-current streams and rivers. The vast experience from
stream restoration cannot be applied directly to sea beaches, with the exception of knowledge about chemical factors (oxygen, pH etc.).
Habitat restoration for sea-spawning grayling has not yet been attempted, but there are plans to do so in
both countries, and knowledge will be accumulating within the coming years. In the BB, the loss of suitable
physical environments (well-flushed pebble beaches) cannot be claimed; instead, problems are linked to eutrophication and sediment load on spawning sites. Thus, any restoration measures must aim to mitigate the
physical/chemical impact of these factors. Obviously, spawning site choice is very narrow in small-scale habitat mosaics (stony shores) (Swedish studies, unpublished), and the effects of silting or scouring can differ
greatly along the same stretch of shore depending on many factors. When these factors are better known,
restoration of suboptimal shore stretches to more optimal conditions will be possible. According to current
knowledge, sustainable measures should improve sediment scouring, nearby sediment or sandbank trapping
and possibly ice access. Methods used in lotic systems might be applied as periodic or one-time measures
(e.g., pebble sifting, soft sediment/sandbank removal or fixation, adding gravel along shorelines, pressure
washing/flushing; see also Baetz et al., 2020, and => reef restoration).
As grayling is a cold-water species, it might be possible to create new habitats offshore, which would include
artificial island-building and shore modification on the outermost islands.
It must be noted, though, that fishing regulation might be more important than any restoration. Most
importantly, knowledge about nursing habitats and other lifecycle properties must be attained first. It is not
known whether grayling is limited by spawning habitats at all. Many spawning habitats are mosaics of
small (spawning and nursing) habitat patches. with probably low carrying capacities. The influence of adding
spawning habitats on local YOY production and spawning population sizes must be verified.
Pike
Other than in adjacent southern areas, pike seems to have several significant reproduction areas along
open, vegetated seashores with high levels of protection from wave energy (Deinhardt, personal observations). In areas with high acid load in ditches (sulphate soils), marine shores might be important for local
stock reproduction. A typical characteristic of such areas are stands of Schoenoplectus tabernaemontani
and other emerging macrophytes in comparatively deep water. As these habitats (combined spawning and
nursing habitats) can be expected to increase, restoration is not necessary. On the other hand, they might
often be the object of other restoration targets that could destroy their functioning as spawning habitats. This
aspect must be paid attention to when planning the restoration of currently vegetated shores. For inshore
restorations, see lagoon and wetland restoration.

4.29. Spawning ground restoration in tributaries
Restoration of salmonids in inland rivers is not addressed here. Restoration of pike in coastal tributaries (including ditches) is within the scope of this work, as they can be directly controlled by coastal stakeholders
(e.g., local fisheries associations or municipalities), they have a significant impact on local coastal habitats
(other than long-distance migratory salmonids), and they receive far less (though growing) attention and resources than salmonids.
Object: former/potential small-scale flood plains used by spring-spawners (mainly pike)
Targets: strengthening of pike stocks (for biomanipulation, natural balancing, and fisheries compensation)
Risks: destruction of existing habitat, production of a reproduction trap (habitat attracts spawners, but survival is low, e.g., due to acidity peaks, drying or predation), negative effects on other anadromous fish (salmonids, perch), eutrophication or sedimentation effects downstream/along the coast, overproduction/harm to
extant spawning stocks of pike from competition, short lifespan of functioning habitat (sedimentation, overgrowth), benefit to undesired species (cyprinids)
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Advantages: inexpensive and sustainable stocking of desired fish with adapted stocks, high social sustainability, good private financing opportunity (user pays)
Alternatives: stocking, doing nothing, fisheries regulation, nursery area improvements (alternative bottleneck reduction)
Legal aspects: landowners’ permission, water flow, anadromous fish restoration
Costs: comparatively inexpensive, on par with stocking every year or every few years, can be financed by
stakeholders
Remarks: Most migratory fish populations return to the same spawning grounds within and between generations, usually resulting in slow colonization of newly generated habitats. This is also true for sea-spawning
pike and perch. For this reason, restoration of habitats along existing migration routes will be more successful (Engstedt, 2011). At new locations, success is less certain. and further measures like stocking might be
necessary. Spawning habitats should be designed to meet the true needs of spawners and first life stages.
Designing to avoid benefits to undesired species is advisable: a poor design can result in a relative abundance of cyprinids versus pike, contrary to the goal of this biomanipulation.
Many smaller river and ditch estuaries along the eastern BB coast are dredged, and adjacent wetlands are
isolated via dredge waste dikes. Blocking the dredged channels and opening the wetlands to river flow (=>
estuary restoration) might produce highly productive coastal wetlands which will not dry out during spring
floods. A short distance to the sea could reduce migration mortality. Their effectiveness as spawning habitats
remains to be tested.
Priority: In populations with spawning bottlenecks, natural reproduction should be preferred to maintain local
adaptation and genetic diversity. In situations with strong fishing mortality, restoration will be easier and less
costly to implement than fishing regulation, for the most part (alternative bottleneck).
Examples:

Wetlands for northern pike recruitment in the Baltic Sea
Description: The authors evaluated the development of pike reproduction between three artificial wetlands
situated in streams with anadromous pike. One wetland was designed to serve pike reproduction and two to
retain nutrients. Monitoring was conducted over 3 years (1 year before and for 2 years after, with no control),
and the following factors were assessed: vegetation structure, spring water temperature, zooplankton densities, larval densities, spawner numbers, larval emigration (numbers, size).
Results: Nutrient-retention wetlands lacked spawning structures suitable for pike (submerged terrestrial/
emerging vegetation). Nutrient retention wetlands construction was followed by a local decrease of pike
production (-70%), while the pike-specific wetland raised production over thirtyfold. Larval growth before
emigration was significantly higher in the wetland designed for pike. Changes in spawner densities were not
observed. Yolk-sack larvae were mainly found in submerged terrestrial vegetation, while feeding larvae were
also found in reed stands. Densities were far lower among aquatic macrophytes and in unvegetated areas.
Conclusions: The authors show that restorations to increase pike production can be successful in the short
term without increased spawning stocks (bottleneck removal). They show that the most important factors are
rapidly warming, shallow waters with flooded terrestrial vegetation, and sufficient nursery grounds with dense
stands of flooded terrestrial or emergent vegetation. They show that traditional wetlands for nutrient retention will not meet these criteria and can even harm natural production. They add that the structural problem
might be solved by natural overgrowth. They advise that a flooded pike spawning habitat should be 0.2-0.5 m
deep, full of terrestrial vegetation and have a stable surface area for at least 2 months.
Remarks: The example effectively shows that much can be accomplished through bottleneck release (the same
size of spawning stock produces much more YOY. Whether this will improve recruitment to fisheries remains
unproven but is probable). It also shows that freshly restored nutrient-retention wetlands are unsuitable habitats
for pike. This, however, need not be the case; good design can achieve both purposes by saving or adding
spawning structures. This shows that diverse expertise is necessary when planning a restoration measure.
In the eastern BB coastal area, there are vast areas that could be restored in a similar way by adding simple
weirs to ditches of grazed or reedy areas, if voluntary management can be organized.
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4.30. Stony shore restoration/construction
Object: Mainly artificial shorelines or disturbed locations; for spawning shores see => spawning ground restoration at open sea
Targets: returning modified/disturbed locals to a natural state that homes naturally developing communities,
mantling artificial constructions (road dams etc.) with a naturalistic shore to improve ecosystem services
(landscape value, wave/ice energy reduction)
Risks: disturbing natural restoring processes, disturbing local hydrology, offering steppingstone habitats to
invasive species (esp. terrestrial species along dams)
Advantages:
Alternatives: natural development, accepting massive impacts on ecosystem services, alternative habitat
construction (e.g., sand beaches)
Legal aspects: Costs: Remarks: The impact of land uplift on ecosystem structure might be high, as typically small particle sizes are
washed out in the intertidal zone, a process that cannot be completed as land is rising. The cessation of land
uplift might cause habitat loss and unification. It remains to be determined whether this is true and whether
countermeasures are needed to save this ecotype. Soft sediment habitats should probably be prioritized.
Priority: low for nature protection, partly due to negative indications (see risks)
Examples: no documented cases were found, but some harbour breakwaters have developed functional
ecosystems (e.g., Marjaniemi harbour, Hailuoto/Karlö, FIN)

4.31. Translocation
Object: Species and species groups, mainly vascular plants
Targets: Saving rare species (ex-situ protection), initiation or acceleration of development of whole communities (key species), compensation for disturbed metapopulation dynamics, compensation for lost dispersal
capacity or pathways
Risks: Loss of translocated individuals from the source population, total loss in the event of failure, disturbance of natural succession, local invasion events, unwanted translocation of other species/diseases, neglect of other species
Advantages: if well planned this can be a highly cost-effective measure, and is often a good measure in
addition to environmental modifications; it is much faster than natural spread and can enhance genetically
degraded populations (not always desirable), typical flagship action
Alternatives: habitat modification, enhancement of natural spread, doing nothing and taking the risk of species extinction or metapopulation degradation
Legal aspects: Costs: (plant) translocation itself is highly cost-effective, often only a few hundred € for field work, plus a few
thousand for bureaucratic procedures and documentation. Ex-situ protection and propagation can cost a few
thousand euros per population if combined with routine tasks of botanical gardens. The main costs arise from
the need for monitoring and analyses (determining suitable habitats and source populations, risk assessment) and bureaucracy. A good design reduces costs effectively. National investments into ongoing mapping
and analysis (FIN: VELMU-project) will have good payback with this measure. Total costs of a translocation
project, including ecological studies, are estimated at upwards of €10,000 but well below €100,000.
Remarks: Certain endangered species in the BB have low dispersal potential, and knowledge on their ecology is not available. Transplanting to areas they are unable to reach but which might be suitable might be a
good idea, despite a lack of knowledge. Many species still have large total numbers, despite their sharp decline (Hippuris tetraphylla, possibly Alisma wahlenbergii). Low-budget studies (e.g., literature reviews, selective analyses of existing datasets) and experiments (small-scale translocations, cultivation and lifecycle exRestoration in the Bothnian Bay
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periments, fencing, microcosms, seedbanks) will save a lot of money and time, and probably some species.
There is still a huge knowledge gap for protection and suitable measures. For knowledge on transplanting
submersed macrophytes, see also => establishment of aquatic macrophyte stands.
Translocation measures for pendant grass (Arctophila fulva) have been executed as a management measure
within Natura 2000 areas by the County Administrative Board of Norrbotten (unpublished, 2018). The results
can be regarded as rather successful; in a majority of locations the translocated grass had increased in the
number of plants at the follow-up. The newly planted stands seemed, to be an easy target for local environmental events, however: such as ice, which in some locations had almost completely eliminated the target
species. This experience is similar to the conclusions from the translocation study undertaken in Finland (see
box below) (Anna Högdahl, County Administrative Board, pers. communication).
Priority: The time to do fundamental research is now, not tomorrow (see remarks).
Examples:

Transplantation of Alisma wahlenbergii in Lake Mälaren. Johansson, 2014, Unsuccessful
Description: The relic population in Lake Malar is the only known freshwater population. It is a relic from
when the lake was a brackish bay several centuries ago. The population has decreased for several reasons, mainly eutrophication. Experiments in transplanting the species to lost habitats in the 1990s failed. In
2011–12, possibly recovered areas were evaluated for suitability. The chosen areas were mapped for possible surviving plants, with negative results, and then tested for seedbank survival in-situ and ex-situ, both with
negative results.
Plants from adjacent populations were transplanted to the chosen areas at different times. The transplants
were monitored for the next three growing seasons. Also, species with similar ecological niches were transplanted to assess habitat suitability.
Results: Of the 203 transplanted specimens, 27 survived to the next season, 6 survived for two years and
only one was surviving after three years.
Conclusion: Not successful, but valuable information was gained. Gustafsson recommends that future experiments choose known ancient habitats, transplant large plants, and plant at the beginning of the growing
season. He also recommends covering the roots with stones.
Remarks: The experiment is difficult to apply in the BB, because the use of ancient known sites is not possible. Here we need to focus instead on aiding dispersal to new areas that have not yet been reached. Also,
transplanting to artificial refuges like quarries might be an option. The use of species assemblies for testing
a chosen area is interesting, but there is no reason to do so in the BB, as the species is still rich in the numbers of potential donor populations (millions). The survival of plants for up to 4 years is an important piece of
information on the rather unknown ecology of this species. The same is true for the failure in using (unclassified) ancient seedbanks. In light of this experiment, seed transfer seems a more interesting transplanting
method for this short-lived species. Also, transplantation of plants in their substrate – or even in a total community (e.g., an Eleocharis acicularis mat typically containing hundreds of individuals/m2) seem promising,
knowing the fragile habitus of A. wahlenbergii and the high initial mortality in this experiment. The ecological
background knowledge of the authors should be utilized in future experiments.
Literature:
Johansson, Gustav, 2014, Omplantering av småsvalting i Mälaren: erfarenheter från två försök 2011-2014.
Hydrophyta. (Presentation in Swedish, description of an unsuccessful transplantation experiment.)
Secondary literature:
Jacobson, Anders, 2005, Åtgärdsprogram för bevarande av småsvalting (Alisma wahlenbergii).
Naturvårdsverket. (In Swedish, information on the ecology of A. wahlenbergii.)
Johansson, Gustav, 2011, Utsättning av småsvalting (Alisma wahlenbergii) i Mälaren – Undersökning av potentiella utsättningslokaler i längs Lilla Ullfjärdens östra strand, vid Sandreveln och vid öar i Naturreservatet
Norra Björkfjärden (västra delen) samt Förslag till Utsättningsplan. Hydrophyta. (In Swedish, investigation of
transplantation possibilities in Lake Malar)
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Thuresson, Mats 2018, Nationell biogeografisk uppföljning av småsvalting 2018. Länsstyrelsen i Stockholm.
(In Swedish, with an English summary, a valuable reference list and current knowledge on species status)

