
Present distribution in the Western Carpathians
Fagus sylvatica is a common tree over much of 

Europe. However, it requires humid summers and does 
not tolerate harsh winters, therefore it does not occur in 
Eastern Europe, characterised by a continental climate. 
The north-eastern boundary of its range extends across 
the territory of Poland.

In the Carpathians, beech is a very important forest-
forming component of the lower montane belt, although 
its coverage has been restricted as a result of widespread 
spruce plantations (Boratyńska & Boratyński 1990). In 
the Western Bieszczady Mountains, beech covers ca 50% 
of the forest areas. Most frequently, it extends in altitude 
from 550 (locally from 400) m a.s.l. to 1000–1250 m a.s.l., 
being the upper forest limit in this region. in the beskid 
Niski range, beech is present already from an altitude of 
350 m a.s.l.; however, it is most abundant in the zone at 
450–850 m a.s.l. In the Beskid Sądecki range, it is found 
at altitudes from 300 m a.s.l. to 1170 m a.s.l, although 
the typical lower montane belt, including beech extends 
between 550 and 1120 m a.s.l. In the Beskid Wyspowy 
range, beech forests occur from an altitude of 500–
600 m a.s.l. up to 1170 m a.s.l. In the Gorce Mountains, 
Fagus is still an important forest-forming species, grow-
ing at altitudes of 730–1170 m a.s.l, although large areas 
of beech forests have been replaced by planted spruce. in 
the Tatra Mountains, the zone dominated by beech for-
ests extends between 900 and 1200 m a.s.l. certain tatra 
valleys differ in the location of the upper limit for beech; 
however the highest Fagus site in the Polish part of the 
tatra mountains is situated at 1300 m a.s.l. in the beskid 
Żywiecki range, beech attains altitudes of 1150 m a.s.l. 
In areas of the Beskid Śląski range, beech forests, a great 
part of which was replaced by planted spruce forests, cover 
altitudes between 500 and 1000 m a.s.l.

In the Western Carpathians, Fagus sylvatica forms sev-
eral associations: Dentario glandulosae-Fagetum Klika 
1927 em. Mat. 1964, fertile Carpathian beech forest, on 
acidic brown soils or rendzinas, Luzulo nemorosae-Fage-
tum (Du Rietz 1923) Markgr. 1932 em. Meusel 1937, 
montane acidophilous beech forest, on cryptopodzols, 

and Carici-Fagetum (Moor 1952) em. Hartmann et Jahn 
1967. thermophilous beech forest, associated with cal-
careous soils. Furthermore, beech occurs as an element 
in a number of other forest types, namely in fir-spruce 
forests, Abieti-Piceetum montanum Szaf., Pawł., Kulcz. 
1923 (lower montane belt), in fir forests, Galio-Abie-
tetum Wrab. 1959 (lower montane belt), in sycamore-
beech forest, Aceri-Fagetum (described for the beskid 
Żywiecki range), in sycamore forest, Phyllitido-Aceretum 
Moor 1945 (growing in the Pieniny Mountains and in the 
Beskid Niski range, on skeletal soils abundant in calcium 
carbonate), and in oak-hornbeam forests, Tilio-Carpine-
tum traczyk 1962 (submontane belt).

Ecology

Beech is a monoecious tree, likely to live for ca 300 
years and attain a height up to 40 meters (ellenberg 1996). 
As a mature tree it casts a dense shade, which helps it out-
competes most other deciduous forest trees. It is a wind-
pollinated species becoming able to produce flowers and 
seeds relatively late, i.e. at the age of 50–60 years, how-
ever continuing this activity throughout the rest of its life 
(Kramer et al. 2008). Beech produces pollen grains, that 
can easily be recognised and identified; however actual 
pollen production, compared with many other trees, is 
low (Andersen 1970), and this results in low percentage 
values in pollen diagrams which underestimate the actual 
abundance of the tree. its seeds are generally produced in 
low or medium quantities (Kramer et al. 2008), but occa-
sionally, in seasons affected by drought in the preceding 
year, they may develop in very high numbers (Piovesan 
& adams 2001). seeds of beech are transported over 
small distances. more than 90% of seeds are not carried 
further than 30 m from the parent tree. For this reason, 
dispersal of pollen grains is very important in the main-
tenance of genetic variety of beech populations (Kramer 
et al. 2008). Transfer of seeds over greater distances is 
performed by some animals (e.g. jays) (Nilsson 1985, 
van der Wall 2001). Seeds, germinating in spring, require 
relatively high humidity for optimum growth; however, 
seedlings are tolerant of rather low light levels (Kramer 
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1995). Mild frosts occurring in spring are also a limiting 
factor for the growth of young seedlings. temperatures 
below −2°c are lethal for both seedlings and saplings of 
Fagus (Kramer et al. 2008).

