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Succession of mire vegetation was studied in mire basins providing uniform chronosequences on
the land uplift coast of the Bothnian Bay. The research was performed from transects crossing
mire basins with similar hydrology in order to highlight the occurrence on different mire species
in catchment areas. Material from vegetation sample plots was used, central species for each alti-
tude belt were presented. Also the differences between the mire basins on moraine and sand were
handled. On the mires under 5 m asl, the vegetation is dominated by species typical for swamps
and seashores. Most Sphagnum species spread to the mire basins very quickly after the disappear-
ance of the brackish sea-water effect. Along with the Sphagna are spreading most species typical
for the mature hummock, lawn and carpet levels. The occurring of rich fen species seems to be
closely connected with the groundwater discharge pattern. The study areas are situated on the coast
of northern Bothnian Bay, where the developed mire systems are dominated by aapa mires. The
results are compared with those from the more southern zone of bogs. The main difference seems
to be the larger coverage of Sphagnum mosses even on the wetter sites on the development of bogs.

affected both by temporary sea-level fluctuations
and by gradual shore line regression. The tem-

The land uplift rate on the Finnish side of the
Bothnian Bay is about 8 mm/year in relation to
the mean sea-level (Niskanen 1939, Kéaridinen
1966, Kakkuri 1985). The eustatic uplift of sea-
level is clearly smaller (approximately 1 mm yr”,
but probably increasing (Johansson et al. 2004).
According to regression lines of areas near north-
ern Bothnian Bay (e.g. Taipale & Saarnisto 1991)
the regression of the seashore during the last 4000
years has been quite stable and about the same
magnitude or a little faster than nowadays. The
succession of vegetation on emerging coasts is

porary fluctuations of sea-level in Bothnian Bay
are for the most part due to changes in the air-
pressure and the direction and strength of winds,
the effect of tides is very little (e.g. Ericsson &
Wallentinus 1979, Siira 1999). The seawater on
coasts of the northern Bothnian Bay can reach
the maximum level of about 2 m above mean lev-
el at times of exeptional southern storms, while
the absolute minimum levels are about 1 m below
the mean level. The littoral belt (e.g. Siira 1970,
Elveland 1976) is situated between these levels.
Sea-water levels up to 1,5 m asl can be consid-
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ered so usual, that this point can be considered as
the approximate upper level of littoral belt. The
regression of the shoreline causes a very interest-
ing situation: land of different age forms distinct
belts so that the age after emergence from the sea
can be concluded from the elevation above sea
level. On geologically older land one can see mire
complexes, watercourses and forests which have
already reached the stable state. On the land uplift
coast on the contrary it is possible to see a full se-
ries of habitats of different age and development
stage and one can study the development of the
older stages by studying the contemporary condi-
tion of the younger stages. The use of chronose-
quence like this to reconstruct successional pat-
terns is based on the assumption that there have
been no ecologically significant differences ex-
cept the age and stage of development among the
studied sites (Klinger & Short 1996).

In a strict sense, this is of course impossible,
but by placing the research lines to a landscape of
homogenous bedrock and topography and prov-
ing that the hydrology of studied sites along the
chronosequence resemble each other as closely as
possible, the assumption can be considered val-
id. The succession of mires goes side by side with
the succession of forests and watercourses; on the
land-uplift coast the primary mire formation has
been assessed to be about the same as magnitude
as the secondary paludification of forests (Huika-
ri 1956, Huttunen & Tolonen 2006).

The studies in succession of vegetation on the
land uplift coast of the Bothnian Bay have large-
ly concentrated on the young belts near the coast.
The vegetation studies on seashore meadows
(Havas 1961, Siira 1971) restrict naturally to the
littoral belt, but also studies on forests concen-
trate to the primary succession of a few hundred
years. (Havas 1967, Lindroos 1990, Svensson &
Jeglum 2003). Studies on mires on the aapamire
zone of the Bothnian Bay coastland have concen-
trated in the question of primary mire formation
and paludification of forest land (Huikari 1956)
with study areas 0—20 m asl) and to the difference
between littoral belt and areas above it (Elve-
land (1976). The works with long succession-
al series from seashores to old mire complexes
are from areas, where succession to ombrotrophic
bogs prevail: Southern Ostrobothnia (Aario 1932,
Brandt 1948), the Hudson Bay area (Klinger &

Short 1996) and White Sea coast (Kouznetsova
1999). On the land-uplift coasts that belongs to
the aapamire zone the succession of vegetation
has been studied on the mires between the sandy
ridges of Siikajoki area (Timonen 2005). Cho-
sen parts of the mire chronosequence in Siikajo-
ki has been used to compare the observed suc-
cession in vegetation and peat increment with
those predicted by a mathematical model (Tuit-
tila et al. 2013). This work emphasizes the val-
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Fig 1. The research areas (1 and 2) and the sites of com-
parable researches on the land uplift coast (3. Brandt
1948, 4. Huikari 1956, 5. Elveland 1976)
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Table 1. Studied areas along the transect chain. The elevations refer to the main sites of primary mire formation.
Areas 1-5 on moraine topography, areas 6a—7 on sandy topography. Their ages are expressed as calibrated years be-

fore present (AD 1950, Weninger & al. 2005).

Site name Elevation of mire Age of primary mire Total length of
nuclei m as.l. nuclei cal yr lines m
1.a Ryoskari 0-6 0-700 980
1.b. Sahkari 6-7 700-800 710
1.c Ihanalampi 18-19 1900-2000 2050
1.d Nikkilanaapa 34-37 3900-4200 2500
1.e Kairavaara 67-69 6000-6200 2250
2.a Hailuoto, Keskiniemi 1,0-1,5 100-150 750
2.b Hailuoto, Satajarvi 4,0-4,5 300-400 600
2.c Hailuoto, Pitkajarvi 6,0-7,0 700-800 850
2.d Hailuoto, Valkjarvi 8,5-9,0 1000-1100 450
2.e Ressunaro 43-47 4000-4200 2900

ue of chronosequences of this kind, but has the
presumption that these mires are developing into
ombrotrophic bogs.

