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A B S T R A C T   

Red algae are an important component of the Baltic Sea rocky shores. Within the Finnish marine area, in the 
northern Baltic Sea, red algal communities (on habitat level) are currently listed as endangered, due to eutro-
phication effects and potential future decrease in salinity. At species level, Rhodomela confervoides and Ceramium 
virgatum are red-listed. Despite their common use in different management contexts within the Baltic Sea, e.g. 
their depth distribution used as an indicator of the status of the sea areas, we know little about the commonness 
and more detailed distribution patterns of the red algal species. This limits the reliability of algae-based as-
sessments. The aim of this study was to describe the general occurrence patterns, abundance and prevalence of 
erect perennial and annual red algae, based on extensive scuba-diving inventories within the Finnish marine 
area. Furthermore, the most representative areas for the red algal communities were identified. The results show 
high variation in depth distribution and prevalence across environmental gradients for many red algal species, e. 
g. for the relatively common perennial species Furcellaria lumbricalis and Vertebrata fucoides. In comparison to 
older data, reductions in depth penetration and occurrence were identified especially for deep-occurring species 
such as Rhodomela confervoides. With improved knowledge on the occurrence patterns of red algal species in 
relation to environmental variation, our results enable more reliable use of red algae as indicators of the status of 
the sea areas. By identifying areas where red algal communities are currently most representative, the results also 
allow better targeting of management efforts aiming to improve their status, such as areal protection measures or 
reducing nutrient input from point sources.   

1. Introduction 

Red algae (Rhodophyta) constitute an important floral component of 
the northern Baltic Sea rocky shores. They are generally described to 
form a red algal belt found below the distinctive Fucus vesiculosus belt, 
but occur commonly also as understory vegetation within Fucus stands 
(Waern, 1952; Kiirikki, 1996; Eriksson and Bergström, 2005). In the 
Baltic Sea, red algae is the most common macroalgal taxa, but the spe-
cies diversity within the taxa decreases steeply when moving northward 
from the southern Baltic Sea due to decreasing salinity (Snoeijs, 1999; 
Schubert et al., 2011). While altogether 147 species of red algae have 
been discovered from the Baltic Sea, 102 red algal species can be found 
in the Sound area in the southwest, reducing to 18 in the Åland Sea and 
further down to 10 in the Bothnian Bay (HELCOM, 2012). In the Finnish 
marine area with a strong salinity gradient from about 6.5 to almost 
fresh water, the number of red algal species is 18 (Nielsen et al., 1995; 

Kostamo et al., 2019). 
The red algal flora of the northern Baltic Sea constitute a morpho-

logically diverse group (Wærn, 1952): encrusting species, such as Hil-
denbrandia rubra, perennial parenchymous species Furcellaria 
lumbricalis, Coccotylus truncatus and Phyllophora pseudoceranoides, as 
well as filamentous algae, such as Ceramium spp. Polysiphonia fibrillosa, 
Vertebrata fucoides and Rhodomela confervoides. The species-specific 
distributions and biomass are influenced by annually changing envi-
ronmental conditions, alteration of life-cycle phases and biotic in-
teractions (Wallentinus, 1979; Kiirikki and Lehvo, 1997; Kraufvelin 
et al., 2007). In the northern Baltic Sea red algal populations, individuals 
are generally reduced in size and demonstrate either no sexual repro-
ductive structures or only some phases of the red algal life cycle 
(Bergström et al., 2003; Bäck and Likolammi, 2004; Kostamo and 
Mäkinen, 2006). Many species show high morphological variation as 
well as both attached and free-living forms (Wærn, 1952). As often in 
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marginal environments, clonal regeneration is quite common along with 
sexual reproduction (Wallentinus, 1991; Karlsson et al., 1992, Johan-
nesson and André, 2006; Kostamo, 2008), and occurs via thallus frag-
mentation and re-attachment (Johansson, 2002; Bergström et al., 2003) 
or asexually produced spores (Wærn, 1992; Rueness et al., 2002). 

On top of salinity, many other environmental factors control the 
occurrence and depth penetration of red algae in the Baltic Sea (Wal-
lentinus, 1979). The red algae generally prefer more exposed sites 
(Rinne et al., 2011) and exposure also influences their upper limit of 
occurrence (Eriksson and Bergström, 2005). Although some red algal 
species e.g. F. lumbricalis and V. fucoides may tolerate rather eutrophi-
cated conditions (Wallentinus, 1979; Eriksson and Johansson, 2005; 
Rinne et al., 2011), the lower depth limits of red algae are strongly 
coupled with water clarity, with deeper occurrences in clearer waters 
(Eriksson and Bergström, 2005; Rinne et al., 2011). 

The general distributional ranges, at least of the most distinctive red 
algal species, are relatively well known in the Baltic Sea (Nielsen et al., 
1995; HELCOM, 2012; Kostamo et al., 2017). Furthermore, variation in 
species composition, their abundance and depth distribution have been 
studied on local scales (e.g. Wallentinus, 1979; Bergström and 
Bergström, 1999). However, more detailed knowledge on the 
commonness of many of the species, their general abundances, and 
variation in their depth distribution across larger geographical areas in 
the Baltic Sea, is much scarcer (Kiirikki and Lehvo, 1997; Kostamo et al., 

2017). This is problematic, as the red algal communities are treated as 
entities in many management contexts (HELCOM, 2013; Kotilainen 
et al., 2018) and lower limits of F. lumbricalis, R. confervoides, P. pseu-
doceranoides and V. fucoides are also used as indicators in monitoring 
related to both the Water Framework Directive (WFD) and the Marine 
Strategy Framework Directive (MSFD) of the European Union (Ruus-
kanen, 2016; Rantajärvi et al., 2020). 

