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1. [bookmark: _Toc34302931]Background
1.1. [bookmark: _Toc34302932]General information on estuaries
River estuaries are one of the most important habitats when it comes to birds, fish, underwater vascular plants, and Charales. Birds and fish use the river estuaries to feed and breed, with many fish also migrating through the area to breed in the rivers. During the mappings which were carried out in the SEAmBOTH-project between 2017-2019, it was discovered that river estuaries have a remarkable range of vascular plants and especially water moss species, with several endangered aquatic species populating these areas.
There is a need to define the borders of river estuaries because legally binding protection measures are often tied to clearly defined parts of the environment. Based on EU habitats directive, protective measures can only be placed on an area when Natura 2000 habitats have been defined. However, drawing borders on river estuaries is very difficult with the brackish water environment, especially in the Bothnian Bay area due to the extremely low salinity, which prevents us from using salinity as a straightforward indicator (Figure 1.). In the SEAmBOTH-project it was aimed at finding suitable methods to define estuarine areas without relying only on the differences in salinity.
[image: ]
Figure 1. Water salinity in northern Bothnian Bay Kemijoki and Torniojoki River estuaries. Metsähallitus.
In a workshop in Haparanda 24-25.4.2018, organized by SEAmBOTH, experts from Finland and Sweden used the MOSAIC tool to define the most valuable habitats in the northern Bothnian Bay. At the top of the list were the river estuaries, which are also regarded as vulnerable Natura 2000 nature type (1130) in both countries (Unfavourable-Inadequate in Sweden and Unfavourable-Bad in Finland, also Endangered in the Finnish national assessment). Also, there are a lot of human pressures that affect the river estuaries (boat traffic, dredging, coastal defense and building, excess nutrient load, hydrodynamic dams, etc.) In both countries, most of the rivers (in Finland, almost all) are used for producing hydroelectricity and the natural migratory ways of fish are blocked by hydroelectric dams.
When the MOSAIC assessment was used in accordance with human pressures, threatened species information, and many other layers of environmental and biological data such as fish spawning areas, the river estuaries were some of the most valuable marine areas in the SEAmBOTH area, according to Zonation model (Elina Virtanen, SYKE) (Fig. 2). 
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Figure 2. Zonation model by Elina Virtanen, Syke. Darker the area, higher the nature value. Map shows that river estuaries are valuable areas. 

1.2. [bookmark: _Toc34302933]VELMU mapping in 2017
In the field season 2017, the Ostrobothnian VELMU-team mapped estuaries for the first time. The aim was to test different methods for future field seasons and to try to find a transition zone where plants change from freshwater species to saltwater or brackish water species. Pre-field methods consisted of modelling and analyzing aerial images. The data collected in the field was from dive transects, underwater drop video (HD video camera and GoPro camera) sites, wading points, and salinity samples. 
During the summer, surveys were carried out in Oravaistenlahti Bay (Kimojoki River, Kimo Å), Perhonjoki River estuary, Kalajoki River estuary, Siikajoki River estuary, Myllyoja Brook in Kempeleenlahti Bay, Iijoki River estuary, Kemijoki River estuary, and Torniojoki River estuary. The SEAmBOTH team also made inventory points at the Torniojoki River and Kemijoki River estuaries.
The results of the mapping have been influenced by the variable weather and the fact that the time available to the estuaries was quite varying. For example, when the team was in the Oravaisenlahti Bay, the waves were large and sometimes it rained heavily, so it may have affected the quality of the results, while in Siikajoki River the sun was shining and the weather was excellent. There was also great variation in the time spent on different estuaries, for example, the team was able to spend several days on the Perhonjoki River estuary and Iijoki River estuary, whereas only about one whole day at the Kalajoki River estuary.
During the summer, the idea was to write briefly about the conditions, the methods used, and the observations made for each of the surveyed estuaries ; but due to other urgencies, the team was unable to implement this plan except for a few estuaries. This initial and preliminary information on the various estuaries is in Appendix 2. This starting section of the document summarizes the most important observations and experiences throughout the course of the field season. 

