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ABSTRACT

A numerical analysis of the phytosociological relevés from ancient and recent woodland on a mesic forest site
in central Poland was carried out. Three groups of forest stands were recognised: planted with Pinus, recent and
ancient oak-hornbeam Tilio-Carpinetum. The species of ancient woodland occurred mainly in ancient oak-horn-
beam forest stands, however some ferns: Dryopteris carthusiana, D. dilatata and D. filix-mas, and an orchid spe-
cies Epipactis helleborine, are to be found mainly or exclusively in recent forests. The occurrence of ancient fo-
rest species in recent woods may be putatively explained by long-distance wind dispersal or by the thriving in situ
in unrecognised small wood patches. Twelve ancient woodland indicators (i.e. 36% of a total number found in the
region under study) occur exclusively in ancient woodland. It underlines the role of passive species protection in

the maintenance of the regional species diversity.

KEY WORDS: ancient woodland indicators, Braun-Blanquet method, oak-hornbeam Tilio-Carpine-

tum, passive species protection, plantation forests.

INTRODUCTION

Cultural landscapes currently occupy most of the land-
mass of Europe. They have been converted from natural
landscapes (wilderness), consisted mainly of forest plant
communities, from the Neolithic (Knapp 1998). In central
Europe areas of deciduous forests were taken under agri-
culture, and nowadays they form small and scattered wood
complexes among arable fields (Kotanska et al. 2001; Ja-
cquemyn et al. 2003). Some of them are ancient woodland,
some are of recent origin. The recent forests have origina-
ted in effect of intentional afforestations of previously ara-
ble or pasture areas, or in effect of spontaneous succession
on abandoned fields, meadows, xerothermic grasslands,
and pastures.

In Poland farming and pastoral agriculture affected the
vegetation cover for centuries. A great part of recent fore-
sts have originated in the result of forestry planting betwe-
en the I and II World Wars and during the last post-war pe-
riod. Their area has been continuously increasing in effect
of changes in land-use, mainly owing to abandoning of
agriculture and afforestation of poor, not suitable for agri-
culture, soils. Nowadays, the ceasing of cultivation enhan-
ces the recent forests formation.

The ecological investigations point to the significant dif-
ference in floristic composition between ancient and recent

woodland. The tempo of colonisation of the recent woods
by forest species is nowadays intensively studied. The stu-
dies carried out to the date proved that the colonisation de-
pends on many factors, to mention the distance from the
ancient wood (a source area), seed dispersal ability, the ti-
me of agriculture use and of regeneration, the age and co-
ver of tree-stand, and soil conditions (Bossuyt et al. 1999;
Dzwonko 2001a; McLachlan and Bazely 2001; Verheyen
and Hermy 2001). Studies by Bossuyt and Hermy (2000)
and Brunet and Oheimb (1998) proved that fairly great
number of forest species may colonise the recent woods in
time of 70-90 years. It is known that planted tree species
significantly, and in many ways, affected soil processes
and controlled their chemistry (Augusto et al. 2002). It was
showed that the most adverse impact on the vegetation, lit-
ter and soil of broad-leaved forests have coniferous trees
(Dzwonko 2001a). The dominant tree species controls phy-
toclimate and in effect determinates significantly the spe-
cies composition of secondary forests (Dzwonko and Lo-
ster 1997).

The role of biological features of plants is also stressed,
mainly type of dispersal (Dzwonko and Loster 1988, 1989;
Honnay et al. 1998; Hermy et al. 1999). Among ecological
factors the isolation of the woodland patches from the so-
urce area, the effect of dominant tree species, and the hi-
storical reasons in the process of their colonisation by fo-



240 ANCIENT WOODLANDS IN CENTRAL POLAND

rest and non-forest species are stressed (Peterken and Ga-
me 1984; Dzwonko and Loster 1997; Bossuyt et al. 1999;
Bossuyt and Hermy 2000; Dzwonko 2000a, b; Verheyen et
al. 2003).

The aim of the paper is to show the difference in floristic
composition between ancient and recent woodland in a par-
tially protected area of a landscape park. This region under
study has a relatively large percent of forests in generally
cultural landscape of central Poland. The main question
concerns the ability of preservation/regeneration of the an-
cient woodland species in planted with pine and spontaneo-
usly regenerated forests on the oak-hornbeam site. We used
a “community-approach” method to survey the representa-
tive forest stands in partially protected area. The results ob-
tained point to the ecological mechanisms important in the
passive protection of ancient woodland species. The know-
ledge on the dispersal/persistence potential of ancient woo-
dland species in recent woods furnishes information nee-
ded for the shaping of recent woodland in more natural ap-
pearance (Harmer et al. 2001). We point also to a group of
forest species with weak dispersal/persistence potential.
Their existence depends solely on the continuous forest hi-
story.