Translocation of Artemisia campestris ssp. bottnica, including artificial reproduction,
Bothnian Bay FIN, partly successful
Object: Last known population of Artemisia campestris ssp. bottnica
Description: Seeds of the last surviving plants from a single island were collected for ex-situ protection and a)
translocated and sowed in-situ and ex-situ to natural environments, b) grown under controlled conditions (botanical museum, Oulu University);the seedlings were planted out in ex-situ natural environments. Outcomes
were analyzed after 1 and 2 growing seasons
Results: Seed germination% in nature 0.7%, no survivors after 1 growing season. Germination in garden was
very high and survival of outplantings was 90–98%, 80-96% fertile after 1 season.
Conclusion: Artificial reproduction is a highly effective tool to ensure species survival and dispersal.
Remarks: Obviously, low dispersal capacity due to unknown reasons. Seedbank effects and natural germination need to be researched.
Literature: Miranto et al., 2007, Etäsuojelijan opas, Norrlinia 32, in Finnish
-

Sea-spawning Thymallus thymallus (not a restoration measure per se))

Translocation of pendant grass, Arctophila fulva var. pendulina, Bothnian Bay FIN, partly
successful
Object: declining population of Arctophila fulva var. pendulina (one of two remaining known populations in
FIN)
Description: clonal shoots from healthy stands taken intentionally and from natural damage (ice scouring)
were planted into adjacent optimal environments (in-situ) and in a neighbouring estuary (ex-situ). Garden-grown shoots from the same environment were planted in-situ and in a neighbouring estuary (ex-situ).
Success was assessed after 1–2 growing seasons.
Results: shoots rooted well in most places, depending on water depth. Many new stands were destroyed by
natural dynamics (mainly ice). Survival of in situ direct planted specimens: 33%; garden-grown => in-situ:
96%; ex situ, direct planted: 0% (stochastic ice damage); garden grown => ex-situ: 51%. Growing success:
variable, depending on chosen site (microhabitat).
Conclusion: successful method that still needs improvement in site choice.
Remarks: This species inhabits very dynamic habitats (outermost emerging plant zone of estuaries). small
stands are at a naturally high risk of stochastic destruction by floods, ice and anthropogenic factors. For this
reason, a high number of plantings and large spatial scattering are necessary. It might be a good example for
enhancing Hippuris tetraphylla.
Literature: 1. Markkola, 2016a, POHJANSORSIMO ARCTOPHILA FULVA VAR. PENDULINA – esiintymien
tila 2016, hoito ja seuranta. (in Finnish, with sufficient English summary)
2. Miranto et al., 2017, Etäsuojelijan opas, Norrlinia 32, in Finnish

Translocation of arctic salt grass, Puccinellia phryganoides, Bothnian Bay FIN, successful
Object: last known population of Puccinellia phryganoides in FIN
Description: intentionally taken clonal shoots (as whole sodes with soil) from chosen healthy stands and
micro-grown clonal shoots (pot-grown) from a greenhouse were planted into adjacent optimal environments
and two other areas of former occurrence.
Results: The plants rooted well in most places. Some new stands were destroyed by natural dynamics
(mainly ice). Survival as 15–95%, depending on area and microhabitat. Growing success was variable, deRestoration in the Bothnian Bay
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pending on chosen site (microhabitat). Direct-transplanted stands survived and grew slightly better.
Conclusion: Both methods were successful, but planting site choice needs improvement. Plants propagated
ex-situ need better acclimatization.
Remarks: This species inhabits very harsh habitats (drier parts of salt marshes, typically used for cattle grazing). Spatial distribution needs to be scattered to ensure survival.
Literature: 1. Miranto et al., 2017, Etäsuojelijan opas, Norrlinia 32, in Finnish
2. Markkola, 2016b, RÖNSYSORSIMO PUCCINELLIA PHRYGANODES – esiintymien tila 2016, hoito ja
seuranta (In Finnish, insufficient English summary)

Transplanting a foundation species – a study on the possibilities of restoring Fucus vesiculosus in the Baltic Sea
Object: suitable areas where Fucus has disappeared locally
Description: A detailed study of possibilities, requirements and methods for restoring Fucus vegetation
Results: No concrete case studies. References to other studies, where possibilities and methods have been
tested. For the most part, translocation does not work if basic requirements are not fulfilled (light penetration,
nutrients, physical environment).
Conclusion: Possible, if basic environment requirements are met.
Remarks: Fucus species exist right at the southern limit of the BB, but the expected decline in surface salinity might cause a retreat of Fucus to areas further south. There is no comparable macroalgae in the BB, but
experience with Fucus might include ideas applicable to attempts enhance moss reef building, as mosses
have similar ecological requirements and lifecycle traits and a similar ecological role (although much narrower). Whether moss dispersal radius is as limited as that of Fucus remains unknown. If not, transplantation is
not necessary.
Literature: Kautsky et al., 2020, Restaurering av blåstångssamhällen i Östersjön

Review: Translocation of Characeae, Blindow, 2019
Characeae form an important ecosystem (see Section 3.3, Keystone and rare communities, and => establishment of aquatic macrophyte stands). Restoration of such ecosystems is at the experimental stage
in Finland (Metsähallitus/Forststyrelsen, archipelago and Gulf of Finland) and in Sweden, with no reported
outcomes yet. Restoration of characean ecosystems has been undertaken in freshwater systems, mainly
in temperate Europe, with variable success (Blindow, 2019). In addition, there are endangered species with
very different ecologies that might be protected via translocation (ex-situ preservation). Blindow (2019,
in Swedish) has produced a theoretical study and review of the possibilities for translocation of different
characea, with a focus on endangered species in Sweden. This study includes a vast literature review and
an enormous amount of knowledge that will be useful for both single species translocation and ecosystem
restoration. Caution should be taken when referring to single examples, as closed freshwater systems and
temperate examples in particular will differ substantially from the ecology of characeans in the BB. The author mentions that the ecological strategy and role of certain species varies in different environments. Local
research will be needed, especially an analysis of existing data and experiments linked to disturbances (e.g.
harbour dredging).

Case study: breeding programme and re-establishment of the last Finnish sea-spawning
grayling, Thymallus thymallus
Finnish populations of sea-spawning grayling were assessed and found to be totally or almost totally extirpated, with one exception (Keränen, 2015). Because of the immediate threat of extirpation, spawners
were caught and parental swarms established in two fish farms (Keränen 2017). The nNecessary mapping
and monitoring, as recommended by Keränen (2015, 2017), was only partly conducted, with low success.
Spawning and nursing sites are not well known yet, nor is the size and range of the surviving population.
Also, it has not been definitely verified whether the recently “extirpated” populations are totally extinct. As to
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the urgency of the situation, in-situe and ex-situ introductions of farm-propagated hatchlings and young-ofthe-year have been conducted in the BB without a clearly defined target. Reintroduction in the Quark was
planned but has been stopped due to the uncertain status and genetics of the (possibly extinct) local population (Kari Sarajärvi, Metsähallitus/Forststyrelsen, pers. comm.); however, it will be possible as soon as these
factors are clarified. Prerequisite studies for restoration of locally extirpated populations must be carried out
in the coming years. The establishment of ex-situ spawning populations and the survival of several populations in Sweden will ensure genetic material; extensive ecological studies, however, are yet to be made. Recent work has been done in Sweden, where there larger surviving populations remain, using recently applied
study methods (David Bystedt, pers. comm.).
This case is a good example of how a fish population can be rescued, but also shows that communication
and resource coordination between authorities and across international boundaries are still limited, and improvement in this regard would speed up many projects and save resources.

5. Field studies and observations from the SeaCOMBO
project
Appendix A provides local suggestions and examples of specific locations in need of restoration along the
Swedish coast of the Bothnian Bay. Suggestions and examples are based on knowledge, experiences and
field visits undertaken during the SeaCOMBO project in 2020–2021.
On the Finnish side of the Bothnian Bay some possible restoration areas were visited in 2020–2021. During
the field seasons of 2020–2021, some specific areas in Hailuoto, Kemi, Liminka, Lumijoki, Oulu, Simo, Siikajoki, Liminka and Lumijoki were visited and evaluated. In Table 1 a short summary of some of the visited areas is presented (more detailed information from Northern Ostrbothnian ELY Centre). The biggest problem in
these areas seemed to be caused by eutrophication, and the measures for restoration would include a large
change in the drainage basin, decreasing the amount of nutrient input to the Bothnian Bay. Common reed
(Phragmites australis) has been spreading quite aggressively along the shallow beaches of the Bothnian Bay
due to eutrophication and changes in land use. A few decades ago, the shallow beaches were used quite
intensively for grazing sheep and cattle. Now grazing pressure is very minor, and vegetation on the beaches
is overgrowing. There are some areas on the coast of the Bothnian Bay where grazing is used as a means to
keep beaches more open and increase biodiversity, since common reed cannot take over.
Table 1. Some examples of areas visited during the projected an evaluated from the restoration point of view.
Site name

Municipality

Characteristics/notes

Restoration measures

Lämpsänkari, Ajos

Kemi

Very eutrophicated gloe lake
with Stratiotes aloides & Elodea
canandensis

Removal of Elodea

Eskonlahti

Simo

Flad with a lot of nature values
(Alisma). Parts of the flad are
very eutrophicated (Myriophyllum., reeds..).

More mappings needed to
evaluate need for restoration.

Seipiperä

Oulu (Haukipudas)

Gloe lake and flad. Quite a lot of
reeds, eutrophicated.

Removal of reed

Lotranperä, Pateniemi

Oulu

Elodea canadensis

Removal of Elodea

Temmesjoki river
mouth

Liminka

Nutrient- & sediment load to the
bay from the river

Possibly building wetlands,
creating artificial islands
from the sediments

Karvonlahti &
Laiskanperä

Lumijoki

Flad and gloe -lakes. Very eutrophicated, 3-4-meter-long reed
beds

Removal of reed
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Sannanlahti

Lumijoki

Phrag. aus. & Shcoe. tab.
(reeds) seems to be spreading

Removal of reed from the
waterfront

Merikylänlahti

Siikajoki

Phrag. aus. (reed) taking space
from other species, especially
Alisma wahlenbergii

Removal of reed

Passerikari

Siikajoki

Keeping the coastal meadows
”open” (free from Phrag. aus.)
seems to create habitats for
Crassula aquatica.

Grazing in the meadows

In addition to field visits, a questionnaire was sent out to the public asking for suggestions of sites in need of
restoration along the Finnish coast of the Bothnian Bay. The suggested sites are listed in Table 2. All these
sites are places which can and should be considered and analysed further for future restoration measures.
Table 2. Possible restoration sites on the Finnish side of the Bothnian Bay suggested by the public.
Site name

Municipality

Characteristics/Need for restoration

Kemijokisuun saaret

Kemi

Need to move and remove brush, implement grazing to
keep the shores more open

Ajoskrunni

Kemi

Eutrophicated, lots of algae in the lake. Nutrients coming
from the summer cabins?

Paskaletto

Ii (Kuivaniemi)

Very eutrophicated. There is a lot of trash on the bottom
(logs, metal waste etc.)

Seljänlahti

Ii

Very eutrophicated. Nutrients coming into the bay from
nearby mires

Kempeleenlahti

Oulu

Very eutrophicated and overgrown

Iso Sunijärvi, Satamajärvensuot

Hailuoto

Some time ago a ditch was made from the lake to the
sea, and the ditch is worsening the state of the mires.

