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ABSTRACT: The paper presents: a) the gene-
ral differentiation of the pine forests of Europe, and
b) the floristic differentiation of the ten study sites,
located along the transect stretching between 50°28’
and 70°09° N, as well as c) the relations between
the geographical location and the climatic characte-
ristics on the one hand, and the selected features of
the richness and species diversity of the herb layer
on the other.

One can observe a dependence (p < 0.05) be-
tween the temperature and latitude on the one hand,
and the number of species from some groups on the
other. For the vascular plants, the indicators of line-
ar correlation amount to, respectively, 0.64 and
—0.63 (the number of the vascular species of the
herb layer increases with the warming of climate
and the movement towards the South), and for the
numbers of lichen species: —0.81 and 0.78 (the de-
pendencies have the opposite directions to the pre-
VIOUS Ones).

The variability of the relative shares of the pa-
rticular species groups is correlated with geographi-
cal location and climatic variables. Three basic pat-
terns of spatial variability can in this context be
identified. The first of these is represented by the
share of the lignified chamaephytes (dwarfshrubs).
[n accordance with this pattern, the minimum shares
are observed at the latitudes of Lithuania, Latvia,
and Estonia.

The second pattern of variability is represen-
ted by the shares of hemicryptophytes. In accordan-

ce with this pattern the maximum shares are obser-
ved between 53° and 56° N. The third pattern of va-
riability is represented, in particular, by the share of
the evergreen species which is proportional to the
latitude.

KEY WORDS: Scots Pine, life forms, geogra-
phical variability

1. INTRODUCTION

1.1. THE EUROPEAN RANGE OF THE
SCOTS PINE (PINUS SILVESTRIS L.)

The Scots pine (Pinus silvestris L.) be-
longs to the coniferous trees having the
broadest range in the world. From West to
East this range stretches from the Atlantic
coast to the Okhotsk Sea at the coasts of East
Siberia (equivalent to 165 longitude degrees,
that 1s — more than 8,000 km) (Nikolov and
Helmisaari, 1992). The northernmost
range of the natural stands of Scots pine in
Europe exceeds 71° N in Scandinavia, while
in the South it reaches central Spain and the
Balkans, at about 40° N (this distance being
equivalent to the stretch of more than 30 de-
grees of latitude, that 1s — more than 3,500
km) (Fig. 1).


mailto:j.solon@twarda.pan.pl

422

Jerzy Solon

ll‘g

AT

‘ A
i

30° 50°

i

A o

‘@fo

v

1% 60°

- ¥

Fig. 1. Distribution of Scots pine (Pinus silvestris) in Europe (dark area) Elaborated on the basis of Jalas and

Suominen, 1973, modified and simplified.

Within its entire geographical range pine
1s adapted to various climates. It occurs both
in locations featuring annual precipitation ex-
ceeding 1700 mm, and in the dry climate,
with annual precipitation about 200 mm
(Kelly and Connolly, 2000). In Europe 1t
grows 1n various climatic zones: oceanic,
sub-oceanic, sub-continental, continental,
mountain, and Mediterranean (Ellenberg,
1988). Pine can grow on various bedding and
soils. In the northern part of the continent
dominating are locations associated with acid
sandy bedding and podzolic-earth soils,
while 1n the South pine more frequent grows
on the rocky carbonate soils. At the northern
(Scandinavia) and western (Scotland) limits
of the European range, as well as in the
mountains, pine 1s also encountered on the
shallow, young soils having developed from
the acid granite rocks. It 1s quite common, al-
though never over very large areas, to have

pine stands growing on the peat soils, having
developed from the high and intermediate
peat.

The distribution of the Scots pine in par-
ticular regions of Europe results from:

a) its high resistance to stress caused by
the unfavourable habitat conditions (low
temperatures, extremely acid or alkaline bed-
ding, drought, etc.),

b) low competitive capacity with respect
to other tree species, which push out pine
from the more favourable habitats,

¢) the history of climate changes and of
the Holocene migrations.

It 1s assumed that pine 1s the species of
continental nature. Some 10,000 years BP,
after the continental ice cover had receded,
the expansion of pine started from Central
Europe in the northern and western direc-
tions. The maximum range, encompassing
the entire northern Scotland and Ireland, took



Vaccinio-Piceetea in Europe 423

place approximately 6,000 years BP (Kelly
and Connolly, 2000). It 1s commonly held
that there were two migration waves, from
two different refuges (Sinclair et al., 1998).
Some 4,000 years ago the range started to
shrink again. Pine disappeared from Ireland
at about 1000 AD (Bradshaw and
Browne, 1987), and at more or less the same
time 1t also receded from the present-day ter-
ritory of Belgium (Huntley and Prentice,
1993). The fluctuations of the range and the
extinction on the local scale were taking
place later on, as well, due to the climatic
changes. The studies of Kullman (1986)
imply that pine disappeared from central
Sweden almost entirely until the year 1700,
that 1s — in the period of the “little ice age”,
and the re-colonisation of this area started
only in the middle of the 18" century.

The present sites of the Scots pine stands
on the Iberian Peninsula have the relic char-
acter. After the wave of expansion, which
took place 1n the pre-boreal and partly boreal
period (some 9-7 thousand years BP) the
range of the cool forests with domination of
Pinus silvestris started to shrink. This phe-
nomenon intensified in the Atlantic period
(approximately 7,500-4,500 years ago)
when, along with the progressing warming
and the increase of humidity, the deciduous
forests, primarily based upon oaks and
beeches, developed. The present distribution
of the Scots pine 1n this region 1s associated
with the topographic locations, which are too

difficult for the other tree species to occupy
(Martinez Garcia and Montero, 2000).