MATERIALS AND METHODS

The investigations were carried out in a landscape park
the Boliméw Park Krajobrazowy, one of a few regions in
central Poland covered by a relatively large forested area of
c. 14 000 hectars. The study area is located in the Polish
lowlands on an altitude 96-105 m above sea level. More
than 30% of the forested area is covered by recent woo-
dlands that adjoin to ancient woodland (Figs 1 and 2a). The
greatest deforestation in this area was in the 19th century.
The recent woodland has been created here owing to fore-
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stry planting since the twenties of the 20th century. The
tree-stands of old woodlands in the area under study are
90-110 year-old, and of recent woodlands are 70-75 year-
-old.

In the field ancient and recent woodlands were recogni-
sed. The category “ancient woodland” encompasses the
remnants of primeval forests and secondary forests origina-
ted before stated arbitrary the threshold date. The date de-
pends on the information found in available historical notes
and maps that undoubtedly points to the continuous or di-
scontinuous existence of given forest patches in a given
area. All forests originated (planted and/or spontaneous) in
previously arable/pasture areas after the threshold date are
defined as recent (Dzwonko and Loster 2001). The inspec-
tion of a historical cartographic materials revealed that
stands of the oak-hornbeam forest Tilio-Carpinetum desi-
gnated here as “ancient woodland” have existed continuou-
sly at least since 1839, and that they have been under mo-
derate forestry use, including selective felling. Recent woo-
dland occurs in patches of forest stands established after
this date on arable land, previously being a forested area.

The field studies were carried out in 1998-2001 using
traditional phytosociological method by Braun-Blanquet
(1964). The relevés were done in the homogenous mesic,
mixed-brodleaved forest stands growing on the same soil
substratum, i.e. on moderately wet, brown soils (eutric
cambisols) on loamy deposits (Fig. 2b). Vegetation cover
was estimated using a combined Braun-Blanquet and per-
centage scales (Mueller-Dombois and Ellenberg 1974).
Plant cover values were transformed using ordinal 1-9 sca-
le (van der Maarel 1979). The relevés, each of 100 m?2, we-
re done in old oak-hornbeam (16 relevés), recent oak-horn-
beam (18 relevés) and recent planted pine forest (25 re-
levés) in the representative in terms of field-layer species
composition forest stands. The initial number of 258 plant
and moss species in the data-set was reduced to 77 by Jan-

Skierniewice

Fig. 1. Localisation of study area in landsca-
pe park the Boliméw Park Krajobrazowy. 1
— forests; 2 — town; 3 — boundary of Boli-

moéw Landscape park; 4 — river.
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Fig. 2. Localisation of study sites: C — an-
cient woodland Tilio-Carpinetum; P — recent
woodland with Pinus sylvestris stand; Q — re-
cent woodland with Quercus robur and Betu-
la pendula stand; (a): forest habitat types: 1 —
fresh coniferous forest; 2 — mixed/coniferous
forest; 3 — mixed/broadleaved forest; 4 — al-
der forest (after map of forest habitat types
of Skierniewice Forest Inspectorate); (b): an-
cient (1) and recent (2) woodlands (on the
basis of historical maps from 1839, 1888 and
a contemporary map).

keys’s method (MULV A-5, Wildi and Orléci 1996) based
on the F-test (species with test value F<1 were skipped, le-
aving ancient forest indicators). They were used for the
classification and ordination of relevés (see Fig. 3 and Ap-
pendix). From this number, for clarity, only 32 the most in-
formative species were displayed on the diagram (Fig. 3c).
However, the statistical analyses based on the initial num-
ber of species (see Fig. 3b and Results).

The reduced data-set was classified with the use of a mi-
nimal variance (Ward’s) clustering (MULVA-5, Wildi and
Orléci 1996) and Euclidean distance measure following the
method of Wildi (1989). The ordination of relevés along
the first and second axes was carried out with the use of
a standard form of a Detrended Correspondence Analysis
without downweighting of rare species (CANOCO pro-
gram, ter Braak 1990). The CANODRAW program was
applied for the graphical presentation of the results of ordi-
nation (Smilauer 1990).

