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Preface 
The shallow coastal areas of the northern Gulf of Bothnia represent 
ecologically important areas, distinguished by their rich biodiversity and 
unique habitats. However, these areas are increasingly vulnerable to the 
pressures of human activity and the accelerating impacts of climate change. 
A challenge for management today is the lack of knowledge of occurring 
species and habitats and practical solutions on how to improve their 
conservation status. 

SeaMoreEco is a Finnish - Swedish initiative that during the years of  
2023 – 2025 brought together expertise in marine biology and geology to map 
coastal habitats as well as develop, test, and demonstrate methods for 
monitoring, conservation, and restoration in shallow marine environments in 
the northern Gulf of Bothnia.  

This report is published as one output of the project, with the aim to share 
the results of the conservation efforts done in the project through 
monitoring, restoration and population studies of threatened species and 
habitats in the shallow coastal areas.  Through these efforts, the project aims 
to strengthen the knowledge of marine habitat and their management and 
foster long-term resilience in the northern Gulf of Bothnia’s shallow 
ecosystems. 

The project was financed by Interreg Aurora and co-financed by Regional 
Council of Lapland and Swedish Agency for Marine and Water Management.  

Participating organisations: 

County Administrative Board of Norrbotten  
County Administrative Board of Västerbotten  
Geological Survey of Finland  
Geological Survey of Sweden  
Centre for Economic Development, Transport and the 
Environment in North Ostrobothnia 
Centre for Economic Development, Transport and the 
Environment in South Ostrobothnia 

 

 

 



 

4 

Acknowledgements 
This project has been a collaborative effort involving numerous individuals 
and organisations. We would like to express our gratitude to all those who 
contributed their expertise, time, and support, both within the participating 
organisations and beyond. Their involvement has been invaluable in bringing 
this work to completion. 

From Norrbotten special thanks are extended to Linnea Bergdahl for running 
the project and David Bell, Kajsa Johansson, Sarah Bohman Stenvall and 
Johanna Lycksell for participating in the field work. Thanks go also to Mary 
Agrér who was project leading SeaMoreEco during the first year. 

In Västerbotten, special thanks to Mora Aronsson and Sebastian Sundberg at 
Swedish Species Information Centre, Jonas Grahn at County Administrative 
Board of Västerbotten (CAB Västerbotten) and Lars Ericson from Umeå 
University for information sharing and help with planning the conservation 
efforts of ^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ. Jouni Aspi, Annu Ruotsalainen, Laura Kvist and 
Olli Nikkinen from University of Oulu thank you for refining the research plan 
and conducting the scientific work with genetical studies and cultivation. 
Mats Johansson, special thanks with sampling ^ˢ˝ƃĘƃŷõŴĵƣōōõ both at the UME 
herbarium and in the field. Thanks go also to Vanessa Fontana, Kristin 
Dahlgren and Anna Wiklund from CAB Västerbotten and Anna Thomasdotter, 
that have helped with monitoring and sampling in the field. Special thanks to 
Anders Nilsson, professor emeritus at Umeå University for knowledge 
sharing and checking our identification of the collected Macroplea 
individuals. Finally, thanks to Johnny Berglund who was initiating 
SeaMoreEco project and helping with the conservation work during the first 
year.   

We would like to express our sincere thanks to our colleagues at the North 
Ostrobothnia and South Ostrobothnia ELY Centres for their expertise on 
various species and habitats. Our gratitude also goes to Metsähallitus for 
knowledge exchange, and to local landowners, cattle farmers and joint 
property units for their positive attitude and cooperation during method 
testing. 

 

 

  



 

5 

Table of contents 

PREFACE .................................................................................................................. 3 

ACKNOWLEDGEMENTS .......................................................................................... 4 

ALISMA WAHLENBERGII ........................................................................................ 7 

Background .............................................................................................................. 7 

Conservation efforts in SeaMoreEco .................................................................... 8 

Methods .......................................................................................................... 10 

Results and discussion .................................................................................. 14 

Concluding remarks ...................................................................................... 19 

HϥPPURϥS TETRAPHYLLA ......................................................................................... 21 

Background ............................................................................................................ 21 

Conservation efforts in SeaMoreEco .................................................................. 24 

Methods .......................................................................................................... 24 

Results and discussion .................................................................................. 25 

Concluding remarks ...................................................................................... 28 

ARCTOPHϥLA FULVA ............................................................................................... 30 

Background ............................................................................................................ 30 

Conservation efforts in SeaMoreEco .................................................................. 31 

Methods .......................................................................................................... 31 

Results and discussion .................................................................................. 32 

Concluding remarks ...................................................................................... 34 

MACROPLEA PUBϥPENNϥS ...................................................................................... 35 

Background ............................................................................................................ 35 

Conservation efforts in SeaMoreEco .................................................................. 36 

Methods .......................................................................................................... 36 

Results and discussion .................................................................................. 37 

Concluding remarks ...................................................................................... 38 

CHARALES MEADOWS .......................................................................................... 40 

Background ............................................................................................................ 40 

Conservation efforts in SeaMoreEco .................................................................. 41 

Methods .......................................................................................................... 42 

Results and discussion .................................................................................. 44 



 

6 

Concluding remarks ...................................................................................... 46 

THRESHOLD RESTORATION ................................................................................. 48 

Background ............................................................................................................ 48 

Conservation efforts in SeaMoreEco .................................................................. 48 

Methods .......................................................................................................... 49 

Results and discussion .................................................................................. 50 

Concluding remarks ...................................................................................... 51 

OUTLET STREAM RESTORATION ......................................................................... 52 

Background ............................................................................................................ 52 

Conservation efforts in SeaMoreEco .................................................................. 52 

Methods .......................................................................................................... 52 

Results and discussion .................................................................................. 53 

Concluding remarks ...................................................................................... 54 

References ............................................................................................................. 55 

Appendix 1 Alisma wahlenbergii .................................................................... 57 

Appendix 2 Hippuris tetraphylla .................................................................... 57 

Appendix 3 Arctophila fulva ........................................................................... 57 

Appendix 4 Macroplea pubipennis ................................................................ 57 
 

  



 

7 

Alisma wahlenbergii 
Baltic water plantain – upossarpio - småsvalting 

Background 
The small aquatic vascular plant ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ (henceforth “Alisma”) is 
endemic to the Baltic Sea region (Figure 1). It is primarily found in the 
northern archipelago and sheltered beaches of the Bothnian Bay, with 
smaller populations occurring in the Gulf of Finland and Lake Mälaren in 
Sweden. Alisma is a very rare and it is one of the species listed under the EU 
Habitats Directive, as a priority species in Annex II, and as a strictly protected 
species in Annex IV. It is classified as “Vulnerable” (VU) on the IUCN Red List 
and similarly listed as vulnerable on Finland’s Red List of endangered species. 
In Sweden, it is considered “Near Threatened” (NT) on the national Red List. 
(HELCOM 2013, Suomen ympäristökeskus 2022, red lists).  
 

VĹĮƈŷĘ˝ˁs̋ ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ˝ĮŷśƝĹŔĮś̋Ŕ˝ƃƣŴĹĎõō˝Żśĭƃ˝čśƃƃśœĹ̋Ŕ˝ÉƈŊŊĹŊõŷĹˣ̋VĹŔōõŔĔ 
 
Alisma typically grows in shallow brackish waters, most commonly at depths 
between 5 and 45 cm, though it can be found as deep as 1,5 meters. It prefers 
soft substrates such as silt, clay, or sand. Although limited data is available on 
the species’ ecology and life cycle, it is known to exhibit large annual 
population fluctuations. It is assumed that ˢ˝ƝõĵōĘŔčĘŷĮĹĹ˝has low resistance 
to long-term disturbances, a short lifespan, and poor dispersal capacity. The 
species requires clear water and is sensitive to competition from larger 
aquatic plants such as reeds and water lilies, as well as overgrowth by 
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filamentous algae. (HELCOM 2013, Suomen ympäristökeskus 2022, 
SeaCOMBO 2021).  
 
Alisma has disappeared from much of its historical range. This decline is likely 
due to a combination of human-induced pressures and environmental 
changes. Key threats include eutrophication, which reduces water clarity and 
promotes overgrowth of competitive species, and habitat loss from shoreline 
development, dredging, and the reduction of traditional grazing practices 
that once maintained open coastal meadows. Climate change further 
worsens these issues by altering water temperatures and disrupting natural 
shoreline dynamics, such as ice scouring. While the Finnish coast of the 
Bothnian Bay still supports relatively strong populations, Alisma has 
disappeared from many former sites in Sweden, Finland, and Russia. This 
fragmentation increases the risk of local extinctions and makes coordinated 
conservation efforts across borders even more important. (HELCOM 2013, 
SeaCOMBO 2021)  
 
Previous restoration efforts for Alismah̋ave been limited but informative. In 
Sweden, two experimental translocation projects were carried out in 2011 
and 2014, aiming to establish new populations in suitable habitats in Lake 
Mälaren, the site of the species’ only known freshwater population, a relic 
from when the lake was a brackish bay. These efforts involved transplanting 
individuals to previously occupied habitats, but survival was low (Johansson 
2014). Despite the poor outcomes, these projects provided valuable insights 
into the species’ ecological requirements and suggestions for future tests. 
These results highlight the importance of continuing gathering more 
information and experiences to better understand and protect Alisma. 

Conservation efforts in SeaMoreEco  
In the SeaMoreEco project, several separate conservation efforts regarding 
ōĹŻœõ ƝõĵōĘŔčĘŷĮĹĹ have been made (Figure 2).   

 
Knowledge of the genetic variation within and between populations is very 
important as a basis for future decisions on conservation biological issues 
regarding Alisma. For example, to reduce the risk of loss of genetic diversity 
within the species, unusual genotypes should be prioritized when planning 
conservation efforts. To improve the knowledge of the population genetics 
of Alisma, the genetic diversity between two populations in Norrbotten and 
one population in Oulu was compared. These populations were also 
compared to the Lake Mälaren populations.   
 
Alisma usually grows on shallow, relatively wave-protected bottoms, areas 
that often have high anthropogenic pressure. A pilot study was conducted to 
evaluate the feasibility of propagating Alisma from seeds, followed by 
transplantation into a natural bay environment. The overarching objective of 
this cultivation effort was to develop a restoration method for re-establishing 
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populations of Alisma in habitats where they have been degraded or lost.  
 
Alisma is one of the vascular plants in the EU Habitats Directive of 
endangered species. Every six years the status of these species is therefore 
reported through a monitoring program. The abundance of Alisma is 
subjected to large variations due to possibly both environmental and biotic 
factors, which makes the numbers being reported difficult to interpret. 
Therefore, a monitoring method has been tested, with the aim of finding an 
easy method that can be conducted yearly to get a better knowledge of the 
interannual variations.    
 
Human activities such as nearshore construction and dredging often take 
place in areas important for underwater vegetation. In general, these kinds 
of activities are known to have negative effects on aquatic plant communities 
through removal of substrate and vegetation, and by causing shading through 
sedimentation. However, the specific impacts of dredging on ōĹŻœõ˝
ƝõĵōĘŔčĘŷĮĹĹ remain relatively poorly known, and further research is needed 
to clarify how this threatened species responds to such disturbances. 
Therefore, the effect of dredging on Alisma plants and their habitats has been 
evaluated. The aim was also to provide additional information to support 
authorities in processing dredging notifications. 
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VĹĮƈŷĘ˝˂s̋zõŴ˝śĭ˝ƃĵĘ˝ŔśŷƃĵĘŷŔ˝Ŵõŷƃ˝śĭ˝ƃĵĘ˝ÂĘõzśŷĘAĎś˝ŴŷśŇĘĎƃ˝õŷĘõ˝õŔĔ˝ƝĵĘŷĘ˝ ōĹŻœõ˝
ƝõĵōĘŔčĘŷĮĹĹ˝ĎśŔŻĘŷƜõƃĹśŔ˝ĘĭĭśŷƃŻ˝ĵõƜĘč̋ĘĘŔ˝ĎśŔĔƈĎƃĘĔˢ˝ 

Methods 

Population genetics 

Plant tissue from ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ was collected from three areas during 
the summer 2025. The populations were located in the northern Luleå 
archipelago, on the island of Sandskär in Haparanda and in Oulunsalo in Oulu 
(see map, Figure 2). The plants grew on a sandy to soft substrate at 
approximately 0,5 m depth.   