This article is a part of a larger plan to study
the development of aapamires by the chronose-
quence method (Rehell & Heikkild 2009, Rehell
et al. 2012 a,b). The aim of the present article is
to show the altitude distribution of the dominant
vascular plant and moss species across altitude
belts and to suggest reasons for the distribution
of those species. It contains the results of stud-
ies from sample plots on different belts, both on
moraine and sandy topography. One part of this
study is to compare the data of present study ar-
eas with other areas along the coast of the Both-
nian Bay. The comparison of the aapa-mire zone
to the more southern zone of bogs (e.g. Brandt
1948) makes it possible to assess of the effect of
climatic changes on the vegetation.

Material and methods

The research has been done on land uplift coast
of Bothnian Bay in areas, where the bedrock, soil
and topography continue homogenous from the
seashore to the inland area. The age of the prima-
ry mire formation of the basins has been calculat-
ed from the elevation of the bottoms of the mire
basins (meters above sealine) using the published
regression diagrams for the region (Taipale &

Saarnisto 1991). The ages refer to calibrated C-14
years. The research areas were situated along two
main transects, the other situated on moraine to-
pography and the other on sandy topography. (Ta-
ble 1, Fig.1)

The studied mire basins on moraine topo-
graphy are situated near the border between com-
munes Simo and Kuivaniemi (study area 1). The
bedrock is composed mainly of quite acidic gran-
itoid gneiss and migmatite with small diabase
joints and other more basic veins in the whole
area (GTK 1997). It is overlain by a layer of bot-
tom moraine, which forms small drumlins in
places. Along the transect the research areas are
placed on paludified basins bordered by miner-
al soil on different elevations above sealine. Each
basin includes a full catchment area with mire on
the central part. The studied lines were placed
across the whole basin so that they give a picture
of the whole paludified area including hydrolog-
ically different parts of it (Laitinen et al. 2007).

The studied mire basins on sandy topography
(study area 2) are situated on a large esker forma-
tion, which stretches from the island of Hailuoto
towards southeast. This esker chain is composed
mainly of fine sand with little amount of gravel
and boulders, so the waves and wind have moved
the sand to beach ridges and dunes stretching
kilometres on both sides of the original core of
the esker. The mires are situated on narrow basins
between these ridges. The bedrock consists main-



36 Rehell & Laitinen * Memoranda Soc. Fauna Flora Fennica 90, 2014

ly of sedimentary siltstone (GTK 1997), which
is covered by thick layers of sand, till and other
loose sediments (Gibbard 1985). The study lines
were situated according to same principles as on
the moraine topography.

The difference in hydrology between mo-
raine and sandy areas is notable. On the former,
the amount of surface flow is quite remarkable
and the ground water discharge takes place in the
paludified depressions between forest heaths. On
the latter rainwater infiltrates more totally to the
ground. The water in the paludified depressions
concentrates in the lowest parts, where it can per-
colate through the damming beach ridges giv-
ing rise to unstable aro-wetlands (Laitinen et al.
2007) with little or no peat layer. The discharge
of the groundwater can take place far away, in the
case of the research area in Hailuoto on the sea-
shore and under the sea (Rehell & Heikkild 2009).

Vegetation sample plots (10 x 10 meters) were
studied on the lines with the distance of 100 me-
ters. Each plot was placed so that some corner of
it was on the measured point of the line. When the
line crossed an island of mineral soil, plots were
made on both sides of the island. On each line on
one or a few sites the area of the plot was largened
by adding one or even more 10 x 10 m sample
plots to the original. This was done, because the
material has been used also in a study of the mi-
crotopograhical patterning of the mires (Rehell et
al. 2012b) and at some places one plot was not
enough to cover all patterns relevant on the site.
On the central part of the aapamire complex on
area 4 only every other plot was studied, because
the mire at that place was very wet flark fen with
little variation between the plots. When summing
up the mean coverages of species, this was taken
account by multiplying the values of these plots
by two. Smaller quadrats (1 x 1 metres) were
studied on each large plot, they were situated so
that they represent all water level categories (Eu-
rola et al. 1984) (hummock-level, intermediate-
level, flark level, and sub-levels of them). From
those quadrats the coverage (per cent) of plant
species was studied. The field work was done in
late summer (July — September), on morainic to-
pography in the years 2001 and 2002, on sandy
topography in the year 2003.

The names of vascular plant species follow
the nomenclature of Himet-Ahti et al. (1998). All

Sphagnum species (Mossornas Vénner 1993) and
leaf mosses (Ulvinen 2002, Hedenids 1993) were
defined to the species level (by using microscope
when needed). From the liwerworts and lichens
often only the genus was defined (compare Eurola
et al. 1990). Some taxons very close to each other
were combined in Appendix 1 (Sphagnum angus-
tifolium + S. fallax + S. flexuosum, Warnstorfia
exannulata + W.procera, Sphagnum annulatum
+ S. jensenii, Polytrichum commune + P. jense-
nii, Warnstorfia fluitans + W. pseudostraminea).
Three last mentioned groups are combined also in
Appendix 2. When counting the total amounts of
species on different belts all Sphagnum mosses,
leaf mosses, field layer vascular plants, trees and
bushes observed on the studied sample plots were
taken into account.

Studies were made on mires and paludified
heaths. On the littoral zone also seashore mead-
ows and thickets were studied. Stabile heath veg-
etation was not studied, nor permanent water bod-
ies. The mires on the land uplift coast are place-
doin following separate belts (meters above sea-
line): 0-1,5 m, 1,5-5 m, 5-15 m, 15-30 m 30-
50 m and over 50 m. On the sandy topography it
was possible to find comparable sites from only
some of these belts. Of the used limits the eleva-
tion 1,5 m above mean sea level represents the
approximate mean height of the highest sea-lev-
el on the coasts of northern Bothnian Bay (e.g.
Siira 1999, Elveland 1976). The belt 5 to 15 m asl
is according to Huikari (1956) the belt, where the
primarily paludified basins have been filled and
mires have their fastest rate of expanding to the
surrounding heathlands. The sites over 50 m asl
represent mires, which are old enough (over 4000
years on the primarily paludified parts) to be con-
sidered having gained their climax state accord-
ing to chronosequence studies on ombrotrophic
bogs (Aario 1932, Brandt 1948, Klinger & Short
1996).