2. [bookmark: _Toc34302934]Methodology used and the related observations
2.1. [bookmark: _Toc34302935]Video 
In the dark and often turbid water of rivers, filming can be challenging. An additional challenge is the water current. When shooting a video, it is especially important that the camera is really close to the bottom, but still above it, so that the image is not blurred further. The skipper needs to be experienced to make the boat stay on the point as the water flows, as it is impossible to analyze the video if the camera is moving at high speed in cloudy water.
When shooting a video in estuaries, the weather should be good, as waves will significantly cloud the water and make it difficult to interpret videos. In addition, the up-and-down movement from the waves makes it difficult to analyze videos.
Estuary areas are often very shallow and sometimes very difficult to travel, so it is advisable to select a boat with a minimum draft for mapping. The propeller should be near the surface, and the skipper should be very careful (a "stone man" is recommended at the bow to look for underwater rocks). The pace should be very moderate also in transitions to avoid hitting the boat and propeller.
When studying the salinity gradient and vegetation transition it is good to do so-called video transects outwards from the estuary and across the estuary. That is, filming the points in a linear fashion, for example at 50- or 100-meters distances. 
Video recording works well in the deeper parts of the river and estuary (> 1-meter depth), taking into account the above-mentioned limiting factors. The team was not able to try video shooting with a GoPro and a selfie stick from the SUP board, but it could be a good way to make inventories on deeper points where 0ne cannot reach the bottom with a water binocular.
When shooting a video, it is a good idea to use a rake whenever the video shows plants. It is often impossible to identify the species by video alone, but rake samples help in more accurate identification.
2.2. [bookmark: _Toc34302936]Wading and SUP boarding 
If the riverbeds are not too steep, the edge of the river can be mapped by wading. However, travelling by the SUP board works best, as it is a quick way to move from one point to another, especially downriver, and it does not matter if there are deeper areas between the sampling points. In some rivers (such as the Iijoki River), the flow was so high in the main stream that the SUP boards could not used there at all. Instead they were used in the side streams only.
In shallow estuaries, the wading and SUP boards work very well. However, there should not be any breeze as the waves also make it difficult to use the water binoculars and move forward with the SUP board. In river channels, the wind does not matter as much. 
When wading in a river or estuary, the water binocular must be pushed as deep as possible to get close enough to the bottom (cloudy and brown water). This requires quite a bit of physical effort if one has to do it several times in a row. The direction of the sunlight is also worth taking into consideration - mapping is easier if the light comes from the side.
If the bottom is at all turbid, it is advisable to make a point evaluation progressing slowly, as it may be impossible to return to the point. The GPS point can then be taken at the end of the evaluation. It is best if the mapper is located downstream of the point to be mapped so that the water mass does not become cloudy from contact with the bottom and any loose material is transported downstream away from the sampling point.
When wading and SUP boarding in an estuary, it is important to map both sides of the estuary because the prevalent wind and wave direction can affect the salinity of the water and thus the species. The openness of the estuary and the direction of the estuary can also have an influence, so it is a good idea to aim for a broad overview when time and resources allow.
If a river is mapped over a longer distance, a SUP board is a very good tool because it speeds up the transition and makes it easier to cross rapids. However, the SUP board alone is usually not sufficient for mapping the river, since the deepest parts of the riverbed cannot be analyzed with water binoculars. Video equipment is needed for the deepest sampling points.
2.3. [bookmark: _Toc34302937]Diving
During the field season 2017, the aim was to try diving only in the Perhonjoki River estuary. The intention was to dive in the Kalajoki River as well, but the day of the dive was very windy, and it was not safe to go on a small boat under such a heavy load.
In the estuary dive, it was found that the visibility was only about 10 cm without a torch, and 20-40 cm with the torch. That is why it was decided to make 1x1 m mapping squares instead of the regular 4x1 m sampling squares. The dive transect was made at the mouth of the river because it was felt that it was the most interesting place for a test dive. In the 100m transect line, the substrate material of the seabed was variable, but sedimentation was always high. 
If a small boat is used for diving in an estuary, it is advisable to prepare all the diving equipment and wear the dry suit already at the beach. It may be easier to put on the balance vest after moving into water from a small boat. 
Visibility is very limited when diving in an estuary, and the diver must be experienced and accustomed to diving in poor visual conditions. In the estuaries, it is definitely worth diving together with a dive buddy, as this will provide both divers support in mentally challenging conditions. It is imperative that both divers have a good torch and using a pair cord is by no means a bad idea. If the pair cord is not used, the divers should stay close to the transect rope or transect measuring tape, otherwise they can easily get off the line and lose one another.

3. [bookmark: _Toc34302938]Analyzing the collected data
The species that fit into the modeled estuaries from the data collected until 2017 (Appendix 1) were tabulated. Species numbers across estuaries were compared and it was also analyzed, which species were commonly found in many estuaries and which were found in only one or two estuaries.
· Species abundance (number of species or genuses found): Torniojoki River 71, Kemijoki River 68, Iijoki River 59, Myllyoja Brook (Kempeleenlahti Bay) 64, Siikajoki River 44, Kalajoki River 37, Perhonjoki River 49 and Kimojoki River 32. The highest abundance was thus found in the Torniojoki River, Kemijoki River, Myllyoja Brook and Kemijoki River estuaries, while the numbers were significantly smaller in Perhonjoki River, Siikajoki River, Kalajoki River and Kimojoki River. It is important to note that the smallest numbers of species were in estuaries, which are also clearly smaller in spatial extent.
· The following species were found in all eight estuaries: Eleocharis acicularis, Nuphar lutea, Potamogeton perfoliatus, Stuckenia pectinata, Sparganium sp. and Stuckenia sp.
· The following species were found only in one estuary: Batrachospermum atrum (Torniojoki River), Batrachospermum sp. (Torniojoki River), Ulva (Enteromorpha) intestinalis (Siikajoki River), Calliergon megalophyllum (Myllyoja Brook, Kempeleenlahti Bay), Carex nigra (Kemijoki River), Elatine triandra (Kemijoki River), Iris pseudoacorus (Kimojoki River), Marchanthiophyta sp. (Myllyoja Brook, Kempeleenlahti Bay), Nitella flexilis vel opaca (Kimojoki River), Potamogeton filiformis x pectinatus (Iijoki River), Potamogeton obstusifolia (Siikajoki River), Ranunculus schmalhausenii, (Kemijoki River), Rumex sp. (Perhonjoki River), Sagittaria natans (Iijoki River), Triglochin maritima (Perhonjoki River), Triglochin palustris (Perhonjoki River), Utricularia minor (Iijoki River), Warnstorfia trichophylla (Myllyoja Brook, Kempeleenlahti Bay), Zannichellia palustris var. repens (Siikajoki River), Drepanocladus aduncus (Iijoki River), Chara braunii (Iijoki River) and Chara virgata / globularis (Perhonjoki River).
· In addition, Fissidens fontanus was found in Perhonjoki River estuary on a dive.
· For a more detailed list of estuarine species, see Appendix 1.

