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Abstract – Scots pine (Pinus sylvestris L.) pioneer woodlands have established spontaneously on former grasslands and heathlands on Mont-
Lozère (Cévennes National Park, France) since their abandonment in the 1950’s. Subsequently, late-successional beech (Fagus sylvatica L.)
has progressively invaded the ageing pine stands. We studied 44 plots according to a gradient of forest colonization and maturation, from
heathlands to mature beech stands. The objective was to assess the impact of forest colonization on the vegetation composition and richness of
legally-protected grasslands and heathlands. Dendrometric characteristics and demography were assessed on each 20 × 20 m plot. An extensive
ground vegetation analysis was carried out, focusing on plant functional traits that may be sensitive to canopy closure. Results indicated the
persistence of most heathland species under pure and young Scots pine stands, but quite high species turnover. Xerothermic and strictly shade-
intolerant species rapidly disappeared, whereas thermophilic forest species were apparent. In submature and mature pine stands, the
establishment of a beech understorey entailed considerable species turnover, and prevent pine regeneration. In pure beech stands, ruderal and
stress-tolerators were replaced by shade-tolerant and competitive species. Ellenberg’s scores for light, nutrients and water confirmed the
changes in vegetation composition and plant life traits, whereas the Shannon diversity index remained quite constant among pure and mixed
pine stands.

natural afforestation / Scots pine (Pinus sylvestris L.) / European beech (Fagus sylvatica L.) / Ellenberg indicator values / plant life traits

Résumé – Colonisation des landes de moyenne montagne par le pin sylvestre après abandon du pâturage : structure des peuplements,
impact sur la composition et la diversité de la végétation. Des peuplements pionniers de pin sylvestre (Pinus sylvestris L.) se sont installés
spontanément sur les landes et pelouses du Mont-Lozère (Parc National des Cévennes, France) après l’abandon de pâturage ovin vers 1950. Les
espèces de fin de succession comme le hêtre (Fagus sylvatica L.) se sont progressivement infiltrées dans les peuplements de pin vieillissants.
Nous avons étudié 44 placettes suivant un gradient de colonisation et de maturation forestière depuis les landes et pelouses jusqu’à la hêtraie
mature, afin d’étudier l’impact de la forêt sur la flore des landes et pelouses. Sur chaque placette de 20 × 20 m, nous avons effectué un inventaire
démographique et dendrométrique complet, et des relevés exhaustifs de la végétation. Les traits de vie des espèces susceptibles d’indiquer les
effets de la colonisation forestière ont ensuite été relevés. Les résultats indiquent une persistance de nombreuses espèces de milieux ouverts
sous les boisements naturels de pin, malgré des changements importants de composition. Les espèces xérothermiques et strictement héliophiles
disparaissent rapidement, alors qu’apparaissent des espèces des forêts thermophiles. Dans les boisements de pin plus matures, l’installation du
hêtre en sous-bois entraîne un important renouvellement des espèces et empêche la régénération naturelle du pin. Dans les hêtraies pures, les
espèces rudérales et stress-tolérantes sont remplacées par des espèces d’ombre et des espèces compétitives longévives. Les coefficients
d’Ellenberg pour la lumière, l’eau et les nutriments sont de bons indicateurs des changements de végétation, alors que l’indice de diversité de
Shannon reste assez constant dans tous les boisements naturels de pin.

boisement naturel / pin sylvestre (Pinus sylvestris L.) / hêtre (Fagus sylvatica L.) / coefficients d’Ellenberg / traits de vie des plantes

1. INTRODUCTION
Large areas of heathland and grassland throughout the

world have undergone shrub encroachment or invasion by pio-
neer woody species in the past few decades, following the
reduction or abandonment of traditional grazing practices [4,
44]. In particular, Pinus sylvestris has exhibited high invasive
ability in southeastern France, owing to high reproductive

rates [47], efficient short- and long-distance dispersal [14],
and high survival rates of propagules [15]. Moreover, it has
benefited from the existence of ‘regeneration windows’ [37,
44] following the abandonment of former agricultural and
grazing practices.

Such pine colonization or invasion of grasslands and heath-
lands possibly results in decreased plant diversity due to the
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extinction of resident species [26, 46], modification of the
light regime [12], soil acidification and change of humus form
and patterns of nutrient cycling [43].

In the Mont-Lozère area, the preservation of diversity of
species-rich heathlands and grasslands is now a priority for the
land managers of the Cévennes National Park. Nardus-domi-
nated grasslands and heathlands on acid, nutrient-depleted and
sandy soils occupy the central upper part of Mont-Lozère (150
km2). They are protected according to the “Natura 2000” Euro-
pean regulation owing to their spatial regression and regional
rarity, and to the presence of relict alpine species [8]. This
mosaic results from traditional extensive grazing, shrub-clear-
ing and burning practices, which have been almost completely
abandoned since the 1950’s [32]. Pioneer Pinus sylvestris
woodlands expanded spontaneously after land abandonment,
from pre-existing seed sources (i.e. isolated pine stands)
located at the vicinity of grasslands. Subsequently, late-suc-
cessional broadleaf species such as beech (Fagus sylvatica L.)
progressively infiltrated the ageing pine stands. Similar pat-
terns of forest succession have been described in France [48,
52] and other European countries [1, 17, 21, 57]. At present, a
potential conflict exists between nature conservation objec-
tives (i.e. maintaining the specific diversity and openness of
heathlands) and spontaneous forest dynamics (i.e. coloniza-
tion of open areas).