In the latest threat status assessment of habitats in Finland in 2018, 
where the assessed Baltic Sea habitats were roughly based on the HEL-
COM habitat and biotope classification HUB (HELCOM, 2013; Kotilai-
nen et al., 2018), the red algal communities (as an entity) were listed as 
endangered (EN) according to IUCN classification. Furthermore, when 
assessing the threat status of species in Finland (Kostamo et al., 2019) 
R. confervoides was considered near threatened (NT) and C. virgatum 
vulnerable (VU) (Kostamo et al., 2019). The main factor that is 
considered contributing to poor status of red algal communities in the 
Finnish marine area is eutrophication (Kotilainen et al., 2018; Kostamo 
et al., 2019). Increased seawater turbidity affects depth penetration of 
species, sedimentation on hard substrates hampers attachment and 
survival of species, and increased amounts of mainly green and brown 
filamentous algae compete with perennial species, e.g. F. lumbricalis and 
V. fucoides. With continued eutrophication of the Baltic Sea (Räike et al., 
2020) and projected climate change -related decrease in salinity (Meier 
et al., 2021), the potential areas for red algal communities are likely to 

Fig. 1. The study area in the northern Baltic Sea. The largest maps shows the used division into sea areas, including the division into inner (black), middle (grey) and 
outer (light grey) archipelago. The study points used in the study with ≥50% hard substrate (altogether 17 076) are shown on the smaller map. 

H. Rinne and K. Kostamo                                                                                                                                                                                                                     



Estuarine, Coastal and Shelf Science 269 (2022) 107806

3

decrease in the northern Baltic. Therefore, knowledge on the current 
distribution of red algal species and of the most representative red algal 
communities would be essential to improve their management and 
conservation efforts. 

The aim of this paper is to describe variation in abundance, preva-
lence and depth distribution of the erect red algal species along the 
northern Baltic Sea environmental gradients. Further, we aim to identify 
the most representative areas for the red algal communities within the 
study area, to enable better targeting of conservation and management 
efforts, e.g. protection measures or reducing nutrient input from point 
sources. 

2. Materials and methods 

2.1. The study area 

The study area in the northern Baltic Sea covers the Finnish marine 
area, including the Åland Islands (Fig. 1) but excluding the Bothnian 
Bay, as most of the red algal species in the focus of this study do not 
occur in the area (Nielsen et al., 1995; Kostamo et al., 2017). The study 
area is characterized by a distinct salinity gradient (3.5–6.5), with 
salinity decreasing northwards in the Gulf of Bothnia and eastwards in 
the Gulf of Finland. In the area, archipelagos act as transition zones 
between the coast and the open sea, forming mainland to open sea 
gradients in exposure, salinity and water quality, all generally increasing 
towards the open sea. To divide the area into suitable units to study 
variation in red algal abundance, we used the rough division into sea 
areas adopted in the WFD implementation in Finland (Rantajärvi et al., 
2020), with the exception that the Archipelago Sea and the Western Gulf 
of Finland were considered as separate areas (Fig. 1). Also a division into 
inner and outer archipelago was used, as well as middle archipelago 
defined for the Archipelago Sea and Åland. The division considers the 
above-described environmental gradients in salinity and those associ-
ated with changes from the coast to the open sea. When looking into 
representative red algal areas, the used representativeness measures 
were averaged over smaller typology areas used in the WFD assessments, 
hereafter WFD areas. 

2.2. The data 

We used an extensive scuba-diving transect data on macrophytes, 
macroalgae and epibenthic fauna collected during the Finnish Inventory 
Program for the Underwater Marine Environment, VELMU, and in ma-
rine mapping projects in the Åland Islands. The data was collected in 
June–October 2004–2019 but in Åland only in 2010–2011 (Kiviluoto, 
2013) and 2017–2020 (Engström, 2018; Valkonen, 2020; Rinne et al., 
2019, 2020 data unpublished). 

As we were focusing on algal species that occur on hard substrates, 
only study points with ≥50% of hard substrate, rock, boulders, stones or 
gravel were used. We included gravel, as many of the red algal species 
attach also to small stones. After selecting for hard substrate, there were 
altogether 17 076 study points on 2481 transects. The division of the 
data into different sea areas is presented in Table 1. Of these study 
points, the majority was collected in July–September in all sea areas 
(varying from 83% to 100% between areas), with only 0.04% of the data 

collected in May and about 3% in October (see supplement Table 1 for 
monthly variation in sampling). 

In SCUBA-diving surveys, the transects were placed using mostly 
stratified random sampling design, to ensure the coverage of different 
environmental gradients (e.g. exposure, different substrates) (Anony-
mous, 2015). At each site, the 100m transect was placed perpendicular 
to the shoreline. The species-specific recordings of macrophytes, mac-
roalgae and sessile fauna, as well as substrate cover (%) were made from 
an area of 4 m2 (hereafter “study points”) on a continuous scale 
(0–100%), either at 10 m horizontal (along the seafloor) or 1 m vertical 
(change in depth) intervals along the transects. For substrate, 11-level 
classification was used, modified from Wentworth (1922). In Åland, 
the species and substrate cover were recorded from a smaller area (2 
m2). Also the depth of the study point was recorded. In some rare cases, 
e.g. in reduced visibility, only the presence of the species was recorded, 
not their coverage. If a species was not identified during the dive, a 
sample was taken and identified later on in the laboratory using a 
microscope. 