Nomenclature of plant communities followed Matuszkie-
wicz (2001), vascular plant species Mirek et al. (2002) and
bryophytes Ochyra and Szmajda (1978). Groups of indica-
tor species for ancient woodlands after Hermy et al. (1999)
and Dzwonko and Loster (2001).

RESULTS

A Detrended Correspondence Analysis of relevés ena-
bled the following three groups to be distinguished: an an-
cient oak-hornbeam woodland Tilio-Carpinetum, a recent
forest with planted Scotch pine Pinus sylvestris, and a re-
cent oak-hornbeam forest (Fig. 3a). The first and second
DCA axes account for 20% and 5.5%, respectively.

The ancient oak-hornbeam woodland is characterised by
the occurrence of common linden Tilia cordata in the lower
a, tree layer and the highest constancy of planted peduncu-
late oak Quercus robur in the higher a, tree layer (Fig. 3c,
Appendix). In recent oak-hornbeam forest stands spontane-
ous silver birch Betula pendula attains the highest coverage.
Planted with pine stands are characterised by the constant
occurrence of pedunculate oak in lower a, tree layer.

Each of the groups of forest stands have specific set of
species (Fig. 3c, d), and some of them are indicators of an-
cient woodland; most of them occur in old oak-hornbeam
woodland (Table 1). However, some of them have found
their optimum in recent oak-hornbeam, as e.g. Epilobium
montanum, Geum urbanum, Paris quadrifolia, and an
orchid Epipactis helleborine. The percentage of forest spe-

cies, especially indicators of ancient woodland, is the lo-
west in planted with pine stands. Nevertheless, pteridophy-
tes of ancient woodland: Dryopteris carthusiana, D. dilata-
ta, and D. filix-mas, flourish here (Table 1, Appendix).

There is a tendency to increase in the total number of
species in the relevés, including trees, shrubs and ground-
layer plants (herbaceous and mosses), starting from the
planted pine forest, through recent to old oak-hornbeam fo-
rest stands (Fig. 3b). However, taking into consideration
only herb-layer plants, the highest, and statistically signifi-
cant (F=6.17,d.f. =2, p = 0.004, a posteriori LSD contra-
sts, STATISTICA software, StatSoft, Inc. 1984-1995), me-
an number of species per relevé, amounted to 15+2.7 SD,
was noted in recent oak-hornbeam forest. In planted with
pine and in old oak-hornbeam forests the mean amounted
to 12.7£2.7 and 11.643.6, respectively, and was not stati-
stically significant (p>0.05). The highest number of herba-
ceous species in recent oak-hornbeam forest was in part
due to constant presence here of the Artemisietea class spe-
cies, as e.g. Chaerophyllum temulum, Geranium robertia-
num, and Myosoton aquaticum (Fig. 3b).

DISCUSSION

Generally, in the lowlands of Poland the oak-hornbeam
Tilio-Carpinetum woodland (Carpinion) is a climatic-de-
pended forest climax community. In its site after clear-cut
or on abandoned arable land a community with silver birch
Betula pendula has been regenerated at first. Silver birch
attains the highest percentage cover in the secondary oak-
hornbeam forest (Appendix) and may be often found in
other regions of Poland including the lowlands, highlands
and the Carpathian foothills (Jakubowska-Gabara 1992;
Herezniak 1993; Stachurska 1998). It undergoes further
succession to the climax oak-hornbeam forest.

The ancient and recent woodland of the lowlands in cen-
tral Poland follow he general picture emerged from the
ecological studies carried out in other region of Poland and
in western Europe (Peterken and Game 1984; Dzwonko
and Loster 1989; Graae and Heskjér 1997; Honnay et al.
1998; Hermy et al. 1999). Ancient woods are generally ri-
cher in plant species (Fig. 3b). However, taking into consi-
deration only herb-layer species, their floristic composition
is less differentiated in comparison to recent forests. This is
owing to the occurrence in the latter of non-woodland spe-
cies, mainly of meadow and ruderal sites (Dzwonko and
Loster 1988). In present studies the recent woods were cha-
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Fig. 3. Ordination of (a) relevés and species (c) found in old Tilio-Carpinetum woodland and recent forest stands with Betula pendula, Pinus sylvestris and
Quercus robur along the first two CA axes (some species skipped to clarify the picture, the list of species names in Appendix). Dominant tree species are
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racterised by the species of the Artemisietea class (Fig. 3d,

Appendix).