Maps were created using the data collected in 2017 and earlier years. The project utilized expert assisted modelling (EMD) and grouped the species into freshwater “river species” and brackish water species “brackish water species”. In addition, Charales was distinguished from vascular plants and water mosses.
· In the southern sea areas, there could be “river species” and “marine species”. However, there are no saltwater species in the Bothnian Bay, so it was decided on the above grouping.
· It is also worth noting that species grouping must be area specific, and this grouping may not be suitable elsewhere than in the Bothnian Bay. 

Grouping used on maps:
· “River species (vascular plants and water mosses)”: Callitriche palustris, Caltha palustris, Carex acuta, Equisetum fluviatile, Fontinalis dalecarlica, Isoetes lacustris, Lysimachia thyrsiflora, Myriophyllum alterniflorum, Nitella wahlenbergiana, Ranunculus circinatus, Ranunculus schmalhausenii, Rumex acetosa ssp. acetosa, Sagittaria sagittifolia, Sagittaria sp., Schoenoplectus lacustris, Sparganium angustifolium, Sparganium natans, Sparganium sp., Stratiotes aloides, Typha latifolia, Utricularia minor
· “Brackish water species (vascular plants and water mosses)”: Alisma wahlenbergii, Fontinalis sp. (except hypnoides), Eleocharis parvula, Myriophyllum verticillatum, Najas marina, Potamogeton pusillus, Potamogeton vaginatus, Ranunculus baudotii, Schoenoplectus tabermontanii, Zannichellia major, Zannichellia palustris, Zannichellia sp.
· “River species (Charales)”: Chara braunii, Nitella wahlenbergiana
· “Brackish water species (Charales)”: Chara (except braunii), Nitella (except wahlenbergiana), Tolypella nidifica
· Many species found in estuarine areas are commonly found in both freshwater and brackish water, so they were not grouped in either category.

GIS designer Jaakko Haapamäki carried out the analysis by extracting the species present in brackish water and freshwater, and by distinguishing Charales from vascular plants and water mosses. The relationship between species was described in ArcMap as a ratio of overlap using sector diagrams.

4. [bookmark: _Toc34302939]Results
Maps of each site with results and brief explanations can be found under the following subheading. In general, the classification is reasonably good. The "river species" (green on maps) were mostly located in river estuaries and the mouth of the river, while the "brackish water species" (blue on maps) were located a little further in the estuary (Figure 3).

[image: ]
Figure 3. “River species” and “brackish water species” plotted on a map. Data includes 2006-2019 biological sampling points. Metsähallitus.
The maps of each site show quite clearly the general trend that when going out from the shallow banks of the river (towards the sea) the species numbers are decreasing. There are many sampling points on the maps that have little or no vegetation. Many factors (depth, bottom substrate, currents, water turbidity, human impact, etc.) should be considered in order to determine the cause. Many estuaries have many unmapped shallow islands favourable to vegetation, which could be further mapped in the future in order to better access this potential freshwater and brackish / saltwater species transition zone.
In SEAmBOTH project, more mapping was done in 2018 and 2019, and some results are included here as maps that show river and brackish water species distributions (Fig 3).

4.1. [bookmark: _Toc34302940]Estuary specific results in the 2017 mapping area.
Maps are presented in order from north to south. More mapping has been done in these areas since the notes 2017.
4.1.1. [bookmark: _Toc34302941]Torniojoki River
[image: ]
Figure 4. Estuary inventories in Torniojoki River (2017). Blue colors=brackish water species, green colors=river species, grey=not classified, white=no vegetation.  

- The Torniojoki River area had the largest number of species, 71 species.
- The Torniojoki River estuary is very large, and relatively few surveys have been done there.
· For example, video lines were not made at all, perhaps they could be done in the future?
· The map shows that many river branches have only one or two sampling points or no sampling points at all.
· The beaches on the islands of the estuary have also been mapped very little, so they could be investigated in in the future.
· The areas between the islands have some inventory points, but there are little or no species.
- The grouping of species works; a fairly clear line can be drawn between “river” and “brackish water” species.
- The only estuary where Batrachospermum atrum and Batrachospermum sp. was found. 
- Crassula aquatica was found in the Torniojoki River.
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Figure 5. “River species” and “brackish water species” plotted on a map, Torniojoki River (2019).


4.1.2. [bookmark: _Toc34302942]Kemijoki River
[image: ]
Figure 6. Estuary inventories in Kemijoki River (2017). Blue colors=brackish water species, green colors=river species, grey= not classified, white=no vegetation.  
- The Kemijoki River estuary is a vast area and there is still a lot to map.
· Few side branches are fully un-mapped and the main stream has still a lot of work to do.
· There are dozens of islands in the estuary, with no mapping points around them, especially the beaches are un-mapped.
· No video lines were made at all, several could be done in the future (due to the size of the area).
- The modelled estuary area has quite a few sampling points without vegetation, but many of these points are too deep to be available for macrophytes anyway, given the turbidity of the water.
- Only a few “brackish water species” were found in the Kemijoki River estuary (perhaps they would be found if the shallow islands of the area were mapped?). However, there were many species in the estuary which could not be classified in either group because they occur in both freshwater and brackish water (gray sampling points).
- These species were found in the Kemijoki River only: Carex nigra, Elatine triandra and Ranunculus schmalhausenii.
- Crassula aquatica was found in the Kemijoki River.
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Figure 7. “River species” and “brackish water species” plotted on a map, Kemijoki River (2019).
4.1.3. [bookmark: _Toc34302943]Iijoki River
[image: ]
Figure 8. Estuary inventories in Iijoki River (2017). Blue colors=brackish water species, green colors=river species, grey= not classified, white=no vegetation.  