The results of the study areas have been com-
pared with the situation in different areas along
the Bothnian Bay (see Appendix 2). The work of
Brandt (1948) gives results from the land uplift
coast on the more southern zone of bogs, south of
the town Vaasa. This work contains a large veg-
etation data from central parts of chosen mire
sites from coastal swamps on the littoral belt to
old bogs about 80 m asl. The geology and topo-
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graphy are quite similar to the study area 1 (mo-
raine topography). The sample plots were 5 x 5
meters in area and vegetation data includes cov-
erage (per cent) approximations of the moss spe-
cies. The species of the old genus Drepanocla-
dus have not been separated. The occurrence of
vascular plant species was recorded without us-
ing percentage approximations. The data of Hui-
kari (1956) is collected from a transect line on the
belt 0-20 m asl on the border between communes
of Simo and Kemi. The area is hence quite close
to the study area 1 of this article although it is sit-
uated nearer the area of calcarecous bedrock. The
study of Elveland (1976) has data collected by
detailed mapping of areas on the littoral belt and
just above it on Kalix Stor6 in Sweden. The arca
is in the middle of the area with calcareous bed-
rock and the mires are largely composed of quite
small rich fens.

Results

The mean cover of the most important mire spe-
cies on belts of different altitude above sea line
along the studied lines are shown as figures in Ap-
pendix 1. Typical littoral species and swamp spe-
cies were frequent near the seashore but appear on
more developed mires only on most favourable
sites (e.g. Sphagnum squarrosum, S. fimbriatum,
Calliergon cordifolium, Drepanocladus aduncus,
Potentilla palustris, Lysimachia thyrsiflora and
Calla palustris in swamp sites with much water
flow or Carex nigra, Agrostis canina, Calama-
grostis stricta and Juncus filiformis in thin peat-
ed depressions). Phragmites australis was a typi-
cal seashore species having sporadical occurrenc-
es on the mires above the littoral belt. Some spe-
cies typical for seashore thickets (eg. Equisetum
arvense, Filipendula ulmaria, Vicia cracca) ap-
peared also on the herb-rich spruce mires above
the littoral belt mainly under 5 m asl. Species typ-
ical for paludifying forests on the moraine topog-
raphy (Sphagnum girgensohnii, Equisetum syl-
vaticum and Carex globularis) were lacking from
the littoral belt and concentrated to the belt 5 to
15 m asl. On the sandy topography they were rar-
er and concentrated on belts near the seashore.
Most Sphagnum species seemed to be practi-
cally lacking from the littoral belt but were quite

common on the belt just above it. The lowest oc-
currences are situated mainly on the margins of
the mire basins. Even those Sphagnum species,
which concentrate on the belts near the coast
(Sphagnum squarrosun, S. fimbriatum) did not
grow on the lowest parts of the littoral belt. Many
species of other groups were closely connect-
ed with Sphagnum-surfaces; eg. Straminergon
stramineum, Scheuchzeria palustris, Drosera ro-
tundifolia, Carex limosa and C. chordorrhiza on
the wetter levels and Polytrichum strictum, Eri-
ophorum vaginatum, Rubus chamaemorus, Em-
petrum nigrum, Ledum palustre and Vaccinium
uliginosum on the hummocks. All these had their
lowest situated occurrences on the belt 1,5 to 5 m
asl or just above it although they occurred there
only on small patches among other vegetation.

A group of mud bottom species (Rhyncho-
spora alba, Drosera anglica, Sphagnum compac-
tum, S. tenellum, S. pulchrum) were lacking from
the belts under 15 m asl on the morainic topog-
raphy. On the sandy topography they however
had some occurrences also on lower levels. Rhyn-
chospora fusca, which can be considered as eco-
logically similar, was very rare on the moraine to-
pography (found only on the belt 30-50 m asl)
but it was common on the upper studied basins on
sandy topography.

Of the tree and shrub species accounted on the
mires Alnus incana, Salix phylicifolia and Myrica
gale were very clearly connected with the littoral
belt and Salix pentandra with the belt just above
it. Betula pubescens and Picea abies had their
maximums about 1,5-5 m asl, above that they oc-
curred on special sites e.g. on the margins of the
mire basins. Picea was not accounted on sandy
topography at any level. The occurrence of Pi-
nus silvestris on the mires seemed to be connect-
ed with the formation of hummocks. It was scarce
near the seashore and lacking from the youngest
belts on morainic topography. Above that it clear-
ly became the most common tree species of the
mires.

The species indicating eutrophic (rich fen)
or meso-eutrophic (here synonymous with inter-
mediate fen) conditions were very common in
young mires on morainic topography. Typically,
they indicate ground water influence (Carex di-
andra, Bryum pseudotriguetrum, Calliergonella
cuspidata, Calliergon giganteum, C. richardso-
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nii, Hamatocaulis vernicosus, Helodium bland-
owii, Sphagnum contortum, Tomentypnum nitens,
Warnstorfia tundrae). These species seemed to
be common on the morainic topography, where
they concentrated to belts 1,5 to 15 m asl. At the
belt 30 to 50 m asl some indicators of moderate-
ly rich fens (Scorpidium revolvens, S. scorpioides
and Campylium stellatum) were present in small
amounts and Loeskypnum badium, a typical spe-
cies of intermediate fens, had its maximum. On
the uppermost studied lines (above 50 m asl) the
indicators of rich fen were lacking. On mires on
sandy topography all species indicating rich or
intermediate fens were restricted to the vicinity
of some springs near the seashore. Oligotroph-
ic (extremely poor) fens are the most widespread
at the uppermost belts. True ombrotrophic bogs
were accounted only on the belt above 30 m as
but even there they covered only very small frag-
ments of the mire areas.

The species diversity on different belts can be
seen in Fig. 2. The amount of species on whole
mire basins reflects the amount of different habi-
tats in that area. The amount of species in a small
sample plot reflects how many species can grow
together in the same habitat.