1.2. THE DISTRIBUTION OF THE
PINE FORESTS IN EUROPE

The wide geographical range and the
possibility of existence within various habi-
tats cause that the Scots pine 1s one of the
most important forest forming and admixture
species in many different types of forest com-
munities of Europe. The classification of
these units on the Europe-wide scale 1s a dif-
ficult task, and has not been accomplished en-
tirely until today. Only the division into two
groups 1s relatively distinct, called by Ellen-
berg (1988), respectively “the northern for-
ests”, characterised by the low species
diversity, and by the appearance on acid sotls,
and “the southern forests™, with a significant
species richness. This kind of perception, of
the ecological-physiognomic character,
found its reflection also in the more recent

cartographic elaborates (see Bohn and Kat-
enina, 1996), as well as in the characteristics
concerning the NATURA 2000 system (7he
Interpretation Manual..., 1999).

From the point of view of the phytoso-
ciological classification the forests with
domination of the Scots pine are assigned to
two classes: Erico-Pinetea Horvat 1959, and
Vaccinio-Piceetea Br.-Bl. 1939. Besides, the
Scots pine occurs relatively frequently 1n the
forest and shrub communities belonging to
the classes of Querco-Fagetea Br.-Bl. et Vlieg.
1937, Quercetea robori-petraeae Br.-Bl. et
R. Tx. 1943, as well as Pino-Juniperetea
Rivas-Martinez 1964.

The class of Erico-Pinetea encompasses
very numerous xerothermic forest and shrub
communities with domination of various pine
species, including also the Scots pine, occur-
ring on the limestone bedding within the par-
ticularly dry habitats, in the soil and
topo-climatic terms, of the southern part of
Europe, to the South of Czech, Slovakia and
Germany, down to the Balkan Peninsula.
These communities are floristically very rich,
with a specific combination of the strongly
xerothermic and lime-loving species of the
Mediterranean type of range with the forest
species of boreal-continental type of range.

The Vaccinio-Piceetea class encom-
passes the holarctic-boreal, acidophilic,
oligo- and meso-trophic communities featur-
ing the domination of the coniferous tree spe-
cies, with the shrubs and the mesophilic
mosses. This class encompasses in Europe
the lowland and mountain spruce, pine and fir
forests, the major part of the mixed forests, as
well as the majority of the sub-alpine and
sub-polar shrubs and dwarfshrub formations.
Within this class the pine forests constitute
the order of Cladonio-Vaccinietalia
Kiell.-Lund 1967. This subdivision includes
forest communities with domination of the
Scots pine and/or the birch varieties among
the trees, and the grassy-dwarfshrub and
mossy herb layer, frequently with a signifi-
cant share of the lichens.

The habitat area of the pine forests of
Europe, belonging to the class of Vaccinio-
Piceetea and the order Cladonio-
Vaccinietalia, stretches meridionally be-
tween approximately 71° N in Scandinavia
and approximately 50° N in Poland and
Ukraine — that 1s, to the North of the Carpa-
thian crescent. The 1solated stands are en-
countered on the Balkans and in the Caucasus
Mts., even at the latitude of roughly 42° N. In
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the East-West direction these forests stretch
between the Ural Mts. (60° E) and 12° E 1n
southern Scandinavia (although 1solated
Scandinavian stands exist even at 8° E). The
westernmost sites (at about 6° W) exist 1n
Scotland (Fig. 2).

The proper pine forests belong to the
Cladonio-Vaccinietalia order, and are differ-
entiated into several ecological groups. In a
very rough approximation we can divide
them into dry, fresh, wet, and boggy forests.

The fresh pine forests, of interest to us here,
are linked with the sandy areas, mainly with
the outwash fields, the dune sands, and river
terraces, occupying altogether i1n Europe
more than 9% of total area. In only few cases
they are encountered on the rocky bedding,
like, for instance, in Scandinavia, in Scot-
land, and in the mountain areas (1n south Po-
land, for instance, in Stolowe Mts.).

With respect to the phytogeographical
differentiation four European regions of oc-
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Fig. 2. Distribution of Scots pine forests in Europe (elaborated on the basis of Bohn and Katenina, 1996,

modified and simplified).

A - the main areas of occurrence of the

Scots pine forests of the

Cladonio-Vaccinietalia order; B — the general distribution of forests of Quercetea robori-petraeae,
Erico-Pinetea and Pino-Juniperetea classes with the occurrence of oaks and Pinus sylvestris, as well as of
mixed oak-pine forests of the Dicrano-Pinion alliance; C — the isolated, south European stands of the Scots
pine forests of the Cladonio-Vaccinietalia order; D — selected arecas with Pinus sylvestris forests of

Erico-Pinetea and Pino-Juniperetea classes.
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currence of the fresh pine forests can be dis-
tinguished:

a) Scandinavia,

b) Central-Eastern Europe,

¢) North-Western Europe, and

d) Southern Europe.

Conform to the traditional way of defin-
ing plant communities, applied to date (Ca-
jander, 1921; Kujala, 1929; Ilvessalo,
1937), several types of pine forests are distin-
guished in Scandinavia. The most common 1s
the Pinus-Cladonia type. It occurs over al-
most entire area, except for the mountain re-
gions, in conditions of continental climate,
with low precipitation. This type 1s character-
1sed by a weak development of the shrub
layer and a high share of lichens in the herb
layer. In phytosociological terms this type 1s
represented by the broadly conceived asso-
ciation known under a couple of names, like,
for 1nstance, Cladonio-Pinetum boreale
Kielland-Lund 1967, or Cladonio-Pinetum
sylvestris Olsson 1974,

Another widely occurring type 1s Pinus-
Calluna-Empetrum. It occurs on cool areas
with low evapotranspiration, up to the subal-
pine floor. It features a quasi-constant admix-
ture of the birch Betula pubescens ssp.
czerepanovii. Likewise, such species as Cal-
luna vulgaris, Empetrum hermaphroditum,
Empetrum nigrum, Vaccinium myrtillus,
Vaccinium vitis-idaea, and 1n the North also
Vaccinium uliginosum, are persistently pres-
ent. One of the forms of this type 1s repre-
sented by the association Barbilo-
phozio-Pinetum Kielland-Lund 1981.