Expansion in Europe during the Late Glacial 
and Holocene

During the Eemian Interglacial, the tree flora in north-
ern and central europe consisted basically of the same 
taxa as that of the present day. Fagus, represented only 
sparsely, was an exception (Pott 2000). It is necessary to 
remember this in order to stress the influence that humans 
had on the expansion of beech during the holocene. 
opportunities provided for the spread of this taxon as 
a result of Neolithic settlement were described by Środoń 
(1990b). at present it is more often considered that the 
spread of beech was affected by a number of key factors, 
operating at the same time, in particular, temperature, 
humidity, the occurrence of fires, and human impacts 
(Tinner & Lotter 2006, Valsecchi et al. 2008).

data on the distribution of beech and location of its 
refugia during the last glaciation are ambiguous. Usually 
it is the mountains of the appenine and balkan Peninsu-
las, which are regarded as the most probable refugia from 
which holocene expansion into central europe took 
place. these beech populations were small and isolated 
(Huntley & Birks 1983, Lang 1994). The homogeneity 
of chloroplast dna undoubtedly indicates that the car-
pathians were colonised by Fagus from balkan refugia 
(Taberlet et al. 1998).

based on the information available at that time lang 
(1994) reconstructed two pathways for the Late Glacial-
Holocene migration of beech. The “eastern pathway”, 
relevant to this study, proceeded from the southern part 
of the Balkan Peninsula towards the north-west, across 
the dinaric and eastern alps into the north german Plain 
and the Polish lowlands and further into southern swe-
den. a branch from this pathway enabled Fagus to enter 
the Carpathians and eastern Poland. At 6000 BP, to the 
west of the Carpathians, the Bohemian Forest already 
included spruce-beech forests (Svobodová et al. 2002). 
Fagus appeared also in the Sudety Mountains, where its 
continuous curve, exceeding 1%, begins in the profile 
from the Zieleniec peat bog (Madeyska 2005). However, 
it is certain that the tree did not arrive in the carpathians 
from the sudety mountains.

According to other authors, the later migration of 
beech originated from the areas of east slovakia and 
north-east Hungary (Stewart & Lister 2001). New views 
on the occurrence of potential beech refugia and their 
participation in its expansion into central and northern 
europe have been provided by the results of multidis-
ciplinary research. Palaeobotanical data and molecular 
analyses of the degree of kinship within the present-day 
Fagus populations indicate the presence of several glacial 

refugia of beech in Europe, the most important of which, 
when considering the later expansion into central and 
Northern Europe, were located in the areas of present-day 
Slovenia and the Eastern Alps, and, most likely, in the 
southern parts of moravia and the czech republic (magri 
et al. 2006). Populations of glacial refugia in the medi-
terranean region did not participate in the colonization 
of Central and Northern Europe. Similarly, the Balkan 
populations neither migrated to the north nor expanded to 
other european areas. authors of the holocene history of 
beech in Poland (Latałowa et al. 2004b) suggest that the 
taxon may have arrived from regions close to the south-
ern Polish border, i.e. from the upper Vltava river valley, 
for which the occurrence of Fagus was recorded in much 
earlier periods (svobodová et al. 2001).

considering the holocene expansion of Fagus in 
the Carpathians, the refugial area located most likely in 
southern moravia appears to be of greatest importance 
(Magri et al. 2006, Magri 2008).

