Scots pine bog woodlands in the Eastern Carpathians
versus their northern, lowland counterparts: floristic
dissimilarities and underlying ecological gradients

Adrian 1. Stoica', Dan Gafta?, Gheorghe Coldea’

! National Institute for R & D in Biological Sciences, Institute of Biological Research, Cluj-Napoca, Romania
2 Deptartment of Taxonomy and Ecology and Centre 3B, Babes-Bolyai University, Cluj-Napoca, Romania

SUMMARY

We investigated the floristic dissimilarities and their ecological drivers between three regional groups of Scots
pine woodlands from mires dispersed along a latitudinal gradient in Eastern Europe. Phytosociological data
regarding such woodland communities from the Eastern Carpathians (Romania) and lowlands of Poland and
Latvia were collected from 47 published relevés. In spite of the small number of good discriminant species,
the relative positions of the three regional groups of communities in the bi-dimensional ordination space
roughly matched their geographical separation along latitude and longitude. When the spatial autocorrelation
was filtered out, the three regional groups of communities appeared partly overlapping in the two-dimensional
ordination space, whose axes correlated with the occurrences of some species that are typical of either open or
wooded bogs and, respectively, either hummocks or hollows. The total herb cover was negatively and
significantly correlated with both the first partial ordination axis and total shrub cover. We concluded that the
observed, small floristic dissimilarities were mainly induced by weak, small-scale gradients of autogenic
successional development and groundwater level/microtopography. Our results do not support the distinction
of a montane, Eastern Carpathian vicariant of the syntaxon Vaccinio uliginosi-Pinetum sylvestris from the
lowlands of Central and Baltic Europe.
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INTRODUCTION

Raised (ombrotrophic) bogs host azonal vegetation
that is embedded in the nemoral, boreal and
temperate biomes (Montanarella et al. 2006, Mucina
2013). In temperate Europe, most of the raised bogs
have been formed due to colmation (terrestrialisation)
of dystrophic lakes (Leuschner & Ellenberg 2017) or
non-dystrophic lakes fed by mineral rich
groundwater (Couwenberg et al. 2001). With the
gradual accumulation of peat in a thick layer, the
ecohydrological regime changes from groundwater
to completely precipitation dependent, which favours
the establishment of species that are intolerant of
prolonged water stagnation (Gunnarsson et al. 2002,
Hughes & Dumayne-Peaty 2002) but tolerating very
nutrient-poor conditions (Joosten et al. 2017).

The distribution of wooded bogs dominated by
either Pinus sylvestris or Betula pubescens in Europe
is considered to be largely dependent on
continentality (Leuschner & Ellenberg 2017). The
pine bog woodlands occurring in central Europe,
under a subcontinental temperate climate were
assigned to the association Vaccinio uliginosi -

Pinetum sylvestris Kleist 1929 by Matuszkiewicz
(2006). Several papers (e.g., Neuhdusel 1972)
reported the meridional and occidental limits of this
plant association at the periphery of the southern Alps
and, respectively, in the Rhine region. Its eastern
distribution limit in Europe is probably somewhere in
north-western Russia, based on currently available
reports (Galanina 2006).

Depending on the depth of the water table, such
pine-wooded bogs can differ physiognomically,
mainly on the basis of stature and density of
individual pines (Boscaiu & Soran 1965), but also on
the preferential occurrence of some indicator species
of either open (raised) bogs or coniferous forest
understorey (Freléchoux et al. 2003, Dyderski et al.
2016). Such spatio-temporal floristic variations were
interpreted either as seral stages along primary
successional pathways from shallow lake to marsh,
bog and eventually forest (Neuhdusel 1992,
Freléchoux et al. 2000, Czerepko 2011, Dyderski et
al. 2016, Jagodzinski et al. 2018) or as toposequential
communities expressing the spatial zonation of
vegetation around infilling water bodies (Feldmeyer-
Christe 1990, Klinger 1996).
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It is known that the floristic composition of the
bog pinewoods from the Eastern Carpathians is
poorer in arctic/boreal species, compared to those
described in northern and central Europe (Coldea &
Plamada 1989). For instance, Vaccinium uliginosum
and some other boreal species (Rhododendron
tomentosum, Rubus chamaemorus, Chamaedaphne
calyculata) are missing in these communities from
the easternmost part of the Carpathian range.
Therefore, it is questionable whether the pine-
wooded bog communities described in the Eastern
Carpathians by Coldea & Kovéacs (1969), Pop et al.
(1973) and Coldea & Plamada (1989) could be
assigned to Vaccinio uliginosi - Pinetum sylvestris.
In this article we address the following questions:

i) are there regional differential species for the Scots
pine communities distributed in mires at different
latitudes (temperate to boreal) in eastern Europe?

ii) if yes, are these floristic differences sufficient to
justify the distinction of a new vicariant syntaxon
in the Eastern Carpathians?

iii) to what extent are these compositional differences
driven by large-scale climatic factors and/or by
local environmental conditions?
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METHODS

Description of study areas

The Scots pine bog woodlands from the eastern part
of the Romanian Carpathians occur at elevations of
900-1110 m a.s.l. on a more or less thick layer (1.5-
4 m) of acidic oligotrophic peat. The annual rainfall
is about 850-900 mm and the growing season lasts
for 210-220 days (Schreiber 1994). These woodlands
have been considered relict azonal communities,
which have persisted in some isolated montane bogs
since the pre-Boreal period (Pop 1960, Coldea &
Plamada 1989). The most representative wooded
bogs, in terms of the presence of character species of
the alliance Vaccinio uliginosi - Pinion sylvestris, are
distributed in the bogs of Poiana Stampei, Mohos and
Luci (Figure 1). Within the former bog, a rare glacial
relict moss - Sphagnum wulfianum - reaches its
southernmost presence in the whole of Europe
(Daniels & Eddy 1990). Also, an arctic shrub - Betula
nana - occurs in the Luci bog, which is its
southernmost locality in Europe (Pop 1960). These
montane bogs are still active and in good status of
conservation, being included in protected areas.
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Figure 1. Approximate geographical distribution of the pine, bog woodland communities considered in the

present study (green dots).
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The study mire woodlands from Poland are
distributed in the central Polish Plain and the
Masurian Lake District (Figure 1), at elevations
ranging from 120 to 170 m a.s.l. The average annual
rainfall ranges between 550 and 600 mm, and the
length of the vegetation period is about 210 days. All
Polish study mires are well preserved in natural
protected areas, although the one included in the
Jodly Laskie Reserve has been affected to some
extent by the old drainage ditches (Woziwoda 1998).

The Latvian mires under study are distributed
from about 50 m a.sl., close to the sea coast, up to
about 100 m of elevation in the Aliksne Upland
(Figure 1). The average amount of precipitation is
600-650 mm annually and the period of active plant
growth is approximately 190 days. The peat layer in
these mires is usually 0.8-4 m thick (Prieditis 1993).

Following the mire regionalisation in Europe by
Moen et al. (2017), the study areas are included in
four eco-units: typical raised bog region (Latvia),
continental fen and bog region (eastern Poland),
nemoral-submeridional fen region (central Poland)
and central-southern European mountain compound
region (the Carpathians). Despite their distribution in
different vegetation zones/belts, the Eastern
Carpathian wooded mires are comparable with their
lowland, subcontinental and Baltic counterparts from
northern latitudes, given their edaphic, hydrological
and physiognomic similarities. However, the lowland
mires seem to have undergone stronger
anthropogenic disturbance in the past (mainly
through drainage ditches and peat cutting) than the
montane ones (Sotek et al. 2015, Cugunovs et al.
2016, Dyderski et al. 2016, Jagodzinski et al. 2018).