Plant material was collected from six plants per area. From each plant, a 6-10 
cm long leaf was collected and put in a special paper envelope, which in turn 
was put in a plastic bag containing drying material (Figure 3). The paper bag, 
plastic bag and drying material were provided by the analysis laboratory. 
Great care was taken not to cross-contaminate the samples. The individual 
bags were labelled and sent to the Museum of natural history in Stockholm 
for analysis.    
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VĹĮƈŷĘ˝˃s ˝ÂõœŴōĹŔĮ˝śĭ˝ ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ˝ƃĹŻŻƈĘ˝ƃś˝čĘ˝õŔõōƣŻĘĔˢ 

Cultivation 

Alisma seeds from 30 plants collected in august 2023. The collection was 
made in Avasladan, an area with large populations of Alisma. Only seeds from 
one stem per plant were collected. 

During the collection, several hundred individuals of Alismas were noted and 
seeds were collected from a fraction of the plants. The Alisma plants were 
large and well looking at the time of the visit. The Alismas grew together with 
mainly 7ĵõŷõ˝õŻŴĘŷõ, AōĘśĎĵõŷĹŻ˝õĎĹĎƈōõŷĹŻ and »śƃõœśĮĘƃśŔ˝ŴĘŷĭśōĹõƃƈŻ at a 
depth of app. 0,5 m. There were also patches of the invasive plant species 
AōśĔĘõ˝ŔƈƃƃõōōĹĹ in the area. It should be noted that a governmental permit 
was granted for sampling parts of an endangered species.  

The seed stalks and loose seeds were cleaned of debris and placed in small 
pots with water and a sand bottom in a cold room (about 4oC) where they 
were stored during the winter. 

The planting of seeds was done in late April 2024. Several planting pots were 
filled with potting soil (Figure 4). On top of this soil, grains of self-dissolving, 
long-lasting plant nutrients were placed and above that a thin (about 1 cm) 
layer of sand. In the top, thin layer of sand, seeds/seed stalks from the 
overwintered material were placed. 
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VĹĮƈŷĘ˝˄s ˝ÂĘĘĔŻ˝õŔĔ˝ŻĘĘĔōĹŔĮ˝ŻƃĘœŻ˝ƝĘŷĘ˝ŴōõĎĘĔ˝ĹŔ˝ƃĵĘ˝ƃśŴ˝ōõƣĘŷ˝śĭ˝ŻõŔĔ˝śŔ˝ƃśŴ˝śĭ˝ŴśƃƃĹŔĮ˝
ŻśĹō˝ĹŔ˝ŻĘƜĘŷõō˝ŻœõōōĘŷ˝ŴśƃŻ˝˿ōĘĭƃ̀ˢ˝ÂĘƜĘŷõō˝ĮŷõĹŔŻ˝śĭ˝ōśŔĮõ˹ĎƃĹŔĮ˝ŔƈƃŷĹĘŔƃ˝˿ŷĹĮĵƃ̀˝ƝĘŷĘ˝õōŻś˝
ŴōõĎĘĔ˝śŔ˝ƃśŴ˝śĭ˝ƃĵĘ˝ŻśĹōˢ 

The small planting pots were placed in trays that were filled with water. The 
water level was about 5 cm higher than the planting pots. The trays were then 
placed against a sunny wall outdoors or inside a sun-warmed greenhouse 
(Figure 5). Only in the event of heavy rain, the trays outdoors were covered 
with a lid. Some pots were not filled with water to determine whether the 
Alisma can be cultivated without being covered with water. These pots were 
placed, like the others, partly outdoors and partly indoors in a sunlit 
greenhouse room.  

When the plants emerged, self-dissolving, long-acting plant nutrients were 
placed, with tweezers, near the roots of each plant. From the time the plants 
emerged until they were planted out, plant nutrients were placed with 
tweezers at the roots once a week and the water was changed about every 
other day.  

Water changes were made by carefully sucking water out of a low point in 
each tray while water was carefully poured into another part of the tray. This 
procedure continued until debris and fine-filament algae were sucked out of 
the tray and the water was clean. The water poured in was tap water that had 
been left standing for some time in a black jug to get the same temperature 
as the surroundings.  

In the water, as well as on pots and sand and also epiphytically (on the Alisma 
plants), a lot of microscopic algae grew, and the water soon became quite 
cloudy. Epiphytical algae was cleaned from the Alisma plants using a cotton 
ball.  



 

13 

 

VĹĮƈŷĘ˝˅s ˝ÉĵĘ˝ŴōõŔƃĹŔĮ˝ŴśƃŻ˝ƝĘŷĘ˝ŴōõĎĘĔ˝ĹŔ˝ƃŷõƣŻ˝śĭ˝ƝõƃĘŷ˝ƝĵĹĎĵ˝ƝĘŷĘ˝ŴōõĎĘĔ˝śƈƃĔśśŷŻ˝
õĮõĹŔŻƃ˝õ˝Ɲõōō˝õŔĔ˝ĹŔ˝õ˝ŻƈŔōĹƃ˝ĮŷĘĘŔĵśƈŻĘ˝ŷśśœˢ 

The Alisma plants were moved and planted in a shallow bay in mid-June 2024. 
The plants being moved were as follows: In water indoors: 15 plants 5 cm high. 
In soil indoors: 10 plants 5 cm high. In water outdoors. 10 plants 3 cm high. In 
soil outdoors: none (did not grow). During the cultivation the weather was 
fine and temperature warm, which probably resulted in early growth and 
good growing conditions. All plants were green and in good visible condition. 

The bay where the seedlings were planted has been previously surveyed and 
assessed as suitable for Alisma based on depth, bottom substrate and wave 
exposure. However, no Alismas have been found in the bay previously. The 
species found in the protected bay were species that grow together with 
Alisma and the proximity to larger populations of Alisma indicates that 
conditions are suitable. The area where the Alisma plants were planted was 
marked using bricks. 

The Alisma plants were planted by carefully digging a hole in the bottom 
substrate. The planting pots were then carefully placed on the bottom next 
to the hole and the plants were then lifted out with the help of a tablespoon, 
together with the surrounding soil and sand around the roots. In total, a 
volume of substrate of approximately 5x5x5 cm, together with the plant, was 
taken out of the pot and placed in the dug hole. The bottom was then 
flattened using the hands.  

The planting was carried out at a depth of app. 0,3 m (corrected for the 
prevailing water level) as nearby populations of Alisma usually grow at this 
depth. The area where the Alisma were planted was revisited (by snorkelling) 
in August 2024 and August 2025. ̋

Monitoring method testing 

A monitoring method was tested with the aim of finding an easy method that 
can be conducted yearly to get a better knowledge of the Alisma interannual 
variations. The method was tested in three areas in Finland and two areas in 
Sweden. The areas were selected based on known occurrences of Alisma. The 
method tested was the counting of Alisma plants along transects. The 
counting of Alisma was conducted along three transects in each of the areas.  
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The start of a meter marked transect line (measuring tape) was placed on a 
fixed position on the shoreline. Using snorkelling, wading, stand up paddle 
board (SUP-board) or boat, the transect line was placed on the bottom in a 
pre-decided direction to a fixed end position. The transects were 50 to 100 
meters long depending on the presence of Alisma and bottom properties. The 
same transects were visited in July-August 2024 and 2025.  

Starting from the outer part of the transects and working towards the shore, 
the number of Alisma plants were counted in 5 m intervals. The width of the 
transects were 0,5 meters on each side of the transect line. Along with the 
number of Alisma plants the percentage of flowering plants was estimated. 
To get a better knowledge of the associated plant communities the cover of 
other plant species was estimated in a 4 m2 square at 100, 50 and 0 m on the 
transects.  

Effects of dredging  

Shoreline development, such as dredging can have widespread impacts in 
underwater habitats, and it often affects the habitats of endangered species 
listed in the EU Habitats Directive or occurs in their immediate vicinity. The 
effects of dredging and boat channels on the underwater natural values and 
Alisma plants was evaluated in a small-scale study. In selected pilot areas in 
Finland, the effects of dredging on habitat types and species were evaluated, 
and the aim was to assess their recovery. The study was carried out in three 
areas in Finland: Ii, Oulu and Lumijoki. These areas were selected based on 
existing observations of  sƝõĵōĘŔčĘŷĮĹĹ and zõĎŷśŴōĘõ˝ŴƈčĹŴĘŔŔĹŻˣ as well as 
4-8 notifications of dredging activities after the year 2000, with the focus on 
most recent activities. The consultant identified patches of endangered 
species and documented their proximity to the dredged areas. Detailed 
description of the methods can be found in the consultant report, in 
appendix 1 C ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹˢ 

Results and discussion  

Population genetics 

The genetics of the Alisma populations was analysed by the Museum of 
natural history in Stockholm. The report, including analysis and comparison 
can be found in appendix 1 A ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ.  

Cultivation 

The area where the Alisma were planted was revisited (by snorkelling) in 
August 2024 and 2025. During the return visit in 2024, 18 of the originally 35 
planted seedlings were found still on the bottom. These seedlings were green 
and healthy looking and had grown since they were planted. The average 
length had increased and was about 7 cm during the return visit. 10 of the 18 
seedlings observed had also started to flower. Most of these (7) were from 
those that had grown in water indoors and were the largest when planted in 
the bay. At the return visit in August 2025 nine Alisma plants were found in 
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the area where they were planted. All these plants were flowering and were 
healthy looking (Figure 6) .  

  

VĹĮƈŷĘ˝ˆs ˝ ōĹŻœõ˝ŴōõŔƃ˝ĹŔ˝ƃĵĘ˝ŴŷśƃĘĎƃĘĔ˝čõƣ˝ĔƈŷĹŔĮ˝ƃĵĘ˝ŷĘƃƈŷŔ˝ƜĹŻĹƃ˝ĹŔ˝ ƈĮƈŻƃ˝˂ˀ˂˅ˢ˝ 
 

Other bottom vegetation in the was dominated by 7ĵõŷõ˝õŻŴĘŷõ, AōĘśĎĵõŷĹŻ˝
õĎĹĎƈōõŷĹŻˣ˝ ñõŔŔĹĎĵĘōōĹõ˝ ŴõōƈŻƃŷĹŻˣ˝ ÂƈčƈōõŷĹõ˝ õŶƈõƃĹĎõˣ˝ 7õōōĹƃŷĹĎĵĘ˝
ĵĘŷœõŴĵŷśĔĹƃĹĎõ and »śƃõœśĮĘƃśŔ˝ŴĘŷĭśōĹõƃƈŻ.   

The plants that grew without water were much coarser than those in water 
and they needed much less work. However, fewer plants grew without water. 
Perhaps this is due to the hard soil layer forming in dry conditions. If so, more 
loose soil/sand should be used when growing Alisma in dry conditions. The 
plants that grew without water also formed flowers to a much lesser extent 
after planting.  

The work of cultivating Alisma was very time consuming as water was 
frequently changed, nutrients were provided, and epiphytes were cleared. 
The actual planting was also time consuming as one had to carefully plant 
one plant at a time on very selected bottoms. Including the collection of 
seeds, planting, maintaining the growing plants, translocation of plants into 
the sea and follow-up as well as transportation and material an estimation of 
the cost (calculating with a salary of 100 Euro/hour) is 214 Euro per plant (35 
plants).   

Different weather conditions between years possibly affect the outcome of 
the plants. In 2024 it was so very hot early in the season. As a result, 
everything grew very quickly compared to other years when growth started 
later.  

Many of the Alisma plants that were planted out disappeared before the 
return visit. The seedlings that remained were very green and healthy 
looking, had grown and had flowers. This indicates that the conditions at the 
site were good and that the seedlings that were missing probably became 
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detached and drifted away rather than died. During the period between 
planting and the first return visit, the water level had gone down during 
periods, which may have caused plants to dry which may have contributed to 
the disappearance of plants. Further improved methods to make the 
seedlings remain on the bottom will increase survival even further. ̋

Monitoring method testing 

The method was tested in three areas in Finland and two areas in Sweden. 
The counting of Alisma was conducted along three transects in each of the 
areas. The results below show one area in Sweden (Figure 7), containing fewer 
Alisma plants, and on area in Finland (Figure 8) where the number of Alisma 
plants was higher. The same transects were visited in July-August 2024 and 
2025.  