In all sea areas the highest number of hard substrate study points was 
found at 0–2 m depths with the number of study points decreasing 
steadily towards the deeper areas. As there is generally less hard sub-
strate in the inner archipelago (Rinne et al., 2011) and the vegetation 
ends in the inner archipelago in shallower waters (defining the end of 
the dive transect), the study points with ≥50% of hard substrate were in 
the inner archipelago generally distributed in shallower waters than in 
the outer archipelago. Deepest study points with hard substrate were at 
8–12 m depths in the inner archipelagos (depending on sea area), while 
in the middle archipelago they were in 7–10 m. In the outer archipelago 
the deepest study points were at 17–25 m depths. 

2.3. The studied species 

In this study, we focused on the most commonly found erect red 
algae in the Finnish marine area, for which the occurrence patterns are 
described in detail. For rarer species encountered during the surveys (7 
species, see Table 3 in results for species list), only prevalence was 
studied. Furcellaria lumbricalis, Coccotylus truncatus and Phyllophora 
pseudoceranoides are the only perennial, parenchymous red algal species 
occurring in the northern Baltic Sea with the isohaline of 4 marking their 
innermost distribution limit (Zenkevitch, 1963; Bergström and 
Bergström, 1999; Kostamo et al., 2017). All three species have reduced 
thalli in the area. As no reproductive structures have been observed on 
Coccotylus truncatus and Phyllophora pseudoceranoides in the low salin-
ities of the northern Baltic Sea (e.g. Wallentinus, 1979), they are in 
practice indistinguishable from each other in field inventories. There-
fore, they are treated here together. The distribution of the perennial 
filamentous Vertebrata fucoides (previously known as Polysiphonia 
fucoides) and the annual Polysiphonia fibrillosa reaches from Kvarken to 
the Eastern Gulf of Finland (Kostamo et al., 2017). The more coarsely 
structured filamentous Rhodomela confervoides has the most limited 
distribution range of the studied species (Wærn, 1952), within our study 
area occurring in the outer Archipelago Sea, the western Gulf of Finland 
(Kostamo et al., 2017) and in Åland (Rönnberg and Mathiesen, 1998). 
On the contrary, the filamentous annual Ceramium tenuicorne is found 
across the study area and occurs also in almost fresh water conditions 
(salinities <3) in the Bothnian Bay (Waern, 1952; Snoeijs, 1999; Kos-
tamo et al., 2017). The depth limits defined for good environmental 
status (GES) for species currently used in (both WFD and MSFD related) 
macroalgal monitoring in Finland are presented in Table 2. 

2.4. The analyses 

To study the abundance and the depth distribution of the species 
within the sea areas, we calculated the mean coverage of a species 
(±SE)/depth interval, using 2 m intervals, where e.g. 0–2 m represent 
actual depths of 0–1.99 m, 2–4 m actual depths of 2–3.99 m and so on. 

Table 1 
The number of study sites with ≥50% coverage of hard bottom/sea area.   

Inner Middle Outer 

Gulf of Finland 1456  2968 
W. Gulf of Finland 514  1720 
Archipelago Sea 237 658 3540 
Åland 127 112 1369 
Bothnian Sea 909  1963 
Kvarken 113  1390  
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We focused on the depths 0–18 m, as there were no recordings of red 
algal species deeper. When the mean coverage was calculated, we used 
only the study points where the species occurred and the actual coverage 
was recorded. Only depth intervals with ≥10 species coverage re-
cordings were shown in the figures. When studying the prevalence/ 
commonness of the perennial species within different sea areas and 
depth intervals, we related all recordings of the species (on study points 
with ≥50% hard substrate) to all study points with ≥50% hard sub-
strate. Only depth intervals with ≥10 recordings of ≥50% hard substrate 
were included in the analyses. For perennial species, study points from 
the whole sampling season (May–October) were used when studying 
depth distribution and prevalence. For annual species (C. tenuicorne and 
P. fibrillosa), that vary more in their abundance during the summer 
(Kiirikki and Lehvo, 1997), we additionally looked into monthly varia-
tion in their prevalence and coverage in different sea areas. Here we 
used depths of 2–10 m, as we wanted to exclude the shallowest zone 
exposed to ice-scraping during winter (Kiirikki, 1996) and use the depth 
range where most sea areas had data covering the whole range. Yearly 
variation in prevalence and species coverage was looked into, but not 
taken into account in the analyses, as differences between years are 
more likely to arise from different sampling areas (within sea areas) in 
different years, not the year itself. 

When identifying most representative areas for red algal commu-
nities, we used two different approaches to define representative areas. 
Also here, we used only depths of 2–10 m (see reasoning above). As both 
approaches included annual algae, we used only study points from 
July–September. This was because both C. tenuicorne and P. fibrillosa 
showed extremes in coverage and/or prevalence in some sea areas in 
May/June and October, but there were no data from these months in all 
sea areas. In the first approach, the number of red algal species and their 
summed coverage were multiplied to obtain the “red algal index” for 
each study point and the red algal indices were then averaged over WFD 
areas. If there were both species and genus level recordings at the same 
study point (e.g. Polysiphonia spp. and Polysiphonia fibrillosa), when 
counting species number they were regarded as only one species (87 
study points had “overlapping” recordings). All species were accounted 
for, also the encrusting Hildenbrandia rubra. In the other approach, the 
prevalence of red algal communities within each WFD area was calcu-
lated in relation to study points with ≥50% hard bottom. Here we used 
the definition used in Kotilainen et al., (2018) for red algal communities, 
i.e. study points with red algal coverage ≥10% and domination over 
other algae (ratio cover of red algae: cover of other algae >1). 