Data collection

Single phytosociological relevés assigned to
Vaccinio uliginosi - Pinetum sylvestris were gathered
from published literature with the constraint that the
total relative cover of pines should be larger than
50 %. A total of 47 relevés were merged in a single
table, out of which 25 were from Latvia (Prieditis
1993), 4 from Poland (Woziwoda 1998, Czerepko
2011) and 18 from Romania (Coldea & Kovéacs 1969,
Coldea & Plamada 1989). Some of the Latvian mires
displayed a weak transition character because of the
occurrence of few species (e.g., Carex nigra and
C. echinata) that are typical for acidic, minerotrophic
fens (Sphagno-Caricion canescentis Passarge (1964)
1978).

The areas in which the relevés considered in this
study were recorded are geographically indicated in
Figure 1. A synthetic table comprising the species
frequencies in each of the three groups of relevés
(Table Al in the Appendix), as well as a list of the

geographic coordinates of the investigated sites
(Table A2 in the Appendix), was prepared for
reference. A series of subspecies and species were
merged under the species name in order to achieve
the same taxonomic resolution. The nomenclatural
synonyms of vascular plant species were replaced by
the current accepted names, according to Sarbu et al.
(2013) for the Romanian flora and Euro+Med
PlantBase (https://www.emplantbase.org/home.html)
for the species that do not occur in Romania. The
indicator values of plant species (Ellenberg et al.
2001, Hajek et al. 2020) were used as a reference for
inferring the ecological gradients underlying the
observed variation in species composition in the
study mire communities.

Data analysis

All analyses were performed under R software
environment (https://www.r-project.org) using the
packages ‘indicspecies’ (De Caceres et al. 2020),
‘vegan’ (Oksanen et al. 2020) and ‘Imodel2’
(Legendre 2018).

For the purpose of detecting possible discriminant
species, the relevés performed in the Eastern
Carpathians (RO) were involved in indicator species
analysis along with the Baltic ones (LV). Because of
their low number, the relevés from Poland (PL) were
not involved in a similar analysis. The association
between the presence of species and each of the
regional groups of relevés was assessed using the
group-equalised phi coefficient (De Caceres &
Legendre 2009). Its statistical significance was
estimated through 9999 permutations.

The compositional distinction between the three
regional groups of relevés (LV, PL and RO) was
illustrated via local, non-metric multidimensional
scaling (NMDS) by employing a dissimilarity matrix
based on the complement of Sgrensen index. The
retained solution, with the lowest stress index, was
selected from 5000 runs starting from a random
configuration of relevés and subsequently from the
best previous solution. The latitude and longitude of
relevés were tested separately as dependent variables
against both NMDS axes through linear trend surface
fitting by employing 9999 permutations.

In order to partition out the spatial compositional
autocorrelation between intra-regional relevés, the
geographical distances were first involved in
principal coordinates analysis of neighbourhood
matrix (PCNM) with the aim of transforming
distances to rectangular data (Borcard & Legendre
2002). Subsequently a partial, unconstrained,
distance-based redundancy analysis (Legendre &
Legendre 2012), which is equivalent to a partial
principal coordinates analysis (p-PCoA), was
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performed by using the following terms in the linear
model: i) the above-mentioned matrix of floristic
dissimilarities as response, and ii) the intercept and
extracted PCNM vectors as main and, respectively,
conditioned effects. The correlations between the
species presence and each of the first two p-PCoA
axes were calculated through the point biserial
coefficient. The pairwise linear relationships between
all variables estimated with error (ordination scores
and cover of different plant growth-forms) were
assessed through model Il simple regressions
(Legendre & Legendre 2012).

RESULTS

The Eastern Carpathian communities can be mainly
distinguished through the higher frequency of
Polytrichum  strictum, Aulacomnium  palustre,
Vaccinium microcarpumand V. myrtillus (Table 1and
Appendix), but none of them has a limited regional
distribution. On the other side, the Baltic communities
feature - among others - Rhododendron tomentosum
(syn. Ledum palustre) and Vaccinium uliginosum
(Table 1 and Appendix), the former being a boreal
species whose distribution does not extend south to
the Romanian Carpathians and the latter being absent
from the Scots pine bog woodlands in these mountains.