In the subalpine belt of western Norway,
in conditions of the maritime climate, two
specific types of pine forests occur. The first
of them, Pinus-Bazzania, 1s characterised by
the domination of the pine and a limited share
of the birch. In accordance with the phytoso-
ciological classification it 1s represented by
the association Bazzanio-Pinetum Kielland-
Lund 1981. On the other hand, the second
type, Pinus-Epipactis, is often a birch wood
with a small share of pine. It 1s represented by
the association Epipacti atrorubentis-
Betuletum Bjorndalen 1980.

In central Sweden and northern Finland,
in conditions of low precipitation and high
temperature amplitudes, the type of Pinus-
Calamagrostis lapponica occurs, character-
1sed by the lack or low degree of heath (Cal-
luna vulgaris) coverage.

In central and southern Scandinavia, on
locations featuring relatively low precipita-

tion, most often on the bedding of the sandy
moraines, the type of Pinus-Vaccinium vitis-
idaea 1s widespread. In the majority of cases
it can be identified with the association of
Vaccinio-Pinetum empetretosum QOlsson
1974.

The subsequent three types of pine for-
ests occur on the southern extremes of Scan-
dinavia, in places, which are relatively
warmer, often with southern exposure and the
more fertile bedding. Their species composi-
tion contains the species of the more southern
or south-eastern distribution type. The first of
the three 1s Pinus-Convallaria, encompass-
ing pure pine forests, with domination of
grasses and herbs 1n the herb layer floor. This
type can be 1dentified with such communities
as Saniculo-Pinetum Bjorndalen 1980,
Convallario-Pinetum Bjorndalen 1980, Ses-
lerio-Pinetum Bjorndalen 1980, Melico-
Pinetum Marker 1969. The two remaining
types, Pinus-Fragaria and Pinus-Lathyrus-
Rubus saxatilis, are characterised by a rela-
tively high share of the deciduous trees, and
the presence of numerous species from the
family of Fabaceae.

The Central-Eastern Europe is the area
of domination of two associations of regional
character: Leucobryo-Pinetum Mat. (1962)
1973, and Peucedano-Pinetum Mat. (1962)
1973. The first of them 1s observed in the
western part of the area, encompassing south-
ern Poland (Matuszkiewicz, 2001), and
the whole Germany, and reaching The Neth-
erlands (Kelly and Connolly, 2000) as
well as Austria (Mucina ef al., 1993). The
second of the communities has a subconti-
nental character, and 1t occurs, 1n particular,
in central and north-eastern Poland, 1n
Lithuania and Belarus’. The associations
mentioned do not exhaust the entire diversity
of the Central-European fresh pine forests.
Thus, for instance, the association Festuco
eggleri-Pinetum, featuring a limited geo-
graphical range, 1s linked with the serpentin-
ite bedding, while Empetro nigri-Pinetum
occurs in the belt of coastal dunes of Poland
and Germany. One should also pay attention
to the fact that this area constitutes the origin
of numerous other communities representing
the fresh pine forests (like, for instance,
Dicrano-Pinetum, Mpyrtillo-Pinetum, Vac-
cinio vitis-idaeae-Pinetum, Cardaminopsio
petraeae-Pinetum, Festuco supinae-
Pinetum, Festuco-Pinetum serpentinicum,
Festuco ovinae-Pinetum — Kelly and Con-
nolly, 2000), although in their majority they
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can be treated as synonymous names or the
local variations of the two primary regional
forms.

Pine forests occur 1n north-western
Europe only in the North of Scotland, where
they cover approximately 17,000 hectares,
which constitutes roughly 1% of the probable
original range (Rodwell, 1991). They are
represented mainly by the association
Hylocomio-Pinetum auct., and their patches
frequently contain numerous forest general-
1sts (Rodwell, 1991; Kelly and Con-
nolly, 2000).

In southern Europe the pine forests from
the class of Vaccinio-Piceetea are altogether
rare, and their various classifications have
only local validity. At least two different
communities occur in Bulgaria, one with the
domination of dwarfshrubs, and the other
with a high share of Calamagrostis arundina-
cea 1n the herb layer. They occupy the poor-
est sites in the upper parts of the Rodope,
Pirin, and Rila mountains (Bondev, 1991).
In Greece, the weakly pronounced pine
woods of the Vaccinio-Piceetea class occur
in the mountain and subalpine zones of the
ranges of Pieria, Bermio, Aridea, Lailias and
Orvilos (Dafis, 1976; Spanos et al., 2000).
In Spain, where there are relatively many for-
ests with Pinus silvestris, only the association
of Veronico-Pinetum sylvestris Rivas-
Martinez 1968, can be unambiguously classi-
fied in the Vaccinio-Piceetea class. The re-
maining communities represent  most
probably the associations belonging to other

classes (Martinez Garcia and Montero,
2000).

1.3. AIM OF STUDY

In the years 1991-2000 studies were
conducted in the pine forests, with the pri-
mary aim of assessing the reaction of the for-
est ecosystems to climate changes. The
decision was made to conduct these studies 1n
the most common and at the same time eco-
nomically most important pine forests, and to
apply the method of transects, cutting across
the various climatic zones of Europe (Brey-
meyer, 1997). The majority of results con-
cerning the variability of the pine forests
along the parallel transect (stretching along
the latitude of 52° N) were already published
(Breymeyer and Roo-Zielinska, 1998;
Roo-Zielinska and Solon, 1997, 1998a,
b, ¢; Solon and Roo-Zielinska, 1998;
Solon, 1998). The results presented cur-

rently concern the forest study sites located
along the N-S transect. The adopted approach
in the analysis and presentation of results
concerning the geo-botanical differentiation
of the sites 1s analogous to the one applied in

the studies devoted to the parallel transect
(Roo-Zielinska and Solon, 1997,
1998a).

The purpose of the present paper is to
show:

a) the general differentiation of the pine
forests of Europe, and, against this back-
ground,

b) the floristic differentiation of the
study sites, with the identification of their
syntaxonomic position, and

c) the determination of the relation be-
tween geographical location (which affects
the macro-climatic differentiation and re-
flects the history of development of vegeta-
tion) and the climatic characteristics on the
one hand, and the selected indicators of the
species richness and diversity of the herb
layer.