Traditional rural biotopes on
the shores of Kalajoki

Kalajoki

Moving and grazing needed to keep these traditional areas from overgrowing

In Finland, we did one pilot restoration study focused on the removal of Canadian waterweed (Elodea
canadensis) by hand from a gloe lake, which was conducted in co-operation with Metsähallitus (for more
details see Appendix B). The pilot study concluded that it is possible to remove Elodea canadensis by hand,
but precision and good planning is needed beforehand. In addition, a geography student from the University
of Oulu evaluated the impact of invasive alien species on endangered aquatic vascular plant species of the
Bothnian Bay and where these species overlap on the Finnish side (Appendix C).

5.1. Planning a restoration activity
When planning a restoration activity, it is important to know enough about the area in question in advance.
The following steps should be considered and planned carefully during the restoration process:
•

Collecting existing background information (information about water quality, fish species, plant species,
bird species etc., previous activities/measures taken in the area, changes in land use)

•

Informing the public

•

Preliminary mappings of the area
o What kind of needs are there?
o What kind of pressures exist in the area and in the drainage basin?
o Pictures and videos from the site, if possible (“before” pictures and videos)

•

Large-scale mappings before restoration actions/measures (mapping of fish, plants, birds and
invertebrates)

•

Deciding on the restoration activities/measures to implement
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o

Who will implement them?

o

How will they be implemented?

o

When should they be implemented?

•

Carrying out the restoration

•

Pictures and videos from the site if possible (“during” pictures and videos)

•

Results: visiting the area after restoration

•

Pictures and videos from the site if possible (“after” pictures and videos)  motivating the public for the
future

•

Follow-ups  How did the activities/measures change the area? Often different parameters need to be
monitored, at several timepoints or over several years before any conclusions regarding the success of
the restoration can be drawn.

6. Planned restoration measures in the Bothnian Bay area
In Finland, there is a lot of discussion about possible restoration activities at the moment. Some restoration
projects are in progress, and many measures are being planned. Here is a list of planned and current restoration areas and measures in the Helmi programme for the Bothnian Bay area:
•

•

Restoration areas include:
o

Kemi: sandy beach (restoration by the city of Kemi)

o

Simo: coastal meadow

o

Ii: coastal meadows

o

Oulu: coastal meadows

o

Hailuoto: island

o

Lumijoki: coastal meadow, The river delta of Lumijoki River and islands

o

Pyhäjoki: mouth of Yppärinjoki River, two coastal meadows and a sandy cape

o

Kalajoki: the estuary of Kalajoki River

Restoration measures include:
o

Removal of brush

o

Coppicing trees

o

Removal of trees

o

Removal of stumps

o

Moving (e.g. reed)

o

Harrowing soil and roots

Many organizations are planning restoration projects, and it seems that in the future we will learn a lot more
about restoration. For example, Metsähallitus coordinates a project called “Biodiversea”, which started in
September 2021 and has eight organizations involved. The official name of the project is “LIFE-IP BIODIVERSEA – Enhancing the marine and coastal biodiversity of the Baltic Sea in Finland and promoting the
sustainable use of marine resources” and the project is focusing on the protection of marine areas.
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7. Prioritized aspects
Prioritization must be done at the decision-making level, i.e., basically the authorities. The basic tenet of
cost efficiency necessitates a sound strategy for the whole BB that each planner can easily consult when
encountering a problem or a solution. The strategy is necessary to compensate for the shortcomings of expertise and knowledge that any planner has, especially regarding what has been done elsewhere. There
are national strategies (FIN: Merenhoitosuunnitelma, Laamanen et al., 2016) and international strategies
(HELCOM: Baltic Sea Action Plan; EU: Biodiversity Strategy, Nature restoration targets, see 5.2 Programs
and strategies), so a regional strategy should be fairly short and concentrate on endemic and key species/
communities, and the processes connected to land uplift. An important part of a regional strategy must be
identifying and closing knowledge gaps: i.e., financing basic studies and monitoring, as well as data analysis. Lack of knowledge and documentation or difficult access to information was the biggest problem encountered when writing this report.
Cost and resource efficiency typically favour the protection of key species and habitats, as well as processes
instead of species. However, legislation requires species protection in some cases. The feasibility of many
restoration measures must be questioned in the face of major environmental changes. If the situation is at
a critical point, restoring environmental services must take priority over species or communities. Asking
WHY is very necessary when planning restorations in order to guarantee effective resource allocation. This
includes careful analysis of biota and effects other than the targeted ones. Many examples presented in
this work did not ask this question or looked only at their specific field of interest.
In the face of limited resources, public guidance of any non-protective activities (e.g., construction) and
private restoration initiatives (mainly restoration in the interests of fisheries and sometimes birdlife) seems
to have great potential for reaching restoration targets. This requires the development of partnerships, expertise networks of public stakeholders, steering tools (catalogues of measures, and trading systems for protective measures). The resources saved can be channelled into underfinanced projects.
When protecting species, alternative bottleneck analyses will help in decision-making. same resources,
Completely different measures can be taken using the same resources and have very different impacts on
species status. Many animals, in particular, have complex lifecycles, and pressure reduction will be possible
at different stages. For fisheries, this concept is very commonly used and is often successful.
A very common strategy of resource allocation is harnessing national or EU programs to gain resources.
These programs are changing quickly and are well-known to their users and so do not need to be described
here.
A very good discussion on practical planning and prioritizing restoration is offered by Geist and Hawkins
(2016):
Some general principles are emerging: reinstate the geomorphological template and hydrodynamic processes; stop as many impacts as possible and harness natural recovery processes; concentrate on ecosystem engineers, keystone species, and habitat forming and shaping species or assemblages; control
excessive bottom-up forcing such as eutrophication and restore top-down control by higher trophic levels.
In open systems stop impacts and rely on natural recovery as far as possible – perhaps nudging nature
by enhancing successional processes by aiding facilitation. More closed systems provide much more
opportunity for intervention, and it is in lakes and saline lagoons that have much in common that there is
the greatest scope for intervention and targeted restoration to a defined desired state.

Interestingly, the Finnish east coast and Swedish west coast of the BB are quite different from each other,
which results in sometimes very different statuses for the same species. This has implications on species’
national status and available resources. The existing direct binational cooperation seems to have a high
potential for development. Cooperative action plans will save resources, especially for species protection.
Often, there are resources or needs on one side and ideas or expertise on the other; the same is true for
questions and data.
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7.1. Compensation measures and guidance
When the disposal of dredging waste or dismantling of artificial structures is being considered, it is important
to think about where and how these materials will produce the most positive effect instead of only thinking
about where they will cause the least harm. Because different shoreline habitats are the most threatened, islands that contribute to species protection and succession processes, as well as sediment dynamics, are the
most productive (in a conservational sense) at the shoreline. It therefore might make sense to generate such
habitats. This can have a big effect on biodiversity and might be even less expensive than the landscape
approach, where naturalistic shorelines are shaped/left untouched and dredged/removed material is dumped
where it is not visible (offshore or inland). Naturally, a more active strategy will often collide with the principle
of “natural development first”. Precaution during planning must not be forgotten.

7.2. Current programs and strategies
Finnish marine strategy: https://www.ymparisto.fi/fi-FI/Meri/Merenhoito (in Finnish); https://www.ymparisto.fi/
sv-FI/Hav/Havsvarden (in Swedish)
Finnish strategy for species in urgent need of protection: Kemppainen & Kaipiainen-Väre, 2017, https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160425/YMra_26_2017.pdf?sequence=1&isAllowed=y (in Finnish, insufficient Swedish abstract)
Program of measures in the Bothnian Bay district (Water Framework Directive), https://www.vattenmyndigheterna.se/atgarder.html
Program of measures for the marine environment in Nordsjön and Östersjön (Marine Strategy Framework
Directive), https://www.havochvatten.se/planering-forvaltning-och-samverkan/havsmiljoforvaltning/atgardsprogram-for-havsmiljon-i-nordsjon-och-ostersjon.html
Marine restoration strategy against physical impact and for biological recovery, (SWAM, in progess)
Program of measures for threatened species and habitats, SWAM, https://www.havochvatten.se/arter-och-livsmiljoer/atgarder-skydd-och-rapportering/atgardsprogram-for-hotade-arter-och-naturtyper.html
Baltic Sea action plan. HELCOM, 2007 (subsequently updated) https://helcom.fi/media/documents/BSAP_Final.pdf
HELCOM Guidelines for Management of Dredged Material at Sea, 2015, https://helcom.fi/wp-content/uploads/2016/11/HELCOM-Guidelines-for-Management-of-Dredged-Material-at-Sea.pdf
EU Biodiversity Strategy, https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1590574123338&uri=CELEX:52020DC0380
EU nature restoration targets (under development), https://ec.europa.eu/environment/strategy/biodiversity-strategy-2030/eu-nature-restoration-targets_en

8. Future needs and challenges
This report shows that there is a shortage of very fundamental knowledge needed for deciding what, if, why
and how to restore in the BB. Case studies will be one important aspect in directing restoration efforts. Time
and money can be saved by conducting pilot studies first, to aid decision-making processes for larger projects. Below is a short list of knowledge gaps and possible research avenues to improve restoration planning.

8.1. Knowledge gaps
•

Many endemic plant species existed further south in historical times, mainly in more saline areas.
Why have they disappeared? What can we learn?

•

Ecology and lifecycle traits of most endemic species (Alisma w., Hippuris t.) are not known.

•

The role of charales meadows, a common biotope in the BB: how important are they, and for whom
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and what?
•

Shift from Chara dominance to Potamogeton dominance: does it happen, where, and under what
conditions?

•

Role of humic substances (still increasing).

•

Role of Fe in coastal P-retention.

•

Nutrient cycle of cattle/sheep grazing (assumptions from inland shores are probably not applicable).

•

Role of rising shorelines as nutrient traps is not documented.

•

Ecological role of natural key grazers (Cygnus, Anser) is not documented.

8.2. Possible but unimplemented analysis of existing data
•

Analysis of effects of opening or closing lagoons and bays using existing data (VELMU, FIN),
comparison to natural lagoons/bays.

•

Analysis of coloured organic matter impacts in estuary areas (according to river humic input, better
modelling of dispersal and coagulation).

•

Modelling of dreissenid mussel invasion possibilities (probably needs experimental laboratory data).

•

Analysis of shifts in aquatic plant communities (Chara vs. Potamogeton) from existing data sets, e.g.,
patch analyses.

•

Use of ample available references on urgent restoration projects.

•

Analysis of museum data on retreated species (especially Alisma w. and Hippuris t.), data on
environment, especially accompanying species, as well as chemical and physical environments, to
identify reasons for disappearance, including modelling of future developments.

8.3. Data collection
•

Monitoring of nature before and after point disturbances (construction, dredging, spilling), including
control sites.

•

Broad monitoring and evaluation of pioneering restorations (e.g., in the Finnish lagoon Akionlahti, the
beach-dune complex Laitapauha, the deltas of Temmesjoki and Toby å/Laihianjoki).

•

Determination of major factors of sea-spawning fish (grayling, whitefish) lifecycles (egg dispersal, egg
retention, egg-predation, egg-survival, larvae dispersal, nursery areas).

•

Ecology and lifecycle of endemic plants (esp. Alisma wahlenbergii).

•

Long-term monitoring of lagoons to assess natural community fluctuation.

•

Studies on near-shore nutrient impact of different grazing patterns on shallow area aquatic vegetation.

•

Tests of genetic identity of Hippuris tetraphylla in the BB (if it is an isolated population, measures must
be taken soon).