As the data is based on large-scale marine inventories, it is good to 
keep in mind when interpreting the results, that sampling effort varied 
both between and within sea areas between years. However, inventories 
have been carried out in all sea areas across the whole sampling period 
(Except for Åland, see sampling years above). Due to extensive nature of 
the data, similar methodology used over the years, and the focus of this 
study being on general occurrence patterns, not change over time, we 
believe that the data provides reliable information on the occurrence 

and commonness of the red algal species. 
The effects of key environmental factors, salinity, exposure, Secchi 

depth and nitrogen (N tot) concentration on both representativeness 
measures were examined using linear models. The inclusion of total 
phosphorus concentration (P tot) to the model was considered, but due 
to high correlation with N tot (0.82), it was not included in the model. To 
obtain values for environmental variables/WFD area, we used Secchi 
depth, salinity, N tot and P tot raster data layers produced within the 
VELMU program (Virtanen et al., 2018, Lappalainen et al., 2019, data 
described in more detail also in Rinne and Salovius-Laurén, 2019, 
including maps) as well as the simplified wave exposure model (SWM, 
Isaeus, 2004). Salinity, Secchi depth and nutrient data layers are based 
on long-term summertime averages (2004–2015 for salinity and nutri-
ents, 2003–2011 for Secchi) and thus describe the general state of the 
marine area, which was considered suitable here. Although the time-
frame used in producing the data layers did not cover the latest years for 
vegetation sampling, they were considered appropriate as we were 
interested in general patterns in red algal communities that develop over 
a longer period of time. The average values per WFD area were calcu-
lated using zonal statistics in ArcGIS 10.5 (WFD areas as zones). WFD 
areas with <10 hard substrate study points were dropped out from the 
analyses and thus, 89 WFD areas were included. Both measures of red 
algal representativeness that were used as response variables in the 
models (red algal index and the prevalence of red algal communities) 
were square-root transformed prior to the analyses. The residuals of both 
models showed normality and homoscedasticity. 

3. Results 

3.1. Occurrence patterns of species in different sea areas 

Of the perennial species, F. lumbricalis and V. fucoides occurred across 
the whole study area, both most commonly in the Bothnian Sea (Figs. 2 
and 3). F. lumbricalis was generally more common in the outer archi-
pelagos, occurring generally in <10% coverages, but especially in Åland 
outer archipelago in higher coverages (Fig. 2). V. fucoides was almost 
equally common in the inner and middle archipelago as in the outer 
archipelago, also occurring in relatively similar coverages. Only in 
Kvarken and in Åland, the species was mostly found in the outer ar-
chipelago. The coverage of F. lumbricalis was often highest at 6–10 m 
depth in the outer archipelago but in the inner archipelago the coverage 
peaked in shallower waters (Fig. 2). 

C. truncatus/P. pseudoceranoides -pair (Fig. 4) was relatively rare 
across the study area, with highest prevalence in the Archipelago Sea 
and Åland, but very rare occurrences in the Bothnian Sea (62 observa-
tions altogether, most commonly at 2–6 m depth) and only 10 obser-
vations in Kvarken. Most observations were made in the outer 
archipelago. The coverage of the group was <5% on average, except for 
Åland where coverages were higher (Fig. 4).  

Table 2 
The red algal species currently included in Finnish macroalgal monitoring, with depth limits (m) per sea area (deepest occurring individual) defined for good envi-
ronmental status (GES) in MSFD assessments. Inner/Middle/Outer archipelago (middle archipelago defined only for Archipelago Sea and Åland). In the outer Bothnian 
Sea, no depth limits for GES have been defined. In Åland, Vertebrata fucoides is not used in monitoring.   

Furcellaria lumbricalis Rhodomela confervoides Vertebrata fucoides Phyllophora pseudoceranoides* 

Gulf of Finland 9.1/10.2 7.7/8.8 7.7/8.8 8.8/16.5 
Western Gulf of Finland 10.2/14.2 8.8/11.8 8.8/11.8 11.7/16.5 
Archipelago Sea 10.2/11.25/14.2 8.8/9.7/11.8 8.8/9.7/11.8 11.7/13.5/16.5 
Åland** 9/10/10 9/10/10 – 9/10/10 
Bothnian Sea 7.0/- 6.1/- 6.1/- 8.5/- 
Kvarken 9.0/10.9 7.5/9.0 7.5/9.0 10.5/12.6 

*In Åland, defined as a group Coccotylus truncatus/Phyllophora pseudoceranoides. 
** The method for defining GES in Åland is differs from other sea areas, thus the values are not directly comparable. In Åland, GES is not defined per species, but is 
calculated per site, based on a scoring system where depth distribution scores (1–5 points) of several algal species are averaged (Holgersson, 2013). The presented 
values are the depth thresholds for red algae to get the highest possible score (5). 
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Fig. 2. The mean coverage (mean ± SE) of Furcellaria lumbricalis within the different sea areas of the northern Baltic Sea, on sites where the species occurred and its 
coverage was reported. The number of occurrences/depth class/sea area is given above the bar. Only depth classes with ≥10 occurrences are presented in the figure. 
Note the different y-axis scale in Åland. The commonness of the species (prevalence % on of hard bottom) is presented below the figure. The numbers in the table 
refer to the number of hard bottom sites in the depth class/sea area (IN = inner archipelago, MID = middle archipelago, OUT = outer archipelago). 
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Fig. 3. The mean coverage (mean ± SE) of Vertebrata fucoides within the different sea areas of the northern Baltic Sea, on sites where the species occurred and its 
coverage was reported. The number of occurrences/depth class/sea area is given above the bar. Only depth classes with ≥10 occurrences are presented in the figure. 
The prevalence % of the species on hard bottom sites is presented below the figure. The number of hard bottom sites in each depth class/sea area is presented in 
Fig. 2. (IN = inner archipelago, MID = middle archipelago, OUT = outer archipelago). 