The subject of analysis 1s constituted by
ten forest study plots, located along the tran-
sect stretching between 50°28” and 70°09° N,
at which studies were conducted in the years
1997-2000 (see Fig. 1 1n Breymeyer
2003a).

2. STUDY METHODS

The basis for the description of the ten
study sites was constituted by the floristic
characterisation of the vegetation patch, rep-
resenting the given type of association, and
recorded 1n the form of the phytosociological
relevés (see Appendix 1 and 2). Each relevé
contains the following information on the
given vegetation patch: 1) species composi-
tion; 2) coverage (that is — the area shares of
the particular species); 3) layer structure (the
structural feature of the association, concern-
ing 1ts vertical aspect, with four layers usually
being distinguished: trees — A, shrubs — B,
herb layer — C, the ground adjacent layer—1.e.
mosses and lichens — D). The majority of the
phytosociological relevés were made in
1997, and for the Norwegian site — in 2000.
Each relevé was made for the area of 400 m?.
The quantitative coverage characteristics of
the species were evaluated according to the
modified 12-point scale, in which “r”, “+”,
“1” denote, respectively, 0.1%, 0.5%, and up
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to 10%, while the remaining values from 2 to
10 denote the successive 10-per-cent inter-
vals. The species of the vascular plants were
distinguished on the basis of the key of
Szafer, ef al. (1969), and their names were
conform to the elaboration of Rothmaler
(1976). The mosses were distinguished by
Ewa Fudali from the Academy of Agriculture
in Wroclaw, while lichens — by Wiestaw
Faltynowicz from the University of
Wroctaw. The phytosociological relevés ob-
tained were put together in the table.

On the basis of the floristic composition
of the herb layer mutual similarities of the se-
lected forest associations were calculated
with the use of the Bray-Curtis distance
measure, represented through the dendro-
gram obtained from the group average link
algorithm of cluster analysis.

On the basis of information contained in
each of the ten phytosociological relevés the
numbers and the surface shares of the species
representing the different Raunkiaer’s life
forms were determined, along with the types
of persistence of leaves, and the types of ana-
tomical structure. The detailed characterisa-
tions of the species were taken from the list of
Ellenberg (1974). The interdependencies
between the geographical location and the
climatic characteristics (these two taken as

independent variables), and the shares of the
species representing the particular ecological
groups were determined on the basis of corre-
lation and regression analysis. The climatic
characteristics were composed of the long-
term average of annual precipitation, long-
term average of annual temperature (see
Breymeyer, 2003a, b), as well as the Lang
and Martonne indices. The index of Lang
(Lang, 1915) 1s expressed as L = (annual
precipitation / mean annual temperature),
while the index of Martonne (Martonne,
1926) 1s defined as M = [annual precipitation
/ (mean annual temperature + 10)].

3. RESULTS

3.1. FLORISTIC RICHNESS OF THE
STUDY SITES

Appendix 1 presents the phytosociologi-
cal relevés of the study sites. The plots ana-
lysed are relatively poor in terms of the
numbers of herb layer species (between nine
at FN1 and 24 at PL2), although altogether as
many as 54 species appeared in all the
relevés. Besides, the presence of six species
of trees as well as 15 species of shrubs, and 26
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Bray-Curtis Analysis (Group Average Link)
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IFig. 4. The dendrogram of similarities among the species composition of the herb layer vascular plant species

of the study sites (based on the species cover).

species of mosses (of which three were the
northern species from the genus Dicranum:
D. brevifolium, D. drummondii and D. elon-
gatum) was registered.

Appendix 2 illustrates the differentiation
of lichens on the sites studied. The total
number of species registered on all the sites
was 80. The largest number of lichens grew
on wood (46) and on the bark of the trees
(33), less on the ground (22), and only nine on
the rock bedding. Particularly pronounced
are the species of the arctic-mountainous,
arctic-boreal-mountainous, and boreal-
mountainous geographical distribution types,
designated with the asterisks in Appendix 2.

Taking into account all the layers of the
forest association, and all the systematic
groups, one obtains the range of the number
of all the species observed within a site be-
tween 43 (PL2) and 57 (PL2), (Fig. 3).

With respect to the similarity of the spe-
cies composition of the vascular plants com-
posing the herb layer the sites analysed can be
classified into two distinct groups (Fig. 4).
The first group encompasses the Norwegian
and all the Finnish sites, with the sites NO1
and FN1 forming a subgroup well separated
from the sites FN2 and FN3. The second
group includes all the remaining sites. This
second group is also internally differentiated.
Thus, an 1solated position is taken by the site
PL1, characterised by the much more grassy
herb layer. The subgroup composed of PL3
and ESI1 distinguishes itself in a negative
manner, namely by the lack of a certain group
of the species of the sub-continental charac-

ter. The last subgroup, composed of the sites
LTI, LI1 and PL2, 1s the most representative
one for the sub-boreal pine forests.

The similarity of the sites with respect to
the composition of the lichen flora has a dif-
ferent aspect (Fig. 5). A clearly 1solated posi-
tion 1s taken by the sites NO1 and FNI.
Within the second group two sub-groups can
be distinguished. The first one includes the
sites FN2, FN3, LIl and PL3. The second
sub-group encompasses all the other study
sites. It appears, 1n this context, that the basic
division into two groups reflects the clear
bio-geographic distinction of the northern
sites, while the internal differentiation within
the second group i1s rather to a higher degree
the effect of the forest management.

The bio-geographic differentiation of the
sites 1s also reflected through the appearance
of the species of different types of spatial
range. Thus, on the basis of the range of the
vascular plants we can distinguish four sepa-
rate groups of sites (Fig. 6). The first of them
encompasses all the Polish sites and features
the presence of such species as Festuca
ovina, Quercus robur and Peucedanum oreo-
selinum. The second, well-pronounced group
1s composed of the sites NO1 and FNI1. It 1s
characterised by the presence of Betula pu-
bescens ssp. czerepanovii, Arcostaphylus
alpinus and Loiseleuria procumbens. The
third group includes the two remaining Fin-
nish sites and 1s distinct through the presence
of Linnaea borealis and Empetrum nigrum,
that 1s — the species, which occur also on the
sites classified 1n the previous group. The
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Beay-Curtis Cluster Analysis (Group Average Link) - lichens
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Fig. 5. The dendrogram of similarities among the species compositions of the lichen layer of the study sites

(based on the species number).
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Fig. 6. The presence of selected vascular plant species along the N-S

transect.
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last, fourth site group, com-
posed of the sites ES1, LTI,
LI1, is characterised by the
lack of two groups of species,
namely those of the clearly
northern type of range and the
southern ones.