The occurrence of the main species of mire
vegetation on different are given in table (Ap-
pendix 2). The table contains the results from the
study areas of this article but also from other parts
of Bothnian Bay based on literature (Brandt 1948,
Huikari 1956, Elveland 1976). For the compari-
son of the succession of aapa mires and bogs, the
data of Brandt (1948) is especially interesting be-
cause it is comparable to the data collected from
the succession series on moraine topography on
the zone of aapa mires. Because of the different
methods used, only quite rough comparisons can
be made. The total coverage of Sphagnum moss-
es is a very crucial variable, which is observed by
the same methods in both studies. The coverages
of Sphagnum on different elevations above sea-
line are shown in Fig. 3. On the hummock and
lawn level vegetation the coverage of Sphagnum
seems to reach near 100 % already on the belts
just above the littoral belt on both succession se-
ries. On the wet surfaces the situation on the suc-
cession on aapa mires and bogs seems to follow
different courses. On the succession series of
bogs, the wet surfaces are mainly covered by uni-

form Sphagnum carpets from the belts just above
the littoral belt. On the succession series of aapa
mires, on the contrary, the coverages of Sphag-
num mosses on wet levels are smaller.

Discussion

The species diversity on different belts on sandy
topography (Fig. 2) shows how the diversity on
large scale increases during the succession. This
result is very similar to the results from the mires
situated between the sandy beach ridges near the
river Siikajoki (Timonen 2005). This increase in
the diversity during the succession can best be
explained by the larger size of mires on the up-
per belts (Rosenzweig 1995) and by the divergent
succession (Sjors 1990). On the studied basins on
the moraine topography, the amount of species is,
however, clearly the biggest on the belt just above
the littoral belt (1,5-5 m asl). This tendency is
very pronounced in the data for whole mire ba-
sins, but also on small sample plots. This is clear-
ly due to the centralizing of rich and intermediate
fens on that belt. On this bel,t the rich fen species
have their maximum, most sea shore species are
still growing and besides the species typical for
older mires (e.g. Sphagnum mosses and species
growing with them) have their lowest occurrenc-
es on the margins of the same basins. On the belts
above it, the diversity of the vascular plant and
mosses decreases, while the species of herb-rich
spruce mires are lacking from the belts above 5 m
asl and the species of rich fens with groundwater
influence from the belts above 30 m asl. The espe-
cially high species diversity of intermediate and
moderately rich fens is observed to be typical for
Finnish mires (Tahvanainen 2004).

On the littoral belt few mire mosses and oth-
er typical mire plant species can be found. This is
probably due to the unstable water regime on this
belt (Elveland 1976). Above the littoral belt, the
variation in the water quality and quantity on the
basins diminishes. On the developing mires the
water table stabilizes to the horizons in surface
peat, giving rise to the typical water table of hum-
mock-level, lawn level and carpet or mud-bottom
level (Sjors 1950, Eurola et al. 1995) with the
plant species typical for these. Many typical mire
species can grow on the littoral belt only on spe-
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Fig. 2. The species diversity on different belts above sea line. The mires on moraine topography (above) and

sandy topography (below).

cial sites, which get steadily terrestrial water and
where the water level and water quality remains
quite stable comparing the situation in other parts
of the seashore (Elveland 1976). Typical exam-
ples are Menyanthes trifoliata, Equisetum fluvia-
tile, Carex chordorrhiza, Scorpidium scorpioides,
Calliergon giganteum and C. richardsonii.

The expansion of Sphagnum species on the
basins emerging from the sea is a very interest-
ing process. Few Sphagnum species were found
on the seashore littoral belt within the study tran-
sects, whilst almost all of them, quickly appeared
just above the littoral belt, occurring as small

patches mainly in the margins of young mire ba-
sins. Quick appearance and succession of Sphag-
num species (Sundberg et al. 2002) on the land
uplift coast thus happens on the belt which has
very luxuriant vegetation but which is no more
affected by seawater. It is probable that most
Sphagna disperse into such sites by spores. The
significance of spores is emphasized by the fact
that Sphagnum species can readily colonise sites,
where dispersal by other means is improbable;
for instance islands emerging from the sea (Sund-
berg et al. 2002). Sphagnum species colonizing
the littoral belt most quickly (S. squarrosum, S.
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fimbriatum) are known to be autoicous, and com-
monly form spores (Ulvinen et al. 2002), but the
dispersion seems to be efficient also for many di-
oicous species. The germination of spores is con-
sidered the most probable on sites, where the
amount of nutrients, especially that of phospho-
rus is high, and the moss layer has gaps (Sund-
berg & Rydin 2002). Some species like S. fenel-
lum and S. compactum seem to behave in a dif-
ferent manner: they emerge only on the quite late
stage of succession on the aapamires, on devel-
oped surface topography with poor mud-bottom
level flarks.

The comparison of the study area 1 of this
study and the areas of Huikari and Elveland
shows that the beginning of the mire succession
is very similar in all these areas. These are the
mire basins on moraine topography in the areca
on the northern belt of aapamires. The young
mires on the more southern zone of bogs (Brandt
1948) differs by having only a very few species
of rich fens and in very small amounts. The area
on sandy topography is hydrologically very dif-
ferent and this explains the differences in species
composition.

Establishment of Sphagnum moss vegetation
is considered a key factor in the process of tran-
sition from fens to bogs (Hughes 2000, Hughes
& Barber 2003). The impact of climatic and hy-
drological factors on autogenic succession can
wary. Shifts to ombrotrophy have been linked
with greater peat-growth rates and increased the
growth of Sphagnum mosses. These are found
during wet and warm periods (eg. Hughes 2000,
Granath et al. 2010). The role of hydrological
changes (diminishing water flow) as a central
factor in the expansion of Sphagnum mosses was
emphasized by Tahvanainen (2011). The role of
vascular plants growing together with Sphagna,
especially Eriophorum vaginatum tussocks, can
be very important (Hughes 2000). The rise in the
amount of Sphagnum together with Eriophorum
vaginatum marks the phase of shifting from min-
erotrophy to ombrotrophy in the southern raised
bogs (Aartolahti 1965, Tolonen 1987) and also on
the peripheral parts of aapa mire systems (Rehell
& Heikkild 2009, Rehell 2012b). The results from
the land uplift coasts of the Bothnian Bay (see Fig.
3) show, that the coverage of Sphagnum mosses
on the young mire basins on the zone of bogs is

large on all hydrotopographical levels also in the
wet parts. On the zone of aapa mires, the central
parts of basins with large amount of water flow
are characterized by leaf mosses and mud-bottom
(Rehell et al. 2012 a) and only small amounts of
wet-level Sphagnum mosses. This difference be-
tween the young mires in southern and northern
parts of the land uplift coast can be seen also on
the aerial photographs (Rehell 2006). On the zone
of bogs, the Sphagnum mosses can also cover the
central parts of the mire basins. Only some spe-
cial sites e.g. narrow joints with very strong wa-
ter flow remain without Sphagnum carpet leading
to swampy lags. The hummocks of the old bogs
at about 30-80 m asl (Fig. 3) have clearly less
Sphagnum than the younger bogs. That can be ex-
plained by the common occurrence of lichens and
forest mosses on the old bogs (Brandt 1948, Eu-
rola 1962). The decrease in Sphagnum mosses on
the hummocks of old bogs can be linked with lo-
cally diminishing peat growth rate on those bogs
(Tolonen 1971).