History of expansion in the Western Carpathians 
during the Holocene  (fig. 17)

10 000–9000 BP
at this time the Western carpathians are still devoid 

of any trace of beech that might indicate its presence or 
even its approach.

8500 BP
The first Fagus pollen grains, originating from long-

distance transport, are recorded in profiles from the Tatra 
Mountains and the Orawa-Nowy Targ Basin.

8000–7500 BP
Single occurrences of pollen grains in profiles from 

the Upper Orava (Rybniček & Rybničková 2002) show 
that a western direction of beech migration should be 
considered. a continuous curve for Fagus, though again 
representing only single pollen grains, nominally 0.5% 
of the total sum, appear also in sections from sites of the 
subalpine belt in the Tatra Mountains. However, because 
of the “high mountain effect” this observation cannot 
necessarily be taken as confirmation of the occurrence 
of beech in the tatra mountains. also trace amounts of 
Fagus pollen grains in the bieszczady mountains suggest 
it probable, that the tree may have immigrated from the 
eastern carpathians.

7000–6500 BP
the range of occurrence of pollen assemblages con-

taining beech becomes broader, both in the west and the 
east, from the direction of the Eastern Carpathians. In 
particular profiles from the Tatra Mountains and Subtatric 
valleys, the continuous curve for Fagus already attains or 
even exceeds 1% of the total sum, which most likely indi-
cates the arrival of beech in this region. similar observa-
tions are recorded in the Jasło-Sanok Depression.
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6000–5000 BP
Subsequent maps showing the range of beech indi-

cate that the initial phase of its migration into the Polish 
part of carpathians occurred mainly from the west. at 
ca 6000 bP the western part of the carpathians included 
an area with values of Fagus pollen exceeding 1.0% and 
therefore likely to suggest the local presence of beech. 
This is likely to reflect the spread of this taxon through 
the moravian gate and from areas of the czech republic 
and Moravia. In the later phase, Fagus extended its range 
primarily due to expansion from the eastern carpathians. 
The 5500 BP isopollen map shows the occurrence of 
a second area characterized by high frequencies of Fagus 
pollen grains, located in the Bieszczady Mountains, colo-
nized by beech most likely during its migration along the 
southern carpathian slopes.

At 5500 BP the species was already found in the Upper 
Orava and in the Beskid Wysoki range, and at 5000 BP 
– undoubtedly also in the Jasło-Sanok Depression. How-
ever, a vast area continued to be devoid of this tree.

4500–4000 BP
an increase in the range of beech is recorded both 

in the west and in the east. Fagus migrating from the 
eastern carpathians expanded rapidly and at 4000 bP 
already occupied the Pogórze dynowskie foothills and 
the beskid niski range and increased its amounts in the 
area of the Jasło-Sanok Depression.

Fagus migrating from the west was already found in 
the Beskid Żywiecki, the Beskid Śląski and the Beskid 
Mały ranges, and, undoubtedly, also in the Tatra Moun-
tains and in a part of the Orawa-Nowy Targ Basin. The 
time of 4000 bP was marked by the merging of the eastern 
and western range of occurrence of the tree. Percentage 
values recorded in the study area for this period indicate 
that the presence of beech was unequivocal, even in sites 
with lower pollen values.

Therefore, already at this time the entire Western Car-
pathians may be described as supporting larger stands or 
even forests with beech. due to the simultaneous expan-
sion of Abies, fir, this is most likely when the develop-
ment of fir-beech forests in the lower montane belt of the 
Western Carpathians was initiated (Obidowicz & Nalepka, 
chapter: Abies alba Mill. – Fir, this volume).

3500 BP
the isopollen map for this time period shows a visible 

increase in the proportion of Fagus pollen, exceeding 2% 
across the entire area of the carpathians. areas inhabited 
by beech from the eastern carpathians locally demonstrate 
its very high frequencies in tree stands. The Jasło-Sanok 
depression is particularly abundant in this species. a clear 
boundary, separating the western part of the Carpathians, 
with lower proportions of Fagus, from the eastern part, 
which is marked by higher values for beech, extends to the 
area of the Pogórze Ciężkowickie Foothills and to part of 

the beskid niski range. in a large area to the west of this 
boundary, amounts of Fagus remain at a general level of 
5–10%. Only locally, in the region of the Beskid Żywiecki 
and Beskid Śląski ranges, in higher areas of the Orawa-
nowy targ basin and in the gorce mountains did beech 
forms larger stands, and there its frequency exceeds 10%.