The differentiation of the
sites with respect to the appear-
ance of the definite lichen spe-
cies 1S not so unambiguous
(Fig. 7). Except for the dis-
tinctly different sites NO1 and
FNI1 the composition of the li-
chen flora in the remaining part
of the transect changes 1n a
relatively smooth manner. At-
tention might only be paid to
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Fig. 7. The presence of selected lichen species along the N-S transect.
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the fact that the site ES1 constitutes the limit
of appearance of the lichen species of differ-
ent types of spatial range.

As already mentioned before, individual
sites are characterised by different numbers
of species registered in the phytosociological
relevé. In this context the existence of a sta-
tistically significant (p<0.05) dependence be-
tween temperature and latitude on the one
hand, and the number of species from some
groups on the other should be noted. For the
vascular plants the linear correlation coeffi-
cients are, respectively, equal 0.64 and —0.64
(that 1s — the number of the vascular species
of the herb layer increases along with the
warming of climate and with the movement
towards the South), and for the numbers of
the lichen species, respectively —0.81 and
0.78 (meaning that the tendency has the op-
posite direction).

The differentiation of the similarity of
the species composition and the presence of
species with a limited geographical range 1s
reflected in the syntaxonomic assignment of
the plant associations of the surfaces ana-
lysed. All of them represent the order of

Cladonio-Vaccinietalia Lund 1967, and
within i1ts framework - two alliances:
Phyllodoco-Vaccinion Nordh. 1936, and

Dicrano-Pinion Libb. 1933. The sites NOI
and FN1 are represented by an undefined as-
sociation from the Phyllodoco-Vaccinion al-
liance, corresponding, in the Scandinavian
forest classification, to the Pinus-Calluna-
Empetrum type. The sites FN2 and FN3 can
be identified with the Empetro-Pinetum fen-
noscandicum W.Mat. 1962, association, or
treated as a form of the association Calama-
grostio lapponicae-Pinetum Br.-Bl. et Siss.
1939 em. Kielan-Lund 1966. Similar com-
munities have also been described by Ok-
sanen (1983) for the northern Karelia,
although without identifying them with the
known association. Attention should at this
point be paid to the fact that these sites are
characterised by the species composition
having an intermediate character between the
communities of Phyllodoco-Vaccinion and
Dicrano-Pinion. The ES1 site is most plausi-
bly represented by the association of Vac-
cinio-Pinetum boreale Kielan-Lund 1967.
The LTI site has a clear intermediate charac-
ter. It can be considered to be a southern form
of the Vaccinio-Pinetum boreale Kielan-
Lund 1967, a separate association Vaccinio
vitis-idaeae-Pinetum auct. (Bambe, 1999),
or 1dentified with the sub-boreal variant of

the Peucedano-Pinetum Mat. (1962) 1973.
The consecutive sites — LI1, P11, PL2 — are
beyond any doubt the boreal variant of
Peucedano-Pinetum Mat. (1962) 1973, while
the site PL3 — of the Leucobryo-Pinetum Mat.
(1962) 1973.

3.2. ECOLOGICAL STRUCTURE
OF THE HERB LAYER

With respect to the differentiation of the
life forms of the herb layer the sites analysed
can be divided into several groups (Table 1).
The first group encompasses the sites NOI,
FNI1, FN2 and 1s characterised by the clear
domination of the number of the dwarfshrubs
species 1n the total species numbers. The sec-
ond group 1s composed of the sites LT1, LI1,
PL1, PL2 and PL3, on which the hemicrypto-
phytes dominate in the total number of spe-
cies. The sites FN3 and ES1 have an
intermediate character between these groups.
Now, the differentiation of the sites with re-
spect to the shares of the particular life forms
in total land cover takes a different shape.
The share of the dwarfshrubs species de-
creases from the site NO1 (83%) towards the
site L11 (30%), to then increase again towards
the site PL3 (50%). On the other hand, the
geographical distribution of the share of
hemicryptophytes in the overall land cover
has yet another nature. Thus, on the northern
sites (NO1, FN1, FN2, FN3, ES1) this share
ranges between roughly 4% and roughly
14%, while on the remaining sites it 1s con-
tained in the approximate interval of 20% to
40%.

The geographical variability of the
shares of species with different persistence of
leaves 1s not very clearly outlined (Table 1).
It can only be stated that the northernmost
sites (NO1, FN1) are characterised by the
higher share of the evergreen species in the
total species number, while generally, both in
terms of the number of species and their cov-
erage, a tendency is observed of the decrease
of share of the evergreen species and the in-
crease of the summer-green species in the di-
rection from the North towards the South.

The herb layer of all the sites 1s con-
structed of the mesophyte and sclerophyte
species (Table 1). With regard to the shares in
the total numbers of species the mesophytes
dominate over the sclerophytes on eight out
of ten sites, while in terms of the share 1n total
cover — on seven sites the sclerophytes domi-
nate.



Table 1. Percentage share of different ecological groups of the herb layer plants on study sites. A - according to species number, B - according to species cover.