 

VĹĮƈŷĘ˝ˇs ˝7śœŴõŷĹŻśŔ˝čĘƃƝĘĘŔ˝ƃĵĘ˝ĎśƈŔƃĹŔĮ˝ƃŷõŔŻĘĎƃŻ˝ĹŔ˝ ƜõŻōõĔõŔ˝ÂƝĘĔĘŔ˝˂ˀ˂˄˝õŔĔ˝
˂ˀ˂˅ˢ˝ 

A higher number of Alisma plants were found on the transects in Sweden in 
2025 compared to 2024 (Figure 7, Table 1). In Sweden, a national initiative 
focusing on Alisma, made a survey where previously known locations were 
visited in 2025. Unpublished results indicate that 2025 was a good year, 
where high numbers of Alisma were found, which may verify the results from 
the method test.  
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VĹĮƈŷĘ˝ˈs ˝7śœŴõŷĹŻśŔ˝čĘƃƝĘĘŔ˝ƃĵĘ˝ĎśƈŔƃĹŔĮ˝ƃŷõŔŻĘĎƃŻ˝ĹŔ˝^õĹōƈśƃś˝VĹŔōõŔĔ˝˂ˀ˂˄˝õŔĔ˝
˂ˀ˂˅ˢ 

In Finland, a higher number of Alisma plants were counted compared to the 
area in Sweden (Figure 8, note the scale difference). Similar to the results 
from Sweden, the number of Alisma plants in Finland was also higher in 2025 
compared to 2024 (Table 1). However, the relative position of Alismas along 
the transects showed some variation.  
 

ÉõčōĘ˝ˁˢ˝ÉĵĘ˝ŔƈœčĘŷ˝śĭ˝ ōĹŻœõƝ̋õĵōĘŔčĘŷĮĹĹŴ̋ōõŔƃŻ˝ĎśƈŔƃĘĔ˝śŔ˝ƃĵĘ˝ƃŷõŔŻĘĎƃŻ˝ĹŔ˝ĘõĎĵ˝
ōśĎõƃĹśŔ˝õŻ˝ƝĘōō˝õŻ˝ŴĘŷĎĘŔƃõĮĘ˝ĎĵõŔĮĘ˝ĎśœŴõŷĹŻśŔŻ˝čĘƃƝĘĘŔ˝ƣĘõŷŻˢ˝˝ 

 

 
The number of Alisma and differences between areas are of no importance 
in this study but rather to test a monitoring method with the aim of finding 
an easy method that can be conducted yearly to get a better knowledge of 
the Alisma interannual variations e.g. to interpret the results of monitoring 
conducted with several years apart. The joint experience of the method was 
positive and the results it produces feel relevant and easily interpreted. The 
method was easy to use and fairly cost effective.  

There could be several reasons why 2025 seemed to be a more favourable 
year for Alisma compared to 2024. Potential reasons for the fluctuations 
could be the water levels, summer temperature or the ice conditions etc. 

Country Finland Finland Finland Finland Sweden Sweden Sweden Sweden

Location Santonen Mikonkarinlahti Mansikkakari Laitakari Kilsgrundet Alskäret Sandskär 1 Sandskär 2

2024 2040 984 282 574 19 3 - -

2025 3380 942 739 1192 67 6 1126 136

Change (%) 66 -4 162 108 253 100 - -
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Figures of water level and notes of the ice conditions can be found in the 
appendix 1 B ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ sWhat stands out is the low water levels 
during spring 2024 compared to 2025. A low water level when the ice melts 
could potentially cause plants or seeds to freeze, negatively affecting the 
stands for the rest of the season. However, this hypothesis needs to be 
further studied.  

Finding the habitats where Alisma usually grows using flying drone and later 
visiting these habitats using e.g. snorkelling could be an efficient way to work 
when monitoring Alisma. During the SeaMoreEco project the use of drones, 
both flying and floating, has been tested to monitor benthic vegetation. This 
was also done in the areas where the method testing was conducted (results 
not shown). The Alisma plants themselves could not be found using flying 
drone. The habitat where Alisma is usually found generally consists of short 
vegetation with species such as 7ĵõŷõ˝ õŻŴĘŷõ, AōĘśĎĵõŷĹŻ˝ õĎĹĎƈōõŷĹŻˣ˝
ñõŔŔĹĎĵĘōōĹõ˝ŴõōƈŻƃŷĹŻˣ˝ÂƈčƈōõŷĹõ˝õŶƈõƃĹĎõˣ˝7õōōĹƃŷĹĎĵĘ˝ĵĘŷœõŴĵŷśĔĹƃĹĎõ and 
short »śƃõœśĮĘƃśŔ˝ŴĘŷĭśōĹõƃƈŻ. The picture analysis from the drone pictures 
(according to the drone flying and analysis method, SeaMoreEco drone 
manual 2025) was accurate in finding these habitats and distinguish them 
from vegetation zones with higher vegetation and areas with no vegetation.  
 
In addition to aerial drone methods, the use of floating drones or underwater 
ROVs (Remotely Operated Vehicles) can offer further possibilities for 
monitoring habitats. ROVs can provide close-up visual information from 
beneath the water surface, allowing for direct observation of vegetation and 
substrate conditions. This method can be useful in waters where visibility is 
limited from above. However, the use of ROVs also comes with certain 
limitations. The use of ROVs can be challenging in shallow or densely 
vegetated areas, and image quality may be affected by water clarity and 
lighting conditions. Despite these challenges, ROVs can complement other 
monitoring techniques, and further testing into this method needs to be 
done.  

Effects of dredging  

Small-scale study on the effects of dredging on ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ was 
conducted by a consultant during August 2025. No zõĎŷśŴōĘõ˝ŴƈčĹŴĘŔŔĹŻ was 
found during the inventories. Extensive observations of ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ˝
were made across all three inventory areas. In Praavanlahti (Ii), according to 
previous data, dredgings have occurred between 2008 and 2023, with 
dredged sections varying greatly in size. ˢ˝ƝõĵōĘŔčĘŷĮĹĹ was found near 
dredged zones and, in some cases, even within them, depending on dredging 
age and habitat conditions. However, in the most recently dredged area 
(done in 2023) Alisma was found growing about 7 meters from the dredged 
channel. Similarly, in Keskipiiri (Oulu), the species was widely observed 
despite dredging activities that took place between 2000 and 2021, including 
one section dredged in 2021. In this case, ˢ˝ƝõĵōĘŔčĘŷĮĹĹ occurred next to 
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the dredged channel, as close as four meters, and even on top of deposited 
dredging material on the western side of the channel. In Varjakka (Lumijoki), 
extensive presence of ˢ˝ƝõĵōĘŔčĘŷĮĹĹ was noted. While records indicated 
dredging between 2007 and 2024, field surveys revealed that some areas 
previously thought to be dredged were actually reed-cutting zones. Across 
suitable habitats in this area, ˢ˝ ƝõĵōĘŔčĘŷĮĹĹ was abundant.  
 
Based on the small-scale dredging survey, there are some indicators that the 
impact on endangered species, at least Alisma, might be limited to the actual 
dredging and deposition areas, particularly once some time has passed since 
the dredging. These results are based on very limited sample size, and only 
little knowledge of the species distribution before dredging activities. Due to 
the limited amount of data available, this small-scale study cannot provide 
definitive conclusions about the recovery of ˢ˝ƝõĵōĘŔčĘŷĮĹĹ. There are also 
other factors that should be taken into consideration, when evaluating the 
effects of dredging on Alisma, such as the time when dredgings are done 
(summer or winter) and the depth of the dredged channel.  The full results of 
the study can be found in the consultant report in appendix 1 C ōĹŻœõ˝
ƝõĵōĘŔčĘŷĮĹĹ s
 

Concluding remarks 

The conservation efforts made in the SeaMoreEco project results in the 
following suggestions for management of ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ.   
 
Knowledge of the genetic variation within and between populations is very 
important as a basis for future decisions on conservation biological issues 
regarding Alisma. The results from this study can be found in appendix 1 A 
ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ and can be used in future conservations efforts.  

Propagating Alisma from seeds, followed by transplantation into a natural bay 
environment may be a management method to re-establish populations of 
Alisma to habitats where they have been degraded or lost. The work of 
cultivating Alisma in this study was very time consuming as water was 
frequently changed, nutrients were provided, and epiphytes were cleared. 
The actual planting was also time consuming as one had to carefully plant 
one plant at a time on very selected bottoms. However, the method described 
in this study worked and shows that ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ can be cultivated 
from seeds followed by survival in the wild.  

An easy method for monitoring that can be conducted yearly improves the 
knowledge of the Alisma interannual variations which leads to better 
interpretations of monitoring results conducted with several years apart. The 
joint experience of the method described in this study was positive and the 
results it produces feel relevant and easily interpreted. The method was easy 
to use and fairly cost effective. Therefore, it is recommended as a method for 
monitoring ōĹŻœõ˝ƝõĵōĘŔčĘŷĮĹĹ populations.    
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The smallȤscale dredging survey provided preliminary insights into how 
Alisma might respond to dredging activities in the Bothnian Bay. 
Observations from the inventory areas indicated that the species could occur 
close to previously dredged areas, suggesting that the direct impacts of 
dredging may remain localised once some time has passed. However, the 
limited dataset, lack of pre-dredging information, and variation in dredging 
timing and depth mean that no firm conclusions can be drawn about the 
species’ recovery. Therefore, while the results offer useful indications, they 
should be interpreted with caution, and additional monitoring is 
recommended to better understand the recovery dynamics of ōĹŻœõ˝
ƝõĵōĘŔčĘŷĮĹĹ. 
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Hippuris tetraphylla  
Fourleaf Mare's Tail – nelilehtivesikuusi - ishavshästsvans 

Background 
Fourleaf Mare's Tail (^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ) is a perennial aquatic plant found 
in shallow, brackish coastal waters (Figure 9). In Finland, it has historically 
been present along the whole coast whereas today it can only be found in the 
Bothnian Bay and the Bothnian Sea (Figure 10). The occurrences on the 
southern and southwestern coasts of Finland are currently considered 
extinct (Ryttäri et al. 2012). In Sweden, in the later part of 1800’s, ^ˢ˝ƃĘƃŷõŴĵƣōōõ 
was reported to occur along the Swedish coasts of Northern Baltic Proper 
and Western Gotland Basin (HELCOM 2013, Artdatabanken). Later, in the 1975 
^ˢ˝ƃĘƃŷõŴĵƣōōõ was known to only occur in the Sävar area outside Umeå in 
Västerbotten county (Nilsson & Gustafsson 1976). Soon after that the species 
disappeared from the Sävar area and was thought to gone extinct in Sweden. 
In 1996 ^ˢ˝ƃĘƃŷõŴĵƣōōõ was found again, but this time from a new location in 
the Kronören-Drivören Nature Reserve in the southern Västerbotten County 
(Ericsson & Bader 1999).  

 

VĹĮƈŷĘ˝ˉs̋ ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝ĹŔĹ̋ƃŻ˝śŔōƣ˝ŊŔśƝŔ˝ōśĎõƃĹśŔ˝ĹŔ˝ÂƝĘĔĘŔˣ˝qŷśŔŤŷĘŔ=˹ŷĹƜŤŷĘŔ˝
{õƃƈŷĘ˝¾ĘŻĘŷƜĘ˝ĹŔ˝ƃĵĘ˝ŻśƈƃĵĘŷŔ˝âĄŻƃĘŷčśƃƃĘŔ˝7śƈŔƃƣˢ˝ 

^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ is included in the HELCOM list of threatened species and 
classified as endangered (HELCOM 2013). ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝is also listed in Annex 
II and IV of the EU's Habitats Directive meaning that the species needs strict 



 

22 

protection, and that the status needs to be reported to EU through a 
monitoring program every six years. In the Finnish red listing, ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝
is considered “Vulnerable” (VU) whereas in Sweden ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝is classified 
as “Critically endangered” (CR). In the last EU reporting, it was estimated that 
there are 10 to 50 million shoots of ^ˢ˝ƃĘƃŷõŴĵƣōōõ in Finland. In Sweden, where 
^ˢ˝ƃĘƃŷõŴĵƣōōõ only occurs in one bay called Njurviken in the Kronören-
Drivören Nature Reserve, where there are only around 6400 shoots left 
according to the latest monitoring result from 2023 (SeaMoreEco mapping, 
2023). In general, the decline of ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝in the Baltic Sea region, is 
explained by many factors such as postglacial land uplift, overgrowth by 
reeds, eutrophication, dredging and reduction in ice-scouring due to rising 
temperatures. Competition with Hippuris x lanceolata, which is expected to 
be a hybrid between ^ˢ˝ƃĘƃŷõŴĵƣōōõ and ^ĹŴŴƈŷĹŻ˝ƜƈōĮõŷĹŻ, is another possible 
reason for the decline of ^ˢ˝ƃĘƃŷõŴĵƣōōõ (HELCOM 2013). 