- For the Iijoki River, there was quite an extensive mapping in the river's side streams in 2017, and to some extent in the main stream.
· In the main stream, the current was high and the stream too deep for wading, and dozens of widespread fishing nets in the stream made the mapping (as well as taking videos) difficult.
· In the estuary, more mapping on shallow beaches could be done.
· The beaches of islands in estuaries have not been inventoried at all.
· In addition, a few video lines could be done outward from the estuary.
- The two video lines that were made had few or no species, but the situation may not be the same in other parts of the estuary. Neither of these lines extended to the boundary or beyond of the modelled estuary.
· There is a relatively large amount of boat traffic in the lines made, could that affect vegetation?
- There were 68 different species in the Iijoki River estuary, which is almost the same as the number found in the larger Torniojoki River estuary.
- The Iijoki River estuary was the only area where Potamogeton filiformis x pectinatus, Sagittaria natans, Utricularia minor and Chara braunii were found.


Figure 9. “River species” and “brackish water species” plotted on a map, Iijoki River (2019). Upper one is smaller scale and bottom one larger scale map.

4.1.4. [bookmark: _Toc34302944]Oulunjoki River – Myllyoja Brook
[image: ]Vihilahti

Figure 10. Estuary inventories in Myllyoja Brook (2017). Blue colors=brackish water species, green colors=river species, grey=not classified, white=no vegetation.  
- Myllyoja Brook is discharged into the Kempeleenlahti Bay, but the impact of the Oulujoki River is probably also extended there.
· It could be interesting to explore the area from the Oulujoki River to the Kempeleenlahti Bay because of the great human impact (the city of Oulu, the large harbour area and a lot of ship and boat traffic) and also many shallow water areas.
- In the Kempeleenlahti Bay, the southernmost part of the coast was thoroughly surveyed. The mapping of the shores should be continued outwards from the end of the bay.
- The videos could have been taken further out to sea, if the resources allowed.
- The amount of vegetation was quite low at all video sampling points.
- There was more vegetation at the wading points, and several Alisma wahlenbergii occurrences were found on the Vihilahti Bay side (to the left of the small dune in the middle of the map).
- At the mouth of the Myllyoja Brook and in the surroundings, the shores were very shallow towards the sea.
- In the Kempeleenlahti Bay, the marine influence is clearly visible in the species. Up to the far end of the bay, brackish water species were found. This is no wonder, since the Myllyoja Brook is a small ditch, and the impact of the Oulujoki River does not exactly reach the Kempeleenlahti Bay. The area is also open to NE-N winds that push seawater into the bay.
- Three mosses were found in the estuary which were not found in other estuaries (Calliergon megalophyllum, Marchanthiophyta sp. and Warnstorfia trichophylla).

4.1.5. [bookmark: _Toc34302945]Siikajoki River
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Figure 11. Estuary inventories in Siikajoki River (2017). Blue colors=brackish water species, green colors=river species, grey=not classified, white=no vegetation.  
- The estuary of the Siikajoki River was mapped only by SUP board and wading. There was no video mapping done in the area, so areas over a meter deep were not mapped at all.
- In the case of the Siikajoki River, the actual river basin is mapped quite comprehensively, but more mapping should be done outward from the estuary.
· Now that there are only few observations from the outside of the river mouth, one could try to bring out the transition zone with more detailed mapping.
· In addition, drop-videos could be done, because in the summer of 2017 just wading was done.
- The Siikajoki River was rather low in the amount of species, only 44 species. There were no Chara sp. at all, and not as many species of pondweed as in the Iijoki River. The % cover of species in Siikajoki was also lower than in the Iijoki River estuary meaning that there was a lower biomass of vegetation in the Siikajoki River.
- The Siikajoki River estuary was the only area where Ulva (Enteromorpha) intestinalis, Potamogeton obstusifolia, and Zannichellia palustris var. repens were found.
4.1.6. [bookmark: _Toc34302946]Kalajoki River
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Figure 12. Estuary inventories in Kalajoki River (2017). Blue colors=brackish water species, green colors=river species, grey=not classified, white=no vegetation.  
- In Kalajoki River, mapping was done only in one day, so there are relatively few points. On the other hand, the modeled estuary is also fairly small.
· There have been quite many video shootings, but shores could still be waded both north and south.
· The river could also be mapped further upstream, taking videos in deeper sections and wading in the shallower sections.
· The banks of the river were quite steep, making wading difficult at times.
- There were very few species at the river mouth and from there outward to the sea, although the shallow shores reached far.
· What could be the cause for lack of species: the open area, the effect of the waves, the sand bottom?
- The analysis does not show a clear transition zone.
- Only 37 species were found in the Kalajoki River delta, which is the second least in mapped estuaries. No particularly significant species were found in the area.