In spite of the small number of discriminant
species, the overall specific composition is sharply
distinctive between the three regional groups of
communities (Figure 2). In fact, their relative
positions in the bi-dimensional NMDS space shows
a clear separation, which is explained to a large extent
(80 %) by latitude and, independently, to a much
lesser extent (28 %) by longitude (Table 2). This
outcome  suggests that the compositional
dissimilarity between the three regional groups is
mostly determined by their geographical separation.
When the spatial autocorrelation is filtered out, the
three regional groups of communities appear largely
overlapped in the p-PCoA space, but the relevés
displaying the largest scores along both dimensions
are all from the Eastern Carpathians (Figure 3).

The first axis is negatively correlated with the
presence of three woody late-successional species
(Picea abies, Betula pubescens and Vaccinium vitis-
idaea) and a boreal forest moss (Pleurozium
schreberi), but positively correlated with some
species that are typical of open raised bogs
(Empetrum nigrum, Sphagnum magellanicum and
S. fuscum) (Table 3). In addition, the herb cover sum
increases steadily along the first p-PCoA axis,
suggesting a weak gradient of light availability
(Figure 4a). Instead, the second axis is negatively
correlated with some species usually dwelling on

Table 1. Group-equalised phi coefficient (r.g.) of correlation between each species and the associated regional
group of relevés (either Baltic or Eastern Carpathian). Only species displaying r.g larger than 0.5 in the paired

group analysis are reported.

gii?ilr?gl?ils%g()jup Species rg p-value
Vaccinium uliginosum 0.886 0.0001
Rhododendron tomentosum 0.851 0.0001
Vaccinium oxycoccos 0.789 0.0001
Melampyrum pratense 0.686 0.0001
Baltic (LV) Sphagnum rubellum 0.686 0.0001
Betula pendula 0.624 0.0002
Carex nigra 0.593 0.0004
Sphagnum balticum 0.593 0.0004
Calluna vulgaris 0.531 0.0012
Polytrichum strictum 0.946 0.0001
) Aulacomnium palustre 0.654 0.0001
E Carpathian (RO) . i
Vaccinium microcarpum 0.620 0.0001
Vaccinium myrtillus 0.511 0.0020
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peat moss hummocks (Andromeda polifolia and
Drosera rotundifolia), but positively correlated with
three Sphagnum taxa (S. fallax, S. flexuosum and
S. subsecundum) of the niche-distinctive subgenera
Cuspidata and Subsecunda.

The growth-form structure of the pine mire
communities studied reveals a significant negative
relationship between herb and shrub cover sums
(Figure 4b). As an exception, the Polish mires do not
follow this trend but that may be simply due to their
very low number of relevés.

DISCUSSION

The regional specificity of Scots pine mire
woodlands from central and northern Europe is

mostly determined by boreal and arctic-alpine
species such as Vaccinium uliginosum and
Rhododendron tomentosum. Their absence from the
floristic composition of similar Eastern Carpathian
communities is most likely related to climatic
differences, especially those circumscribed by the
growing season, which is on average slightly longer
and warmer. On the other hand, no regional
discriminant species are present in the Scots pine-
wooded bogs of the Eastern Carpathians, which is the
main reason for not distinguishing a different
syntaxon from the classic Vaccinio uliginosi-Pinetum
sylvestris. Interestingly, Vaccinium uliginosum is
actually present in some ombrotrophic bogs in the
northern Romanian Carpathians, but only within
communities dominated by Pinus mugo (Coldea &
Plamada 1989). It is also worth noting that toward

Longitude
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Axis 1
Latitude
A
PL

Latvia (LV) ~ o
/A Poland (PL) w

Romania (RO) é

Figure 2. Non-metric multidimensional scaling of the 47 pine, bog woodland communities under study based
on raw compositional dissimilarities. Convex hulls were used to group the communities by region (country).

Table 2. Independent linear fit of the geographical coordinates (latitude and longitude) of all relevés against
their scores along the two axes extracted through non-metric multidimensional scaling (NMDS).