•

Experiments on the range limitations of dreissenids in the BB in terms of climate/temperature,
chemical composition and food availability

•

Knowledge of zoobenthos and (hidden) zooplankton in charales meadows

•

Field data and experiments on the role of natural Fe leaking from shores for P retention

•

Experimental biomanipulation of disturbed BB bays to test whether a reduction in turbidity and local
nutrient retention is possible under brackish conditions
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Journals and web pages relevant to marine/aquatic
restoration
Aquatic Conservation: Marine and Freshwater Ecosystems. A peer-reviewed journal that is a major source of
publications on the topic. https://onlinelibrary.wiley.com/journal/10990755
HELCOM website: publications (many of which being linked to restoration topics). https://helcom.fi/helcomat-work/publications/
Journal of Great Lakes Research. PMultidisciplinary peer-reviewed studies focused on large lake environments. https://www.journals.elsevier.com/journal-of-great-lakes-research
Merces project: A EU-financed project to coordinate and connect marine restoration efforts. It is important for
creating networks and, to – a lesser smaller extent, for the – production of overviews, reviews and syntheses. http://www.merces-project.eu/?q=content/newsletters-factsheets

Other useful links
Information on species (distribution data, status) on a national scale: www.artfakta.se ; www.laji.fi
Data map service for the Finnish marine inventory programme VELMU: https://paikkatieto.ymparisto.fi/velmu/
index_eng.html
Map services for national land surveys: https://kso.etjanster.lantmateriet.se/ ; https://asiointi.maanmittauslaitos.fi/karttapaikka/?lang=sv

Organizations mentioned in the report
FINLAND
ELY: Centre for Economic Development, Transport and the Environment / ELY-keskus/NTM-centralen; www.
ely-keskus.fi; Regional authorities with different responsibilities in overlapping areas. For more information,
contact the persons/centres mentioned in the report or the regional centre of North Ostrobothnia, Oulu/
Uleåborg
LUKE: Natural Resources Institute Finland/Luonnonvarakeskus/Naturresursinstitutet; conducts research on
natural resources, e.g. fisheries and aquaculture; www.luke.fi
Metsähallitus/Forststyrelsen: the Finnish forest authority responsible for national parks and state-owned
waters and land, and the main actor in marine and coastal protection and inventories; www.metsa.fi
RKTL: the Finnish gameand fisheries research institute / Riista- ja kalatalouden tutkimuslaitos / Vilt- och
fiskeriforskningsinstitutet, Incorporated into LUKE in 2015
SVK: Finnish Federation for Recreational Fishing (FFRF); https://www.vapaa-ajankalastaja.fi/
SYKE: Finnish Environment Institute; Suomen ympäristökeskus, Finlands miljöcentral; a national institute for
environmental research and the main national advisor on environmental policy and guidelines; www.syke.fi
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SWEDEN
Länsstyrelsen/County Administrative Board: regional authorities for each county, www.lansstyrelsen.se
Havs-coh vattenmyndigheten/SWAM: Swedish Agency for Marine and Water Management, https://www.
havochvatten.se
Naturvårdsverket/EPA: Swedish Environmental Protection Agency, https://www.naturvardsverket.se/
SLU Artdatabanken: SLU Swedish Species Information Centre, https://www.artdatabanken.se/
Sportfiskarna: Swedish recreational fishing organization, https://www.sportfiskarna.se/

International
HELCOM: Baltic Marine Environment Protection Commission, www.helcom.fi
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Introduction
This report provides suggestions and examples of sites that may be in need of restoration along the Swedish
coast of the Bothnian Bay. Suggestions are based on field visits, mappings and analyses done during the
SeaCOMBO project.
Restoring individual sites alone won’t solve all the environmental problems of the Bothnian Bay. However,
it will provide an opportunity to develop methods and gain valuable hands-on experience with local-scale
marine restoration. That, in turn, can take us one step closer to the goal of Bothnian Bay achieving good environmental status, or similar, as stated in the Marine Strategy Framework Directive, the Water Framework
Directive and the Habitats Directive. Marine restoration of sites in the Bothnian Bay may also contribute towards the Swedish environmental quality objectives ‘A balanced marine environment and flourishing coastal
areas and archipelagos’, ‘A rich diversity of plant and animal life’ and ‘Zero eutrophication’.
Hydromorphological and eutrophication quality standards, as defined by the Water Framework Directive, are
considered in this report. Pollutants and means of handling them are, however, not considered here.
The restoration alternatives go hand-in-hand with the national work by SWAM to coordinate a marine restoration strategy to reduce physical impacts and achieve biological recovery. This is also one of the measures
of the Bothnian Bay water district authority’s proposed measure programme (measure 12: Prioritizing of
coastal areas), which the County Administrative Board is responsible for. This programme is the basis for
implementing the physical measures required to enable compliance with environmental quality standards.
Please note that the suggestions and examples given in this report do not constitute a complete list of sites
in need of restoration in the Bothnian Bay. The examples should be seen as a starting point, and over time
more inventories and mappings will be needed as more knowledge and experience are gained; reviews of
sites and methods may be relevant. Before any actual restoration action is started, there are several processes that need to be completed before a site can be fully considered. Environmental permits and landowner consent, for example, must always be in place before any activity can take place. The sites in this report
are still merely suggestions and have not been gone further in the process of active restoration.
When analysing the sites and appropriate measures, scenarios for future average seawater levels from the
Swedish Meteorological and Hydrological Institute (SMHI) were used.

Coastal lagoons
Coastal lagoons (Natura 2000 habitat 1150) are an important habitat in the Bothnian Bay. They are generally
a vegetation-rich environment, as well as an important biotope for spring-spawning fish, both for recruitment
and during their early life stages.
Land uplift is a natural process whereby lagoons with thresholds towards the open sea become more and
more isolated from the sea. Through this process, the lagoon will eventually become completely cut off from
the sea and turn into a so-called gloe lake, which has no connection to the sea at all. The biggest threats to
this habitat are various types of exploitation: for example, when the threshold is dredged so that the function
of the habitat changes. Due to climate change effects and expected sea-level rise, land uplift could be cancelled out in the future. This would mean the natural process of lagoons forming would cease and no new
habitats would be formed. There is already a need to protect and restore coastal lagoons, but if the land uplift
cessation scenario comes true, it may become even more important to protect and restore the lagoons that
are left.
The morphology of a lagoon may be affected if its threshold is completely or partially excavated: e.g., when
dredging a channel into the lagoon. That, in turn, affects the hydrological regime by increasing water exchange between the lagoon and the sea. Increased water exchange affects water temperature, salinity and
the ability to hold water inside the lagoon. Altered salinity and the ability to hold water can have a major effect
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on the macrophytes in the lagoon, which are adapted to a certain type of environment. The species composition of the ecosystem may change because not all species might be able to live in the new condition.

Figure 1. Three pictures showing the opening of a lagoon with a dredged threshold and material on land beside the opening. Photo: David Bystedt

Lagoons are important spawning and nursery areas of fish. The shallow, protected habitat is generally rich in
vegetation, and its waters warm up earlier in spring than the surrounding waters outside the lagoon. The early warming of the water and abundant vegetation is negatively affected by dredging, as this leads to a greater
exchange of colder water from the surrounding sea. The impact of dredging on morphology and the hydrological regime may affect fish recruitment and early life stage conditions, in terms of both temperature and the
ability to maintain stable water levels.
Lagoons with a dredged threshold at the entrance face an increased risk of fluctuating water levels and, in
extreme cases, drying up. This may cause devastating effects on the ecosystems in the lagoons. By restoring the threshold, the aim is to achieve more stable water levels inside the lagoons, a more natural water exchange and higher water temperatures in the spring by reducing the water exchange. This may provide more
favourable conditions for successful fish recruitment. A more stable water level also reduces stress on flora
and fauna, which otherwise risk being partially drained from time to time. Restoration of previously damaged
thresholds improves the hydromorphological quality standards, according to the Water Framework Directive.
Restoring the threshold of a lagoon may also lead to decreased anthropogenic impacts linked to boat traffic,
due to reduced accessibility. Lagoons often have a widespread and varied species composition in terms of
macrophytes, which can be negatively affected by increased turbidity and bottom damage from boat anchoring and propellers.
As with all kinds of restoration measures, it is always important to maintain a landscape perspective and conduct a risk analysis before acting. Not all lagoons are suitable for restoration, and attempting to restore them
can lead to reverse effects.
Below are examples of coastal lagoons that may be in need of restoration along the Bothnian Bay coast
of Norrbotten. They have been mapped out, and suitable measures for them have been considered. In
any case of restoration planning, it is important to consider and include applications for necessary permits,
consultation with landowners and a plan for follow-up of the results. To know whether the restoration was
successful or not, a follow-up of its effects is extremely important. In the case of coastal lagoons, suitable
follow-ups may, for example, include water temperature measurements, macrophyte inventories, fish recruitment studies, water chemistry monitoring and zooplankton inventories.
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Figure 2. Map showing the Bothnian Bay coast of Norrbotten. The examples of coastal lagoons described below are marked with red dots and numbered: 1. Salmisudden, 2. Yttre Mjoögrunden, 3. TIstersöarna, 4. Kolaviken, 5. Killingholmsviken, 6. Djupviken, 7. Lundfjärden, 8. Skomakaren

Salmisudden
Salmisudden, in Haparanda municipality, has an interesting coastal environment, with several lagoons in different stages of development. On the east side of Salmisudden lies a small lagoon with a dredged threshold.
The lagoon is shallow and measures only approx. 0.8 meters in depth at its deepest part. From historical orthophotos from the 1960s, clear changes in the morphology of the lagoon can be seen. Several macrophyte
inventories have been conducted within the lagoon. Here you can find a high diversity of vascular plants and
algae, including the endangered species Persicaria foliosa, flat-stalked pondweed (Potamogeton friesii) and
Braun’s stonewort (Chara braunii). The area as a whole is important as a location for fish spawning and early
life stages. The salinity of the water outside Salmisudden is around 0-0.1‰, which is almost the same as
inside the lagoon. The area is not particularly exploited, and the anthropogenic nutrient load is assumed to
be low.
By restoring the threshold, the lagoon would get a chance to reach a more natural state. This would make
it easier to maintain a stable water level, and the environment inside the lagoon would be put under less
stress. The warming of the water inside the lagoon in spring could be enhanced and, together with its rich
underwater vegetation, the lagoon may provide a highly favourable habitat for the recruitment and early life
stages of fish.

Yttre Mjoögrunden
Yttre Mjoögrunden consists of a number of small islands in Piteå municipality. Due to the land uplift effect,
the small islets are growing together into a larger island, with a lagoon in the middle. Today the islands form
a lagoon with a threshold at the inlet in the south. An orthophoto from the 1960s shows that the area used
to be connected to the sea via an inlet in the north as well, but that inlet is now closed due to land uplift. The
salinity in the area is just over 2‰ and the water depth in the deeper parts of the lagoon exceeds at least one
meter. The lagoon is relatively open and thus has a relatively significant water exchange, which means that
the salinity inside and outside the lagoon probably does not differ significantly. The lagoon is partly well-inRestoration in the Bothnian Bay
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ventoried in terms of macrophytes. Dense underwater vegetation grows here, mainly consisting of various
vascular plants. Meadows of characean rough stonewort (Chara aspera) are also found in the lagoon. The
area is not particularly exploited, and the assessment is that the anthropogenic nutrient load is low.
By restoring the threshold, the lagoon would get a chance to reach a more natural state. This would make,
it easier to maintain a stable water level, and the environment inside the lagoon would be under less stress.
The warming of the water inside the lagoon in spring could be enhanced and, together with its rich underwater vegetation, the lagoon may provide a highly favourable habitat for the recruitment and early life stages of
fish.

Tistersöarna
Tistersöarna consists of a small number of islands located in a relatively exposed location in the central archipelago in the western part of Bergöfjärden, Luleå municipality. The area has high natural values, and here
you can find, among other things, coastal spawning grayling on the outer, most exposed parts of the islands.
Between the islands lies a lagoon that has the right conditions to be a good area for the recruitment and early life stages of warm-water fish. Due to the land uplift effect, two of the islands, Husören and Sörön, have
almost grown together into a larger island. A shallow and well-protected environment is formed between the
two islands. At present, there are two inlets into the lagoon, both of which have been dredged. The western
passage would probably not have existed without dredging. The lagoon has not been inventoried for macrophytes, but there is great potential for rich underwater vegetation, as the area is very shallow and well protected from wind and wave exposure.
By restoring the threshold, the lagoon would get a chance to reach a more natural state. This would make,
it easier to maintain a stable water level, and the environment inside the lagoon would be under less stress.
The warming of the water inside the lagoon in spring could be enhanced and, together with its rich underwater vegetation, the lagoon may provide a highly favourable habitat for the recruitment and early life stages of
fish.

Kolaviken
Kolaviken is located on the Bondön Peninsula in Piteå municipality. The lagoon is relatively large, about 39
ha in size and up to three meters deep. The water exchange between the lagoon and the sea is limited to a
small passage in the northern part, and the depth of the threshold is around 0.6 metres. Macrophyte inventories show varied underwater vegetation with a high degree of coverage. The lagoon is rich in fish and a good
habitat for spring-spawning fish, both for recruitment and as a nursery area. Salinity is around 2‰ outside
the lagoon. Salinity measurements are missing from inside the lagoon. However, the presence of bur-reed
indicates an environment with high freshwater influence and low salinity.
By restoring the threshold, the lagoon would get a chance to reach a more natural state. This would make,
it easier to maintain a stable water level, and the environment inside the lagoon would be under less stress.
The warming of the water inside the lagoon in spring could be enhanced and, together with its rich underwater vegetation, the lagoon may provide a highly favourable habitat for the recruitment and early life stages of
fish.