4.1.7. [bookmark: _Toc34302947]Perhonjoki River
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Figure 13. Estuary inventories in Perhonjoki River (2017). Blue colors=brackish water species, green colors=river species, grey=not classified, white=no vegetation.  
- In the Perhonjoki River, quite extensive surveys of the river and the banks of the estuary were carried out. The area was surveyed for a total of five days.
· In the river, sampling points were made upriver, almost to the Rödsö Bridge (about 3km).
- A few video lines were made, but they did not reach to the border of the modelled estuary or beyond.
· It would be good to extend the video lines a little further out.
The Perhonjoki River Estuary is a well-defined and rather sheltered area, but still brackish water species extended surprisingly far near the rivermouth (blue balls in Figure 12).
· Perhaps the water is starting to be saltier here (as we approach the Kvarken), and a different grouping of species should have been tried here.
- One dive transect was made in the river mouth, where Fissidens fontanus was found at six sampling points.
· Other species found by diving were: Anodonta anatina, Fontinalis antipyretica, unidentified filamentous algae, Hydra spp., Rhizoclonium, Sparganium sp. and Nuphar lutea.
· The maximum depth of the dive transect was 1.4 meters.
- There were 49 species in the Perhonjoki River estuary. The species found only in the Perhonjoki River estuary were: Rumex sp., Triglochin maritima and Chara virgata / globularis.
4.1.8. [bookmark: _Toc34302948]Kimojoki River
[image: ]
Figure 14. Estuary inventories in Kimojoki River (2017).  Blue colors=brackish water species, green colors=river species, grey=not classified, white=no vegetation.  
- The Kimojoki River estuary is small, so it is relatively well mapped.
· Two video lines were made out of the river mouth.
· Sampling points were also made by wading on both sides of the river and upstream.
- From the map above (Figure 13) it can be seen that the effect of saltier brackish water extends quite near the river mouth (dark blue balls = brackish water chara /nitella).
· The result is not surprising as the area is relatively open, allowing seawater to project near the estuary. In addition, the river is quite small and has only one channel and no side channels.
· As we mapped the Kimojoki River estuary, we felt the impact of the sea, because the wind was then from NE-N, and seawater was pushing towards the mouth of the river bringing large waves to the shallow shore.
- In the Kimojoki River too, the species could have been grouped slightly differently, with the salinity of the water presumably higher than in the Bothnian Bay.
- The mapping conditions were relatively challenging for video, and the water in the estuary was particularly cloudy (due to the waves in addition to the river water). As a result, some species were probably not seen or identified.
- The least number of species were observed in the Kimojoki River, only 32. The species only found in the Kimojoki River estuary were: Iris pseudoacorus and Nitella flexilis vel opaca.

4.2. [bookmark: _Toc34302949]Salinity measurements of estuaries and the SYKE salinity model
This section presents only two estuaries as an example as the project had relatively few self-measured salinity values, which led to quite poor results.
The field teams did not have actual salinity meters in 2017, instead the only salinity values came from HD camera measurements. However, the HD camera's meter does not measure salinity levels below 2 per million, so there was little difference in measurements in the northern Bothnian Bay (Figure 15).
[image: ]
Figure 15. Salinity values in Iijoki River estuary; SYKE’s model and measurements done by HD-camera (2017).
In some areas (at least in the southern Bothnian Bay and in the northern part of the Kvarken), small differences in salinity could have been brought to light if the videos had been made further away from the estuary.
Seawater is more saline in Kalajoki than in the northern Bothnian Bay. Figure 16 shows that the salt concentrations in the estuary are clearly higher than those in the Iijoki (Figure 15). This change can be seen in both the salinity model and the measurements of the HD camera.
· Coincidentally, video footage in the estuary ends at exactly where the model predicts salinity is slowly rising. It would have been interesting to make the sampling points even further away and see if the change is also reflected in the measurements of the HD camera.
[image: ]
Figure 16. Salinity values in Kalajoki River estuary, SYKE’s model and measurements done by HD-camera.

Metsähallitus’s model (Figure 17) shows that the salinity in northern Bothinan Bay is generally under 2 PSU. The results of the model are consistent with those of the HD camera.
· The salinity levels shown in the model are average values, while measurements taken with an HD camera are at a given time. Thus, for example, in the videos taken during strong wind and high waves in the Perhonjoki River and the Kimojoki River, the salinity may have been abnormal.
[image: ]
Figure 17. Salinity model by Metsähallitus to the very northern part of the Bothnian Bay.

5. [bookmark: _Toc34302950]Main conclusions 
The results of the species categorization were presented on a map to compare the results to a model based on physical factors and expert analysis. The results from the field work completed in 2017-2019 indicate that species categorization can be used for defining river estuaries. Figure 18 is showing the results from Kemijoki-river with data collected up to 2018. A numerous amount of sampling points was done in 2019 in the SEAmBOTH-area and these results can be seen at the Figure 2. Unfortunately, there was no time to do any statistical analysis with the latest data. This work on defining river estuaries in the northern Bothnian Bay should continue in the future.
[image: ]
Figure 18. Example of river estuary mappings from Kemi-Tornio area until 2018. The light purple area is the Natura2000 habitat Estuary 1130 as modelled by expert assisted modelling and the red line with dots marks the border of the river estuary when defining the river estuary habitat with vascular plants.