Response variable NMDS 1 NMDS 2 R-square Prob(>R-sq.)
Latitude -0.943 -0.332 0.804 0.0001
Longitude 0.306 0.952 0.281 0.001
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lower latitudes the distribution of Scots pine bog
woodlands shifts upward in the lower montane belt.
In the bogs from the upper montane and subalpine
belts, Pinus sylvestris is replaced by Pinus mugo, as
in the southern Alps (Pedrotti 1978) and Eastern
Carpathians (Coldea & Plamada 1989), or by Pinus
uncinata, as in the Jura mountains (Freléchoux et al.
2000).

The removal of the spatial autocorrelation from
compositional similarities allowed the inference of
two weak gradients that are very likely related to
autogenic successional processes (Neuhausel 1992,
Czerepko 2011, Leuschner & Ellenberg 2017) and,
respectively, small-scale variations of water table
level (Rydin & Jeglum 2013, Parish et al. 2008,
Kolari et al. 2021).

Firstly, the species best related with the first p-
PCoA axis are indicators of either wooded late-
successional stages (e.g., Picea abies, Vaccinium
vitis-idaea) or open (unwooded) mid-successional
stages (i.e., Sphagnum magellanicum, S. fuscum and
Empetrum nigrum) developing in ombrotrophic bogs
throughout temperate and boreal Europe, irrespective
of the dominant pine species i.e., either P. sylvestris

S PL.

(Dyderski et al. 2016) or P. uncinata (Freléechoux et
al. 2000). The two Sphagnum species mentioned
previously were assigned the maximum rank (9) as
indicator value for light availability (Ellenberg et al.
2001), whereas Empetrum nigrum is a half-light
heather (rank 7) but mostly occurring at full light
(Chytry et al. 2021). On the other hand, the
proliferation of spruce and downy birch contributes
to bog drainage (Fay & Lavoie 2009, Talbot et al.
2010, Jagodzinski et al. 2018) and, consequently, to
increasing encroachment of other woody species and
decreasing herb cover (Gunnarsson et al. 2002,
Limpens et al. 2003, Czerepko 2011, Holmgren et al.
2015). This is in accordance with both negative
relationships revealed between the herb cover sum on
the one hand, and the first p-PCoA axis scores and
shrub cover sum on the other. The observed shift in
species composition along the first ordination axis
may also be associated with a small segment of the
mire expanse —mire margin gradient, also called the
open mire —swamp forest gradient (Rydin et al. 1999,
@Kkland et al. 2001).

Secondly, the species best related with the second
p-PCoA axis can be grouped based on their optimal

Axis 1

RO

Axis 2 |

v

o Latvia (LV)
Poland (PL)
Romania (RO)

Figure 3. Ordination of the 47 pine, bog woodland communities under study after filtering out the spatial
autocorrelation through unconstrained partial redundancy analysis. Community grouping as in Figure 2.
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microhabitat with respect to microtopography and
water-table depth. One group of species, including
Andromeda polifolia and Drosera rotundifolia,
usually occurs on bog hummocks (Nordbakken 1996,
Jacquemart 1998, Rydin et al. 1999, Virtanen &
Oksanen 1999, Freléchoux et al. 2000). The other
group is composed of hollow species, for instance
S. fallax, S. flexuosum and S. subsecundum, which
tolerate long periods of flooding (Rydin et al. 1999,
Wojtun et al. 2013, Johnson et al. 2015, Hajek et al.
2020). A similar small-scale hydrological-
topographic gradient was detected by @kland (1989,
1990), Bragazza & Gerdol (1999), Malhotra et al.
(2016) and Kolari et al. (2021) in Sphagnum mires of
SE Norway, SE Alps (ltaly), western Canada and
eastern Finland, respectively.

The observed disproportionality between herb and
shrub cover very likely reflects the main gradient of
light availability and successional development from
open to wooded stages. A similar pattern was also
observed in other mires from NW Poland (Dyderski
et al. 2016, Jagodzinski et al. 2018), NE Denmark
(Kollmann & Rasmussen 2012) and Jura Mountains
(Freléchoux et al. 2000, Freléchoux et al. 2003).
Based on their spread along the ordination axes, the
Eastern Carpathian bogs had the largest contribution
to both gradients revealed. This could be the
consequence of the higher environmental
heterogeneity of the montane bogs, which - in our
study - were fewer but probably better preserved than

lowland mires that are mostly affected by
anthropogenic  disturbance such as drainage
(Czerepko 2011, Cugunovs et al. 2016).