Killingholmsviken
Killingholmsviken, in Luleå municipality, is located on the large island of Sandön, right outside Luleå city. It
is a relatively large lagoon, with water exchange via a threshold in the southeast. Salinity is 1.5‰ and its
maximum depth is 2.5 meters. The threshold is about 0.5 meters deep but with a distinct dredged passage
for boat traffic. The lagoon has been inventoried and has high natural values and an overall high degree of
coverage of macrophytes.
By restoring the threshold, the lagoon would get a chance to reach a more natural state. This would make,
it easier to maintain a stable water level, and the environment inside the lagoon would be under less stress.
The warming of the water inside the lagoon in spring could be enhanced and, together with its rich underwater vegetation, the lagoon may provide a highly favourable habitat for the recruitment and early life stages of
fish.
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Djupviken
Djupviken is located on the mainland coast in Jävre, in the southern part of Piteå municipality. The area
consists of a small lagoon that is divided into two parts, with a somewhat limited exchange of water between
them. The inner part is relatively untouched and less affected by dredging, which only extends into the outer
part. The outer part, on the other hand, is strongly affected, as the dredging is relatively wide and deep in
relation to the size of the lagoon and extends along its entire eastern side. The inner part of the lagoon has a
soft bottom, with dense vegetation dominated by small pondweed and water milfoil. Despite the dredging, the
outer part is varied and has a high coverage of vegetation. The salinity of the lagoon is 1.9‰ and does not
differ from measurements in the immediately surrounding area. The lagoon might though be at risk of reverse
effects if restored, and therefore further studies are needed before taking any action.

Lundfjärden
Lundfjärden, in Piteå municipality, is a relatively open lagoon with significant water exchange in the south.
Salinity is around 1.3‰, and the water depth measures up to 1.5 meters in the deeper parts of the area.
Lundfjärden was originally a bay, with water exchange from two directions. However, the land uplift effect
has led to the two islands of Fjärdagrundet and Svartnäsgrundet on the east side growing together with the
mainland and thereby reducing one of the previous channels of water exchange to the bay. Nowadays there
is a dredged channel between the islands, which again allows water to be exchanged from two directions
with the lagoon. Macrophyte inventories have been conducted on several occasions in the lagoon. Vegetation is both species-rich and occurs at high degrees of coverage. As Lundfjärden has a wide and a relatively
deep threshold in the south, neither the morphology nor the hydrology is significantly affected by dredging.
However, dredging enables boat transport in and out of the area from two directions, which can have a negative impact on underwater vegetation: for example, by increased turbidity and propeller damage. The lagoon
might be at risk of reverse effects if restored, however, and therefore further studies are needed before taking any action.

Skomakaren
Skomakaren is a relatively large island in the Haparanda Archipelago. On the south side of the island is a
relatively large shallow lagoon with water exchange through inlets from two directions. The southern passage
would probably have been closed if it had not been dredged. The western passage is wider and seems more
natural. However, the area has not been inventoried, but the conditions for the area are good, as the lagoon
is shallow and well protected from exposure.
By restoring the threshold, the lagoon would get a chance to reach a more natural state. This would make,
it easier to maintain a stable water level, and the environment inside the lagoon would be under less stress.
The warming of the water inside the lagoon in spring could be enhanced and, together with its rich underwater vegetation, the lagoon may provide a highly favourable habitat for the recruitment and early life stages of
fish.

Affected shorelines
Exploitation along the coast – for example, from the building of harbours and piers and dredging – may affect
the beach zone as well as the shallow bottoms surrounding it.
The shallow coastal zone is one of the most productive areas of the sea, with high biodiversity. We can protect this area and secure its functions for the future by limiting negative anthropogenic impacts. This might
mean reducing new coastal establishments, for example, and also removing old establishments that are
no longer in use to improve shoreline connectivity, morphology and hydrology. On Koskäret, on the Vargön
Island (Piteå municipality) and on the west side of the Norr-Äspen Island (Luleå municipality) there are old
piers that are no longer in use. Their removal may improve the hydromorphological quality standards of connectivity, morphology and hydrology, which could lead us closer to achieving good environmental status of
the waters in the area.
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Eutrophication
About 10% of the coastal water area in Norrbotten is classified as eutrophicated. There is no large-scale eutrophication occurring; rather, problems are localized in shallow, enclosed anthropogenically affected bays.
In comparison to other parts of the Baltic Sea, the extent of eutrophicated waters is low. The difference in the
Bothnian Bay compared to the southern parts of the Baltic Sea is that the problems here are of a mostly local
nature and should therefore also be possible to restore cost-effectively and relatively easily over time.
Bays that are affected by eutrophication are usually relatively enclosed, have a limited exchange of water
with the open sea and a lower salinity. The area surrounding them often has substantial ongoing human activities, e.g., residential areas, agricultural land etc.
At the same time, such bays constitute an important environment for warm-water fish. They also provide recreational value for people living in the area or visiting for activities such as boating, fishing and swimming.
By applying measures to combat eutrophication we can improve the eutrophication quality standards of nutrients, phytoplankton and depth of visibility (according to the Water Framework Directive).

Bensbyfjärden

Figure 3. Maps showing the location of Bensbyfjärden north of the city of Luleå (right) and a close-up of its three water
bodies; Mulöviken, Granöfjärden and Bergnäsfjärden (left).

These three water bodies are located north of the city of Luleå, and together they form a large, relatively enclosed bay system. The bay system is shallow and has limited water exchange with the sea beyond, while at
the same time it suffers from high anthropogenic impacts from densely populated areas via the inner lakes.
The bay system has a relatively large proportion of agricultural land, sewage outlets and inflow from several
lakes, including the inner lakes surrounding the city centre, which leads to significant stormwater impacts.
Mulöviken is located at the far southern end of the bay system and has a salinity of only 0.8‰ (surface water) and is thus strongly affected by freshwater inflow in the area, as well as its limited water exchange with
the adjacent bays. The presence of bur-reed and water lilies are strong indicators of low salinity. The inner
part of the bay is shallow and lined with cottages along the shore. Mulöviken is connected to Granöfjärden
via a narrow strait, the latter of which is a more open bay. In the northernmost part of the area lies Bergnäsfjärden, which has the greatest water exchange with the adjacent seas of all the three water bodies. The
northern part of Bergnäsfjärden is strongly affected by the inflow of freshwater from Altersundet, which forms
an area with the characteristics of an estuary that supports freshwater vegetation. This area has the least
visible impact of human activities from land and rich underwater vegetation that includes charophytes and
vascular plants, such as Nitella wahlenbergiana, water pygmyweed, Baltic water-plantain and water mudwort.
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The water in the bay is strongly impacted by brownification and has problems with eutrophication. Water
samples were taken in the bay and its inflowing waterways between 2009–2012 as well as between 2019–
2021. According to the assessment criteria, the status was classified as fair to poor in terms of nutrients and
biology at that time and has continued to worsen.
The goal of restoration for Bensbyfjärdarna would be to reduce its nutrient load and improve the depth of
visibility by addressing anthropogenic terrestrial impacts and the internal nutrient load in the area. The goal
is to improve the ecological status of all the water bodies, which also would increase their recreational value,
provide a better environment for underwater vegetation and in turn offer better recruitment and living areas
for fish.
An investigative study has already been undertaken in Bensbyfjärden to analyse and estimate the need for
physical restoration measures and their extent. The following parts were included in the investigative study
(the cost of the action is shown in brackets):
•

Sampling and nutrient source distribution analysis (150–200,000 sek)

•

Depth scanning (50,000 sek)

•

Sediment survey of leakage prone to phosphorus (450,000 sek)

•

Sediment survey internal load instantaneous (200,000 sek)

•

Geochemical modelling (including sampling) (65,000 sek)

•

Based on the investigative study, the following measures are suggested to continue in the future in
Bensbyfjärden:

•

Aluminium precipitation to reduce internal loads

•

2 drained wetlands with retention and spawning/rearing areas for predatory fish

•

Phosphorus dams and clogging ditches

•

Edge zone nutrients and erosion

•

Actions for horse farms

•

Actions for agriculture land

•

Measures for sewers

•

Measures for stormwater drains

•

Biomanipulation through fishing effort

•

Re-establishment of characean algae

Over time we need to adopt more measures to improve all the eutrophicated waters. The first step is to conduct an investigative study to ensure the right measures are taken in the right places. Below are suggestions
of other water bodies which also might need measures to be taken to improve their eutrophication situation.
•

Slumpfjärden is an enclosed bay in Kalix municipality that has limited water exchange with the sea
outside. Eutrophication quality standards indicate poor conditions.

•

Möröfjärden is an enclosed shallow bay in Luleå municipality that has limited water exchange with the
sea outside. Eutrophication quality standards indicate moderate conditions.

•

Kroksfjärden is an enclosed shallow bay in Kalix municipality that has limited water exchange with the
sea outside. Eutrophic quality standards indicate moderate conditions.

Estuaries
There is a need for restoration of estuaries in Norrbotten because of their importance in the marine ecosystem and the fact that they in most cases they have been modified and placed under increasing anthropogenic pressure. As a start, to learn more about restoration methods within estuaries, we suggest two smaller es-
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tuaries as pilot cases: Håkansöfjärden and Kroksfjärden. The hydromorphological and eutrophication quality
standards of both of these estuaries have been affected.

Re-establishment of macrophytes
The idea of planting, translocating or spreading seeds/propagules of macrophytes is to restore previously
suitable areas where they have existed before but have declined or disappeared due to factors such as
water quality deterioration. The purpose can also be to re-establish certain endangered species that have
decreased in population or distribution. The second aspect is to improve the functioning of habitats and biotopes
Charales meadows can absorb nutrients, bind sediments and act as an early life-stage substrate for fish.
These functions may be partly equivalent to the functions provided by eelgrass in the southern Baltic Sea.
However, more research is needed to fully understand the functions of charales meadows.
Below are a few examples of areas where the re-establishment of macrophytes could be implemented as a
pilot study project, and its results evaluated.

Bensbyfjärden
The area contains a suitable environment for the establishment of characean algae if the eutrophication
problem is solved. However, vegetation coverage in the bay seems to vary greatly from year to year. If monitoring of macrophyte coverage continues to show low vegetation occurrence over the years, planting/translocation of characean algae may be a suitable action. This body of water is in close proximity to Mulöviken,
where Braun’s stonewort grows, and with a reduced nutrient load, this bay may also be a suitable environment for the species.

Kallviken
The bay is affected by adjacent forestry and agricultural land use. The bay would probably be separated from
the sea if a relatively long dredging had not been made into the bay. Here, star duckweed grows with very
high degrees of coverage, which also indicates a high nutrient load. Before possible planting of charophytes
in the bay, the eutrophication problem should be addressed. No charophytes have been observed in the bay
so far, but rough and smooth stoneworts are present in nearby bays and thus might be suitable for introduction into Kallviken.

Kurkisenlahti
The bay is relatively large, with distinct northern and southern ends and with an island (Sölkäkari) in between. The southern end has a stream emptying into the bay. The area around the watercourse discharge
is strongly affected by the outflow of dark brown water. Here the coverage of macrophytes is relatively low,
especially compared to the northern end of the bay. If anthropogenically derived materials, nutrients etc. are
brought into the bay via the watercourse, it should be remedied first before any planting of charophytes takes
place. Braun’s stonewort grows in the bay and can be investigated as an option for planting.

Lillöfjärden
This area is strongly affected by nutrient run-off from land via the stream that empties into the bay. At the far
end of the bay, towards the stream’s inlet, freshwater species dominate. Further out, in the more open part
of the bay, there are areas with sometimes up to 100% coverage of macrophytes. The nutrient supply via the
stream should be reduced before planting any charophytes. At the far end of the bay one can find Braun’s
stonewort, a species that would possibly thrive further into the bay if water conditions improve.

Bastafjärden
There are relatively large populations of Canadian waterweed and Nuttall’s waterweed in the bay. If the waterweeds could be removed or reduced, one option could be to introduce charophytes on the newly available bottoms.
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Vuonoviken
There are populations of Nuttall’s waterweed occurring in the bay, in close connection to populations of
Braun’s stoneworts. If it is possible to remove the Nuttall’s waterweed from the area, increasing the population of Braun’s stonewort could be an option.