One of the most striking findings was the occurrence of
the ancient woodland indicators (Dzwonko and Loster
2001) in recent forest stands. They form a uniform group
taking into consideration their dispersal strategy. Most of

them are anemochores, and representatives of auotochores
and epizoochores occur scarcely. Anemochores are repre-
sented mainly by hovering Drypteris spp. which were much
frequent in recent forests, and D. dilatata was specific for
planted pine forest (Table 1, Appendix). We did not study
the ecological mechanism responsible for their constancy
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TABLE 1. Species constancy classes (I — 1-20%; 11 — 21-40%; 111 — 41-60%, IV — 61-80%; V — 81-100%) of ancient forest indicators in ancient and recent

forests in the Boliméw Landscape Park, central Poland.

Planted Recent Ancient Life form Dispersal L Type Syntaxon
Pinus forest  T.-C. forest T.C. forest of strategy
Planted Pinus forest
Frequent
Dryopteris carthusiana \Y 11 11 H Anl 5 SC/CSR -
Oxalis acetosella \' v v G,H Au 1 S/CSR -
Milium effusum v v 1 H An2 4 S/CSR F
Dryopteris filix-mas v v I H Anl 3 SC F
Specific
Dryopteris dilatata 11T - - H Anl 4 SC/CSR V-P
Recent Tilio-Carpinetum
Frequent
Brachypodium sylvaticum 1T v 1T H Ep 3 S/SC Q-F
Epipactis helleborine - v 11 G Anl 3 S F
Poa nemoralis 11 v 11 H An2 5 S/CSR Q-F
Epilobium montanum 1 1T I H An2 4 CSR F
Old Tilio-Carpinetum
Frequent
Stellaria holostea 1 1 \ C B 5 CSR F
Anemone nemorosa 1 1 \% G M 3(2) S/SR F
Viola riviniana 1 1 v H M 5 S -
Ajuga reptans 1 it \ H M 6 CSR -
Scrophularia nodosa 1 1T v H Anl 4 CR F
Mycelis muralis 1I 1 v H An2 4 S/CSR -
Convallaria majalis 1 - I G En 5 ? -
Polygonatum odoratum 1 - I G En 7 ? -
Majanthemum bifolium 1T 11 \Y G En 3 ? -
Galeobdolon luteum - 1 \ C M 3 S/SC F
Viola reichenbachiana - 1 v H M 4 ? F
Adoxa moschatellina - 1 I G En 5 ? F
Specific
Polgonatum multiflorum - - v G En 2 ? F
Melica nutans - - v G/H M 4 ? Q-F
Galium schultesii - - v G An2 5 ? F
Carex digitata - - I H M 3 ? Q-F
Aegopdium podagraria - - 1 H B 5 CR/CSR Q-F
Hepatica nobilis - - 11 H M 4 ? Q-F
Dactylis polygama - - 1T H An2 5 ? F
Asarum europaeum - - 11 H M 3 ? F
Lathytrus vernus - - 11 G Au 4 ? F
Melampyrum nemorosum - - 1T T M 3/4(2) ? F
Melittis melissophyllum - - 1 H B ? Qp
Hedera helix - - I Ch En 4 SC -

Ancient forest indicator and life form according to Dzwonko and Loster 2001.

Life form: Ch — wooden chamephyte; C — herbaceous chamephyte; H — hemikryptophyte; G — geophyte.
Dispersal: Anl — hovering anemochore; An2 — light or heavy anemochore; Au — autochore; C — barochore; En — endozoochore; M — myrmecochore. L —

light indicator value according to Ellenberg (1992) or (Z) Zarzycki et. al. 2004.