5.1. [bookmark: _Toc34302951]Remarks after 2017
- In river estuary inventories, only a few estuaries should be inventoried per team! In the summer of 2017, there was an attempt to map too many places, leading to a lack of coverage of any of the sites.
· In the field season 2017 this was especially frustrating as the sand banks were also a prioritized habitat for mapping. If more time is available for estuaries, then of course more estuaries can be mapped.
- The species variety seems to be the most versatile with the highest coverages in the side streams of rivers, probably due to stronger flow and greater depths in the main stream.
- Video lines should be made further out of the estuary (especially in estuaries which are less open and thus less vulnerable to the influence of the more saline water) to better define the river's area of influence.
· When using video, it is very important to use a rake to help! In often muddy waters of estuaries, a rake is a good aid.
· It is advisable to invest in a modeled estuary area and a predetermined species transition zone and make frequent video footage points in addition to rake samples and, if possible, dive transects to achieve mapping at the species level.
- In many places in the estuary there was an area with very little or no macrophytes. Why would that be?
· Too deep? Too humic or turbulent water?
· Too strong current?
· Adverse conditions for both freshwater and brackish / saltwater species?
· Changes in bottom quality?
· Human pressures (e.g. boat lanes, dredges, etc.)
- It would be a good idea to map the shores of small islands in the estuaries, perhaps to better get to terms with the transition zone, as there was little vegetation found at deeper sampling points.
- Salinity measurements would be really important! At least in the Bothnian Bay, good results were not achieved with HD camera salinity gauge because they do not record low salinity. Thus, a more sensitive gauge would be needed to verify small differences. [Note after field seasons 2018-2019 - A proper salinity gauge was used in the field seasons 2018-2019 with much more accurate measurements.]
· The field team could take samples from different locations to glass jars and analyze a larger number of samples at a time, for example, once a month or only in the fall. This way, each team does not have to have its own gauge in the field.
- River estuary mapping should be planned well in advance; utilizing aerial imagery, previously collected material (both Parks & Wildlife Finland marine inventories and data available elsewhere), and modelled estuarine areas (defining mapping area).
- When planning river estuary inventories, it is good to take into account the different side streams and bays, which may have very special species.
- Although it is good to plan the mapping carefully in advance, you should also be prepared for changes in the field. For example, changes in methods may occur due to water level fluctuations or due to weather conditions.



[image: ]
Figure 19. Example of planning in the Siikajoki River estuary (2017).
- Figure 19 shows an example of Siikajoki River inventory planning. In 2017, surveys of the Siikajoki River were carried out at the river itself, but no mapping was done out of the river mouth to the sea. The transects marked in black represent mapping lines where video points could be placed, for example, in intervals of 50 meters.
5.2. [bookmark: _Toc34302952]Most important areas for further research  
River estuaries are very interesting and important habitats. We have started the mappings in 2017 and carried it out in 2018-2019 during the SEAmBOTH project but there are still plenty of areas to map in Finnish side and even more on the Swedish side. In addition to vegetation mappings salinity samples could be taken regularly in different areas and from different depths. Maybe the most interesting future research with river estuaries would be to choose one river estuary and follow and map it very closely. For example, Torniojoki River estuary (from both Finnish and Swedish side) with daily salinity samples and more detailed mapping of vegetation both in shallow and deeper areas. Fish and birds could also be studied. 
As the field season 2019 proves, there are still a lot we don’t know about the river estuaries as six new species of water mosses for the northern Bothnian Bay were found in 2019, despite the extensive national underwater inventories starting in the area already in 2006.






[bookmark: _Toc34302953]Appendix 1. Species observed in estuaries (1 = species found in estuaries)[image: ]
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[bookmark: _Toc34302954][bookmark: _Toc510618627]Appendix 2. Field notes

Kimojoki River, Oravaistenlahti Bay 27-28 June 2017

General information:
- The first river estuary inventory in Gulf of Bothnia for VELMU-team in 2017.
- Pretty rough weather, rain and wind 6 m/s NE.
Video:
- The wind picked up pretty big waves in the bay, blowing sediments from the bottom, blurring the video.
- GoPro was further away from the bottom than the HD camera, so it was really hard to get a clear picture of the GoPro video because there was so much sediment in the water.
- In addition, waves made filming difficult, causing an up-and-down motion to the camera.
- In the shallow water on sand grew quite a few plants (note the poor video), and as the river mouth turned into an estuary, the number of Charales species increased.
Wading/SUP-boarding
- Works well, shallow sampling points can be mapped with water binoculars.
- Wading also requires good weather, the waves make it difficult.
- In the river, the water binocular must be pushed as far as possible to get close to the bottom.
- If sunlight comes from the side, it makes it easier to see with a water binocular.
- Evaluating the sampling point should be done gradually and lastly taking the GPS point, otherwise you may not be able to return to the point because it’s all blurred up by benthic substrates.
- In the area affected by the sea, freshwater species are stunted. When moving to the river, freshwater species were significantly larger in size and no saltwater species were observed.
What was learned about the methods:
- In the future, we will go to the river estuaries for video shooting only in really good weather! Video is already difficult to take in cloudy water, so other conditions need to be in order.
- Consider the possibility of making video points from SUP-boards, using GoPro and a selfie stick, if you cannot reach the bottom with a water binocular.
- Free diving (requires a dry suit) and snorkeling can be practiced in deeper places.





The Perhonjoki River, Trullöfjärden July 10 - 11, 13, 17 - July 18, 2017

General information:
- Usually work was done here in a slightly tougher wind when it was impossible to get to the work elsewhere.
- The area was clearly bigger than the previous Kimojoki River, so much more time was spent on mapping this estuary.
- At this estuary we tested diving and diving with GoPro.
Video:
- The Mortsu-boat was lowered into the water by the Rödsö bridge. Sampling points were started after some distance from the bridge. At the end of the river couple of points were filmed, most of the sampling points were filmed in the delta area. 
- Couple of lines of video were taken further out from the river mouth.
Wading/SUP-boarding:
- On SUP board, some wading points were made after the Rödsö Bridge by two people. Closer to the river mouth, wading points were made more frequently. At the river mouth, inventories were made on both sides of the river.  
Diving:
- Testing diving in the estuary for the first time.
- The dive transect was done to the south near the river mouth, outward from the river mouth.
- The visibility was quite poor and you could see only about 10 cm without a torch. Visibility with a torch was only about 20-40 cm.
- On the transect, the size of the grid was selected as 1x1 m due to poor visibility (instead of 1x4 m).
- On the dive transect, it was found that the benthic substrate was mostly mixed bottom (rocks of different sizes, gravel and sand), with little bit of clay in one sampling point and 100% rock at two sampling points.
- Fissidens fontanus was found in the Perhonjoki River just off the river mouth at six different locations on a 100m dive transect.
- Sedimentation was high, 2-3 at each point (VELMU category of 0-3).
- Depth ranged from 0.8 m to 1.4 m.
-Other species found by diving were Anodonta anatina, Fontinalis antipyretica, unidentified filamentous algae, Hydra spp, Rhizoclonium, Sparganium sp and Nuphar lutea.
What was learned about the methods:
- The dive support ship was Mortsu, which is a small boat and with a small draft, so we got to very shallow areas. The challenge was to fit all the diving equipment in the boat. We wore dry suits already on land and assembled the equipment ready on shore. At the target, divers jumped into the water and put on balance jackets only in the water.
- Definitely a torch for both divers in the estuaries!!!