The climate change can affect the vegeta-
tion succession on the land uplift coastlands. If
the temperatures are rising, the conditions on the
aapa-mire zone can in the future resemble those
now found on the zone of bogs. Hence in the fu-
ture the Sphagnum mosses can be expected to
cover larger parts of the mire basins even in the
northern part of the land uplift coast. Some ex-
amples of that kind of increased Sphagnum in-
vasion were described from southern Ostroboth-
nia by Brandt (1948). The increased growth of
Sphagnum mosses attributed to the recent climate
warming has been observed also on the northern
part of the land uplift coast in Siikajoki (Tuittila
et al. 2012).
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Appendix 1 continued. The mires on moraine topography.
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Appendix 1 continued. The mires on moraine topography.
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Appendix 1 continued. The mires on moraine topography.
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Appendix 1 continued. The mires on moraine topography.
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0 0
015 1,55 515 1530 3050 =50masl 015 155 515 1530 30-50 »S0masl 015 1,55 515 1530 3050 =50masl
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Appendix 1 continued. The mires on sandy topography.

Agrostis canina, cover % Alnus incana, cover % Andromeda poliffolia, cover %
35 3,15 4 3,6
3
25 3 15
z 2
13 1,01
1 1 0,5
03 0,01 0,03 0 0 0
0 0
01,5 155 515 - 30-50 masl 015 155 515 - 30-50  m asl 0-15 1,55 515 - 30-50  m asl
Betula nana, cover % Betula pubescens, cover % Calamagrnstis stricta, cover%
0,5 A7 10 2
8
04 ) 15 L
0,3 6
1
0,2 4
2
01 2 09 0s 0.5
0 0 0 0,007 0
0 0 0
015 155 515 - 30-50  masl 01,5 1,55 515 - 30-50  masl 0-15 155 515 - 30-50 moasl
Calluna vulgaris, cover % Carex chordorrhiza, cover % Carex diandra, cover %
1 7 B4 0,012 0.01
03 0,73 6 5,34 0,01 g
3 0,008
0,6 4
) 0,006
04
2 184 13 0008
0,2 1 0,002
0 0 0 0 0 0
0 0 0
01,5 1,55 515 - 30-50 masl 0-1,5 1,55 5-15 - 30-50 masl 0-1,5 1,55 5-15 - 30-50 masl
Carexglobularis, cover % Carex lasiocarpa, cover% Carex limosa, cover %
0,2 0,18 ) 7,18 5 4,35
0,15 6 4
3
3,79
0,1 0.07 4 )
0,05 2 il 1
8 1 38
0 0 0 0
0 0 0
0-15 155 515 - 30-50 masl 01,5 155 515 - 30-50  masl 0-1,5 155 515 - 30-50  masl
Carex livida, cover % Carex nigra, cover % Carex pauciflora, cover %
14 1,23 7 6,33 1,2
1,2 5 541 1 0,96
1 5 08
0,8 4
0,6
0,6 3
0,4 2 04
92 0 0 1 0,15 0,07 %2 005 003
0 0 0
0-15 1,55 515 - 30-50  m asl 0-15 1,55 515 - 30-50  masl 0-15 1,55 515 - 30-50  m asl
Carexrostrata, cover % Empetrum nigrum, cover % Equisetum fluviatile, cover %
8 6,92 235 2,14 6 5,06
5
5 2
15 4 3,19
a 3,3 3
27 1
0,66 2
5 os 0,47
014 ’ 0 : 0,23 01
0 o 0 —
0-15 1,55 515 - 30-50 m asl 015 1,55 515 - 30-50 masl 015 155 515 - 30-50  masl
Eriophorum angustifolium, cover % Eriophorum vaginatum, cover % Juncus filiformis, cover %
2 5 10
1,72 2,08 4,4 8,72
15 4 g8
1 3 § 5728
1
0,65 2 4
0,5 1 N
0,03 0 0,07 0,16 0,06
0 0 0
0-1,5 1,55 5-15 - 30-50 masl 0-1,5 1,55 5-15 - 30-50 masl 0-1,5 1,5-5 5-15 - 30-50  m asl
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Appendix 1 continued. The mires on sandy topography.