Type of strategy (according to Grime 1979): SC — stress tolerant — competitive; CR — competitive — ruderal; SR — stress tolerant-ruderal; S — stress tole-
rant; CSR — intermediate. Syntaxonomy: F — Fagetalia; V-P — Vaccinio-Piceetea; Q-F — Querco-Fagetea; Qp — Quercetalia pubescentis (Matuszkiewicz

2001).

in recent forests, but it seems reasonable to postulate their
efficient colonisation due to long-distance diaspore trans-
port or in situ persistence ability. Similarly, Dzwonko and
Loster (1992) identified D. carthusiana in the secondary
woodland near Krakéw in the Carpathian Foothills. Also,
Falkengren-Grerup and Tyler (1991) found increased mean
number of fern species under far-reaching thinning in be-
ech forest in southern Sweden, but D. carthusiana they
classified to the group without distinct changes. On the
other hand, the results by Hermy et al. (1993), and by Hon-

nay et al. (1998) show that D. carthusiana is an indicator of
ancient woodland in Belgium. The more frequent occurren-
ce of a hovering anemochore, Epipactis helleborine in re-
cent, than in old stands of the oak-hornbeam forest, is also
worth of mention. This orchid is an interesting example of
a spreading species on some post-industrial sites in Poland
(Cohn et al. 2001).

Grass species: Brachypodium sylvaticum, Milium effu-
sum and Poa nemoralis, generally being considered as indi-
cators of ancient woodland (Dzwonko and Loster 2001), in
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Poland (present study and Stachurska 1998) and in sou-
thern Sweden (Falkengren-Grerup and Tyler 1991) are to
be found in a great frequency in recent forests. In southern
Poland M. effusum grows most often on fresh and moist so-
ils, with their pH ranging from (3.5) 4.0 to 6.0 (7.0). Its
abundance is linearly related to the percentage of nitrogen
is mineral-humus soil layer; also it flourishes in thinned
stands with canopy cover less then 65%, in comparison to
canopy cover 80-95% (Towpasz and Kotanska 1983).
Grass species believed as indicators of ancient woodland,
recorded in this study more frequently in recent woods, be-
long to the group of S/SC — S/CSR ecological strategy
(stress tolerant/stress tolerant-competitors-stress tole-
rant/intermediate) according to Grime’s classification (see
Dzwonko and Loster 2001). Other grass species, indicators
of ancient woodland Dactylis polygama and Melica nutans,
occurred exclusively in ancient oak-hornbeam forest. There
is not known their ecological strategy according to Gri-
me’s classification. D. polygama is an anemochore, and M.
nutans is a myrmecochore species.

Some typical forest species, especially the indicators of an-
cient woodland, have low colonisation rate hampered by di-
spersal and recruitment constraints. Of importance is also the
time-spatial isolation (Verheyen and Hermy 2001). The pre-
sence of forest species in isolated wood complexes depends
on their area, age and contacts with other wood fragments
(Jacquemyn et al. 2003). The restoration of the complete flo-
ristic composition of the herb-layer in recent woods is a long-
term process, might have taken hundred years, even in the ca-
se of the domination of a hardwood species and spatial con-
tact with other ancient woodlands (Bossuyt and Hermy 2000;
Dzwonko 2001b; Dzwonko and Loster 2001).

In short, in recent Quercus-Betula stands two types of in-
dicator species of ancient woodland occur: hovering ane-
mochores (mainly ferns and one orchid species) and stress
tolerant — mainly grasses. Their occurrence here may be
explained by their life strategies enabling them to colonise
recent woods or they may persist in situ. There is no clear,
based on the historical material at hand, whether it is a re-
sult of their continuity or long-distance dispersal. It is like-
ly that they might persist in non-woodland communities
(Wulf 2004). To a list of species have persisted on former
arable fields, and then afforested with Quercus robur and
Pinus sylvestris, the author includes both grass and fern
species of interest. The occurrence of Epipactis helleborine
in recent woods is probably more attributable to its coloni-
sation than to persistence ability. Also, in the case of pteri-
dophytes short-distance colonisation from unrecognised fo-
rest remnant patches or long-distance dispersal seems the
most relevant.

Dzwonko (2001a) showed that the most adverse impact
on the vegetation, litter and soil of broad-leaved forest ha-
ve coniferous trees. The results of the present paper con-
firm it completely. In forest stands with the domination of
Pinus sylvestris, the smallest mean number of species per
releve was recorded, and those inhabiting them had mode-
rate-low (with some exceptions as e.g. Sorbus aucuparia,
Amelanchier spicata, Dryopteris dilatata and acidophilous
mosses) constancy values (Appendix). It means that the
stands with Pinus were the most unstable in their species
composition.