It is likely that the species will disappear from Sweden in the coming years 
unless conservation efforts are made (Ericson 2006, Saarinen et al. 2024). The 
populations in Njurviken in Kronören-Drivören Nature Reserve have a 
limited lifespan mainly due to the ongoing land uplift. Colonization to 
neighbouring bays could be possible, but there is currently no evidence that 
this is happening (Ericson 2006, SeaMoreEco mapping 2023). It is therefore 
urgent to initiate active measures to reduce the risk of the ^ˢƃ̋ĘƃŷõŴĵƣōōõ 
becoming extinct in Sweden. 

 



 

23 

 

VĹĮƈŷĘ˝ˁˀˢ̋=ĹŻƃŷĹčƈƃĹśŔ˝œõŴ˝śĭ˝^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ˝ĹŔ˝ÂƝĘĔĘŔ˝õŔĔ˝VĹŔōõŔĔˢ̋¢čŻĘŷƜõƃĹśŔ˝
ĎśƜĘŷĹŔĮƃ̋ĵĘ̋ƣĘõŷŻ˝ˁˉˉˀ˹˂ ˀ˂˅ˢ 

Monitoring is also an important part of the conservation of ^ˢƃ̋ĘƃŷõŴĵƣōōõ˝to 
understand the species' population dynamics. The species' occurrence and 
population changes have been monitored in different ways in Sweden and 
Finland, reflecting the differences in the species' abundance in the countries. 
In Sweden, monitoring has been systematic and local, while in Finland the 
abundance of the species has required more extensive and continuous 
methods. 

In Sweden, the shoots of ^ sƃĘƃŷõŴĵƣōōõ that are above the water have been 
counted regularly by foot since 2004. This method takes at least one working 
day for one person. All shoots are counted, or if there are hundreds to 
thousands of shoots in the same place, the number of shoots can be 
estimated (Naturvårdsverket 2015). This is a time-consuming monitoring 
method. 

In Finland, ^ˢ˝ ƃĘƃŷõŴĵƣōōõ is significantly more abundant, so different 
monitoring methods have been used. The focus has been on monitoring 
changes in the species' distribution, population size and habitat. These are 
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assessed in six-year periods, in accordance with the EU legislation requiring 
directive species to be reported every six years. The assessments are based 
on physical observations made by foot, which takes a lot of time and makes 
it impossible to monitor the whole national population regularly, as in 
Sweden. Monitoring focuses on mapping different areas in different years, 
which improves spatial coverage but at the cost of temporal data. 

Conservation efforts in SeaMoreEco 
In the SeaMoreEco project, three separate conservation efforts regarding ^ˢ˝
ƃĘƃŷõŴĵƣōōõ have been made focusing on population genetics, cultivation of 
the species and cost-efficient monitoring.  The overall aim of the population 
genetic study was to compare the genetics differences of ^ˢ˝ƃĘƃŷõŴĵƣōōõ in 
Sweden and Finland to investigate whether Finnish ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝could be 
transplanted to Sweden. The aim of the cultivation study was to test if ^ˢ˝
ƃĘƃŷõŴĵƣōōõ can be grown through micropropagation in vitro and through 
cultivation in a garden nursery to produce material for future ^ˢ˝ƃĘƃŷõŴĵƣōōõ 
transplantations. Further, monitoring ^ˢ˝ƃĘƃŷõŴĵƣōōõ was tested with a flying 
drone as a cost-effective alternative method to the commonly used field 
observations done by foot.  

The population genetics and cultivation study were conducted by University 
of Oulu in their laboratory and gardens facilities in Finland. The text written 
here is a shortened version of University of Oulu report that can be found in 
its total length and detail in the appendix 2 ̂ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõˢ 

Methods 

Population genetics 

^ˢ˝ƃĘƃŷõŴĵƣōōõ was sampled from the Swedish population in Njurviken and two 
Finnish populations in Kotakari and Ulkokrunni. Also drieds̋amples from the 
Umeå herbarium UME where used. In addition, samples of ^ˢ˝ƜƈōĮõŷĹŻ were 
collected from one Swedish population in Tennavan and from one Finnish 
population in Heikinharju, as well as dried samples from the Umeå herbarium. 
Two ̂ĹŴŴƈŷĹŻ˝Ƣ˝ōõŔĎĘśōõƃõ populations in Sweden, one in Njurviken and in 
one in Tennavan were also sampled. Material for genetic analyses was first 
collected into a cold box and then stored at -20°C. In the laboratory, DNA 
was extracted from the samples for further genetic analysis (for further 
information, see University of Oulu report, appendix 2 ̂ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ).  

 

Cultivation and micropropagation 

Sampling of˝̂ ˢ˝ƃĘƃŷõŴĵƣōōõ˝for micropropagation and cultivation purposes 
where partly combined with the sampling for genetic analysis. Sampled parts 
of the ^ˢ˝ƃĘƃŷõŴĵƣōōõ where 3 cm of the top of the shoots (including attached 
seeds if present) as well as 3 cm of the rhizomes. Samples were collected from 
the Swedish population in Njurviken and Ulkokrunni and Kotakari 
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populations in Finland. ^ĹŴŴƈŷĹŻ˝Ƣ˝ōõŔĎĘśōõƃõ was also collected from Sweden 
from Njurviken and Dragören populations. ^ĹŴŴƈŷĹŻ˝ƜƈōĮõŷĹŻ was collected 
from Finland from Heikinharju and Kuivasjärvi populations. The shoot 
material, seeds and rhizomes were kept at +4°C until micropropagation or 
other cultivation trials (for further information, see University of Oulu report, 
appendix 2 ̂ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ). 

Drone monitoring 

In the SeaMoreEco-project, a flying drone was tested for monitoring 
^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ as a cost-effective alternative method to the commonly 
used field observations done by foot. With a drone, it is possible to cover large 
areas systematically and it's easy to repeat year after year. The idea was to 
produce orthomosaics from drone photos and use them with already known 
observations of ^ˢ˝ƃĘƃŷõŴĵƣōōõ˝to find new populations in the same area, but 
also to monitor changes in the populations over time. 

The method testing took place on Isomatala island in Hailuoto, Finland. The 
area is large and flat, consisting mostly of coastal meadows and mudflats, and 
it is kept open by cattle grazing. The shore of the Isomatala has a lot of small 
ponds that are favoured by ^ˢ˝ƃĘƃŷõŴĵƣōōõ. 

Two flights from two different heights were done in Isomatala. The first flight 
was done at a height of 120 meters, which gave a pixel resolution of 3,3 cm. 
The flight covered a 200-hectare area and it was captured in one hour. 

The second flight was done a year later at a height of 50 meters, giving the 
pixel resolution of 1,4 cm. The flight was done over a smaller hot spot area of 
^ˢ˝ƃĘƃŷõŴĵƣōōõ that was around 25 hectares and it took around 30 minutes to 
complete. 

When drone photos had been taken, some of the ^ˢ˝ƃĘƃŷõŴĵƣōōõ populations 
were delineated using GPS devices to be used as reference areas. Reference 
areas were compared to potential ^ˢ˝ ƃĘƃŷõŴĵƣōōõ areas to find new 
populations. 

Results and discussion 

Population genetics 

In summary the analyses of the genetic structure show that the Finnish 
Kotakari population and the Swedish Njurviken population are not 
genetically differentiated, whereas the Finnish Ulkokrunnit population is 
significantly differentiated from these two. 

Genetic variation in all the Bothnian Bay populations was low. This could be 
explained by the colonization history of the species or that the species was 
previously was more widespread but then separated by geographical 
barriers. In the future, whole-genome sequencing methods could be used to 
better estimate genetic variation (for further information, see University of 
Oulu report, appendix 2 ̂ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ).  
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Cultivation and micropropagation 

In summary, propagation of ^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ was successful both through 
cultivation from rhizomes and with help of laboratory-based 
micropropagation methods (Figure 11). Both vegetative material (shoot apices 
and rhizome parts) and seeds could be grown through micropropagation. ^ˢ˝
ƃĘƃŷõŴĵƣōōõ˝from Finnish populations were also planted in the botanical 
garden where they have survived so far (for further information, see 
University of Oulu report, appendix 2 ̂ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ).   
 
For the management, the costs of transplantations are extremely interesting. 
Therefore, University  of Oulu  gave a rough estimate on the cost of 
production per one H. tetraphylla microplant in pot (one pot). The cost is 
estimated to be around 5 Euro (2025)/pc VAT 0% and includes labour, 
supplies, materials, equipment, and electricity.  
 

 

VĹĮƈŷĘ˝ˁˁ̋ĭŷśœ˝ÎŔĹƜĘŷŻĹƃƣś̋ĭ˝¢ƈōƈŷ̋ĘŴśŷƃˣ˝ŻĘĘ˝õƃƃõĎĵœĘŔƃƢ̋ˢ˝zĹĎŷśŴŷśŴõĮõƃĹśŔ˝śĭ˝^ˢ˝
ƃĘƃŷõŴĵƣōōõˤ˝ƈŴŴĘŷ˝ōĘĭƃˤ˝ĮĘŷœĹŔõƃĹŔĮ˝ŻĘĘĔŻ˥˝ƈŴŴĘŷ˝ŷĹĮĵƃˤ˝ŴōõŔƃŻ˝ĮŷśƝĹŔĮ˝śŔ˝õĮõŷ˝œĘĔĹõ˥˝
ōśƝĘŷ˝ōĘĭƃˤ˝ŴōõŔƃŻ˝ĹŔ˝ŴśƃŻ˝ŷĘõĔƣ˝ƃś˝čĘ˝ƃŷõŔŻŴōõŔƃĘĔ˝ĹŔ˝ĮõŷĔĘŔ˥˝ƈŴŴĘŷ˝ŷĹĮĵƃˤ˝ŴōõŔƃŻ˝ĹŔ˝ƃĵĘ˝
ĮõŷĔĘŔ˝ĹŔ˝ŻƈœœĘŷ˝˂ˀ˂˅ˢ 
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Drone monitoring 

Drone flights conducted at two different altitudes produced noticeably 
different results (Figure 12). Flying at 50 meters yielded a pixel resolution 
more than twice as accurate compared to flights at 120 meters. However, this 
increased accuracy came at a cost: capturing the same area at 50 meters took 
approximately four times longer than at 120 meters. 

The orthomosaic generated from images taken at 120 meters lacked 
sufficient resolution to reliably detect new populations. In some cases, it was 
possible to identify and delineate known populations, suggesting that this 
method could still be useful for monitoring temporal changes in existing 
populations across large areas. 

In contrast, the orthomosaic created from 50-meter altitude images 
delivered significantly better results. Known populations could be identified 
and delineated with high confidence in nearly all cases. Additionally, the 
higher-resolution imagery enabled the detection of previously unkown 
populations. In total, 26 new unconfirmed ̂ˢ˝ƃĘƃŷõŴĵƣōōõ patches were found 
(Figure 13). These populations need to be confirmed either by physical 
observations or extra close drone flights. Therefore, drone imagery captured 
at 50 meters proves to be an effective method for monitoring and delineating 
^ˢ˝ƃĘƃŷõŴĵƣōōõ. It also allows for coverage of relatively large areas while 
maintaining sufficient data accuracy. 

 

VĹĮƈŷĘ˝ˁ˂s˝ ¢ŷƃĵśœśŻõĹĎ˝õōƃĹƃƈĔĘ˝ĎśœŴõŷĹŻśŔˤ˝ˁ˂ˀ˝œ˝˿ ĎõŴƃƈŷĘĔ˝ĹŔ˝˂ˀ˂˄̀õ̋ŔĔ˝˅ˀ˝œ˝
˿ĎõŴƃƈŷĘĔ˝ĹŔ˝˂ˀ˂˅̀ˢ˝ÉĵŷĘĘ˝^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõŴ̋õƃĎĵĘŻ˝ĎõŔ˝čĘ˝ŻĘĘŔ˝ĹŔ˝ƃĵĘ˝ƯĮƈŷĘˢ 
 
However, drone imagery alone typically does not provide sufficiently 
accurate data, especially in new areas, so field observations are usually 
required to support the interpretation. Field survey points are essential for 
understanding which colors and textures in the orthomosaics correspond to 
Hippurisv̋egetation. The more survey points are collected, the easier it is to 
accurately delineate vegetation patches. It was also found that older survey 
points from previous years could be used to detect ^ˢ˝ƃĘƃŷõŴĵƣōōõ patches in 
the orthomosaics, adding value to previously collected data. 
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One thing to keep in mind is that Hippuris species found in the Bothnian Bay 
are visually very similar, making it impossible to distinguish between species 
based solely on orthomosaic imagery. Therefore, field survey points are 
crucial for precise species identification. 