NOL=ENil~EN2® EN3» ES1- SRl LIl PELPID - PE3
A - according to species number
Raunkiaer's life forms
herb and grassy chamaephytes 9.09 22.22 13.33 17.65 9.09 13.33 18.75 14.29 16.67 14.29
woody chamaephytes (dwarfshrubs) 54.55" 55:56-46.67:23.53°386.36.-13:33 25" - 9:52¢:16.67- 21.43
geophytes 909 .0 20517:65 = 0. 7<13.33 2625 1429 90:83 ¢ +()
hemicryptophytes 18.18 11.11 20 29.41 27.27 46.67 37.5 52.38 41.67 42.86
(nano)phanerophytes 0:09 =111 -50"= 588 1818.16:67 625 476>+ 0. 1499
therophytes 0 0 0 =588 2900 667 625" 4:76: 41/ 7714
persistence of leaves
evergreen species 54.55 77.78 46.67 35.29 45.45 33.33 37.5 23.81 16.67 42.86
summergreen species 36.36 22.22 40 47.06 45.45 46.67 50 47.62 54.17 35.71
overwintering green species 0.09- 0. - 13.33::17.65 9:09 " 20125 28:57.:29:17:2143
anatomical structure
sclerophytes 36.36 66.67 46.67 3529 36.36 40 56.25 33.33 41.67 50
mesophytes 63.64 33:33 53.33.64.71 54.55 60 43.75 619 5833 50
higrophytes 0 0 0 0 0 0 0= 476220 0
helophytes 0 0 0 0..:900.=20 0 0 0 0
B - according to species cover
Raunkiaer's life forms
herb and grassy chamaephytes 2.78 833 24.89 27.62 129 13.76 22.22 12.42 14.17 16.67
woody chamaephytes (dwarfshrubs) 83.33 83.33 54.75 46.96 51.61 36.7 29.63 31.06 44.53 50
geophytes 2785 0 679 608 0 505 185 12:42 6.88- -0
hemicryptophytes 8.33 4.17 13.57 13.81 9.68 25.69 40.74 34.78 26.32 20
(nano)phanerophytes 278 417 -0 276 645 :046: 185 3:11 0 10
therophytes 0 0 021256 1985 183583 9= 8691381 =333
persistence of leaves '
evergreen species 69.44 87.5 76.92 63.54 41.94 44.04 40.74 27.95 28.34 53.33
summergreen species 27.78 12.5 20.36 28.18 54.84 49.08 50 50.31 57.49 33.33
overwintering green species 278 0. 2.71= 899 323 688 1026.2F74 14171333
anatomical structure
sclerophytes 61.11 83.33 83.71 63.54 38.71 53.67 70.37 31.68 44.94 56.67
mesophytes 38.89 16.67 16.29 36.46 58.06 46.33 29.63 65.22 55.06 43.33
higrophytes 0 0 0 0 0 0 0+ 35l 0 0
helophytes 0 0 0 0: 8930 0 0 0 0
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Table 2. Coefficients of linear correlations between latitude and climatic characteristics (independent
variables) and structural characteristics of herb layer (p < 0.05; ns - not significant).

EreciEitation temperature Lang index latitude
share according to sEcies number

herb and grass chamaephytes ns ns -0.74 ns
woody chamaephytes (dwarfshrubs) -0.69 -0.87 ns 0.89
hemicryptophytes ns 0.9 ns -0.9
therophytes 0.9 0.78 ns -0.76
evergreen species ns -0.83 ns 0.77
summergreen species 0.66 0.74 ns -0.64
overwintering species ns 0.8 ns -0.78

mesophvtes ns

ns 0.68 ns

share according to sEcies cover

woody chamaephytes (dwarfshrubs) -0.8 -0.84 ns 0.83
hemicryptophytes ns 0.72 ns -0.73
terophytes 0.8 ns ns ns
evergreen species -0.69 -0.89 ns 0.84
summergreen species 0.75 0.82 ns -0.75
overwintering species ns 0.77 ns -0.79
sclerophytes ns -0.69 ns ns
mesophytes ns 0.71 ns ns

The spatial variability of the shares of
particular species groups is often correlated
with geographical location and climatic vari-
ables. Out of 130 potential interrelations (26
dependent variables and five independent
variables) there are 33, which display statisti-
cally significant linear correlation (Table 2).
[t must be emphasised that this group of sig-

nificant correlation contains mostly those re-
ferring to average annual temperature, while
none of the dependent variables is correlated
with the Martonne index.

It can be assumed that 1n many cases the
correlation with latitude sufficiently well de-
scribes the spatial variability of the features
selected. This fact becomes especially pro-

100 -

-----------

-------------------------------

-------------------

-------------------------------------

-------------------------------------------------------------

50 53 56 59 62 65 68 71
latitude (°N)

Fig. 8. Regression lines for the share of woody chamaephytes
(dwarfshrubs) against the latitude: a — according to the species
number, (y = a + bx + ¢cx% a = 214.0; b = -8.23; ¢ = 0.09;
correlation coefficient 0.91); b — according to the species cover,
(y = a+ bx + cx’ a = 768.74; b = -26.07; ¢ = 0.23; correlation
coefficient 0.95).

nounced when non-linear regres-
sion models are applied. In this
context, there are three basic pat-
terns of the spatial variability of
the structural characteristics of the
herb layer. The first pattern of vari-
ability corresponds to the share of
the lignified chamephytes (dwarf-
shrubs), (Fig. 8). In accordance
with this type the minimum shares
of dwarfshrubs are observed at the
latitudes of Lithuama, Latvia, and
Estonia.

The second type of variability
is represented by the share of
hemicryptophytes (Fig. 9). Con-
form to this pattern the maximum

shares of the respective plants are
observed between 53° and 56° N,

that 1s — on the sites PL2, PL1, LI1,
LTI1. It should be emphasised at
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Distinct changes of the floris-
tic composition are observed
within the pine forests located
along the North-South transect.
The primary factor of the spatial
geographic variability of the floris-
tic composition of the fresh pine
forests 1s the differentiation of the
ranges of particular plant species,
which — at least theoretically — find

latitude (°N)

Fig. 9. Regression lines for the share of hemicryptophytes against
species
(y = exp (a + b/x + cIn(x), a = 145.08; b = —-1467.0; ¢ = -28.61;
correlation coefficient 0.91); b — according to the species cover,
(y = exp (a + b/x+cin(x), a = 435.92; b = —4691.0; c

the latitude: a — according to the

correlation coefficient 0.81).

in this type of vegetation the appro-
priate life conditions. It should be
emphasised that the sites ES1 and
LT1 have an intermediate charac-
ter between the well-discriminated
Scandinavian pine forests and the
Central-European ones.