Removal of invasive alien species
In this plan, the removal of alien species focuses on areas where Nuttall’s waterweed poses a potential
threat to endangered species and/or other species in need of certain protection.
Below are a few examples of locations where the removal of Nuttall’s waterweed could be implemented as a
pilot study and its effects evaluated.
•

Långviken, Jämtön. Nuttall’s waterweed occurring together with Baltic water-plantain.

•

Avasladan. Nuttall’s waterweed and Canadian waterweed occurring in the area, a potential threat to
Baltic water-plantain in the area.

•

Bergnäsfjärden. Baltic water-plantain and Nuttall’s waterweed grow in the same bay, and if the spread
of Nuttall’s waterweed is not too extensive, this may be a suitable area for removal of the species

•

Granöfjärden. Baltic water-plantain and Nuttall’s waterweed grow in the same bay, and if the spread of
Nuttall’s waterweed is not too extensive, this may be a suitable area for removal of the species

•

Vallsviken. Baltic water-plantain and Canadian waterweed grow in the same area. There are also
populations of Nuttall’s waterweed in the other bays on the peninsula of Sandön.

•

Bastafjärden. There are relatively large populations of Canadian waterweed and Nuttall’s waterweed.

•

Vuonoviken. Nuttall’s waterweed and Braun’s stonewort grow in close connection to each other.

Restoring spawning grounds for coastal grayling
Sea-spawning grayling is only known from the Bothnian region and therefore has a relatively high priority
when it comes to conservation. The biggest threats to these populations are probably a combination of
warming waters, eutrophication and fishing pressure. The spawning grounds found in the region have a low
degree of exploitation, and thus physical restoration might not improve the population as much as fishing
regulations and measures to control eutrophication. However, any potential development plans linked to
exploitation of the coast and archipelago could lead to a possible need for restoration of spawning grounds
in future, especially as a compensation measure. A pilot study restoring suboptimal stretches of shores with
otherwise relatively strong populations of grayling might be an appropriate action to take. Note that physical
restoration measures might have no effect as long as water quality is not improved.

Figure 4. Photos showing a typical spawning area and spawning grounds for coastal grayling in Norrbotten Archipelago.
Photo: David Bystedt.
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Coastal wetlands
During the 18th century and the first half of the 19th century, many coastal lakes and wetlands were drained
to obtain larger areas of arable land. We can still see the effects of this today. One consequence was the
loss of wetlands and lakes as natural nutrient traps and important biotopes for coastal fish species that use
them for reproduction, such as pike.

Figure 5. Photos showing drained coastal wetland. Photo: David Bystedt.

Restoring drained wetlands along the coast helps to counteract eutrophication by slowing down and reducing
the leakage of nitrogen and phosphorus into the coastal zone thanks to retention. Coastal wetlands are also
optimal for pike reproduction. Pike and other predatory fish play an important role in the coastal ecosystem
as top predators. Taking measures that can strengthen predatory fish populations, may keep the ecosystem
in a stable balance, with reduced growth of hazardous filamentous algae. This may, in turn, lead to improved
water quality and a healthier habitat in the coastal zone.
Restoration of wetlands may improve the hydromorphological quality standards of morphology, hydrology
and connectivity, as well as the eutrophic quality standards of nutrients, phytoplankton and depth of visibility.
Below are some examples of locations where restoration of wetlands might be appropriate.

Figure 6. Map showing the Bothnian Bay coast of Norrbotten. The examples of coastal wetlands described below are
marked with red dots and numbered: 1. Notfjärden, 2. Fageråsen, 3. Kyläjärvi, 4. Lillvik

Notfjärden
Notfjärden, in Luleå municipality, has been drained, and the water level has decreased. The proposal is to
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restore Notfjärden by closing the ditches (in whole or in part) to one functional wetland, ensuring fish migration between Granöfjärden and Notfjärden, and securing spawning and early life stage areas. The measure
means that Notfjärden will see a higher water level, can hold more water and will stay wetter. This will benefit
coastal fish species such as pike and reduce nutrient leakage into the bay through retention. The biodiversity
of the wetland may improve. Notfjärden flows into Granöfjärden, which is classified as having “poor” status
according to the eutrophication quality standards.

Fageråsen
Fageråsen, in Luleå municipality, has been drained, and the water level has decreased. The proposal is to
restore Notfjärden by closing the ditches (in whole or in part) to one functional wetland, ensuring fish migration between Mulöviken and Fageråsen, and securing spawning and early life stage areas for fish. This
measure means that Fageråsen will see a higher water level, can hold more water and will stay wetter. This
will benefit coastal fish species such as pike and reduce nutrient leakage into the bay through retention. The
biodiversity of the wetland may improve. Fageråsen flows into Mulöviken, which is classified as having “bad”
status according to the eutrophication quality standards. There is also a need to replace a “roadblock” that
currently is an obstacle to fish migration. Replacing the “roadblock” would improve the hydromorphological
quality standard of connectivity.

Kyläjärvi
Kyläjärvi is located in the municipality of Haparanda. It has been drained, and the water level has decreased.
The proposal is to restore Kyläjärvi by closing the ditches (in whole or in part) to one functional wetland, ensuring fish migration between Seskaröfjärden and Kyläjärvi, and securing spawning and nursery areas.
This measure would mean that Kyläjärvi will see a higher water level, can hold more water and will stay wetter. This will benefit coastal fish species such as pike and reduce nutrient leakage into the bay through retention. The biodiversity of the wetland may improve. Kyläjärvi flows into Seskaröfjärden, which is classified as
having “moderate” status according to the eutrophication quality standards. There is also a need to replace
a roadblock that currently is an obstacle to fish migration. Replacing the roadblock would improve the hydromorphological quality standard of connectivity.

Lillvik
Lillvik is located in the municipality of Luleå. The proposal is to restore Lillvik by closing the ditches (in whole
or in part) to one functional wetland, and ensuring fish migration between Måttsundsfjärden and Lillvik, and
securing spawning and nursery areas for fish. This measure means that Lillvik will get a higher water level,
can hold more water and will stay wetter. This will benefit coastal fish species such as pike and reduce nutrient leakage into the bay through retention. The biodiversity of the wetland may improve. Lillvik flows into
Måttsundsfjärden, which is classified as having “moderate” status according to the eutrophication quality
standards.

Small coastal streams
Small coastal streams and coastal bays are often connected and together they form an important system for
coastal fish populations and the whole coastal ecosystem. However, in several of the systems, the connection between the bays and the streams has been disrupted. This may be due to manmade obstacles such
as roadblocks or dams. In other systems, sedimentation and nutrient outflow is elevated and would benefit
from measures directed towards recreating a protection zone to reduce sediment and nutrient supply to the
bays. Restoring the systems of small coastal streams and bays may improve the hydromorphological quality
standard of connectivity, in particular the connectivity parameter between coastal waters and waters in the
transition zone and coastal areas.
The following small streams along the coast of Norrbotten have been investigated and should be considered
for potential restoration measures:
•

Gässträskbäcken
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•

Fageråsbäcken

•

Görjefjärdsbäcken

•

Kvarnbäcken

•

Harrbäcken

•

Kullviksbäcken

•

Harrsjöbäcken

•

Harrbäcken (Norrfjärden)

•

Alhamn

•

Harrbäcken (Sundom)

•

Byyträsket, Vånafjärden

•

Pålängeån

•

Kotalahti

•

Kylyäjärvi

•

Sammakkalahti bäck

•

Avabäcken

•

Sörbäcken

•

Gåstjärnbäcken
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1. Background
SeaCOMBO was a project that sought increased cooperation between Sweden and Finland with respect to
the conservation and management of the marine environment in Bothnian Bay, the northernmost part of the
Baltic Sea. The project investigated the possibilities for a cross-border marine protected area, published a
report on the restoration of marine habitats and increased knowledge about the underwater environment and
its inhabitants. This contributed to sustainable management and improved the environmental status of Bothnian Bay. The project started in May 2020 and ended in December 2021. SeaCOMBO was a continuation of
the SEAmBOTH project – Seamless maps and management of northern Bothnian Bay.
There was a lot of background research done within the restoration activity of the project. In addition, some
areas of interest were visited and evaluated, and one pilot study was done on the Finnish side of Bothnian
Bay. The pilot study focused on how to remove Canadian waterweed (Elodea canadensis) by hand from a
gloe lake, and it was conducted in co-operation with Metsähallitus and the Centre for Economic Development, Transport and the Environment.

1.1. Flads and gloe lakes
The natural land uplift phenomena alters Bothnian Bay coastal areas, and one of the remarkable formations
that it creates are flads, which develop into gloe lakes. Flads are lagoon-like formations that rise slowly from
the bottom of the sea as the land rises up. They differ from coastal lagoons by having a threshold that regulates the water level in the flad. At low water levels, the threshold prevents water from the flad from escaping
into the sea. In springtime, the water in the shallow flad warms up faster than in the surrounding areas, making it a perfect place for fish to reproduce. As the flad keeps on rising up from the sea, the connection to the
sea becomes narrower and the flad turns into a gloe lake. More information on flads and gloe lakes can be
found here.

Figure 1. A flad. Picture by Länsstyrelsen Norrbotten.

1.2. Invasive Alien Species
Invasive Alien Species (IAS) refers to animals and plants that are introduced into a natural environment
where they do not exist naturally. This is done accidentally or deliberately, and they can have a serious negRestoration in the Bothnian Bay
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ative influence on the new environment. IASs are a major threat to native animals and plants in the Bothnian
Bay area. The EU has an IAS regulation where the aim is to combat IASs by prevention, early detection, rapid eradication and management.

2. Elodea canadensis – Canadian waterweed
Canadian waterweed is a submerged aquatic plant that is native to North America. Its stems branch out between 20 to 30 cm in length, the joints of the stems are brittle, and the leaves are oblong/linear and arranged
in groups of three. The leaves overlap and are dark green and translucent. It can form white or pale purple
flowers at the surface of the water.
Canadian waterweed is very invasive: it has the ability to grow and multiply quite rapidly in many kinds of
habitats and conditions. It causes habitat alteration and competition and poses a threat to biodiversity.

Figure 2. Canadian waterweed (Elodea canadensis). Picture by ELY Centre.

3. Earlier research and experiments
Canadian waterweed has been studied quite intensively in hopes of learning more about its growth habits,
the threat it poses and possible methods for preventing its spread. The Finnish Environment Institute (SYKE)
has done research on how to remove Canadian waterweed and how to use the plant material. You can read
more about the experiences in Finnish here and here.
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4. Pilot study (methods, experiences)
Pensaskari Island in Bothnian Bay National Park was a good place for a pilot study since the area is restricted and Canadian waterweed only exists in the gloe lake and not on the shores of the island. This makes it
easier to remove and do follow-ups in the area. There are charales meadows and endangered species in the
gloe lake that we wanted to protect from the threat posed by the weed, and removal had to be done by hand
since we didn’t want to lose the important species in the lake.

4.1. Study area
The study area is located close to the border of Sweden in the municipality of Tornio (Figure 3). The gloe
lake in the middle of the island is about 300 m long and 200 m wide (Figures 3-4).

Figure 3. Map of Pensaskari -island in Tornio, Finland.
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Figure 4. Gloe lake on Pensaskari Island in Bothnian Bay National Park. Picture by ELY Centre.

4.2. Equipment and methods
Removal of Elodea canadensis in Pensaskari should not be done using machines, since there are endangered species and habitats in the lake. Since the gloe lake has a soft, muddy bottom, it is not recommended
to walk while removing Canadian waterweed. Therefore, stand-up paddleboards (SUP) were used for moving around in the lake (Figure 5-6). First buoys with rope and weights were put into the lake to mark the spots
with Canadian waterweed. A GPS device was also used to mark the spots.
Equipment

Usage

GPS-device

Marking sites with Elodea canadensis

Buoys with ropes and weights

Marking sites with Elodea canadensis

Stand-Up Paddleboards

Moving around

Survival suits and/or dry suits with hood and gloves

Staying warm and keeping water out

Snorkelling equipment and/or diving equipment

Collecting Elodea canadensis

Mesh bags, sieves

Collecting Elodea canadensis

Wheelbarrows and shovels

Carrying the plants and digging a hole for them

Table 1. Equipment that was used in the pilot study.
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Figures 5 and 6. Equipment used in the pilot study. Pictures by ELY Centre.

The lake is shallow, and the deepest spots are about 1.5 meters deep. Snorkelling and diving equipment
was used to reach the bottom calmly without disturbing the sediments at the bottom (Figure 7). Survival suits
or dry suits are the best gear for Bothnian Bay conditions, and neoprene hoods and gloves were also worn.
In the shallowest areas, removal had to be done by walking, and in areas that were a bit deeper snorkelling
with a mask and snorkel was used. In the deepest parts, the plants were removed wearing scuba diving
gear.