 

VĹĮƈŷĘ˝ˁ˃s˝^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõś̋čŻĘŷƜõƃĹśŔŻ˝œõĔĘ˝ĹŔ˝ƃĵĘ˝ÂĘõzśŷĘAĎś˝ŴŷśŇĘĎƃ˝ƈŻĹŔĮ˝ƃĵĘ˝
œõŔƈõō˝ĔĘōĹŔĘõƃĹśŔ˝œĘƃĵśĔ˝ĹŔ˝bŻśœõƃõōõˣ˝^õĹōƈśƃśˢÉ̋ĵĘ˝ŔĘƝ˝śčŻĘŷƜõƃĹśŔŻ˝ŻƃĹōō˝ŔĘĘĔ˝ƃś˝
čĘ˝ĎśŔƯŷœĘĔ˝ĹŔ˝ƃĵĘ˝ƯĘōĔˢ 

Concluding remarks 

Population genetics 

Based on the result that the Finnish Kotakari population and the Swedish 
Njurviken population are not genetically differentiated, it is recommended 
that if cultivated or micropropagated Finnish˝̂ ˢ˝ƃĘƃŷõŴĵƣōōõ˝material is to be 
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translocated to Sweden, the translocatedi̋ndividuals should be from the 
Finnish Kotakari population. Genetically similar source population is 
preferred as a precautionary principle, but also because the results show that 
the herbarium samples from Swedish populations from years 1936-1999 are 
not genetically differentiated from the ^ˢ˝ƃĘƃŷõŴĵƣōōõ population in Njurviken 
(for further information, see University of Oulu report, appendix 2 ̂ ĹŴŴƈŷĹŻ˝
ƃĘƃŷõŴĵƣōōõ).  

Cultivation and micropropagation 

It is concluded that laboratory- and garden propagated ^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ 
material can be multiplied, grown and reintroduced. Swedish ^ˢ˝ƃĘƃŷõŴĵƣōōõ 
material grown in this study is available for transplantations. If more material 
is needed, the best option is to collect more seeds from the Swedish 
Njurviken population for cultivation to gain more genetic variation. 
Nevertheless, Swedish ^ˢ˝ ƃĘƃŷõŴĵƣōōõ material grown through 
micropropagation, has not yet been transferred to the botanical gardens. 
Therefore, transplantation of Swedish ^ˢ˝ƃĘƃŷõŴĵƣōōõ to botanical gardens 
should be tested before transplantation to Njurviken och elsewhere in 
Sweden. It is also recommended to test the germination of seeds when sowed 
directly to soil. If successful, sowing seeds directly to the soil would lower 
the amount of work and costs considerably (for further information, see 
University of Oulu report, appendix 2 ̂ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ).  

Drone monitoring 

Our tests revealed that using drone imagery to monitor ^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ 
in aquatic environments is a reliable and cost-effective method, not only for 
detecting the species in known locations, but also for discovering new 
populations. The best results were achieved with an orthomosaic captured 
at 50 meters altitude, providing a pixel size of 1,4 cm. This resolution offered 
an optimal balance between image quality and time efficiency. 

^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ is a relatively large aquatic species, and thanks to its 
aerial shoots, it stands out clearly in drone imagery when growing in water. 
This makes it easier to identify among other aquatic vegetation. However, 
this advantage diminishes when the species grows along shorelines. Based on 
our observations, identifying ^ˢ˝ƃĘƃŷõŴĵƣōōõ among terrestrial vegetation is 
less reliable, as the visual contrast provided by water is absent. There is a 
potential to further develop the monitoring by using a drone. During low 
water levels, when parts of ^ˢ˝ƃĘƃŷõŴĵƣōōõ are above the water, drone could 
be flown close to the ground or water, to identify the species. This could 
increase efficiency and reduce the number of person hours required. 
However, it would require a skilled drone operator to ensure that no plants 
are damaged and that no animals, such as cattle, are present in the area. 
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Arctophila fulva 
Pendant grass – pohjansorsimo - hänggräs 

Background 
ŷĎƃśŴĵĹōõ˝ĭƈōƜõ is an endemic species that can be found only in a few sites, 

along rivers and river estuaries flowing into the Bothnian Bay. In Finland, ˢ˝
ĭƈōƜõ grows only in rivers flowing to Liminganlahti bay and along the Torne 
River, which flows along the border of Finland and Sweden. In Sweden it can 
be found in (or close to) the Töre- and Torne River estuaries.   
 
ŷĎƃśŴĵĹōõ˝ĭƈōƜõ is a perennial grass, with leaves approximately 0,5 cm wide 

(Figure 14). It grows along riverbanks and river mouths, on muddy, silty, and 
sandy substrates. It requires open growing space, produces seeds poorly, 
spreads mainly vegetatively and is highly sensitive to competition. Most 
known sites are influenced by land uplift, history of grazing, strong water 
level fluctuations and ice erosion.   
 

 
VĹĮƈŷĘ˝ ˁ˄ˢ˝ ŷĎƃśŴĵĹōõ˝ ĭƈōƜõ˝ ĹŔ˝ÉĘœœĘŻŇśŊĹ˝ ŷĹƜĘŷ˝ ĘŻƃƈõŷƣˣ˝ ŴĹĎƃƈŷĘ˝ ƃõŊĘŔ˝ čƣ˝ {śŷƃĵ˝
¢ŻƃŷśčśƃĵŔĹõ˝Até˝7ĘŔƃŷĘ s
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ŷĎƃśŴĵĹōõ˝ĭƈōƜõ has most recently been assessed for the global IUCN Red List 
of Threatened Species in 2015, where it was listed as ”Least Concern” (LC). 
However, in Finland and Sweden the variant found is mostly ŷĎƃśŴĵĹōõ˝ĭƈōƜõ˝
Ɯõŷˢ˝ŴĘŔĔƈōĹŔõ, which is in turn listed as “Endangered” (EN) in Finland and 
“Vulnerable” (VU) Sweden. The species had its widest distribution in the 
1960s, after which it has declined. 

There are various reasons for the endangerment of the species, including 
overgrowth by reeds or other aquatic plants, eutrophication, estuarine and 
coastal dredging, and a reduction in ice-scouring due to rising temperatures 
as well as the reduction of traditional grazing practices that once maintained 
open coastal meadows. 
  
In Finland some areas of occurrence have been managed regularly using a 
combination of methods: 
¶ Manual habitat management, including weeding, mowing of other 
vegetation and loosening the soil around plant stands to reduce 
competition. 

¶ Mechanical habitat management, involving soil tilling around plant 
stands and restoration of side channels in river delta to improve 
hydrological conditions. 

¶ Transplanting efforts, where the species has been propagated at the 
University of Oulu’s Botanical Garden and planted in the Temmesjoki 
and Lumijoki river deltas (North Ostrobothnia ELY Centre, 
unpublished 2025). 

Conservation efforts in SeaMoreEco 
ŷĎƃśŴĵĹōõ˝ĭƈōƜõ grows in very shallow estuary environments. On the muddy 

shores and shallow bottoms, where ˢ˝ĭƈōƜõ grows, other species often thrive, 
e.g. reed and rushes as well as sublittoral plants like »śƃõœśĮĘƃśŔs̋p. and 
AōśĔĘõs̋p. These species are often stronger competitors for space and 
therefore out compete pendant grass. Therefore, in the SeaMoreEco project, 
conservation efforts regarding ˢ˝ ĭƈōƜõ include clearing of competing 
vegetation.˝ ˢ˝ĭƈōƜõ grows in only a few places in the Bothnian Bay which 
makes it very vulnerable. Therefore, in 2025, in an effort to increase the 
number of sites, a few plants were moved, from a healthy population to a new 
location.    

Methods 

Since ŷĎƃśŴĵĹōõ˝ĭƈōƜõ often grows in between other vegetation (Figure 15) 
the clearing of competing vegetation could not be done using big machines. 
Therefore, handheld tools such as shovels, rakes and forks were used to 
remove vegetation. A great care was taken to include the roots of the 
competing plants to improve the possibility of ˢ˝ĭƈōƜõ spreading.    



 

32 

 

VĹĮƈŷĘ˝ˁ˅s ŷ̋ĎƃśŴĵĹōõ˝ĭƈōƜõ ĮŷśƝĹŔĮ˝ĎōśŻĘ˝ƃś˝ƃĵĘ˝ŷĘĘĔ˝čĘōƃˢ  

In Norrbotten 15 ŷĎƃśŴĵĹōõ˝ ĭƈōƜõ plants were moved, from a healthy 
population in the Töreälven river estuary to a new location. The plants, as 
well as the substrate around their roots were dug up using small handheld 
tools and put in a bucket with water on their way to the new site. On the new 
site the plants, including the substrate was put in a new hole using the hands. 
The environment in the new location was similar to the environment of the 
donor population.   

Results and discussion 

In 2023, ŷĎƃśŴĵĹōõ˝ ĭƈōƜõ conservation work in Norrbotten, Sweden, 
consisted of clearing vegetation from two stands in Idbäckens outlet (app. 
650 plants), 3 stands in Stora Almsten (app. 510 plants), one stand in 
Töreälven (app. 80 plants) and one stand in Töreälvens river mouth (app. 600 
plants) (Figure 16).  
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VĹĮƈŷĘ˝ˁˆs̋ ˝ŴõƃĎĵ˝śĭ˝ŷĎƃśŴĵĹōõ˝ĭƈōƜõ ĮŷśƝĹŔĮ˝ĔƈŷĹŔĮ˝ƃĵĘ˝˂ˀ˂˃˝ĎśŔŻĘŷƜõƃĹśŔ˝ƝśŷŊ˝ĹŔ˝
{śŷŷčśƃƃĘŔˢ˝ 

The stands where the efforts were made in 2023 were revisited in 2024. The 
number of ŷĎƃśŴĵĹōõ˝ ĭƈōƜõ plants were similar to 2023. However, the 
conditions during the revisit were bad due to high water level and murky 
water. Therefore, possible effect of the conservation work could not be 
found.    

The ŷĎƃśŴĵĹōõ˝ĭƈōƜõ conservation work in Norrbotten in 2024 and 2025 was 
performed by Hagens Naturvård. The reports can be found in appendix 3 
ŷĎƃśŴĵĹōõ˝ĭƈōƜõ sIn summary, competing vegetation was cleared surrounding 

eight stands including a total of 2714 plants of ˢ˝ĭƈōƜõ in Töre, Norrbotten in 
2024.  

In 2025, further conservation work was conducted in the both the Töre area 
and in the Torne River estuary. Also, ˢ˝ĭƈōƜõ inventory was made in an area 
on the Swedish side of the Torne River, where the plant has been found on 
the Finnish side. During the inventory, no˝ˢ˝ĭƈōƜõ˝was found on the Swedish 
side of Torne River. During the conservation work, fewer plants than before 
was found in areas that were revisited. The conditions for counting plants 
were not optimal, probably due to an unusually warm summer, which may 
have influenced the results. During the conservation work1̋908 s̋ ĭƈōƜõ˝
plants were found in a part of the Töre River not previously visited in the 
project.   

The moving of ŷĎƃśŴĵĹōõ˝ĭƈōƜõ plants were unfortunately not successful. 
When the site of the plants was revisited, none of the individual plants were 
found.  



 

34 

Concluding remarks 

The conservation efforts for ŷĎƃśŴĵĹōõ˝ĭƈōƜõi̋n SeaMoreEco project were 
unfortunately not successful. The moving of plants did not work, and the 
number of plants did not increase after the removing of competing 
vegetation. Both of these results are likely due to a lack in knowledge in basic 
ecology of the species such as factors influencing the natural fluctuations. 
The species seems to have large natural interannual variation. Knowing what 
causes these variations is important when planning conservation as the 
timing may be crucial for the conservation result.   
 
More efforts were done in Finland (work done outside on SeaMoreEco 
project), where the aim was to plant stands to more sheltered locations to 
ensure rooting, but long-term plan is to support the development of stands 
that can spread further out into the estuary, where competition from other 
species is lower. It was noted that in more exposed areas, wave action can 
pose a challenge for the species, although the natural life cycle of ˢ˝ĭƈōƜõ also 
includes the periodic loss of stands, for example when drifting ice scours the 
shoreline. Detached plants may, however, be carried by currents to new 
suitable sites, which is an important part of the species’ natural dispersal 
(North Ostrobothnia ELY Centre 2025, unpublished). The results of this work 
are not yet available.  
 