The geographical differentia-
tion of the study sites is reflected in
the most pronounced manner at the
level of the herb layer, while being

number,

—-86.65;

100

8 8

3

g

&

evergreen specics (%)
Z

3

less visible in the lichen flora. One
observes in this context a statisti-
cally significant (p < 0.05) depend-
ence between the latitude and the
numbers of species from some
groups. For the vascular plants the
linear correlation coefficient 1s at
—0.64 (the number of vascular plant
species increases southward), and
for the lichens it is equal 0.78 (the
dependence has an opposite direc-

latitude (°N)

Fig. 10. Regression lines for the share of evergreen species
against the latitude: a — according to the species number, (y=a+bx,
a =-69.61; b = 1.87; correlation coefficient 0.77); b — according
to the species cover, (y=at+bx, a = -92.66; b = 2.46; correlation

coefficient 0.84).

this point that in the instances quoted the
tested models of non-linear regression, ac-
counting for latitude as the independent vari-
able, give a better approximation of the actual
variability of the shares of particular species
groups in comparison with the same type of
models, in which climatic characteristics
were adopted as the independent variable.

The third pattern of variability is repre-
sented by, 1n particular, the share of the ever-
green species (Fig. 10). In accordance with
this model, the share of the species is propor-
tional to the latitude.

., tion). Similar relations between the
number of species and latitude have
been described for many types of
ecosystems and the selected system-
atic groups of plants and animals
(Lyons, 1999). It appears, moreo-
ver, that the differentiation of li-
chens is influenced to a much higher
degree by the local conditions, in-
cluding the land use history, than by the
macro-environmental factors.
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Appendix 1. Floristical differentiation of the study sites (symbols of cover - see text).

layer — i.e. mosses and lichens = D

Trees — A, shrubs — B, herb layer - C, the ground adjacent

[plot T T e T T A TR
latitude (°N) 70,15 69,746 64,724 61,662 58,337 56,623 55,431 53,874 52922 50,447
longitude (°E) 24,788 27,022 26,03 29,282 24,986 24,888 26,018 23,308 23,619 22,94 |
cover A (%) 50 50 50 60 50 70 50 70 60 80
cover B (%) 5 40 5 3 5 20 20 20 S S
cover C (%) 920 55 90 70 90 80 90 80 60 90
cover D (%) | 90 90 95 95 90 90 80 70 80 70
number of species: A layer 1 1 - 1 2 3 1 3 4 1
number of species: B layer 3 2 5 8 1 6 6 4 8 7
number of species: C layer 11 9 15 17 11 15 16 21 24 14
number of species: D layer - mosses 9 9 4 6 6 6 8 10 7 7
number of lichen species ' 26 g 17 18 25 18 19 b - B 14
|A layer

Pinus sylvestris 4 4 4 6 5 6 4 6 S 7 '
Picea abies 1 2 3 3

Populus tremula (+) '
Betula pendula (+) + + § (+)
Betula pubescens pubescens (+)

Quercus robur ARt X o BIAEL !
IB layer
|Betula pubescens czerepanovii + 4

Pinus sylvestris ' I + . + +
Juniperus communis + + + | 1 + +
Picea abies . . . I 1 ] +

Populus tremula (+) -

Betula pendula (+) + l + + +
Sorbus aucuparia + + + + + ks
Betula pubescens + +

Alnus incana +

Salix sp. + +

Frangula alnus . - .

Quercus robur ] r + +
Quercus rubra +
Padus serotina +
Pyrus communis S +

C layer

Agrostis renuis +

Avenella flexuosa l . (+) + 1 . +
Arctostaphylos alpinus (+)

Calamagrostis sp. 2 + + 2 - +

Calluna vulgaris 5 4 2 2 4 1 2 2
Carex montana +
Chamaecytisus ratishonensis +

Chimaphilla umbellata + +
Convallaria majalis (+) + r ] +
Diphasiastrum complanatum (+) + (+) 1 + ‘
Dryopteris carthusiana + +

Empetrum nigrum s.1. 6 4 4 3

Epilobium angustifolium (+) +

Equisetum pratense (r)

Festuca ovina 3 5 + 2 +
Festuca rubra +

Fragaria vesca + +
Genista tinctoria +2

Goodyera repens (+) (+)

Hieracium pilosella (+) +

Hieracium (;/'r._ umbellatum +
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Ledum palustre
Lembotropis nigricans
Linnaea borealis
Loiseleuria procumbens
Luzula pilosa
Lycopodium annotinum
Maianthemum bifolium
Lycopodium clavatum
Melampyrum pratense
Molinia caerulea
Monotropa hypopitis
Orobanche sp.
Peucedanum oreoselinum
Picea abies

Pinus sylvestris

Poa compressa
Polygonatum multiflorum
Polygonatum odoratum
Preridium aquilinum
Pulsatilla patens
Pulsatilla vernalis

Rubus saxatilis

Rumex acerosella

Scorzonera humilis
Solidago virgaurea
Sorbus aucuparia

JT?T ymius serpyllum
Triemalis europaea
Vaccinivum myrtillus
Vaccinium uliginosum
Vaccinium vitis-idaea

Veronica officinalis
Viola riviniana

Elot

NOI

(+)

(+)

S NN+

FNI FN2

(+)
(+)

o+ +

D layer - Mosses
Amblystegium serpens
Andraea rupestris
Brachthecium oedipodium
Brachythecium salebrosum
Caliergonella cuspidata
Ceratodon purpureus

Dicranum affine

Icfr. Dicranum brevifolium
Dicranum drummondii

| Dicranum elongatum
Dicranum polysetum
Dicranwm scoparium
Herzogiella seligeri
Hylocomiwm splendens

cfr. Lepidozia reptans
ILeu{'abryum glaucum
Lophocolea heterophylla
|Orthodicranum montanum
Pleurozium schreberi
Pohlia nutans
Polytrichum formosum
Polytrichum juniperinum

| Polytrichum longisetum
Ptilidium ciliare

Ptilium crista-castrensis

Hypnum cupressiforme fo. filiforme

FN3 ES1

(+)