Summing up, the total number of species in ancient wo-
ods in the landscape park Boliméw Park Krajobrazowy is
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differentiated and generally greater than in the respective
recent woodland. It is a result of the complex structure of
the ancient woods. On the other hand, the number of herb-
layer species is the highest in recent oak-hornbeam forest
due to constant presence of the Artemisitea class species.
In recent woods a smaller number of species occur, in this
indicators of ancient woodland. The recent woods with
planted pine differed in species composition from the an-
cient, broad-leaved woods on the respective site. Ancient
woodland has a specific group of herb-layer species with
low persitence/colonistation potential (Fig. 3c, Appendix).
It seems that their re-establishment in recent forest stands
is hardly to accomplish. Their preservation in a cultural
landscape relies mainly on the uninterrupted continuity of
forest patches in the ecological time-scale.
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APPENDIX

Species composition and cover values (1-9) of relevés in forest stands of the Boliméw Landscape Park.
Syntaxonomy following Matuszkiewicz (2001) and ancient forest species following Dzwonko and Loster (2001).
Species abbreviations used in Figure 3c.

Taxon /I;s:t::;ré izzroel; Planted pine forest

Tree-layer -

Pinus sylvestris al - Pins_al s 7¢8& 717 7 7 77 717 7 7 7 7 717 7 77 7 7 7 7717
Quercus robur al — Queral 5

Quercus robur a2 - Quera2 5 5 3 8 5 3 8 7 5 5 3 7 5 5 8 8 8 5
Carpinus betulus a2 - Car b2 8 8 5 8 5 5 7 5 5 3
Tilia cordata a2 - Til c a2

Sorbus aucuparia a2 - 1 3 3 2

Padus avium a2 - Pad av2 33 7 3 5 3 3.5 5 7
Betula pendula a2 - Bet pa2 5 3 3 3 3 3 3

Frangula alnus - 5 1 7 5 3 1 5 5 5 2 5 7 3 3 5 5 3 3 3 5 35
Shrub-layer

Amelanchier spicata - 5 5 5 3 5 3 5 5 2 3

Padus avium - 35 73 3 3 5 3 3 3 3 5 3 3 7
Rhamnus cathartica - 1

Sorbus aucuparia - 1 3 3 2 5 5 1 2 3 32 3 3 3 3 2
Tilia cordata - 3

Corylus avellana - 5 1 1 3 3 5 3
Herb-layer

Drypteris dilatata - Dry dil 2 3 3 5 3 3 5 1 2 2 3 2
Deschampsia flexuosa - Des fle 1 11 1 1 1 1 1

Amelanchier spicata - 2 1 3 2 1 2 11
Drypteris carthusiana AF Dry car 7 7 5 5 5 3 7 3 5 3 5 7 3 2 55 3 3 5 3 25
Dryopteris filix-mas AF/F Dry fil 2 3 1 3 2 7 2 1 2 5 5 3 1 1 7 2 3
Padus avium - 213 11 1 1 11 3 3 2 2 2 2
Oxalis acetosella AF Oxa ace 7 7 3 7 7 7 7 7 5 7 8 8 7 5 5 8 5 7 8 77
Frangula alnus 31 3 3 1 2 33 1 3 3 2 2 2 33 1 2 1 3 2
Milium effusum AF/F Mil eff 3 3 5 3 2 8 3 2 8§ 5 5 5 7 2 1 33 2 5 3
Rubus idaeus - 2 33 3 3 3 2 3 3 3 2 5 2 2 1 3
Brachypodium sylvaticum AF 32 5 2 3 2 2 1 2 3 3 3
Quercus robur - 1 1 1 1 1 1 1 1 1 1 1 1

Deschampsia caespitosa - 1 1 1 1 1 3 1 1 1 1 1 1 2
Sorbus aucuparia - 31 3 1 11 2 1 1 1 1 1 1 1 1 11 1
Epipactis helleborine AF/F Epi hel

Galeopsis bifida - 1 1 2 1 2 1

Epilobium montanum A Epi mon 1 2

Urtica dioica A 33 3 1 32 1 32 3 2
Impatiens parviflora A Imp par 8 7 5 5 7 5 7 3 7 7 7 3 3 7 7 7 5 717
Glechoma hederacea A Gle hed 2 2 5 3 1 1
Myosoton aquaticum A 1

Geum urbanum A Geu urb 2 2 2 2 1 1
Geranium robertianum A 3 3 3 3 3 3 2 2 3

Chaerophylllum temulum A Cha tem 1 1 3 2 2
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Taxon /I;)S:;:;(;ré I;ZEZ; Planted pine forest