The habitats where the species live are decreasing, and the environments are 
changing. Therefore, and for future conservation efforts to be more 
successful, more tests and trials and studies of basic ecology need to be done. 
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Macroplea pubipennis 
 Meriuposkuoriainen - stor natebock  

Background 
In the northern Gulf of Bothnia there are three species of the genus 
zõĎŷśŴōĘõ: zˢ˝ŴƈčĹŴĘŔŔĹŻˣ˝zˢ˝õŴŴĘŔĔĹĎƈōõƃõ˝and̋zˢ˝œƈƃĹĎõ(̋Vahtera et al., 
2018), from here on collectively referred as zõĎŷśŴōĘõ species or zõĎŷśŴōĘõ 
beetles. zˢ˝ŴƈčĹŴĘŔŔĹŻ(̋Figure 17) is listed in Annex II of the EU's Habitats 
Directive meaning that it is a species of community interest whose 
conservation requires the designation of special areas of conservation. In 
Finland zˢ˝ŴƈčĹŴĘŔŔĹŻ˝is protected and its status is “Near threatened” (NT). 
In Sweden its red list status is “Data Deficiency” (DD) as its distribution in 
Sweden is unknown. Before SeaMoreEco projects mapping efforts, zˢ˝
ŴƈčĹŴĘŔŔĹŻ had been found in China, Finland and northernmost Sweden 
(Norrbotten county and in one location in the northernmost Västerbotten 
county), with most of the observations made in the northern Bothnian Bay.  

The beetles live in shallow (0,3-1,5 m) water and in summertime they can be 
seen crawling on aquatic plants or on the bottom (Vahtera et al., 2018). In 
Sweden, County Administrative Board of Norrbotten does look for zõĎŷśŴōĘõ˝
species as part of their vegetation surveys. The accumulating knowledge 
from these surveys show that the species are often found in semi-sheltered 
bays with a low (10-30%) coverage of underwater vegetation close (max 5-10 
meters away) to the reed belt (»ĵŷõĮœĹƃĘŻ˝õƈŻƃŷõōĹŻ) in Norrbotten. The 
beetles are most often found on »śƃõœśĮĘƃśŔ˝ŴĘŷĭśōĹõƃƈŻb̋ut can also be 
found on other plant speciesˢA̋ccording to the study by Vahtera et al., 2018, 
in southern Finland, the most common plant species that the beetles are 
found on is ÂƃƈĎŊĘŔĹõ˝ŴĘĎƃĹŔõƃõ followingz̋ƣŷĹśŴĵƣōōƈœ species.  
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VĹĮƈŷĘ˝ˁˇˢÉ̋Ɲśz̋ˢŴ̋ƈčĹŴĘŔŔĹŻ˝ĘŔĎśƈŔƃĘŷĘĔ˝ĔƈŷĹŔĮ˝ƃĵĘ˝˂ˀ˂˅˝œõŴŴĹŔĮ˝˿ÂĘõzśŷĘAĎś̀ˢÉ̋ĵĘ˝
õĔƈōƃŻ˝õŷĘ˝śĭƃĘŔ˝ĘŔĎśƈŔƃĘŷĘĔ˝ĹŔ˝ŴõĹŷŻˣ˝œõōĘ˝śŔ˝ƃĵĘ˝čõĎŊ˝śĭ˝ƃĵĘ˝ĭĘœõōĘˢ˝˝ĮśśĔ˝ŊĘƣ˝ƃś˝ƃĵĘ˝
ĹĔĘŔƃĹƯĎõƃĹśŔ˝śĭ˝zõĎŷśŴōĘõ˝ŻŴĘĎĹĘŻ˝ĎõŔ˝čĘ˝ĭśƈŔĔ˝ĹŔ˝âõĵƃĘŷõ˝Ęƃ˝õōˢˣ˝˂ˀˁˈˢ 

Conservation efforts in SeaMoreEco 
The aim was to map Macroplea species within the project area. In 
Västerbotten, Sweden, the goal was to see if zˢ˝ŴƈčĹŴĘŔŔĹŻ can be found in 
the whole county, including its southern parts. In Norrbotten, Sweden, and 
South Ostrobothnia, Finland, the goal was to get a better and up to date 
picture of its distribution, by revisiting sites where it had previously been 
found as well as new sites. 

Methods 

SeaMoreEco project arranged a course in mapping and identification of 
zõĎŷśŴōĘõ˝species with a theoretical part online and a practical part in the 
field in Norrbotten (SeaMoreEco Macroplea course 2025). The method used 
in Norrbotten to find zõĎŷśŴōĘõ sp. is snorkelling. The window for mapping 
zõĎŷśŴōĘõs̋pecies is quite short, from the middle of July to the middle of 
September, when the water above 15 °C. In Sweden a zˢŴ̋ƈčĹŴĘŔŔĹŻ species 
habitat model from County Administrative Board of Östergötland was used 
to choose some of the bays for mapping and in Finland a similar species 
model from Syke (Forsblom & Virtanen unpublished) was used to choose 
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some of the areas, and some sites were chosen because of previous 
observations. In Västerbotten, Macroplea species were mapped in nine bays 
during august 2025. Macroplea individuals that were found were collected 
and ƃhe species identification was confirmed by an expert on aquatic beetles 
(Anders Nilsson, Professor Emeritus at Umeå University).  In Finland 
Macroplea species were mapped in seven bays during August-September 
2025 and the species identification was done in the field, since its protection 
status prohibits removal of the beetle from its habitat without a permission 
from authorities. In the Norrbotten county, Macroplea species were mapped 
as a part of the vegetation surveys in 46 bays during the summer 2023, 2024 
and 2025. 

Results and discussion 

In Västerbotten 9 bays were visited and zˢ˝ŴƈčĹŴĘŔŔĹŻ was found in 2 new 
locations (Figure 18). Close to Umeå, Ostnäsfjärden and in the southern part 
of the county Krikeviken in Järnäs. No zˢ˝œƈƃĹĎõ or zˢ˝õŴŴĘŔĔĹĎƈōõƃõ was 
found this time even though these species are known to be present in the 
Västerbotten county. 

In South Ostrobothnia 7 bays were visited and zˢ̋ŴƈčĹŴĘŔŔĹŻ˝were found in 1 
bay (Figure 18). zˢ˝œƈƃĹĎõ in 1 bays and zˢ˝õŴŴĘŔĔĹĎƈōõƃõ in 2 bays. zˢ˝
ŴƈčĹŴĘŔŔĹŻ was found in Revöfjärden in a bay on the northern tip of the island 
of Haggisgrund, between Folkmenören and Lilla Folkmenören. 

In Norrbotten, 46 bays were visited and zˢ˝ŴƈčĹŴĘŔŔĹŻ˝were found in 2 new 
sites, Sladagrunden and Sleven in Piteå archipelago as well as in one site 
where it has previously been found (Figure 18). zˢ˝õŴŴĘŔĔĹĎƈōõƃõ were found 
in two sites. For all the sites visited and which species were found, see 
appendix 4. zõĎŷśŴōĘõ˝ŴƈčĹŴĘŔŔĹŻ. 
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VĹĮƈŷĘ˝ˁˈs˝zõĎŷśŴōĘõ˝ŴƈčĹŴĘŔŔĹŻ˝ĔĹŻƃŷĹčƈƃĹśŔ˝œõŴ˝ĹŔ˝ÂƝĘĔĘŔ˝õŔĔ˝VĹŔōõŔĔˢ˝é̋ĘōōśƝ˝ŴśĹŔƃŻ˝
ŷĘŴŷĘŻĘŔƃ˝śčŻĘŷƜõƃĹśŔŻ˝ĔśŔĘ˝ĹŔ˝ƃĵĘ˝ÂĘõzśŷĘAĎś˝ŴŷśŇĘĎƃˣ˝ƝĵĘŷĘõŻ˝čōƈĘ˝ŴśĹŔƃŻ˝ŷĘŴŷĘŻĘŔƃ˝
śčŻĘŷƜõƃĹśŔŻ˝ĔśŔĘ˝śƈƃŻĹĔĘ˝ƃĵĘ˝ŴŷśŇĘĎƃ˝ĹŔ˝ƃĵĘ˝ƣĘõŷŻ˝ˁˉˉˀ˹˂ ˀ˂˅ˢ 

Concluding remarks 

Through SeaMoreEco project and with help of our colleagues in Norrbotten, 
our organisations from Finland (ELY Centres) and Sweden (County 
administrative board of Västerbotten) have gotten to learn how the mapping 
and identification of zõĎŷśŴōĘõ˝species is conducted. Moreover, the project 
successfully found new zˢ˝ŴƈčĹŴĘŔnis sites and other zõĎŷśŴōĘõ sites in the 
project area. Most significantly zˢ˝ŴƈčĹŴĘŔŔĹŻ˝was found from the southern 
parts of the Västerbotten county. Before 2025, the most southern encounter 
of zˢ˝ŴƈčĹŴĘŔŔĹŻ in Sweden was in the northernmost Västerbotten, on the 
border to Norrbotten in Kinnbäcksfjärden. 

Still, the distribution of zˢ˝ŴƈčĹŴĘŔŔĹŻ is not widely known and more mapping 
efforts are needed to evaluate its conservation status in Finland, Sweden and 
rest of the Baltic Sea region. The sites where the species are found should be 
well documented to gain more knowledge about their habitats. Further, 
zõĎŷśŴōĘõ species are known to be negatively affected by dredging and 
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construction activities through changes in water quality (HELCOM 2013) and 
therefore it is important to restrain this type of human activities in places 
where zˢ˝ŴƈčĹŴĘŔŔĹŻ has been found or where it could occur.  

In our experience the small zõĎŷśŴōĘõ beetles are hard to see under water 
and therefore the mapping and species identification in the field is quite 
difficult and time consuming. Further, the mapping can be done in different 
ways (such as scuba-diving or wading in addition to snorkelling), and this 
could affect the results. In addition, in Västerbotten and South Ostrobothnia 
zõĎŷśŴōĘõ˝species were mapped especially in habitats that were alike the 
habitats where Norrbotten had previously found the zõĎŷśŴōĘõ species. This 
might result in a sampling bias, that the beetles might be present even in 
other habitats where we do not look for them, such as denser vegetation or 
closer to the sediment in the stems of the plants. In future it would be 
interesting to test if eDNA methods can be used to map zˢ̋ŴƈčĹŴĘŔŔĹŻ in 
shallow coastal areas of the Baltic region. 
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Charales meadows 

Background 
Charales or Stonewort are large green algae species living on soft sediment 
bottoms (Figure 19). They provide a lot of important properties to their 
environment, such as nutrient and sediment binding, as well as shelter and 
food for fish fry and invertebrates. Under Finland’sNature Conservation Act 
(9/2023), sheltered Charales meadows are listed as one of the protected 
habitat types, and the occurrences of these meadows need to be designated 
and mapped. Charales meadows do not have a specific national legal status 
under Swedish law equivalent to Finland’s protection. However, they receive 
recognition through broader frameworks. Due to eutrophication and human 
activity disturbing their environment Charales meadows have declined. It is 
therefore necessary to establish efficient ways to map and restore Charales 
meadows. 

The main challenge lies in addressing the root causes behind the decline of 
Charales meadows. If environmental conditions become suitable for these 
algae again, restoration efforts, such as translocation, can be planned. 
Planting patches of new Charales is fairly easy, by digging up plants, along 
with substrate, from a nearby population and placing them on the bottom at 
the desired location.  