Ledum palustre, cover % Lysimachia thyrsiflora, cover % Menyanthes trifoliata, cover %
1,2 1,06 2 4 367
1
15 143 3 2,87
0,8
0,6 1 2
' 043 0,66
0,4 111
0a 0,2 0,5 1 0,45
., 0 0,05 0
0 0 0
015 155 515 - 30-50  masl 01,5 1,55 515 - 30-50  masl 0-15 1,55 515 - 30-50  masl
Molinia caerulaea, cover % Myrica gale, cover % Pinus sylvesrtris, cover %
s
0,6 0,53 4 3,37 .
0,5 4
3 3
0.4 3 2,6
0,3 2
2
0,2 )
01 1 0,6
0 0 0 0 0 0
0 0 0
0-15 1,55 515 - 30-50  masl 015 155 515 - 30-50 masl 015 155 515 - 30-50  masl
Potentilla palustris, cover% Rhynchospora alba, cover % Rubus chamaemorus, cover %
0,5 0,75
7 617 ; 0,43 0,8
5 0.4
5 0,6
N o 04
3 0,2 ! 0,27
2
0,73 0,1 0.2
1 0 0 g 0 o 001 . 006
0 0 o
0-1,5 1,55 5-15 - 30-50 masl 0-1,5 1,55 5-15 - 30-50 masl 0-1,5 1,55 5-15 - 30-50 m asl
Salix phylicifolia, cover % Scheuchzeria palustris, cover % Trichophorum alpinum, cover %
10 0,5 0,06
8,4 0,44 ! 0,05
g 0,4 0,33 0,05
6 03 0,04
0,03
4 0,2
0,02
2 0,1 0,006
0,01 g
0 0 0 0 0 ! 0 0
0 0 0
015 155 515 - 30-50  masl 0-1,5 155 515 - 30-50  masl 01,5 1,55 515 - 30-50 m asl
Trichophorum pi cover% Vaccinium oxycoccus, cover % Vaccinium uliginosum, cover %
19
2 35 302 2
15 : 15 47 1,32
5 25 2,23 i 116 .
1 2 1
15
1 0,79
0,5 0,5
0,3 g 0,22
0 0 i 05
0 0 0
015 155 515 - 30-50 masl 01,5 1,55 515 - 30-50 moasl 0-1,5 1,55 515 - 30-50  masl
Calliergon cordifolium, cover % Drepanocladus aduncus, cover % Helodium blandowi, cover %
3 4,5 3,5 3,2 1 0,94
3
4 0,8
2,5
3 2 0,6
2 L5 0,4
1
1 0,2
0 0 0 05 0 0 0 0 0 0
0 0 0
0-15 155 545 - 30-50  masl 0-15 155 515 - 30-50  masl 01,5 155 515 - 30-50 masl
Pleurozium schreberii, cover % Polytrichum commune, cover % Poluytrichum strictum, cover %
2 3,8 (incl. P. schwarzii, P.jensenii) 14
) 15 12 1,15
3 2,64 ’ 1,56 1
1,5
0,8
2
1,44 1 73 0,6
0,4
1 X
0,5
0,12 013 0,2 0 0 0,1
0 0 | 0 —_—
0-1,5 1,55 5-15 - 30-50 moasl 0-1,5 1,55 5-15 - 30-50 moasl 0-1,5 1,55 515 - 30-50 masl
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Appendix 1 continued. The mires on sandy topography.

Sphagnum balticum, cover% Sphagnum capillifelium, cover % Sphagnum centrale, cover %
F 25 23 0,5
3,37 ", 0,45
N 2 0,4
15 0,3
2
1 0,84 0,2
0,53
1 0,5 0,1
0 0 0 0 0 0 0
0 0 0
0-1,5 1,5-5 5-15 - 30-50  masl 01,5 1,55 5-15 - 30-50 masl 0-1,5 1,55 5-15 - 30-50 moasl
Sphagnum compactum, cover % Sphagnum cuspidatum coll, cover % Sphagnum fimbriatum, cover %
7 6,6 5 47 6
4,9
6 5
4 5 41
5 1
4 3
. 2,31 3
2
2
2 1,09
1 1 1
0 0 0,003 0 0 0
0 0 0
01,5 155 545 - 30-50  m asl 0-1,5 155 545 - 30-50  masl 0-1,5 1,55 515 - 30-50 masl
Sphagnum fuscum, cover % Sphagnum girgensohnii, cover % Sphagnum magellanicum, cover %
12 0,3 2
10,5 0,25
10 0,25 0,23 1,47
1,5
8 0,2
6 0,15 1
4 0,1 0,07
0,5
2, 032 0,18 0,05 0 . ] 0,15
) ) 0 |
01,5 155 515 - 30-50  masl 01,5 1,55 515 - 30-50 masl 0-1,5 155 515 - 30-50 m asl
Sphagnum obtusum, cover % Sphagnum papillosum, cover % Sphagnum recurvum coll, cover %
0,8 0,7 14 121 14 12,32
08 12 12 10,14
! 10 10
0.4 : Z 619
3,94
0,2 4 4
0 0 0 2 o 0,25 . 2 ]
0 0 0
01,5 1,55 515 - 30-50 masl 0-1,5 1,55 5-15 - 30-50  m asl 01,5 1,55 515 - 30-50 masl
Sphagnum riparium, cover % Sphagnum russowii, cover % Sphagnum squarrosum, cover %
6 5,66 8 7,53 25
4,97
5 2 19,9
6
4 15
3 4
10
2
1,53
.07 2 ! 1,26 5 2
0,22 0,37 011 0
0 0 0
04,5 1,55 515 - 30-50  m asl 01,5 155 515 - 30-50  m asl 01,5 1,55 515 - 30-50 masl
Sphagnum subsecundum, cover % Sphagnum tenellum, cover % Sphagnum teres, cover %
5 a1 0,035 0,03 3,5 319
4 0,03
0,025
3 0,02
5 0,015
s 075 0,01
o 0,27 0,005 0 o o
0 I 0
01,5 1,55 515 - 30-50  m asl 01,5 1,55 515 - 3050 moasl 0-1,5 1,55 515 - 30-50  m asl
Straminergon stramineum, cover % Warnstorfia exannulata/procera, Warnstorfia fluitans, cover %
1 0,92 cover % (incl. W. pseudostraminea)
6 5 4,68
0.8 0,73 . 4,80
0,6 N
i 4 3
0,4 3
2 N 2
0,2 0,15 0,12 1 0,74 0,87 0,88 1 0,86 0,88
0
0 0 | ) |
01,5 155 515 - 30-50 m asl 01,5 1,55 515 - 30-50 masl 01,5 155 515 - 30-50  masl
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Appendix 2. The occurrences of species on mire basins on different belts (m asl) on various sites along the land uplift
coast of the Bothnian Bay (the altitudes of the belts in meters above sealine).

1. The study area 1 on moraine topography. 2. The study area 2 on sandy topography. 3. Data from Huikari (1956)
(Simo-Kemi). 4. Data from Elveland (1976) (Kalix, Sweden). 5. Data from Brandt (1948) (Southern Ostrobothnia).

- not observed, + present in small amounts, + common , ++ dominant, () found on the margins of the mire basin or
other very thin peated sites. The marks with an asterisk* mean, that the species is found on the littoral belt only on
sites, where there is flow of terrestrial water (Elveland 1976).