Kalajoki River July 12, 2017

General information:
- The third Gulf of Bothnia river estuary inventory in 2017 for VELMU-team.
- The area is wide, but during the video and wading it was noticed that there is quite a few species, especially in the middle and northern part of the estuary.
Video:
- Video shooting was challenging at times because the river mouth was really shallow in some places and sand dunes reached to the surface every now and then. 
Wading/SUP-boarding:
- The banks of the river were quite steep, only the shore of the river could be used for wading points.
Diving:
- Diving was to be tried on July 20, but the wind was too strong (8m/s) for a safe passage from the harbor to the mapping site. We did not get a new chance because the schedule was really tight at the Kalajoki River and the weather was not very favorable.
What was learned about the methods:
- Not methodological, but MUST be booked more days per estuary for estuary inventories. This mapping remained as s scratch to the surface of the whole estuary.

Siikajoki Aug 11 and Aug 31, 2017

Information about the mapping area
- From the aerial image it was interpreted that the area was a fan-like delta.
- Background: In the past, we had heard that seawater can reach as far up as the village centre. We chose the rapids above the village as our starting point. According to local people, sea water may rise up to the Pappilankallio area, up to the stream pool of last rapid in Siikajoki River (4.7km from the sea), when the wind is coming from the right direction, west or northwest for longer time. However, the impact of seawater is less common up to Törmälä, as many islands in the river and the large Simppusäikkä strand at the mouth of the estuary prevent the seawater from rising upstream.
Mapping tools and methods
- SUP-boards and water binoculars were the best tools for mapping the river over longer distances, which included waterfalls and floodplains.
- The biggest problem was that the deepest parts of the riverbed could not be analyzed with the help of water binoculars. At the deepest parts of the river, therefore, video imaging equipment is needed because the transparency of water in the river is so poor. Water binoculars work up to about a meter deep.
Observations on bottom quality and vegetation gradient
- Amount of water mosses (including Fontinalis sp.) was the highest upstream and they were no longer observed after the sampling point 1171. On the other hand, bottom substrate also changed from a rugged rocky bottom to a soft and sandy bottom. Especially in the rapid areas, where the bottom quality was mostly rocks and gravel, water mosses were attached to these rocks.
- The first lake reed (Phragmites australis) bed occurred about one kilometer before the actual seashore. Before the lake reed beds, the banks of the river were mostly covered by sedge (Carex sp.) and occasionally reed (Phalaris arundinacea). The rushes were present throughout the area under study, and the occurrence of Schoenoplectus lacustris extended furthest to the sea compared to other species occurring in the estuary.
- Pond water-crowfoot (Ranunculus schmalhausenii) was observed only in the river.
- Bladderworts (Utricularia) and water-starworts (Callitriche) were found only in the coastal meadow ponds whch are affected by the river and the sea during flood or high water.
- Broad-leaved pondweed (Potamogeton natans) occurred from upstream to downstream and up to sea shores.
Siikajoki River estuary compared to Iijoki River  
- The vegetation of the Siikajoki River delta differed significantly from that of the Iijoki River. The Siikajoki River was scarcer in species and lacked, for example, Nitella sp. (Nitella wahlenbergiana, Nitella flexilis, Tolypella nidifica), and Ceratophyllum demersum. Siikajoki River had fewer pondweeds, such as Potamogeton gramineus, and P. obtusifolius. In addition, the species cover was lower in Siikajoki River compared to Iijoki River estuary.
Other
- Studies on benthos would be interesting as it would reveal the species of the estuarine riverbed in river continuum. Possible occurrences of alien species in estuaries would also be highlighted.
- The mapping should be continued outward to the sea! A boat and video equipment are needed.
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image29.emf
Torniojoki Kemijoki Iijoki Myllyoja (Kemp.lahti)Siikajoki KalajokiPerhonjokiKimojokiYHTEENSÄ