3000–500 BP
Within subsequent centuries, Fagus becomes one of 

main forest-forming trees in the Western Carpathians. 
it is found as a component of various communities and 
associations, together with Abies and Picea, as well as 
forming beech-dominated stands. At that time, the lower 
montane belt was finally developed.

At 3000 BP, in most of the Carpathian areas amounts 
of Fagus pollen remain at the same values of 10–20%. 
The distinct boundary, dividing the Carpathians into 
a western region with lower frequency of Fagus pol-
len and an eastern region marked by high proportions of 
beech, shifts to the east.

At 2500 BP, the progressive expansion of beech from 
the eastern carpathians leads to an increase in its pro-
portions over a large area of the Western carpathians. 
the boundary with areas of lower Fagus values, which 
remained at the same level, still overlaps the Pogórze 
Ciężkowickie Foothills. Subsequent maps illustrate 
a slight shift in this boundary to the west, up to the maxi-
mum of beech expansion at ca 500 BP. The initially small 
region with higher values of Fagus pollen, located in the 
Orawa-Nowy Targ Basin, is seen gradually to increase its 
area in subsequent maps.

expansion of beech is most likely associated with 
the activity of humans living in this part of the Carpath-
ians and burning down forests to obtain areas for pasture 
and, later on, also for agriculture. This is demonstrated 
by numerous horizons with charcoal found e.g. in the 
deposits of carpathian landslide mires (margielewski 
2006). following these widespread temporary clearances 
it seems that beech was the tree that was able to recolo-
nise these areas, outcompeting many other tree species by 
its ability to cast a dense shade.

0 BP
A decrease in the frequency of Fagus pollen grains, 

resulting from human interference, is recorded in most 
of the carpathian areas. higher proportions of beech 
are still found only in the south-eastern part of the 
bieszczady mountains; they also appear in the beskid 
Żywiecki range. The greatest reduction of amounts of 
Fagus occurred in the area of the tatra mountains and 
in the Orawa-Nowy Targ Basin, including a part of its 
surrounding areas.

Conclusions

different authors suggest different limiting percentage 
values of Fagus pollen as indicating the local occurrence 
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of this tree (Huntley & Birks 1983, Gliemeroth 1995, 
Björkman 1996, Magri et al. 2006). If the most com-
monly accepted value, over 2%, is applied, it may be 
stated that Fagus arrived in the Carpathians ca 5500 BP 
and entered this area through the bieszczady mountains. 
about 4000 bP beech appeared in the western part of the 
carpathians.

However, authors of the presented study are rather 
convinced that a value of 1% should be recognized as 
indicating the occurrence of beech in situ. following 
this assumption, the first indicators of Fagus presence, 
likely to occur in the area to the south of the Western 
Carpathians, are recorded on the maps for ca 7000 BP, 
when the proportion of beech pollen attains 0.5–1.0%. 

about 6000 bP Fagus is already found in the beskid 
Żywiecki and Beskid Śląski ranges, as well as in the 
adjacent areas of the Beskid Mały range and the Orawa-
Nowy Targ Basin. Between 4500 and 4000 BP the beech 
population may be described as covering the entire 
study area. The time of 3500 BP is marked by a visible 
differentiation into the eastern part of the Carpathians, 
abundant in forests including beech, and the western 
part, with lower amounts of this tree. The boundary sep-
arating the two areas extends close to longitude 21°e. 
Within subsequent centuries, Fagus becomes one of the 
main forest-forming species of the Western Carpathians. 
the further history of this taxon is affected by human 
economic activity.

Fig. 17. Fagus sylvatica: dot and isopollen maps for 10 000–0 bP
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