1 2 3 4 5

21212 B1 8| g2 2 2 B 28 122282

LIZ A28 RS2 A8 S| 2R S r|S|2]é]|n
Aulacomnium palustre B[+ [+ |+ |+ |BD|+ [+ [+ |B]| ]|+ |BD][+[H] -] +]+
Bryum pseudotriquetrum (+) + |+ |- =-|H|=-|=-1=-1-1-1- IS R (R (R
Calliergon cordifolium ++ + |+ | = = ||+ - - | - + |+ | + -
Calliergon giganteum ||+ [+ | - - - - -1 +]+ +*l+ | - -] -] -
Calliergon richardsonii - + |+ | - - - =-1-=-1-1- + 1+l = =1]=1-=
Calliergonella cuspidata + |+l + |+ === 1=1=-1=1=1-1=1=-1=/-=-1-1-=1-=
Campylium stellatum L I o B o e e e e e I I O o R I I I
Cinclidium stygium -+ |+ |+ -|--]-|-1-1-1-/+|-|+]|-1-|-1-
Cladonia sp. - =+ I I O S I e I e IR ) I
Drepanocladus aduncus |+ |+ | - = =+ === ===+« +|2]2] 2|2
Hamatocaulis vernicosus —|=lle=l=]=l=1=l=1=I==]|-= — =222 2
Helodium blandowii B+ |+ |+ +] =D+ --]-]- -+ || - (+)
Hylocomium spendens -l ®[®H| B - =--[-=-|-1--|-1@-1@ -®] +| +
Hypnum linbergii -+l +| - === -=-]-|-=-|-=-]-|=-1+|+|-1-1-|-
Loeskypnum badium - =+ |+ |+ = == - ==~ +]- - = = =
Meesea triquetra |+ + |+ = =] =] === =1=1=1=1=1=1=1=1-=
Paludella squarrosa -+ |+ +] +| =] - =-[-=-|-|-|-|+|-=-1+]-1-|-1-
Pleurozium schreberi - ®| ] +] + ||+ |+ | =+ | = | @ ++ | ++
Polytrichum commune sl ()| () | ++| + | + F|E|E[ER] =+ |+ ||+ -
Polytrichum strictum — |+ |+ |+ |+ - =+ || - -+ |-+ -
Scorpidium cossonii/revolv. | + | + |4+ |4+ | + [ — [ = [ = | = | = | + | + | + |[+*|[++| 2 [ 2| ? | ?
Scorpidium scorpioides LI R I o o A e e e e e T I o I A B B
Sphagnum angustifolium o T I I T S e G O N GO O (S — |+ | |
Sph. annulatuml/jensenii — |+ |+ |+ || - ++ | + [ R N I
Sph. aongstroemii - | + - =1+ - == == =|=]=]=]=
Sph. balticum - |+ | 4 [+ - | = = = =+ =] =] +|++
Sph. capillifolium -S| BB B BEH - BB+ =B =B =] ==+
Sph. centrale R R A e T O e T O o R o AR R B
Sph. compactum I ™ N (R I I B OO N e e B I N e e e e
Sph. contortum - + |+ - === -=-1-=-]-=-1-1+]|-1+-|-1-1-
Sph. fallax + E O I O S O I O O O O I (R N I (S
Sph. fimbriatum )| ++| + | + | +| = || + |+ =+ =1 =]=14+!-|-
Sph. flexuosum -+ |+ |+ |+ |+ ]| |+ + | = | =+ = 2] | | +]| +
Sph. fuscum G I I s A i I B O I I B = 2 B B I B O
Sph. girgensohnii — @)+ + | B D] B D]|@] = ] | =]+ - ] -] -
Sph. lindbergii -+ |+ +]| + -+ |+ el T e i I R O R
Sph. magellanicum - | + + |+ - + - =+ =1+|=-]+]+|+
Sph. majus - |+ + |+ [+ - 4| - === =-|=-|+]|+]+
Sph. obtusum - | + + ===+ + |-+ -+ +]|+
Sph. papillosum R R R S AR I o T I S I i B ISR EEE S I IS B S I
Sph. platyphyllum B I S I O T I S B I o e B e e i e N e e e
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Appendix 2 continued.