Ranunculus repens M-A 1 1

Rubus caesius GU 5 7 3 3 1
Lapsana communis - 2 1

Fragaria vesca E 1 1 1 1 1
Corylus avellana - 3 1 1 1 1 1 3
Lysimachia nummularia M-A 2

Galium aparine A/GU 1 1

Rhamnus cathartica - 1

Majanthemum bifolium AF Maj bif 2 1 2 3 1 2 5 1

Mycelis muralis - 2 2 2 2 1 2 2 1

Veronica chamaedrys - 1 1

Scrophularia nodosa AF/F 1

Poa nemoralis AF/Q-F 1 1 5 5 1
Rubus saxatilis - 1 2

Convallaria majalis AF Con maj 2 2 2

Dactylis polygama AF/F Dacpol5 |5

Calamagrostis arundinacea B-A 1 1 2 2

Melittis melisophyllum AF/Qp Mel mel

Hedera helix AF

Viola riviniana AF Viol riv 2 2 2

Polygonatum odoratum AF 1

Malus sylvestris -

Adoxa moschatellina AF/F

Ajuga reptans - 1 2

Anemone nemorosa AF/Q-F Ane nem 2 2

Tilia cordata - 1

Stellaria holostea AF/F Ste hol

Galeobdolon luteum AF/F Gal lut

Viola reichenbachiana AF/F

Euvonymus europaea - 1 1 1

Corylus avellana -

Galium schultesii AF/F

Melica nutans AF/Q-F

Hepatica nobilis AF/Q-F Hep nob

Aegopodium podagraria AF/Q-F

Polygonatum multiflorum AF/F Pol mul

Asarum europaeum AF/F

Melampyrum nemorosum AF/F Mel nem

Carex digitata AF/Q-F

Lathyrus vernus AF/F Lath ver

Melampyrum sylvaticum V-P

Moss-layer

Polytrichum formosum - Pol for 1 1 1
Pseudoscleropodium purum - Pse pur 2 1 1 2 3 1 1
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Recent oak-hornbeam woodland Ancient oak-hornbeam woodland
2 3 1 1 2 1 1 1 1 2 3 11 2 2 2 1 1
5 5 35 5 3 3 5 5 3 5 7 7 17
1 2 2 2 2 2 3 2 2 3 2 1 1 1
3 1 31 1 1 141
2 31 1 2 3 3 1 1
35 2 3 5 5 2 3 357 1 1 2 3
5 5 3 5 5 5 3 1 5 1
11 1 1 2 1 1 1 1 11
1 32 2 1 2 5 3 553 3 5 3 1 5 5 5 3 3 2
3 2 2 1 3 3 2 3 2 2 2 55 1 3 3 2 3 3
1 3 2 2 2 5 3 2 2 3 3 1 1 1 1 2 1 1 5 2 1 1 1
12 1 2 1 2 2 1 11 1 12 1 1 1 2 2 1 1
5 2 5 5 2 3 3 3 5 3 3 55 7 2 35 5 2
5 2 2 5 1
5 5 5 5 5 3 5 5 2
32 2 7 3
2 3 35
11 1
1 3 3
1 3 3 1 3 1 1 3 2 3 1
31 1 1 1 1 3
1 1 1 1 1
1 55
5 2 3 31 3 3 1 3323 1 3 1 2 2 1 1 3 32 3
3 1 77 2 7 7 5 77 5 5 7 5 5 5
1 1 13 3 1 1 1 3 1 1 1 1 1 3
1 1 3 3 7 5 5 3 5 7 3 2 5 5 3 5
5 53 7 7 5 5 3 7 5 3 2 73 3
3 1 2 3 3 5 3 5 3 2 1 33
1 2 1 1 2 2 1 2 1 1 11 1
1 1 1 3 3 1
57 5 1 3 5 3 2 2 3 5 1
77 7 5 5 2 3 7 5 5 17
5 3 33 3
5 2 5 717 2 35
2 1 1 2 1 1 3 1 1 1
7 5 3 5 7
3.5 3 1
3 2 3 3 2 3.5 1 2
3.3 11 3
32 1
3

A — Artemisietea; AF — ancient forest indicator (see Table 1); E — Epilobietea angustifolii; F — Fagetalia; B-A — Betulo-Adenostyletea; GU — Galio-Urtice-
nea; M-A — Molinio-Arrenatheretea; Q-F — Querco-Fagetea; Qp — Quercetalia pubescentis; V-P — Vaccinio-Piceetea
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