H. Rinne and K. Kostamo                                                                                                                                                                                                                     



Estuarine, Coastal and Shelf Science 269 (2022) 107806

7

R. confervoides (Fig. 5) coverage was often 5–10% on average, but 
showed high variation. It was found rarely, with only three observations 
in the Bothnian Sea and one in Kvarken. In Åland there were 28 ob-
servations in the outer archipelago, most of them (18) at 8–12 m depths. 
Of the perennial species, it was most clearly confined to the outer ar-
chipelago and to rather deep waters, being most common at 6–12 m 
depths. 

Of the annual species, C. tenuicorne was the most common one, 
occurring across the study area, also in the inner archipelagos and 
demonstrating relatively high average coverages (Fig. 6). Although it 
was found down to 16 m depths, the species was most common at 2–8 m 
depths. P. fibrillosa was discovered in all studied areas, but was relatively 
rare in all of them (prevalence of <20% in all areas, Fig. 7). It was almost 
equally common in the inner than outer archipelago, demonstrating 
high variation in its coverage. It was found in >10 m depth in only few 
cases. 

C. tenuicorne prevalence varied also during the sampling season, 
showing a general decrease from June to October in the Bothnian Sea 
and Kvarken but increasing during the season especially in the Western 
Gulf of Finland (Fig. S1 A and S1 B). The C. tenuicorne coverage 
decreased during the sampling season (Fig. S1 C and S1 D), except in the 
Western Gulf of Finland, where coverage peaked in October. P. fibrillosa 
showed increasing trends in prevalence during the season (Fig. S2 A and 

S2 B). There was relatively little data to assess changes in P. fibrillosa 
coverage through the whole sampling season, but e.g. in Gulf of Finland 
the coverages seemed to decrease towards autumn months (Fig. S2 C and 
S2 B). 

Seven other red algal species/taxa were found within the study area, 
but they were all rare. Only the prevalence of Rhodochorton purpureum, 
Aglaothamnion roseum and Aoudinella spp. exceeded 1% in the outer 
Bothnian Sea and/or Åland (Table 3). 

The red algal index showed highest values in WFD areas in southern 
Åland, in many parts of the outer Bothnian Sea and in some areas also in 
the Archipelago Sea (Fig. 8a). The prevalence of red algal communities 
was the highest in WFD areas in southern and eastern Åland, with 
relatively high prevalence also in the Bothnian Sea as well as in western 
and central Gulf of Finland (Fig. 8a). The highest number of red algal 
species observed at one study point was seven species, reached at two 
study points on a transect in NE Åland (6.8 m and 7.8 m depths). Most 
sites with over five red algal species were found in the same area 
(Fig. 8a). 

The models evaluating the impact of environmental variation in the 
formation of representative red algal communities indicated that both 
exposure and salinity had significant positive effects, while eutrophi-
cation related factors (N-tot and Secchi depth) had no significant effects 
(Table 4). 

Fig. 4. The mean coverage (mean ± SE) of Coccotylus truncatus/Phyllophora pseudoceranoides within the different sea areas of the northern Baltic Sea, on sites where 
the species occurred and their coverage was reported. The number of occurrences/depth class/sea area is given above the bar. Note the different y-axis scale in Åland. 
Only depth classes with ≥10 occurrences are presented in the figure. The species prevalence % on hard bottom sites is presented below the figure. The number of hard 
bottom sites in each depth class/sea area is presented in Fig. 2. (IN = inner archipelago, MID = middle archipelago, OUT = outer archipelago). 
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Fig. 5. The mean coverage (mean ±
SE) of Rhodomela confervoides within 
the different sea areas of the northern 
Baltic Sea, on sites where the species 
occurred and its coverage was re-
ported. The number of occurrences/ 
depth class/sea area is given above the 
bar. Only depth classes with ≥10 oc-
currences are presented in the figure. 
The prevalence (%) of the species on 
hard bottom sites is presented below 
the figure. The number of hard bottom 
sites in each depth class/sea area is 
presented in Fig. 2. (IN = inner ar-
chipelago, MID = middle archipelago, 
OUT = outer archipelago).   
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Fig. 6. The mean coverage (mean ± SE) of Ceramium tenuicorne within the different sea areas of the northern Baltic Sea, on sites where the species occurred and its 
coverage was reported. Note the different scale on y-axis in comparison to Figs. 2–5. The number of occurrences/depth class/sea area is given above the bar. Only 
depth classes with ≥10 occurrences are presented in the figure. The commonness of the species (% of hard bottom sites where the species occurred) is presented 
below the figure. The number of hard bottom sites in each depth class/sea area is presented in Fig. 2. (IN = inner archipelago, MID = middle archipelago, OUT =
outer archipelago). 
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Fig. 7. The mean coverage (mean ± SE) of Polysiphonia fibrillosa within the different sea areas of the northern Baltic Sea, on sites where the species occurred and its 
coverage was reported. The number of occurrences/depth class/sea area is given above the bar. Only depth classes with ≥10 occurrences are presented in the figure. 
The commonness of the species (% of hard bottom sites where the species occurred) is presented below the figure with darker colors indicating more common 
occurrence. The number of hard bottom sites in each depth class/sea area is presented in Fig. 2. (IN = inner archipelago, MID = middle archipelago, OUT = outer 
archipelago). 
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4. Discussion 