In conclusion, the absence of a few boreal/arctic
species from the Pinus sylvestris-dominated bog
woodlands in the Eastern Carpathians does not justify
their syntaxonomic separation from their central and
north European counterparts. They all share many
ombrotrophic species, while most of the observed
floristic dissimilarity is determined by latitudinal
separation. The spatial-independent ordination of the
Vaccinio uliginosi - Pinetum sylvestris communities
from the study areas is governed by weak, fine-scale
gradients  (successional, hydrological ~ and
microtopographical), and not by regional floristic
differentiation. The Baltic pine mire woodlands
appear floristically more homogeneous than their
counterparts in the Eastern Carpathians. However,
our results are based on a relatively low number of
relevés and, therefore, may not be valid for less
investigated regions (e.g., Ukraine, Belarus).

The bog communities with Scots pine from the
Eastern Carpathians are of great conservation value
because they host several other boreal/arctic species
(e.g., Betula nana, Betula humilis, Trientalis
europaea), which occur here at the southern limit of
their European distribution. The current protection
status of these habitats is well-deserved, but very
likely not sufficient against the threat of global
warming.

Table 3. Descending-ordered list of species best correlated with the first two partial PCoA axes. Only

correlations over 0.4 in absolute values are reported.

Species Axis 1 Axis 2
Correlation p-value Correlation p-value

Picea abies -0.690 <0.0001

Betula pubescens -0.479 0.0006

Pleurozium schreberi -0.477 0.0007

Vaccinium vitis-idaea -0.416 0.0028

Empetrum nigrum +0.466 0.0009

Sphagnum magellanicum +0.431 0.0024

Sphagnum fuscum +0.428 0.0025

Sphagnum fallax +0.627 <0.0001

Andromeda polifolia -0.547 <0.0001

Sphagnum flexuosum +0.527 0.0001

Drosera rotundifolia -0.456 0.0012

Sphagnum subsecundum +0.401 0.0052
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Figure 4. Model I1 linear regressions of the herb cover sum against (a) the relevé scores on the conditioned
PCoA axis 1 and (b) the shrub cover sum, respectively.
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Appendix

Table Al. Synthetic table displaying the species frequencies (%) of occurrence in the Scots pine woodland
communities (Vaccinio uliginosi-Pinetum sylvestris) from ombrotrophic bogs of Latvia, Poland and the
Eastern Carpathians (Romania). The values in bold (within grey-shaded cells) correspond to regional

differential species.

Region (country) Latvia Poland E Carpathians (Romania)
No. of relevés 25 4 18
Trees

Betula pendula 56 75 0
Betula pubescens 44 75 67
Picea abies 64 75 56
Pinus sylvestris 100 100 100
Quercus robur 0 50 0
Sorbus aucuparia 0 25 0
Shrubs

Andromeda polifolia 68 25 67
Betula nana 0 0 11
Calluna vulgaris 44 50 0
Empetrum nigrum 56 0 56
Frangula alnus 8 25 0
Rhododendron tomentosum 84 75

Salix aurita 8 0 0
Salix cinerea 12 25

Vaccinium microcarpum 0 0 56
Vaccinium myrtillus 40 100 89
Vaccinium oxycoccos 84 25 6
Vaccinium uliginosum 88 100

Vaccinium vitis-idaea 52 75 94
Herbs

Agrostis capillaris 0 25 0
Calamagrostis canescens 4 0
Carex chordorrhiza 4 0
Carex curta 8 0
Carex echinata 28 0
Carex globularis 4 25 0
Carex limosa 0
Carex nigra 52 0 0
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Region (country) Latvia Poland E Carpathians (Romania)
No. of relevés 25 4 18
Carex pauciflora 16 0