The success of Charales translocations is still uncertain and there are only 
few well documented studies, especially studies that are conducted in the 
field. In Sweden planting 7ĵõŷõ˝ƃśœĘŔƃśŻõ and 7ĵõŷõ˝õŻŴĘŷõ has been tested 
in the field with different methods, but none of them were that successful 
and natural recolonisation was greater than any of the tested transplantation 
methods (Faithfull et al. 2022). In Finland, small scale transplantation tests 
have been conducted with the same species with some success but still the 
natural dispersal was more successful in comparison (Arnkil et al. 2024). 
There is a need for further development of the translocation methods for 
Charophytes. 
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VĹĮƈŷĘ˝ˁˉˢ˝7̋ĵõŷõ˝ƃśœĘŔƃśŻõ˝ĹŔ˝ĭŷśŔƃ˝śĭ˝ƃĵĘ˝ŴĹĎƃƈŷĘ˝œĹƢĘĔ˝ƝĹƃĵ7̋ĵõŷõ˝õŻŴĘŷõ˝œĘõĔśƝ˝ĹŔ˝
ƃĵĘ˝čõĎŊˢ˝ 

Conservation efforts in SeaMoreEco 
There are many pressures affecting the habitats of Charales meadows, and 
new information about suitable restoration and monitoring methods is 
needed. In the SeaMoreEco project, two separate efforts were made: 
transplanting method test and mapping and monitoring of Charales 
meadows by drone. The method for transplanting of 7ĵõŷõ˝ƃśœĘŔƃśŻõ was 
tested in cooperation with the Biodiversea LIFE-IP project. If the method 
proves successful, it could be applied to areas where Charales meadows have 
disappeared, helping to repopulate these areas.  
 
Another aim was to look into whether drones can be effective in mapping 
Charales meadows. This work is essential, as these habitats are highly 
valuable and increasingly in need of protection, creating a growing need for 
accurate mapping and monitoring. Mapping of Charales meadows was tested 
in North and South Ostrobothnia, Finland, while Metsähallitus tested the 
same method in southern Finland. Metsähallitus will develop a common 
methodology for mapping of Charales meadows, with the help of the 
knowledge gained here. 
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Methods  

Transplanting 

Planting of the stonewort 7ĵõŷõ˝ƃśœĘŔƃśŻõ was coordinated together with 
the Biodiversea project. SeaMoreEco tried the same methods in the Bothnian 
Bay as Biodiversea project tried in the Gulf of Finland.  

Test site for the transplanting was chosen based on suitability for 7ĵõŷõ˝
ƃśœĘŔƃśŻõ, regardless of whether they had previously occurred there. An 
ideal site would be one where the species previously existed, then 
disappeared, and where the disturbance that caused its decline has since 
been resolved. A donor population was located near by the test site. This 
population needed to be large and healthy enough that sampling from it was 
deemed not to cause any harm to the population. The test site selected for 
SeaMoreEco was Långviken glo on Torsön in Nykarleby. The glos threshold 
had recently been restored in the Helmi programme. Before planting a brief 
general mapping was done of the glo. 7ˢ˝õŻŴĘŷõˣ˝tĘœŔõ˝ƃŷĹŻƈōĎõˣ˝zƣŷĹśŴĵƣōōƈœ˝
ŻŴˣ˝ÂƃƈĎŊĘŔĹõ˝ŴĘĎƃĹŔõƃõ and »śƃõœśĮĘƃśŔ˝ŴĘŷĭśōĹƃõƃƈŻ were observed in May 
2024. At the time of the mapping, the water was quite murky and brown, 
which can be expected in a glo during the spring flow. The site of the donor 
population was a bay south of Änges-Lamalot, right by the harbour used to 
travel to Långviken. 

Planting was done at 9 test plots: 3 plots at 30-40 cm depth, 3 at 60 cm depth 
and 3 at 80 cm depth. For each plot 9 plants were picked, and the growth tips 
of each plant were counted. The plan was to recount the tips at the end of 
the season to compare the plants and see if additional growth had occurred. 
The plants were picked through snorkelling and transported by boat in 
waterfilled boxes (Figure 20) to the test site 3,2 km away. In 2024, planting 
was done in June with control in August. 
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VĹĮƈŷĘ˝˂ˀˢ»̋ĹĎŊĹŔĮ˝õŔĔ˝ŴōõŔƃĹŔĮś̋ĭ˝7ĵõŷõōĘŻ˝ŴōõŔƃŻƝ̋õŻ˝ĔśŔĘ˝ĹŔ˝oƈŔĘˣõ̋ŔĔ˝ƃĵĘ˝ĎśŔƃŷśō˝
ƝõŻ˝ĔśŔĘ˝ĹŔ˝ÂĘŴƃĘœčĘŷĹ̋Ŕ˝˂ˀ˂˅ˢ˝ 

In 2025 there was another attempt at planting in Långviken. There were also 
attempts to get permission for plating in Skäribäcksminnet in Korsnäs, but 
permission was denied by the join property association. Together with 
Biodiversea project, it was decided that there would be no counting of the 
growth tips this year. The reasons were both that a less stressful method for 
the plants was needed and the counting of tips on the planted algae at the 
end of the season was unreasonably difficult. 

Because of the 2024 results and the characteristics of Långviken, planting 
was only done at 30-40 cm depth in 2025. Also, three 50 x 50 x 70 cm semi-
enclosed aquariums were made to protect the plants from drifting material 
that might suffocate them. The aquariums had no bottom or roof, and small 
holes were drilled in their sides, to allow for water to circulate but prevent 
drifting plants. The aquariums were placed on the bottom, and the algae was 
planted in them. 

Transplanting was again done in June with control in September. This time 
plants and a piece of the bottom was picked up with a bailer and directly 
placed in a box with some water. No counting or sorting was done, both 
because the method to measure growth was inadequate as well as to avoid 
damaging or stressing the plants. 

Drone mapping and monitoring 

A flying drone was tested as a tool for mapping and delineating sheltered 
Charales meadows, to complement traditional field observations. The 
approach was straightforward: aerial images were captured over the 
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meadows to produce an orthomosaic, and species inventory points with GPS 
coordinates were collected at locations where Charales species were 
present. 

Drone flights were conducted at altitudes of 120 meters and 50 meters, 
resulting in pixel resolutions of 3,3 cm and 1,4 cm, respectively. Inventory 
points were placed at the centre of Charales patches, where Charales 
coverage was estimated. Based on the orthomosaic and inventory points, a 
coverage map of Charales was created, using object-based image 
classification. The method is described in more detail in the SeaMoreEco 
drone report. 

Five sites were selected to test the drone-based monitoring method: 
Vähäntörmänloukko in Lumijoki; Parhalahti, Selkälippi, and Rovastinperukka 
in Pyhäjoki; and Puojiniemi in Kalajoki. These sites included three flads, one 
glo-flad, and one sheltered seashore location. The sites varied in water 
properties and aquatic vegetation, allowing the method to be tested under 
diverse conditions. 

Results and discussion 

Transplanting  

In 2024 no plats survived. There were a few options as to why the test might 
have failed. 1) The water had surprisingly remained murky the whole summer. 
The water in a glolake usually clears up in the summer when the runoff 
lessens and the vegetation starts to bind sediment and nutrients. Therefor 
the plants might have been deprived of light, especially in the 60 and 80 cm 
deep test plots. 2) There was a lot of drifting filamentous algae and tˢ˝ƃŷĹŻƈōĎõ 
that might have suffocated the plants. 3) The treatment of the plants in the 
picking, counting and planting process might have been too rough for the 
stonewort plants. 

In 2025 the plants survived at all 3 test plots. In two plots the plants looked 
healthy, while at one plot the plants were a bit pale. There were epiphytical 
algae on the plants at all sites. The water in 2025 was significantly clearer 
when the control was made. The whole bottom of Långviken was lush with 
varying plant species this year, compared to 2024 when the bottom was quite 
barren. 

The test site was not optimal. The bad conditions of 2024 as well as the 
different conditions between the years make the results difficult to compare. 
The information of these conditions was not available at the planning stage 
of the test and normal glo conditions were expected, i.e. murky spring water 
clearing up as the plants start to filter the water and the runoff lessens after 
the spring flow. The presence of these conditions is an interesting 
phenomenon, and the underlying cause is unknown. 

Because of the differing conditions and methods, it is difficult to tell exactly 
what the driving factor in the success of 2025 was or if it was a combination 
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of all three factors (clear water, shelter, less stressful planting method). Since 
there was a lot of epiphytes on the plants, it is reasonable to assume that with 
the gentler method and the clearer water the plants could have survived 
without the additional shelter of the aquariums.  

Since the plants survived at a rate of close to 100 % in 2025 it can be 
determined that the gentler method of planting is viable, as long as the 
conditions of the planting site are sufficiently favourable. 

Drone mapping and monitoring  

The effectiveness of drone-based mapping was strongly influenced by 
underwater visibility. In many cases, Charales patches could not be reliably 
identified or delineated due to poor visibility. The tests were conducted in 
the northern Bothnian Bay, where the water is typically brownish, which 
limits light penetration and reduces underwater visibility. Additionally, 
Charales species in this region are relatively small and may be obscured by 
other aquatic plants, further complicating detection from aerial imagery. 

Sparse vegetation was found to improve bottom visibility, enhancing contrast 
and making patch boundaries easier to detect. In areas with good water 
clarity, Charales patches were successfully delineated using drone imagery 
(see Figure 21). Environmental conditions, particularly water transparency 
and vegetation density, play a critical role in the success of drone-based 
mapping. 

Comparisons between orthomosaics taken at 120 meters and 50 meters 
showed no significant difference in patch delineation when visibility was 
good. However, in turbid conditions, the higher resolution achieved from 
lower-altitude flights proved beneficial. Flying at lower altitudes can enhance 
image detail, which is especially important when detecting small or partially 
obscured Charales patches. 

VĹĮƈŷĘ˝˂ˁs˝7ĵõŷõōĘŻ˝ĎśƜĘŷõĮĘ˝œõŴ˝śĭ˝âĄĵĄŔƃŤŷœĄŔōśƈŊŊś˝ưõĔ˝ĹŔ˝tƈœĹŇśŊĹˣ˝VĹŔōõŔĔˢ 
 



 

46 

Timing also affects visibility and detectability. Early to mid-summer may be 
optimal for surveys, as Charales are less obscured by other vegetation. 
However, water clarity often improves later in the summer, presenting a 
trade-off between vegetation cover and visibility. Conducting drone flights 
during periods of low water levels may further improve detection, especially 
for small-sized Charales species. 

 

Concluding remarks 

Transplanting  

The method tested in 2025 works. Both SeaMoreEco and Biodiversea projects 
have successfully planted surviving 7ˢ˝ƃśœĘŔƃśŻõ using the method. The 
follow-up is not yet conclusive and both projects can report surviving algae 
but no additional growth or spreading as of yet. The milder treatment used 
in 2025 seems promising when moving plants. Bringing parts of the sediment 
seems like good method. First off it is better for the algae rhizoids. Secondly, 
according to Faithful et al. (2022) planting Charales by moving bottom 
substrate containing oospores can be an effective method as well. This gives 
the planting attempt two possibilities to succeed, either by the algae 
surviving and reproducing or by the oospores germinating. 

In conclusion, if a waterbody has lost its Charales population and the 
underlying reasons for the loss has been identified and remedied, then our 
method of planting seems like a promising method for restoration. The 
results are however still preliminary. The planting sites still need to be 
monitored for some years to confirm that the algae survive and reproduce. 

Drone mapping and monitoring  

The potential of drone use was tested for mapping Charales meadows in the 
northern Bothnian Bay. Our findings suggest that drones can offer cost-
effective support in mapping and delineating Charales meadows. The results 
demonstrated that drone imagery, especially when combined with targeted 
field observations, can help visualize and outline Charales patches in areas 
with good water clarity and sparse vegetation. In such conditions, the aerial 
orthomosaics provided sufficient contrast to distinguish vegetation patterns, 
enabling the delineation of meadows. Notably, the difference in image 
resolution between 120 m and 50 m flight altitudes had a limited impact on 
delineation success in clear waters but the higher resolution proved 
advantageous in more turbid conditions. 

However, the study also highlighted significant limitations. The brownish, 
humic-rich waters typical to the Bothnian Bay, combined with the small size 
of local Charales species, often made it hard to see them from above. Thus, 
drone imagery alone was insufficient for reliable identification or mapping. 
This shows the importance of combining drone surveys with thorough 
fieldwork to get accurate and trustworthy results. 
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In conclusion, while drone-based monitoring is not a standalone solution for 
Charales meadow mapping in all conditions, it shows promise as a 
complementary method, particularly in areas where water clarity allows for 
effective visual interpretation. 
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Threshold restoration 

Background 
In the northern Gulf of Bothnia coastal lagoons (flads, glos) are a common 
nature type that often are being impacted  by human activity (Mikkola et al. 
2020). They are sheltered and popular for recreational use, for instance as 
docks for summer houses, and this often results in the threshold being 
dredged. The threshold is a vital structure of this environment type since it 
restricts the water exchange and stabilises the water level in the lagoon. 
These properties make flads ecological hotspots and particularly good 
nursery grounds for fish. Being such important habitats, coastal lagoons are 
recognized as a Natura 2000 habitat type under the EU Habitats Directive 
Annex I. However, many thresholds have already been destroyed, and in great 
need for restoration.  