4.1. Species occurrence patterns and implications for monitoring 

The large-scale occurrence patterns of red algae in the northern 
Baltic Sea are driven by salinity (Nielsen et al., 1995; Rinne et al., 2011; 
Schubert et al., 2011) and the current distributional ranges of the 
studied species (Kostamo et al., 2017) are relatively similar to those 
described by Wærn (1952, and references therein). Despite local studies 
describing e.g. depth distribution of red algae in the Baltic Sea (Wærn, 
1952; Wallentinus, 1979; Eriksson and Bergström, 2005), this is the first 

time when the occurrence patterns are described in detail across larger 
areas. 

Furcellaria lumbricalis, the most common perennial species, showed 
high prevalence especially in the outer Bothnian Sea (60–80% at many 
depths). The coverages were low (<10%, also noted by Waern, 1952) in 
comparison to e.g. the southern Baltic Sea (Wernberg et al., 2013) 
resembling the typical occurrence of the species as tufts among other 
algal species and blue mussels, although locally high coverages (up to 
80%) were reported, e.g. in northeastern Åland and southern Bothnian 
Sea. The commonness in the outer archipelagos throughout the study 
area coincides with its preference to exposed areas (Rinne et al., 2011). 
As in earlier studies (Andersson, 1955; Ravanko, 1968), the species was 
found also in the inner archipelago but with lower prevalence and 
clearly shallower waters. 

Although Vertebrata fucoides prefers exposed sites (Rinne et al., 
2011), it was even more common in the inner than outer archipelago in 
some areas, indicating eutrophication tolerance (Wærn, 1952; Ravanko, 
1968; Wallentinus, 1979; Eriksson and Johansson, 2005). However, it 
occurred rarely in >10 m depths, indicating a clear reduction in depth 
penetration in comparison to Wallentinus (1979) who mentioned 3–25 
m depths as the range of its occurrence. Typical 10–20% coverages were 
similar to those reported by Wærn in the Öregrund archipelago (1952). 
However, the Bothnian Sea seemed to be a “haven” also for this species, 
with higher prevalence and coverage values than in other areas. 
Together with earlier findings (Rinne et al., 2011), the commonness of 
both F. lumbricalis and V. fucoides and their reduced depth distribution in 

Table 3 
The prevalence (%) of rare red algal species within the different sea areas. Inner/Middle/Outer archipelago. Middle archipelago defined only for Archipelago Sea and 
Åland.   

Gulf of Finland Western Gulf of Finland Archipelago Sea Åland Bothnian Sea Kvarken 

Aglaothamnion roseum 0/0.3 0/0.6 0.4/0.8/0.3 0.8/0/2.4 0.9/1.8 0/0.6 
Acrospihonia arcta 0/0.1 0/0.1 0/0.2/0.3 0/0/0.2 0.3/0.3 0/0.5 
Aoudinella spp. – – 0/0/0.02 0/0/0.1 0.6/2.5 0/1 
Bangia atropurpurea – – – – – 0/0.1 
Ceramium virgatum 0/0.1 0/0.4 0.4/0/0.4 0/0/1.0 0.1/0.1 – 
Polyides rotunda 0/0.1 – – – – – 
Rhodochorton purpureum 0.6/0.8 0.2/0.2 0/0/0.1 0/0/3.4 0.6/7.8 0/2.3 

The representative areas for red algae. 

Fig. 8. Spatial variation in representativeness of red algal communities within the Finnish marine area. In A) the average red algal index (species number x red algal 
coverage)/WFD area, is presented as points and the prevalence of red algal communities (% of hard bottom study points with red algal communities)/WFD area is 
indicated with different colors. B) Shows the division into WFD areas and the numbers on the map indicate the number of hard bottom sites/WFD area, that can be 
used to assess the reliability of the classifications in A. WFD areas that had <10 hard bottom study points are not shown on the map (white areas). 

Table 4 
The effects of environmental variables (salinity, log transformed exposure, 
Secchi depth and N-tot) on the red algal prevalence (left) and the red algal index 
(right) in the WFD areas, modelled using a general linear model. Significance 
levels are indicated by asterisks: ***p < 0.001, ns = not significant.   

Red algal prevalence Red algal index  

Estimate Std 
error 

t-value Estimate Std 
error 

t-value 

Salinity 1.37 0.32 4.22*** 2.14 0.42 5.04*** 
Log 

exposure 
0.44 0.13 3.28** 0.93 0.20 4.69*** 

Secchi 
depth 

− 0.14 0.24 − 0.58ns 0.44 0.29 1.43ns 

N-tot 0.004 0.003 1.22ns 0.005 0.004 1.31ns  
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the more eutrophied inner archipelago, support the continued use of 
their lower limit of occurrence in marine monitoring. 

Although the distributional range of Coccotylus truncatus/Phyllophora 
pseudoceranoides reaches Kvarken, their prevalence was low throughout 
the study area, especially in the inner archipelagos. The group was most 
common along the southern coast and observations in the Bothnian Sea 
were made mostly in the southern part (Kostamo et al., 2017). The 
average coverage was very low (<5%), especially in the Gulf of Finland 
and exceeding 10% only in Åland. This is contradictory to earlier 
studies, as Wallentinus (1979) states that in the Askö area (northern 
Baltic Proper) C. truncatus (then Phyllophora truncata) together with 
F. lumbricalis made up the dominant part of the plant biomass below 
Fucus belt. Also Ravanko (1968) found the species to be common. 
Regarding depth distribution, the species is found in deeper parts of the 
rocky shores with only rare records in 0–4 m, but not as deep as before, 
as Wallentinus (1979) reported occurrences down to 15 m for 
P. pseudoceranoides and down to 25 m for C. truncatus. 