Figure 7. Removing Canadian waterweed by snorkelling. Picture by ELY Centre

Mesh bags were used by the snorkelers/divers when collecting the plants under the surface, and sieves were
put on the SUP boards. The collected plants were removed from the mesh bags to the sieves (Figures 8-9).
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The person on the SUP board took the sieves to shore when the sieves started to fill up and emptied the collected plant material to a wheelbarrow.

Figure 8 and 9. Canadian waterweed that was removed from Pensaskari. Picture by ELY Centre.

The plant material was dried for some time in the wheelbarrow, and after that a shovel was used to dig a hole
in the ground far enough from the lake where the plant material was buried (Figures 10-11).

Figures 10-11. Burying the removed plant material. Picture by ELY Centre.
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5. Conclusions
It was concluded in the pilot study that it is possible to remove Elodea canadensis by hand, but precision and
good planning are needed beforehand. Snorkelling is a good method for removing plants by hand from small,
shallow lakes with soft bottoms.
The amount of Elodea canadensis in the lake was significantly higher in 2021 than in 2019 when the
gloe lake was last mapped. It was discovered that it was impossible for three people to remove all the E.
canadensis from this gloe lake in two days, as was the original plan for the pilot study. Due to this, Metsähallitus will organize a bigger removal event in summer 2022, and with the help of volunteers, all the Elodea
canadensis that is found will be removed by dividing the lake into small parts with long ropes (Figure 12)

Figure 12. An example of dividing the gloe lake in Pensaskari into small sections using ropes.

Restoration in the Bothnian Bay

114

References
IAS – Invasive Alien Species:
https://ec.europa.eu/environment/nature/invasivealien/index_en.htm
https://vieraslajit.fi/info/i-302
Canadian waterweed:
http://www.iucngisd.org/gisd/species.php?sc=290
https://laji.fi/taxon/MX.40119
https://www.ymparisto.fi/fi-FI/Vesi/Vesirutto_hyotykayttoon__riesasta_raakaa
http://hdl.handle.net/10138/218283

Restoration in the Bothnian Bay

115

Invasive
alien species
and threatened
aquatic vascular
plant species of
Bothnian Bay’s
Finnish side:
Impacts of
Elodea canadensis

Anton Pajukoski 12.12.2021
Photos by Metsähallitus
Restoration in the Bothnian Bay

116

Contents
1. Introduction................................................................................................................................................ 118
2. Species in focus ........................................................................................................................................ 119
2.1. Alisma wahlenbergii – Vulnerable....................................................................................................... 119
2.3. Crassula aquatica – Vulnerable.......................................................................................................... 119
2.2. Hippuris tetraphylla – Endangered .....................................................................................................120
2.4. Persicaria foliosa – Endangered.........................................................................................................120
2.5. Ranunculus confervoides – Regionally endangered ..........................................................................120
2.6. Elodea canadensis – Invasive species...............................................................................................121
3. Materials & Methods..................................................................................................................................121
4. Hot spot areas ...........................................................................................................................................123
4.1. A. wahlenbergii ...................................................................................................................................123
4.2. C. aquatica .........................................................................................................................................124
4.3. H. tetraphylla ......................................................................................................................................125
4.3. P. foliosa .............................................................................................................................................125
4.4. R. confervoides...................................................................................................................................126
5. Conclusion.................................................................................................................................................127
6. References ................................................................................................................................................128

Manuel Deinhardt, Metsähallitus.

Restoration in the Bothnian Bay

117

1. Introduction
The Bothnian Bay is home to various aquatic vascular plant species but mainly due to human impact, many
of them have become threatened. In this study, the focus is on the relations between invasive alien species
(IAS) and threatened species. The European Commission has listed IAS as a major threat to native species
in Europe. They cause losses for local biodiversity, but also for the economy, worth billions of Euros annually (European Commission 2021). Invasive species are also present in the Bothnian Bay. Invasive species,
according to the European Commission, are animals and plants that have spread or been carried to a new
natural environment where they aren’t naturally present and where they cause severe harm to the new environment. Due to globalization and global change, invasive species are predicted to become more common in
the northern areas (Rahel & Olden 2008: 521-523).
This study aims to find where in the Bothnian Bay’s coastal areas invasive alien vascular plant species are
found with threatened vascular plant species so that critical areas can be identified, and proper management
measurements can be done to protect them. Coastal areas suffer more from direct human impacts which
makes them even more vulnerable to invasive species. Coastal areas also have unique habitats, being in the
transition zone between land and water, containing species that aren’t found elsewhere, which makes them
important in terms of biodiversity (Gray 1997: 153).
Unique is also the Bothnian Bay, which is a shallow bay that lies at the northern end of the Gulf of Bothnia,
between Finland and Sweden. It is the northernmost part of the Baltic Sea, and it shares its southern border
with the Quark. Water exchange between the Bothnian Bay and other sub-basins of the Baltic Sea is restricted due to shallow Quark and further out by narrow sounds of Sea of Åland. The Bothnian Bay has also quite
a large drainage area compared to its volume, so it collects a lot of fresh water from rivers and rains. Given
the remote location from the mouth of the Baltic Sea and restricted water inflows, the Bothnian Bay has a
very low salinity for being a sea. This creates a unique habitat that contains not just brackish water species
but also fresh and some saltwater species. Amongst these species, there are a few threatened species as
well (Leppäranta & Myrberg 2009: 53-56, Salo & Nummela-Salo: 1994).
This study was a part of the University of Oulu’s geography degree program’s specialization course and the
SeaCOMBO project. SeaCOMBO stands for sea cooperation for the management of the Bothnian Bay. It
was a project focused on conservation and management of the marine environment, that pursued to create
boundless cooperation between Finland and Sweden that would lead to more sustainable management and
healthier environmental status of the
Bothnian Bay. The project was working towards its goals by four different
activities that are listed in figure 1.
School visits & events
Creating network within
This study focused more in the “Plan
for restoration of marine habitats”
segment. SeaCOMBO was continuing project for SEAmBOTH which
was focused on creating seamless
maps and management of the northern Bothnian Bay. SeaCOMBO was
funded by Interreg Nord and Lapin
liitto (Lapland’s union) and it took
place from May 2020 to the end
of December 2021 (SeaCOMBO
2021).
Figure 1. Four activities to achieve more
sustainable management and healthier
environmental status of Bothnian Bay.
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2. Species in focus
HELCOM has created a threat assessment list for Baltic Sea species called the “Red List of Species”. The
assessment included also the “Red List of Macrophytes“ where 317 species of algae, aquatic vascular plants
and aquatic bryophytes were assessed. Seven of the assessed species were listed as threatened (critically
endangered, endangered, or vulnerable) and four of those seven threatened species are found in the Bothnian Bay: Alisma wahlenbergii, Hippuris tetraphylla, Crassula aquatica and Persicaria foliosa. Thus, it is
crucial to try to understand different relations in the Bothnian Bay, such as relations between invasive alien
species and threatened species so that better protection acts can be done to maintain its unique habitats and
special species. In addition to these species, Ranunculus confervoides can be found from the Bothnian Bay
where it is listed regionally threatened (HELCOM 2020, SYKE 2021). Next, the threatened species of the
Bothnian Bay are briefly introduced followed by the introduction of the invasive alien species.

2.1. Alisma wahlenbergii – Vulnerable
A. wahlenbergii is a perennial and short-lived endemic species
to the Baltic Sea. It is listed as a vulnerable species on HELCOM’s red list. EU has listed it as a directive species and also
a priority species. In Finland, it is protected under the Nature
Conservation Act. State of the species has increased from
2010’s endangered status to its current status in 2019.
The main population of A. wahlenbergii lies in the Bothnian
Bay on Finland’s coasts and ranges between cities Kalajoki
and Tornio. It thrives in shallow sheltered bays on soft bottoms, such as sand and mixed clay-sand. In wave-exposed
areas, they favour bit deeper areas for protection. It requires
either brackish or fresh waters to grow. Populations of A.
wahlenbergii have been decreasing since 1950. Around half
of the populations are in Natura 2000 areas and around 20 %
of them are under management. The majority of the Earth’s
A. wahlenbergii population are in Finland, so Finland has the
main responsibility to protect it.
(HELCOM 2020, SYKE 2014, Laji.fi 2021a, Nieminen & Ahola 2017:
276–278. Photo by Suvi Saarnio, ELY)

2.3. Crassula aquatica – Vulnerable
Annual and succulent plant C. crassula is listed as a vulnerable species in Finland. Its status has decreased in the 2000s,
formerly being listed as a near-threatened species. A considerable part of the C. crassula populations are in Finland,
where the most, and the highest populations can be found in
the Bothnian Bay.
C. crassula can be found from fresh to brackish waters on soft
bottoms in small patches or thin mats. It is at least partially
submerged plant, so it prospers in tidal-active and shallow
waters, up to 0.9 metres. Typical habitats for it are mudflats,
edges of vernal pools, bays, channels, and creeks. In deeper
habitats, it can be often found with E. canadensis.
(DNR 2021, Laji.fi 2021b & Calscape 2021, Keskinen 2020: 7.
Photo by Suvi Saarnio, ELY).
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2.2. Hippuris tetraphylla – Endangered
H. tetraphylla is a circumpolar, perennial species with a short
lifespan. It is endangered species on HELCOM’s red list, and
it also belongs to the EU’s directive species, so it is protected
by law in Finland.
It prospers in low-salinity and brackish waters in soft-bottomed
shallow bays and coastal meadows’ outermost parts, and
it can be found on open land-lifting areas. The species has
been rather abundant throughout the whole Finnish coastline,
but the populations have been shrinking dramatically due to
overgrowth caused by eutrophication and the end of coastal
grazing. Now it can be found mostly from the Bothnian Bay.
Approximately 60 % of the observed populations are in the
Natura 2000 areas.
(HELCOM 2020, Keskinen 2020, Laji.fi 2021c.
Photo by Alejandra Arra, Metsähallitus).

2.4. Persicaria foliosa – Endangered
Being HELCOM’s red list species, listed as an endangered
species, P. foliosa is one of the EU’s directive species as well.
It has been estimated that approximately 80 % of its European
population are in Finland, where they are most commonly
found from the coastal area of the Bothnian Bay. However, its
status in the Bothnian Bay has decreased significantly in the
21st century, from near-threatened- to endangered species.
Most of the observed populations are in the Natura 2000 areas.
P. foliosa is mainly a brackish water species, with small
populations in freshwaters. Typically, it is observed in coastal
estuaries among reeds in shallow waters on sandy-silty
bottoms, or on wet coastal areas, where it favours places
with flood activity. It can also succeed in rocky pools in
archipelagos further away from the shore. It is quite rigid when
it comes to its habitat, so it isn’t a strong competitor, which
makes it vulnerable to invasive species.
(HELCOM 2020, Keskinen 2020: 172, Laji.fi 2021d. Photo by Henry
Väre, Laji.fi)

2.5. Ranunculus confervoide
– Regionally endangered
Even though northern circumpolar species R. confervoides is
listed as a least concern species -class in Finland, it is lifted as
a regionally endangered species in the Southwestern Lapland,
covering the northern end of the Bothnian Bay. It is an annual
or perennial species that lives both in fresh and brackish waters.
In shallow waters prospering R. confervoides usually grows on
soft-bottom substrates, such as sheltered coastal bays. It is the
most common in the coastal areas of the Bothnian Bay.
(Keskinen 2020: 252, Laji.fi 2021e. Photo by: Pekka Lehtonen,
Metsähallitus)
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2.6. Elodea canadensis – Invasive species
E. canadensis – a perennial, completely submerged growing plant
that is native to the other side of the Atlantic, more specifically,
North America, and it is listed as an invasive species in Finland.
It can grow in dense stands, and up to two metres, taking a lot of
space and blocking light from other species.There haven’t been
any sights of males in Scandinavia so far, so it reproduces only
vegetatively.
It has been reported to be found from various depths, all the way
down to four meters. It survives well in low-light conditions, such
as in the turbid Bothnian Bay, which makes it a good competitor
against local species. The most ideal growth environments for it
are areas with slow water exchange, like shallow bays and river
estuaries, favouring soft bottoms. It can be found in brackish but
also freshwaters, for instance, lakes, ponds, rivers, streams, and
ditches. It is a successful reproducer in nutrient-rich areas; it can
take only three to four years that it has taken the role as the major
pest for the next decade when invading a new area. Eutrophication
favours E. canadensis and thus, it can be expected to be more
popular in the Bothnian Bay in future.
(Global Invasive Species Database 2021, Laji.fi 2021f, Duenas-Lopez et al. 2018. Photo by Ville Savilampi, Metsähallitus).