1 2 3 4 5

2002 18 g 2228212122222 e

S| =h|2[R|N|S|<=|h|R|S|=|R|S|A|S|=|h]|R
Sph. pulchrum ===+ l+|=-]|=-|=|=]=|=1=1|1=1=1-= _
Sph. riparium () [++ |+ | + |+ | + [ B[ ++|++ |+ | - |+ |+ |+ |+ |- |+ |+ |+
Sph. rubellum -+ |+ |+ |+ |+ | -|-|=-|+|-|-]-1- -+ |+ |+
Sph. russowii — ||+ |+ |+ |+ BB+ =+ +| =+ =+ +]|+
Sph. squarrosum ++ | ++ + |+ ++ | ++ + |+ |+ |+ |+ |+ |+ -
Sph. subfulvum e = e B I R A S (R I HE R I I N
Sph. subsecundum e I I e o e I S A I O S (R N S I I B IS
Sph. tenellum - -] -1 - + | - ==+ -]- - N S B
Sph. teres — |+ |+ + |+ =B+ |+ -+ |+ |+ |-+ -+
Sph. warnstorfii — (B |+ |+ |+ -] -] - -+ |+ | || - - -] -
Sph. wulfianum ===l =01=l=1l=1=1E]=1==1=1=1|=1I=I=|=
Straminergon stramineum o I T N N N O I O O S O O R (O I I
Tomentypnum nitens -+ |+ [+ |+ - - -+ +|-|*|-|-|-]|-
Warstorfia exannulata £ I O O I O T T O S S S N N B (e 2 B A 4
Warnstorfia fluitans — |+ |+ |+ =+ F |+ -+ |+ |22 22
Warnstorfia procera - + |+ |+ | -+ |+ |+ -+ |+ -2 2] 2] 7
Warnstorfia tundrae L e = e I e e + |+ |+ 2?2 27
Agrostis canina OO G - - BB D] -] - o e S A e
Alnus incana [+ [+ | D B[+ B[ - =222+ ]|+|-|+]|-]-
Andromeda polifolia R RS AR R A R B N I N e B N e e S R
Betula nana - =+ |+ £ =-0=1= o o S S I
Betula pubescens L I I I R I I U R O A A A N N SO B (O O
Calamagr. canesc / phra. | ®| + | +|[B|[EB[BH === +|+]|+|=-]|+]- N
Calamagrostis stricta (+4)| + | + e e (G2 D C RGN N N B I €O B - | -
Calla palustris |+ | - | - | - [+ + |+ e R A R S I e
Calluna vulgaris =W+ [+ +|B[E|E]+] = B =B =] = +|++
Carex aquatilis + |+ |- |- =B+ - == +]| - + |+ | +]| =] -
Carex canescens + |+ |+ |+ |+ L I e e N B + |+ |+ |+ |+
Carex chordorrhiza -+ + | +| + E O O O I T S I I ) I I
Carex diandra I e B e -l ==+ =+ *+|+]|-|-|-1-
Carex globularis e G B B o I o o I B GO B I I I S (R I S I (N IS I
Carex lasiocarpa R I S I B B I G T o B S o A O B R B I
Carex limosa I I I N I I e I o o o I 20 I O O O (R O B O S
Carex livida — | = | | ++]| ++ - -1 + -+ |+ =+ -] - -] -
Carex magellanica -+ | +| +]| + ] +| - -+ +| -+ -=-|-]-1-
Carex nigra (#4) ++| + | + | + | = | ++| ++| B + | + | + | + | + |+ + | + | +
Carex pauciflora - =+ | +| +| +| =+ |+ |+ - ===+ ==+ +
Carex rostrata B I I I I B I I N O O I I S R O B I S
Chamaedaphne calyculata - |-+ |+ =-|-=-|-|+|+|+|-|-[+|=-{-1-|-|-]-
Cicuta virosa + |+ |- | ===+ |+|-|-|=-|-=-|=-|+|+|+|-|-]|-
Drosera anglica - ==+ | *+|+ || +]|+ =|l=l=l=|=«]=]|
Drosera rotundifolia e T T - O A A -+ |+ -+ |-+ +
Empetrum nigrum e R I I o B G B B = e (G0 S O i ) IR R S
Equisetum arvense ) E|[E|EHH] - @D === ===+ =-]|+]=-1-
Equisetum fluviatile E I I e = I A S SO S O I I IS S
Equisetum silvaticum =@+ F BB = =B B =B+ =+ =] =-|-1-
Epilobium palustre + |+ |+ |+ ==+ +| ==+ == F|+|+]|+]|+]| +
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Eriophorum angustifolium + | + + |+ |+ E o I T (R T I + | +
Eriophorum gracile - el B I R R R - |+
Eriophorum latifolium -+ | - == = +l+ =1+ -=-1- _
Eriophorum vaginatum L T I B T o e I C N I e = B I e N T
Filipendula ulmaria +) | + Bl - =Bl -1 ==+ +|+]+|+|=-]=-]-1-
Geum rivale - | + -l - =-]=-]=-1=-1-1-1®|®H|-1®H]-=-1-1-1-
Juncus filiformis + | + S N I I S - ==+ |+ |+ +]|+]|-
Juncus stygius - + |+ -] -1 - -l == =+|-1-1-1-
Ledum palustre e I I B o e € B G 0 I A B O A ) BN R (N (S
Lysimachia thyrsiflora B I I T I B I I I el B O I I B
Menyanthes trifoliata I e B I = I B = S S (S o R S IS I BRSSO B
Molinia caerulaea | @@+ |+ + | - - - +| + ]+ |+ -1 -]-1-
Myrica gale ++| + + | = =+ = - ]+ N e e N
Peucedanum palustre + |+ + | - | -+ - -+ +| - -]+ +|+] -] -
Phragmites australis ++ | + + | [+ | + | - + | =B+ ||+ -] -
Picea abies ()| ++|++ |+ | DB = = = = 2] 2 2]+ +| -] +]| +] +
Pinus silvestris e R A I G N DN I = T A B I 0 I (R R )
Potentilla palustre ++| + | + + E o I I e I = 3 I S T A O S N O
Rhynchospora alba - = |+ + -l =+l +l=-|+[=-1=[=-1=-|+1]-
Rhynchospora fusca ===+ ===+ &®=1+]|-1=-]1=-1=-1-1-1-=
Rubus arcticus + |+ |+|[-|-1-=-|+]-=-|1-=-1-1-|1-|-|+|+]+|-=-|-]-
Rubus chamaemorus el e U O O T R O B O B GO B I I (I B B I
Salix pentandra T [ R R IR [ [RE] [S [RE (R] [  A  A [E R] R e
Salix phylicifolia L I e I e e B I = o e 2 e A A DO RS I R B
Scheuchzeria palustris -+ | + | + ++ | - |+ |+ |+ | = | =+ =+ =+ +]| +
Selaginella selaginoides - || - — === =]=]=|=1+*l+]|-]|-|-1-=
Trichophorum alpinum - E I B e I e e e B e I O I e i
Trichophorum caespitosum - LI o B e R I e GO IS I I B I I
Trollius europaeus + =l=ll=l=l=]=l=l=l=lz=l=l=]|==]=|=
Vaccinium myrtillus S E @B E] = E B =B+ =+ =] +] +]| +
Vaccinium oxycoccus e T S S G ) O B I S I R 0 O
Vaccinium uliginosum — | = | | | | B ] ] ] @) + | - +| - - +| +
Vaccinium vitis-idaea - O BB BB - BB+ BB =B =+ +]| +
Vicia cracca |+ +] -] - -1®=-=-1-=-=--=-1--1®--1-1]-
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Appendix 3. Coverages of main types of vegetation on the bottom layer on different belts. Succession on the aapa
mire district (this study, moraine terrain) on the left and on the bog district (Brandt 1948) on the right.

100 100 —

% — % ] o
50 50 -
0 I 0 . |

0-1,5 1,55 5-15 15-30 >30masl 0-1,5 1,55 5-15 15-30 >30 m asl

Brown mosses (Leaf-mosses typical for wet, intermediate to rich habitats)

Sphagnum-mosses typical for moderately rich fens with mire margin effect (sections
squarrosa and subsecunda, Sph. centrale, Sph. obtusum and Sph. warnstorfii)

other Sphagnum species |:| Heath mosses and lichens