Some earlier threshold restorations have been done in the northern Baltic 
Sea (Arnkil et al., 2024, Saarinen & Berglund 2022) and a step-by-step guide 
has been written by ELY Centre to make it easier to scale up the restorations 
(Roininen 2024). 

  

Conservation efforts in SeaMoreEco 
For a threshold restoration a nameless bay on Rönnlövsholmen in the island 
group Svartörarna in Nykarleby, was chosen. If this bay had been in its natural 
state, it would have been a glolake, but in the 1980’s a canal was dredged 
(Figure 22). Since the dredging took place such a long time ago, the judgment 
was that it had become naturalised part of the environment of the islands. 
The bay was very shallow, about 40 to 60 cm, with the dredged channel being 
as deep and therefore the bay was almost dry at low water levels. Because of 
this, its properties for enhancing biodiversity were limited and it was decided 
that the project would try to build a threshold to keep the water level higher.    
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Figure 22. ÉĵĘ˝ĔŷĘĔĮĘĔ˝śŴĘŔĹŔĮ˝čĘĭśŷĘ˝ƃĵĘ˝ŷĘŻƃśŷõƃĹśŔˢ 

 There were no summerhouses, docks or any other signs of human activity in 
the bay, therefore it was assumed that it would be possible to get permissions 
for the restoration. The landowner of the bay is the joint property unit whose 
written permission was granted at their yearly meeting. Two landowners 
whose lands are bordering the bay also granted their written permissions 
after discussions over the phone.  

Methods  

The bay was visited in 2023 and mapped according to the Helmi programs 
restoration guide for small coastal waters. It was also photographed by drone 
and an orthophoto was made. Water level loggers and salinity loggers were 
placed at the restoration object in 2024 and 2025. 

A restoration plan was written in the SeaMoreEco project by the ELY Centre 
of South Ostrobothnia. The plan can be acquired from Economic 
Development Centre of South Ostrobothnia. For the restoration, a threshold 
was planned to maintain the water level at +10 cm N2000. It would be 
constructed using 0–16 mm gravel, combined with stones from the 
surrounding area that had been removed during earlier dredging. 

Finding an entrepreneur willing to move the gravel and an excavator to all 
the way to Svartörarna in the outer archipelago was difficult. Therefore, the 
restoration took place in the summer of 2025. In the end K&G Sjötransport 
was able to do the job. Ten cubic meters of gravel was transported from 
Bonäs hamn to Rönnlövsholmen (Figure xxx). 
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VĹĮƈŷĘ˝˂˃ˢz̋õŴ˝ŻĵśƝĹŔĮ˝ƃĵĘ˝ˈˣ˅˝Ŋœ˝ŷśƈƃĘ˝ƃĵõƃ˝œõƃĘŷĹõōŻ˝õŔĔ˝œõĎĵĹŔĘŷƣ˝ĵõĔ˝ƃś˝čĘ˝
ƃŷõŔŻŴśŷƃĘĔˢ 
 
The gravel together with natural larger stones were used to build a ~2 m wide 
threshold across the opening (Figure 24). Stones were also placed in front of 
the threshold to give some shelter for waves and ice. Once this had been done 
with an excavator, a canal was dug manually, and stones were placed to make 
the threshold as natural as possible. 

Results and discussion 

The restoration site was revisited three times during the summer and 
autumn after the restoration efforts. During these visits fish fry migrating 
into the sea were observed. Water was flowing as planned over the threshold 
and the water level in the flad was higher than in the sea.  
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VĹĮƈŷĘ˝˂˄ˢ̋ÉĵĘ˝œõƃĘŷĹõōŻ˝ĭśŷ˝ƃĵĘ˝ƃĵŷĘŻĵśōĔŻ˝ĹŔ˝ŴōõĎĘ˝õŔĔ˝œõŔƈõō˝ōõčśƈŷ˝ƃś˝ŴŷśŴĘŷōƣ˝ŻĵõŴĘ˝
ƃĵĘ˝ƃĵŷĘŻĵśōĔ˝õŔĔ˝ƃĵĘ˝ĎĵõŔŔĘō˝õŷĘ˝ĹŔ˝ŴŷśĮŷĘŻŻ 

Concluding remarks 

In the coming years the location will be visited to see if the threshold 
withstands the winter and the ice sheets, which can exert a lot of force on 
the shore. There will be follow-up by the Helmi programme logging the water 
levels. Contact with the local population will be maintained to follow the fish 
migration. 

More details about the restoration and the methods are available in the Helmi 
guide and the restoration plan. 
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Outlet stream restoration 

Background 
Along the coast in the project area there are a lot of brooks and outlet streams 
that have been negatively affected by forestry actions. Relating to the shallow 
seas these disturbances hinder fish to migrate to their spawning grounds in 
the coastal small waters, such as glolakes. 

In SeaMoreEco, the ELY Centre of South Ostrobothnia was contacted by the 
joint property unit, who wanted help restoring the outlet stream from 
Storträsket on the island of Grytskäret in Närpes (Figure 25). After visiting 
the object, mapping it and taking drone pictures for an orthophoto it was 
decided that the object was suitable for restoration. A restoration plan was 
ordered from Kvarken Nature & Fishing, to be done in accordance with the 
Helmi restoration guide for small coastal waters. 

 

VĹĮƈŷĘ˝˂˅s˝=ŷśŔĘ˝ƜĹĘƝ˝śĭ˝ƃĵĘ˝Įōś˝õŔĔ˝ƃĵĘ˝śƜĘŷĮŷśƝŔ˝śƈƃōĘƃ˝ŻƃŷĘõœ˝čĘĭśŷĘ˝ƃĵĘ˝ŷĘŻƃśŷõƃĹśŔˢ 

The needed permissions were also acquired from neighbouring landowners. 
However, the joint property unit withdrew their consent for the full 
restoration. They only wanted a restoration for the first section, from the sea 
to the nameless glo along the outlet stream. They wanted to know if fish 
migration could be restored before committing to the full restoration and 
cited worries for swampification of nearby forests as cause for their caution. 

Conservation efforts in SeaMoreEco 

Methods  

The restoration continued according to the restoration plan for this section 
of the stream. A water depth logger was placed in the glo. The restoration 
efforts were carried out in 2025. 
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Wideroos Infra AB was hired for the excavating work. Because of the reduced 
plan, this meant digging away a bladderwrack bank. They also had the 
possibility to cut a reed for a significant section with a special cutting tool on 
the excavator.  After this, the rest of the reed was cleared manually with 
scythe and trimmer. The stream was cleared of vegetation and roots 
manually with hoes, rakes and shovels. Material, mainly stones from the 
seabed, were placed in the stream to prevent the water level in the glo from 
dropping and building dams to help fish travel up stream (Figure 26 and 
Figure 27). 

 

VĹĮƈŷĘ˝˂ˆs˝AƢõœŴōĘ˝ŻĘĎƃĹśŔ˝ĹŔ˝ƃĵĘ˝ŻƃŷĘõœ˝ƝĵĘŷĘ˝ƜĘĮĘƃõƃĹśŔ˝ĵõŻ˝čĘĘŔ˝ŷĘœśƜĘĔ˝õŔĔ˝ŻƃśŔĘŻ˝
õĔĔĘĔ˝ƃś˝ĘŔõčōĘ˝ƯŻĵ˝œĹĮŷõƃĹśŔˢ 

Results and discussion 

The low section of the stream, up to the glo, was in great condition after the 
restoration. Fish would be able migrate up-stream in its current condition 
and the water level is stable. Reed will grow back, but the expectation is that 
the channel is now distinct and deep enough to sustain itself so that fish will 
be able to migrate even though some reed will grow in it. 
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VĹĮƈŷĘ˝˂ˇs=̋ŷśŔĘ˝ŴĹĎƃƈŷĘ˝śĭ˝ƃĵĘ˝ŷĘŻƃśŷĘĔ˝śƈƃōĘƃ˝ŻƃŷĘõœ˝õŔĔ˝ƃĵĘ˝Įōś˝õĭƃĘŷ˝ƃĵĘ˝ŷĘŻƃśŷõƃĹśŔ˝
ĘĭĭśŷƃŻˢ˝ÉĵĘ˝ĮŷĘĘŔ˝ĎĹŷĎōĘ˝ŻĵśƝŻ˝ƝĵĘŷĘ˝ƃĵĘ˝čōõĔĔĘŷƝŷõĎŊ˝čõŔŊ˝ƝõŻ˝ŷĘœśƜĘĔˢ˝6ĘƃƝĘĘŔ˝ƃĵĘ˝
ƣĘōōśƝ˝ōĹŔĘŻŷ̋ĘĘĔ˝ƝõŻ˝Ďƈƃ˝ƝĹƃĵ˝ƃĵĘ˝ĘƢĎõƜõƃśŷˢ˝6ĘƃƝĘĘŔ˝ƃĵĘ˝čōƈĘ̋ōĹŔĘŻ˝ŷĘĘĔ˝ƝõŻ˝Ďƈƃ˝
œõŔƈõōōƣˢ˝6ĘƃƝĘĘŔ˝ƃĵĘ˝ŷĘĔ˝ōĹŔĘŻ˝ƃĵĘ˝ĎĵõŔŔĘō˝ƝõŻ˝œõŔƈõōōƣ˝ĔƈĮ˝ƃś˝ŷĘœśƜĘ˝ƜĘĮĘƃõƃĹśŔ˝
õŔĔ˝ŻƃśŔĘŻ˝ƝĘŷĘ˝õĔĔĘĔˢ 

The procedure of mapping, finding a consultant, getting permits and finding 
an entrepreneur took longer than expected. Therefore, the restoration 
efforts were carried out in 2025. Due to this and the high water levels of the 
later part of the field season, one part of the restoration was left undone. This 
was to create a channel on the sea floor so that a stream will form all the way 
to the sea water at low water levels as well. This will be done in the spring of 
2026.  

Because of efforts being made in 2025 there has not yet been any follow-up. 
This will be done together with the Helmi programme.  

Concluding remarks 

In discussions with a local biologist and the joint property unit it has been 
agreed that they will annually clear the stream and remove bladderwrack 
stacking up on the shore at the stream mouth.  

If fish start to migrate up to the glo, the joint property unit is willing to 
proceed with the restoration of the stream all the way up to Storträsket, if 
the worries for swampification is addressed. Funding for this is not secured 
since they did not commit to the efforts during the SeaMoreEco project.
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Appendix 1 Alisma wahlenbergii 

A Population genetics 

Consultant report by the Museum of Natural history, Stockholm.  

B Monitoring method testing 

Tables showing water level in Stömören, Sweden and Oulu, Finland together 
with notes on ice cover in the northern Gulf of Bothnia during the project 
time. 

C Effects of dredging  

Consultant report âAtzÎ˹ŻƈŷƜĘƣˤ˝AĭĭĘĎƃŻ˝śĭ˝ŻœõōōŻ˹ĎõōĘ˝ĔŷĘĔĮĹŔĮ˝˂ˀ˂˅˝¢ƈōƈ˝
ŷĘĮĹśŔ by Suvi Saarnio at Envineer Oy.  

Appendix 2 Hippuris tetraphylla 

Report ^ĹŴŴƈŷĹŻ˝ƃĘƃŷõŴĵƣōōõ by Jouni Aspi, Laura Kvist and Annu Ruotsalainen 
at University of Oulu.   

Appendix 3 Arctophila fulva 

Report ̂ ĄŔĮĮŷĄŻĘƃ˝Ĺ̋ÉŤŷĘ˝ĵõœŔ˝˻ č̋ĘŻŊŷĹƜŔĹŔĮ˝õƜ˝ƈƃĭŤŷĔõ˝ĊƃĮĄŷĔĘŷ˝˂ˀ˂˄ and 
^ĄŔĮĮŷĄŻ˝Ĺ˝{śŷŷčśƃƃĘŔ˝˻̋ĹŔƜĘŔƃĘŷĹŔĮˣƈ̋ŴŴĭŤōŇŔĹŔĮ˝śĎĵ˝čĘƜõŷõŔĔĘĊƃĮĄŷĔĘŷ˝˂ˀ˂ ˅
by Sofia Hagsand at Hagens Naturvård. 

Appendix 4 Macroplea pubipennis  

Table showing bays visited and the Macroplea species that were found during 
inventories of the project.  
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