3. Materials & Methods
The data used in this study was from Uljas -geographic information system’s LajiGIS which is a system for
managing and maintaining data on species. It contains all the data from marine inventories made in Finland.
For this study, threatened aquatic vascular plant species, and invasive alien aquatic vascular plant species
were chosen for a closer examination. The data was clipped to cover the Bothnian Bay area, so the study
area consisted of the coastal municipalities of the Bothnian Bay (Tornio, Keminmaa, Kemi, Simo, Ii, Hailuoto,
Oulu, Kempele, Liminka, Lumijoki, Siikajoki, Raahe, Pyhäjoki, Kalajoki, Luoto, Pietarsaari and Uusikaarlepyy). The data about Ranunculus confervoides was only from the northernmost part of the Bothnian Bay
where it is considered a regionally threatened species. Data consisted of five threatened species’ and one
invasive species’ GPS-location information. There were some species observations in the data with no GPS
coordinates that needed to be discarded.
The data was put on ArcGIS Pro -programme and was converted to GPS points (Fig. 1), where the aim was
to find areas where invasive alien species could potentially threaten the study area’s threatened species.
Rather than finding spatial clusters in figure 1, it pinpoints the great number of threatened species in the
Bothnian Bay. Noticeable is the fact that each point can contain multiple species, meaning that they are not
shown equally on the map.
From the data, all the points that were inland or outside the Bothnian Bay were also cut out. Next, areas,
where Elodea canadensis was present with any threatened vascular plant species needed to be examined. Since the coastal area is spatially very variable and heterogeneous with its islands, bays and capes,
in which case, the water flow patterns and species’ dispersing patterns can be partly restricted and very
complex to understand. To tackle this and maximize the focus on the local habitats, outliers that were too far
away from the points were also cut out because being further away means having a lower effect. This was
done by using the “Select by Location” tool for every threatened species individually. Points that were further than 1.5 km from E. Canadensis, were excluded. Different radiuses were tested but the radius of 1.5km
was chosen because it managed to cover most of the habitats around the points the best, such as bays and
channels, but it didn’t involve too many points outside the local habitats, for example from the other side of a
cape.
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Figure 1. Mapped species and the number of the GPS-points that were involved to this

Next up, to the points that had “close contact” with the invasive alien species, buffers were created with radiuses of 1.5 km, to find out, how many “close contacts” each buffer contains. With the “Spatial Join” tool, the
information about close contacts was transferred to the points. With these points and information, it was possible to execute the “Optimized Hot spot analysis”. The analysis takes into consideration not just the number
of close contacts, but also their spatial locations relative to other points. It produces statistically significant
hot and cold spots by calculating the Getis-Ord Gi* statistics for each point and outputs z-scores and p-values to analyse clustery, where z-score indicates the intensity of the clustering and p-score statistical significance. Analysis was done on the threatened species to answer the question “which areas with threatened
species are threatened by E. canadensis” (ESRI 2021a & ESRI 2021b).
Output was a set of points that indicate the hot spots with 99 %, 95 % and 90 % statistical significance. The
points with 95 % or higher statistical significance were chosen by the “Select by attributes” tool, and buffers
of 1.5 km were created for them to indicate the hot spot areas. The base map used in the maps were from
Finnish Environment Institute, SYKE.
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4. Hot spot areas
The hot spot analysis provided species-specific results of spatial relations between invasive alien vascular
plant species and threatened vascular plant species. Each threatened species got one to three hot spot
areas, apart from H. tetraphylla, that wasn’t clustered with E. canadensis. All the hot spot areas were in the
northern half of the Bothnian Bay. Also, some areas were hotter than others, receiving the hot spot status
for various species. These kinds of areas were the coastal area between Tornio and Kemi, and a bay called
Hiastinlahti in the municipality of Ii. Next, every hot spot area is assessed and examined, how plausible is the
threat of invasive species, and discussed, what are the possible reasons for the hot spot status.

4.1. A. wahlenbergii
Three hot spot areas, where E. canadensis is threatening A. wahlenbergii, were identified in the hot spot
analysis. A closer look doesn’t show very strong spatial clusters in the areas, but rather than that, they indicate at least the hottest spots of the dataset. The three hot spot areas were quite different from each other
(Fig. 2).
The first one is located on two islands part of the Bothnian Bay National Park, called Maa-Sarvi and Selkä-Sarvi, that are around 20 km away from the city of Kemi. There are four points between the islands where E. canadensis is present, and 20 points with A. wahlenbergii, which are mostly on the west side of the
islands except a few of them that are in small, sheltered bays. The western side can be expected to be a
more wave-exposed area and given the A. wahlenbergii’s capability to withstand wave-exposure by growing
in a bit deeper areas, it’s not so likely to be invaded by E. canadensis, which prefers sheltered areas. However, A. wahlenbergii also favours sheltered or semi-sheltered areas so the smaller bays of the islands are
potential risk areas to be invaded by the invasive species.
Figure 2. Hot spot areas where Elodea canadensis is threatening Alisma wahlenbergii in
the Bothnian Bay. Made on
ArcGIS Pro with “Optimized
Hot Spot analysis”. Red areas
represent hot spot areas with
95 % statistical significance.
E. canadensis is marked as
red dots and A. wahlenbergii
as purple dots.

Similar patterns can be
observed on the other
islands near this hot spot
area, such as Pensaskari
and Kuukka, where the absence of E. canadensis is
already more common in
the sheltered areas. To
mention, those areas weren’t statistically significant
hot spots.
The second hot spot lies in
a bay named Halosenlahti,
in the coastal area of Oulu.
In the bay, there are only
four points with A. wahlenbergii, located right next to
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the marina of Häyrysenniemi. SYKE (2014) has listed human construction and boat routes as one of the dangers to it, so it is already quite vulnerable in the area, and could potentially be taken over by E. canadensis,
which has only one point right next to the marina, but it is highly abundant especially in the end of the Bay. E.
canadensis may even profit from the boats because it breaks apart easily, and it reproduces new plants from
the snapped branches.
The third area locates in and in front of a flad named Akionlahti in Varjakka, part of Oulu. The flad itself is
dominated by E. canadensis over A. wahlenbergii, that has seven points in it, where the latter has only one.
This is a good example of how in very restricted areas E. canadensis can overtake the whole area. In flads,
nutrient levels can be very high, and given the fact that eutrophication favours E. canadensis, whereas A.
wahlenbergii suffers from it, the change is inevitable. In front of the flad, by the sea and around the small islands, there are clusters of A. wahlenbergii points indicating that they are succeeding well in the area.
Noticeable is the land-uplift which can change the area less-favourable to the local species.

4.2. C. aquatica
In spatial analysis, two hot spot areas were outputted, where C. aquatica is threatened by E. canadensis. The areas varied slightly, when the one was a shallow large coastal area with a lot of small islands
and reefs, in between Puuluoto and Kaakamo, and the other was a small bay in Hiastinlahti in Ii (Fig. 3).
However, there was one unifying factor – a river. Both hot spot areas were prevalent by E. canadensis but
there were also other similarities; C. aquatica tended to be more abundant closer to the riverbeds and in estuaries. When these hot spot areas with high numbers of E. canadensis points are compared to other river
estuaries, where E. canadensis is less abundant or doesn’t exist at all, it can be observed that C. aquatica is
significantly more abundant. Thus, it could be said that C. aquatica is threatened by the invasive species in
these given areas.

Figure 3. Hot spot areas where Elodea canadensis is threatening Crassula aquatica in the Bothnian Bay. Made on
ArcGIS Pro with “Optimized Hot Spot analysis”. Red areas represent hot spot areas with 95 % statistical significance.
E. canadensis is marked as red dots and C. aquatica as yellow dots.

Restoration in the Bothnian Bay

124

4.3. H. tetraphylla
H. tetraphylla and E. canadensis didn’t have any statistically significant hot spots due to their very different
specializations in habitats. They were met together only in one small area in Verkkoletto that is a part of the
Halosenlahti bay that belongs to Oulu (Fig. 4).

Figure 4. GPS-points of Elodea canadensis and Hippuris tetraphylla in the Bothnian Bay. Red dots represent E. canadensis and green dots H. tetraphylla.

4.4. P. foliosa
Two hot spots were identified for P. foliosa. The areas were very similar to C. aquatica’s hot spots, being in
almost identical locations. Nonetheless, P. foliosa had larger hot spots, meaning that it suffers spatially more
from the invasive species. Even though it seems that P. foliosa and E. canadensis thrive in very similar habitats, small patterns can be observed from the points on the map (Fig. 5). It seems, that these two species
don’t occur scattered among each other, instead, they are very clustered and surrounded mostly by individuals of the same species. In addition to that, E. canadensis grows further out from the shore, whereas P. foliosa prefers coastal areas.
When the P. foliosa’s habitat is invaded by E. canadensis, it usually loses the space battle, being a too weak
competitor. This phenomenon can be observed in a branch of rivers in delta, for example, River Kemijoki’s
estuary, where the branches are dominated only by either or of the species.
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Figure 5. Hot spot areas where Elodea canadensis is threatening Ranunculus confervoides in the Bothnian Bay. Made
on ArcGIS Pro with “Optimized Hot Spot analysis”. Red areas represent hot spot areas with 95 % statistical significance.
E. canadensis is marked as red dots and R. confervoides as blue dots.

4.5. R. confervoides
To R. confervoides, one quite large hot spot area was identified, located between the villages Puuluoto and
Kaakamo in Tornio (Fig. 6). In the hot spot area, the points of it were scattered along the shoreline and on
some islands. When the hot spot area is compared to habitats with less or without E. canadensis, the density of R. confervoides seem to be slightly denser, which could indicate that the species is suffering from the
invasive species. For example, in the sheltered shallow areas in Saikanselkä in Simo. E. canadensis also
favours very similar soft-bottomed areas, and when it is invaded to an area where R. confervoides is present,
it doesn’t necessarily displace the local species but may limit it and its dispersing areas by conquering the
areas that they both favour.
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Figure 6. Hot spot areas where Elodea canadensis is threatening Persicaria foliosa in the Bothnian Bay. Made on ArcGIS
Pro with “Optimized Hot Spot analysis”. Red areas represent hot spot areas with 95% statistical significance. E. canadensis is marked as red dots and P. foliosa as orange dots.

5. Conclusion
It appears to be that E. canadensis, as an invasive alien species, is more like a generalist species that can
still potentially and effectively affect the most threatened vascular plant species of the Bothnian Bay, except
for H. tetraphylla which habitat preferences varies enough from the E. canadensis’. In turn, threatened species in this case are more like specialists that are slow to respond to changes in the environment, which
makes them vulnerable to invasive species. According to the results of this study, the greatest sufferers of E.
canadensis were C. crassula, R. confervoides and P. foliosa.
Various species-specific hot spot areas were presented in this report, but some of them became more significant than the others by repeating multiple times during the study. Accordingly, the areas that repeated the
most had the highest significance and effect on the ecosystem and thus, they needed to be highlighted so
that management actions could be focused on them. These areas were the coastal area between villages
of Puuluoto and Kaakamo, and the shores of Hiastinlahti bay. In these areas, there were several threatened
species’ populations with potential signs of fragmented spatial distributions presumably due to the presence
of invasive alien species.
Of course, there were also some significant margins of error in this study. Some of the data needed to be
discarded because they didn’t have GPS points. This may have affected the results if the discarded data was
considering large unmapped areas. In addition, the intention was to include information about the number
of individuals in each point to get a more accurate results, so that every point wouldn’t be equally valuable,
but since so many points were lacking with that information, it wasn’t considered in this study. The solution
for that could have been either discarding all the points with no data about number of individual or giving
the empty cells value of 1 since there has been at least one individual observed. Noteworthy is also that the
points used in this study weren’t classified by their observation date. By doing that, more precise conclusions
could be achieved by examining, how invasive alien species affect the threatened species spatiotemporally.
However, that kind of study needs larger data with continuous monitoring for several years to find patterns
and understand them. These monitors could be implemented in the two hot spots mentioned earlier. Needless to say, further studies about relations with invasive alien species and threatened species are needed to
fill the gaps in knowledge, and more marine inventories are needed to provide data and to monitor the biodiRestoration in the Bothnian Bay
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versity trends.
Furthermore, based on the results of this study, establishment of protected areas isn’t enough to protect the
threatened vascular plant species in the coastal areas of the Bothnian Bay. They do reduce the human impact on them, but they don’t remove the problem of invasive alien species. Hence, weeding the E. canadensis, especially from the hot spot areas could possibly help to restore the threatened species’ habitats by providing more space and open areas in competitive-high hot spots.
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