Carex rostrata 0

Dactylorhiza fuchsii 0

Dactylorhiza maculata 0 0
Deschampsia flexuosa 0 22
Drosera rotundifolia 48 0 33
Dryopteris carthusiana 8 25 0
Equisetum palustre 8 0 0
Eriophorum vaginatum 100 50 100
Goodyera repens 0 0
Juncus effusus 0 0
Juncus filiformis 0 0
Luzula sylvatica 0 6
Melampyrum pratense 64 0 0
Menyanthes trifoliata 12 0 0
Molinia caerulea 4 75 6
Potentilla palustris 8 0 0
Scheuchzeria palustris 8 0 0
Trientalis europaea 8 0
Mosses and lichens

Aulacomnium palustre 24 75 89
Bazzania trilobata 0 0 11
Calliergon cordifolium 0 0 11
Cladonia chlorophaea 0 25 0
Dicranella heteromalla 0 25 0
Dicranum polysetum 20 75 0
Dicranum scoparium 0 25 0
Dicranum undulatum 0 25 0
Hylocomium splendens 4 75 22
Leucobryum glaucum 0 50 0
Lophocolea sp. 0 0

Lophocolea heterophylla 0 25

Pleurozium schreberi 60 100 78
Pohlia nutans 0 25 0
Polytrichum commune 68 0 50
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Region (country) Latvia Poland E Carpathians (Romania)
No. of relevés 25 4 18
Polytrichum formosum 50 0
Polytrichum stefureacii 0 17
Polytrichum strictum 25 94
Ptilium crista-castrensis 0 25 28
Sphagnum balticum 52 0 0
Sphagnum capillifolium 88 75 100
Sphagnum centrale 16 33
Sphagnum cuspidatum 0 0
Sphagnum fallax 75 33
Sphagnum flexuosum 0 33
Sphagnum fuscum 12 0 28
Sphagnum girgensohnii 0 0 33
Sphagnum magellanicum 92 0 78
Sphagnum palustre 0 0 11
Sphagnum recurvum 0 28
Sphagnum rubellum 64 0 0
Sphagnum russowii 12 0 33
Sphagnum squarrosum 0 0 17
Sphagnum subsecundum 0 0 11
Sphagnum warnstorfii 4 0 0
Tetraphis pellucida 0 25
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Table A2. Geographic coordinates (in decimal degrees) of the relevés by region (country). All coordinates
were roughly determined based on the toponyms (locality names) declared in the original publications (Coldea
& Kovacs 1969, Coldea & Plamada 1989, Woziwoda 1998, Czerepko 2011), except for those located in Latvia
that were reported explicitly by the author (Prieditis 1993).

Region (country) Relevé no. Latitude (°N) Longitude (°E)
1 56.454 24.947
2 56.454 24.947
3 57.963 24.807
4 57.963 24.807
5 57.963 24.807
6 57.963 24.807
7 57.963 24.807
8 56.582 28.020
9 56.582 28.020
10 56.582 28.020
11 57.123 22.092
12 57.123 22.092
Latvia 13 57.123 22.092
14 57.123 22.092
15 57.123 22.092
16 57.123 22.092
17 57.123 22.092
18 57.123 22.092
19 57.415 26.230
20 57.415 26.230
21 57.415 26.230
22 57.415 26.230
23 57.415 26.230
24 57.415 26.230
25 57.415 26.230
26 53.483 23.172
Poland 27 52.482 23.543
28 53.173 23.085
29 51.536 19.104
30 46.297 25.728
31 46.297 25.728
32 46.297 25.728
33 46.297 25.728
34 46.133 25.903
35 46.133 25.903
36 46.133 25.903
37 46.133 25.903
Eastern Carpathians 38 47.298 25.116
(Romania) 39 47.298 25.116
40 47.257 25.355
41 47.257 25.355
42 47.375 25.169
43 46.133 25.903
44 46.133 25.903
45 46.297 25.728
46 46.297 25.728
47 46.248 26.325
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