Similar occurrence patterns but even rarer occurrences were re-
ported for Rhodomela confervoides. The species is practically non-existent 
in the inner archipelago, concurring with Wærn (1952) and Wallentinus 
(1979) who found the species only in the outer skerries in about 7–15 m 
depths. However, earlier R. confervoides was rather common also in the 
middle and even inner Archipelago Sea (Ravanko, 1968) and mass oc-
currences of R. confervoides have been reported in the Gulf of Finland 
(Wærn, 1952 and references therein). The reduction in occurrence of 
both R. confervoides and C. truncatus/P. pseudoceranoides in comparison 
to historical records indicates a decrease in these deep-occurring species. 
Today, limited geographical distribution and rareness of R. confervoides 
and C. truncatus/P. pseudoceranoides limits the usability of their depth 
distribution as an indicator of water quality in large-scale monitoring in 
the northern Baltic Sea. This is further supported by the fact that the 
currently used P. pseudoceranoides is difficult to distinguish from 
C. truncatus in the field. 

Some of the 18 red algal species previously recorded in the Finnish 
marine area were not found in the inventories: Ahnfeltia plicata (Rav-
anko, 1968; Nielsen et al., 1995; HELCOM, 2012), Chroodactylon orna-
tum (Nielsen et al., 1995, Helcom, 2012), Chroodactylon wolleanum 
(Nielsen et al., 1995) and Erythrocladia polystromatica (Nielsen et al., 
1995). A. plicata has been reported earlier within our study area 
(Bergström and Bergström, 1999; Ravanko, 1968), but is considered rare 
(Wallentinus, 1979; Tolstoy and Österlund, 2003). The species occurs in 
the Baltic as a loose-lying form, is rather small (1–4 cm) and may grow 
mixed with different morphotypes of F. lumbricalis, C. truncatus or 
P. pseudoceranoides (Tolstoy and Österlund, 2003). Thus, it is possible 
that the species has disappeared from the area, or simply has not been 
observed in the surveys. While C. wolleanum is assigned to freshwater 
environments, C. ornatum occurs also in brackish and marine waters in 
the Baltic Sea (Guiry, 2021). As the species is small (up to 4 mm) and 
mainly epiphytic (Kostkiviciene and Vitonyte, 2008) it may be difficult 
to detect/identify. There is very little information on E. polystromatica 
but it has been last recorded in the area before the 1970s (Nielsen et al., 
1995), indicating potential disappearance from the area. Specific sur-
veys targeting rare species would be needed to further clarify their 
current status. 

4.2. Areas with representative red algal communities 

Given the distribution and the occurrence patterns of the studied 
species, it is not surprising that parts of the Åland outer archipelago, 
with highest salinities within the study area, have the areas with highest 
prevalence and red algal index values (see also Rinne et al., 2020). The 
northeastern Åland was also identified as the area reaching highest 
species numbers. However, some of the WFD areas around Åland have 
relatively little data to assess red algal community prevalence reliably 
(Fig. 8b). Despite the decreasing salinity gradient towards north, the red 
algal communities in the outer Bothnian Sea show both high prevalence 

and red algal index values, with the exception of the areas influenced by 
the large river Kokemäenjoki in the central Bothnian Sea. However, 
main part of the outer Archipelago Sea, that is both salinity-, and 
exposure-wise suitable for red algal occurrence, shows relatively low red 
algal prevalence. Similar large-scale patterns in prevalence/status have 
been shown also for the most important habitat building perennial 
brown alga Fucus spp., with higher coverage and prevalence, as well as 
clearly deeper occurrence in the Bothnian Sea than in the Archipelago 
Sea (Snickars et al., 2014; Rinne and Salovius-Laurén, 2019). We 
believe, that the overall better state of the Bothnian Sea in relation to 
Archipelago Sea, both currently and over the past decades (Korpinen 
et al., 2018) is a likely cause for better state of the algal communities in 
the Bothnian Sea. However, the large-scale patterns in red algal com-
munity representativeness could not be clearly linked to 
eutrophication-related parameters (N-tot and Secchi depth), with 
exposure and salinity identified as the most important variables driving 
the patterns. This may be due to the fact that the most eutrophied WFD 
areas in the inner archipelago had too few hard substrate study points to 
be included in the analysis, thus truncating the eutrophication gradient. 
Additionally, although correlations between eutrophication-related 
factors and salinity and/or exposure were not strong when analyzing 
the whole study area, more locally these environmental variables 
correlate. For example, in the Gulf of Finland salinity increases and P-tot 
decreases in east-west direction. Furthermore, from inner to outer ar-
chipelago, exposure increases and nutrient concentrations decrease 
(Rinne and Salovius-Laurén, 2019). These more local correlation pat-
terns between eutrophication-related parameters and salinity and 
exposure may confound an analysis assessing larger-scale patterns. 