Batrachospermum atrum 1 1

Batrachospermum sp. 1 1

Cladophora aegagropila 1 1 1 1 1 1 6

Cladophora glomerata 1 1 1 1 1 1 1 7

Cladophora sp. 1 1 1 3

Rhizoclonium sp. 1 1 2

Spirogyra 1 1 1 1 4

Ulothrix sp. 1 1 1 1 4

Ulva (Enteromorpha) intestinalis 1 1

Ulva sp. 1 1 1 3

Vaucheria sp. 1 1 1 3

Zygnema sp. 1 1 1 3

Alisma plantago-aquatica 1 1 1 1 1 1 1 7

Alisma wahlenbergii 1 1 1 1 4

Calliergon megalophyllum 1 1

Callitriche hermaphroditica 1 1 1 1 1 1 6

Callitriche palustris 1 1 1 1 1 1 1 7

Callitriche sp. 1 1 2

Caltha palustris 1 1 1 3

Carex acuta 1 1 2

Carex aquatilis 1 1 1 1 4

Carex nigra 1 1

Chara aspera 1 1 1 1 1 1 1 7

Chara globularis 1 1 1 3

Chara sp. 1 1 1 1 4

Cicuta virosa 1 1 2

Crassula aquatica 1 1 1 3

Elatine hydropiper 1 1 1 1 1 5

Elatine orthosperma 1 1 2

Elatine sp. 1 1 1 1 1 5

Elatine triandra 1 1

Eleocharis acicularis 1 1 1 1 1 1 1 1 8

Eleocharis mamillata 1 1 1 3

Eleocharis palustris 1 1 2

Eleocharis palustris var. lindbergii 1 1 1 1 4

Eleocharis sp. 1 1 1 1 1 1 6

Eleocharis uniglumis 1 1 1 1 1 5

Elodea canadensis 1 1 1 3

Equisetum fluviatile 1 1 1 1 1 1 1 7

Fissidens osmundoides 1 1 2

Fontinalis antipyretica 1 1 1 1 1 1 6

Fontinalis dalecarlica 1 1 1 3

Fontinalis hypnoides 1 1 2

Fontinalis sp. 1 1 1 1 1 5

Galium palustre 1 1 2

Iris pseudoacorus 1 1

Isoetes echinospora 1 1 1 1 4

Isoetes lacustris 1 1 2

Isoëtes sp. 1 1 2

Lemna minor 1 1 2

Lemna trisulca 1 1 1 1 1 5

Limosella aquatica 1 1 1 3

Lysimachia thyrsiflora 1 1 1 1 1 1 1 7

Marchanthiophyta sp. 1 1

Myriophyllum alterniflorum 1 1 1 3

Myriophyllum sibiricum 1 1 1 3

Myriophyllum sp. 1 1 1 1 4

Myriophyllum sp./Ceratophyllum sp. 1 1

Myriophyllum verticillatum 1 1 2

Nitella flexilis 1 1 2

Nitella flexilis vel opaca 1 1

Nitella walhbergiana 1 1 1 1 4


image30.emf
TorniojokiKemijokiIijoki Myllyoja (Kemp.lahti)Siikajoki Kalajoki PerhonjokiKimojokiYHTEENSÄ

Nitella sp. 1 1 1 1 1 1 6

Nuphar lutea 1 1 1 1 1 1 1 1 8

Nymphea alba 1 1 2

Phragmites australis 1 1 1 1 1 1 1 7

Platyhypnidium riparioides 1 1 2

Potamogeton alpinus 1 1 1 1 4

Potamogeton berchtoldii 1 1 2

Potamogeton compressus 1 1 2

Potamogeton filiformis 1 1 1 1 1 1 6

Potamogeton filiformis x pectinatus 1 1

Potamogeton friesii 1 1 2

Potamogeton gramineus 1 1 1 1 1 5

Potamogeton gramineus x perfoliatus 1 1 1 1 1 5

Potamogeton natans 1 1 1 1 1 5

Potamogeton obstusifolia 1 1

Potamogeton pectinatus (uusi Stuckenia pectinata) 1 1 1 1 1 1 1 1 8

Potamogeton perfoliatus 1 1 1 1 1 1 1 1 8

Potamogeton praelongus 1 1 1 1 1 1 6

Potamogeton pusillus 1 1 1 1 1 5

Potamogeton sp. 1 1 1 1 1 1 6

Ranunculus circinatus 1 1 2

Ranunculus confervoides 1 1 1 1 4

Ranunculus peltatus ssp. baudotii 1 1 2

Ranunculus peltatus spp. peltatus 1 1

Ranunculus reptans 1 1 1 1 4

Ranunculus sp. 1 1 1 3

Rumex sp. 1 1

Sagittaria natans 1 1

Sagittaria sagittifolia 1 1 1 1 1 1 1 7

Sagittaria sagittifolia x natans 1 1 1 1 1 5

Sagittaria sp. 1 1 1 1 4

Shoenoplectus lacustris 1 1 1 1 1 1 6

Schoenoplectus sp. 1 1 1 1 1 5

Shoenoplectus tabernaemontani 1 1 1 1 4

Sparganium emersum 1 1 2

Sparganium sp. 1 1 1 1 1 1 1 1 8

Stratiotes aloides 1 1 1 1 4

Subularia aquatica 1 1 1 1 1 5

Triglochin maritima 1 1

Triglochin palustris 1 1

Tolypella nidifica 1 1 1 3

Utricularia minor 1 1

Utricularia sp. 1 1 2

Utricularia vulgaris 1 1 2

Warnstorfia trichophylla 1 1

Zannichellia major 1 1 1 1 4

Zannichellia palustris 1 1 1 3

Zannichellia palustris var. repens 1 1

Zannichellia sp. 1 1

Beggiatoa sp. 1 1 1 3

Putkilokasvit 1 1 1 1 1 5

Chara/Nitella 1 1 1 1 1 1 6

Drepanocladus aduncus 1 1

Fissidens fontanus 1 1 1 1 4

Bryophyta sp. 1 1 1 1 4

Stuckenia sp. 1 1 1 1 1 1 1 1 8

Chara braunii 1 1

Chara virgata/globularis 1 1

Lajien määrä per jokisuisto 71 68 59 64 44 37 49 32