(+)

+ W 4+ N
+

LTI

LIl

PL1

PL2

(+)

+

PL3
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Appendix 2. The presence of lichens on the study sites: a - occurence on the ground; b - occurence on the lying dead wood; ¢ - occurence on rocks and
stones; d - occurence on the bark of standing trees. Asterisk (*) is given for the species of arctic-alpine, arctic-boreal-alpine and boreal-alpine types of
geographical distribution.

vlot NOI FNI FN2 FN3 ES1 LTI LIl PLI PL2 PL3
latitude (°N) . 70,15 69,746 64,724 61,662 58,337 56,623 55,431 53,874 52922 50,447
longitude (°E) 24,788 27,022 26,03 29,282 24,986 24,888 26,018 23,308 23,619 2294
*Arctoparmelia centrifuga (L.) Hale C

Bryoria fuscescens (Gyelnik) Brodo & D. Hawksw. d

Bryoria simplicior (Vain.) Brodo & D. Hawksw. d

Bryoria sp. b

Buellia griseovirens (Turner. & Borrer ex Sm.) Almb. d d

*Cetraria hepatizon (Ach.) Vain. C

Cetraria islandica (L.) Ach. a
*Cetraria nivalis (L.) Ach. b

Cetraria sepincola (Ehrh.) Ach. d

Chaenotheca ferruginea (Turner ex Sm.) Migula d
Chaenothecopsis sp. d
Cladonia arbuscula (Wallr.) Flotow subsp. arbuscula ab abc
Cladonia cenotea (Ach.) Schaerer b ab
Cladonia chlorophaea s.l. (Flk. ex Sommerf.) Sprengel b ab b b bd b ab
Cladonia coccifera (L.) Willd. a

Cladonia coniocraea (Flk.) Vainio b

Cladonia cornuta (L.) Hoffm. b ab

Cladonia deformis (L.) Hoffm. b a b

Cladonia digitata (L.) Hoffm. b ab b abd bd
Cladonia fimbriata (L.) Fr. b b a

Cladonia furcata (Huds.) Schrader a
Cladonia glauca FIk.

Cladonia gracilis (L.) Willd. ab a a

Cladonia macilenta Hoffm. subsp. macilenta

Cladonia ochrochlora FIk. a b
Cladonia phyllophora Hoffm. a
Cladonia pleurota (FIk.) Schaerer b
Cladonia pyxidata (L.) Hoffm. b
Cladonia rangiferina (L.) Weber ab
Cladonia rangiformis Hoffm.

Cladonia stellaris (Opiz) Pouzar & Vézda
Cladonia sulphurina (Michx.) Fr. b
Cladonia uncialis (L.) Weber a a
Cladonia sp.

Dimerella diluta (Ach.) Vézda

Hypocenomyce caradocensis (Leight. Ex Nyl.) P. James &
G. Schneid. ko ko

Hypocenomyce scalaris (Ach.) Choisy d bd
*Hypogymnia bitteri (Lynge) Ahti b

Hypogymnia physodes (L.) Nyl. d b bd bd bd b
Hypogymnia tubulosa (Schaerer) Havaas d

*Hypogymnia vittata (Ach.) Parrique d bd d

Imshaugia aleurites (Ach.) Fricke Meyer d d d d d
Lecania naegelii (Hepp) Diederich & P. Boom . d
Lecanora conizaeoides Nyl. in Crombie

= .
> &
-5

g P 6 O

e
=

Lecanora pulicaris (Pers.) Ach. subsp. pulicaris d d

Lecanora sp. b
Lepraria sp. _ ) d d d bd bd
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plot NOI FNI FN2 FN3 ESI LTI LIl PL1 PL2 PL3

Melanelia olivac;:a (L.) Essl. d d
*Micarea melaena (Nyl.) Hedl. b b
Micarea prasina Fr. b b b

Micarea sp. d
*Nephroma arcticum (L.) Torss.
*Ochrolechia androgyna (Hoffm.) Arnold
*Ochrolechia arborea (Kreyer) Almb.
*Ochrolechia frigida (Sw.) Lynge '

oo o A

*Ochrolechia turneri (Sm. in Sm. & Sowerb.) Hasselrot d
Parmelia saxatilis (L.) Ach.
Parmelia sulcata Taylor d

|Parmeliopsis ambigua (Wulfen in Jacq.) Nyl.
*Parmeliopsis hyperopta (Ach.) Amold bd

Pertusaria albescens (Huds.) Choisy & Wern. in Wern.
var. albescens d

g ao
o

~

g

g

-

g

Pertusaria amara (Ach.) Nyl. b
Pertusaria cfr. multipuncta (Turner) Nyl. b

Phlyctis argena (Ach.) Flotow d b
Placynthiella dasaea (Stirt.) Tonsberg b b b
Placynthiella icmalea (Ach.) Coppins & P. James b a

Placynthiella uliginosa (Schrader) Coppins & P. James b

Platismatia glauca (L.) W. Culb. & Ch. Culb. d d d

Porpidia crustulata (Ach.) Hertel & Knoph C

Pseudevernia furfuracea (L.) Zopf d bd d bd b d
|Ranmlfna farinacea (L.) Ach. b

Scoliciosporum chlorococcum (Graeve ex Stenham.) Vezda d d b
Stereocaulon paschale (L..) Hoffm. a abc

Trapeliopsis flexuosa (Fr.) Coppins & P. James bd

Trapeliopsis granulosa (Hoffm.) Lumbsch b b b

*Umbilicaria cfr. hyperborea (Ach.) Hoffm.

Usnea hirta (L.) Weber in Mot. d d d d d d

Usnea subfloridana Stirton d

Vulpicida pinastri (Scop.) J. E. Mattsson & Lai b bd

Xanthoparmelia conspersa (Ach.) Hale C