4.3. Future prospects of red algae in the euryhaline Baltic Sea 

According to the threat assessment of habitats (Kotilainen et al., 
2018) eutrophication and the potential decrease in salinity pose the 
most severe threats to the red algal communities within the Finnish 
marine area. A long-term study on an outer archipelago island in Åland 
reported the disappearance of four red algal species, Gaillona rosea, 
Grania efflorescens (synonymous to Aoudinella efflorescens), Phyllophora 
pseudoceranoides and Polysiphonia fibrillosa over a 60-year period 
(Eveleens Maarse et al., 2020), with eutrophication reported as the most 
likely driver. Increased sedimentation reduces the available hard sub-
strates for spore and thallus attachment and thus deteriorates the pop-
ulation regeneration of red algae (Eriksson and Johansson, 2005). 
Increased water turbidity is likely to be especially detrimental for spe-
cies that inhabit the deeper part of the red algal belt where reduced light 
availability may force species to move upward on the shores and to 
compete for space with more opportunistic species. 

The reduced depth distribution of species like F. lumbricalis and 
C. tenuicorne in the more eutrophied inner archipelagos and declines in 
deep-occurring R. confervoides and C.truncatus/P. Pseudoceranoides in 
comparison to older data (Ravanko, 1968) are likely due to 
eutrophication-induced lower water transparency. Of the red-listed 
species (Kostamo et al., 2019) the deep-occurring R. confervoides is 
likely to further suffer from low water transparency. Also Ceramium 
virgatum seems to exhibit reduced depth penetration with deepest 
recording at 8.4 m compared to earlier reported 15 m depth limit 
(Tolstoy and Österlund, 2003). 

Although eutrophication status has improved in some parts of the 
study area e.g. the Gulf of Finland, the status of the Bothnian Sea, an area 
with some of the most representative areas for red algal communities, is 
currently deteriorating with an increasing trend in dissolved inorganic 
phosphorus, decreasing Secchi depth and more frequent cyanobacterial 
blooms (Korpinen et al., 2018). This is especially worrying from the red 
algal community perspective. Furthermore, as some e.g. R. confervoides 
and C. truncatus/P. pseudoceranoides are already at or close to their 
salinity tolerance limit, a possible decrease in Baltic Sea salinity with 
climate change (Meier et al., 2021, but see Saraiva et al., 2019) will 
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likely push their distribution limits further south and thus decrease red 
algal diversity in the Finnish marine areas. 

5. Conclusions 

Our results show that currently the most representative areas for red 
algal communities in our study are mainly found in Åland, in the 
Bothnian Sea and in western Gulf of Finland, with highest species di-
versity found in northeastern Åland. Despite wide distributional ranges 
(Kostamo et al., 2017) many red algal species are rare throughout the 
study area, limiting their usability in large-scale monitoring. We found 
high variation in depth distribution patterns and prevalence of species 
across the study region. This highlights the need for knowledge on dis-
tribution patterns and mechanisms affecting them before species or 
community-based indicators are developed to describe the status of the 
marine areas, or generalizations are made on the threat status of indi-
vidual species or habitats. The more limited depth distribution of many 
species in the inner archipelagos, as well as a decrease in deep-occurring 
species in comparison to older data are likely caused by the general 
eutrophication development of the area. Eutrophication mitigation is 
the key to improve the status of the red algal communities in the Finnish 
marine area, especially avoidance of nutrient point sources in areas with 
the most flourishing red algal communities. However, with salinity 
being the most important factor affecting red algal occurrence and dis-
tribution on larger scale, the climate change is likely to have major in-
fluences on the red algal communities of the northern Baltic Sea in the 
future. 
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Wærn, M., 1952. Rocky-shore algae in the Öregrund archipelago. Acta Phytogeogr. Suec. 
30, 1–298. 

Wærn, M., 1992. Ceramium gobii n. sp. (Rhodophyta, Ceramiales) a brackish-water red 
alga in the Baltic Sea. Nord. J. Bot. 12, 569–575. 

Wentworth, C.K., 1922. A scale of grade and class terms for clastic sediments. J. Geol. 30 
(5), 377–392. 

Wernberg, T., Thomsen, M.S., Kotta, J., 2013. Complex plant-herbivore-predator 
interactions in a brackish water seaweed habitat. J. Exp. Mar. Biol. Ecol. 449, 51–56. 

Zenkevitch, L., 1963. Biology of the Seas of the. U.S.S.R. Interscience Publishers, New 
York.  

H. Rinne and K. Kostamo                                                                                                                                                                                                                     

https://doi.org/10.1007/s13280-019-01175-0
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref36
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref36
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref36
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref37
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref37
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref37
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref38
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref38
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref39
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref39
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref39
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref39
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref39
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref40
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref40
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref41
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref41
https://doi.org/10.3389/feart.2018.00244
https://doi.org/10.3389/feart.2018.00244
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref43
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref43
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref43
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref44
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref44
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref44
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref45
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref46
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref46
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref47
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref47
https://doi.org/10.3389/fmars.2018.00402
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref49
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref49
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref49
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref49
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref50
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref50
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref50
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref51
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref51
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref52
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref52
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref53
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref53
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref54
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref54
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref55
http://refhub.elsevier.com/S0272-7714(22)00065-8/sref55

	Distribution and species composition of red algal communities in the northern Baltic Sea
	1 Introduction
	2 Materials and methods
	2.1 The study area
	2.2 The data
	2.3 The studied species
	2.4 The analyses

	3 Results
	3.1 Occurrence patterns of species in different sea areas

	4 Discussion
	4.1 Species occurrence patterns and implications for monitoring
	4.2 Areas with representative red algal communities
	4.3 Future prospects of red algae in the euryhaline Baltic Sea

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