The aim of this study was to assess to what extent vegeta-
tion diversity and richness may change after tree establishment
and canopy closure. We selected 44 plots in a small study area,
according to a stand maturation gradient from heathlands to
mature beech stands. Our approach was based on two succes-
sive steps: (i) an exhaustive demographic and dendrometric
analysis of forest stands in order to characterize the coloniza-
tion process and determine successional stages; (ii) the assess-
ment of biological and functional traits of individuals (= spe-
cies) and species groups (= functional groups) [34] such as
their dispersal mode and adaptive strategies [22, 23]. Analysis
of the functional traits of vegetation species was proven effi-
cient for describing changes in plant communities in response
to disturbance [34]. This approach was completed by the use
of Ellenberg scores [18] that allow relating vegetation compo-
sition with light-, water- and nutrient regimes [17, 49]. 

2. MATERIALS AND METHODS

2.1. Study sites

The study area (2.5 × 1 km) is located on Mont-Lozère in the
southeastern French Massif Central (44° 5’ N, 3° 8’ E). It is com-
posed of north-facing slopes (1200–1300 m) surrounding a gently
sloping plateau (1300–1450 m). Soils are strongly nutrient-depleted
acidic brown soils and gently podzolized soils on a granitic basement.
This area was chosen as representative of the forest colonization
process on formerly grazed heathlands. The upper plateau is a mosaic
of heathlands dominated by Festuca rubra, Calluna vulgaris, Vaccin-
ium myrtillus, Deschampsia flexuosa and Genista purgans [8], and
Nardus-dominated grasslands (Nardetea strictae Rivas Goday &
Borja Carbonell 61) (see Appendix). These communities (indicated
below as ‘heathlands’) partly result from grazing practices, and natu-
rally evolve towards acidic beech forests [8, 32]. They exhibit low
grazing values, but are locally protected because of their spatial

regression, and the presence of certain relict alpine species such as
Leontodon pyrenaici subsp. helveticus and Potentilla aurea. The
heathlands are surrounded by pine woodlands and mature beech
stands. Mixed pine-beech stands have established spontaneously with
the contact between the two species.

Heathlands were grazed by sheep and then cows till the 1950’s,
after which grazing decreased considerably along with the decline of
the traditional agropastoral system, thus favoring spontaneous forest
colonization. Extensive and sporadic cattle grazing existed in the
upper part of the plateau throughout the past decade. A diachronic
analysis of aerial photographs (1947 to 1999 at an approximate
8-years step) allowed formulating a pattern of forest colonization
(Fig. 1). During an initial colonization step (1947–1963) after grazing
ceased, pine spread from small and isolated stands located in the
vicinity of a hamlet that traditionally provided wood and shelter for
cattle. This initial spread was very rapid since the pioneer pine front
extended to most parts of the plateau. During a second step, the wood-
lands tended to get denser after which gaps developed in the ageing
pine stands (1980’s), thus allowing the progressive establishment of
beech (Fagus sylvatica L.) under the pine canopy. Beech was proba-
bly disseminated from neighboring mature beech stands by jays and
small rodents [38].

2.2. Sample plan

The sample plan aimed at selecting plots according to the widest
colonization gradient from open heathlands to mature beech stands.
The analysis of aerial photographs and a dendrometric survey
resulted in six contrasting physiognomic and dendrometric categories
corresponding to the main successional stages (Tab. I): (1) grasslands
and heathlands without tree colonization; (2) heathlands in the proc-
ess of being colonized, characterized by the patchy structure of the
initial resident vegetation and scattered pines; (3) dense and young
Scots pine stands, characterized by almost complete canopy closure;
(4) submature Scots pine stands with recent beech installation, i.e.
young (< 15 yrs.) and scattered beech saplings; (5) mature Scots pine
stands with old beech individuals (15–40 yrs.); (6) mature and pure
beech forest. Forest stands were unmanaged, i.e. they experienced no
silvicultural practices such as thinning or clearing.

In all 44 plots were studied with a minimum of 6 replicates per cat-
egory (Tab. I). Sampling was done along parallel transects with the
help of a GPS device: the 20 × 20 m plots were established approxi-
mately every–200 m from open heathlands to beech stands. Parallel
transects allowed replicating plots with similar site conditions and
physiognomy.

2.3. Field data collection

We assessed site variables on each 20 × 20 m plot: elevation,
slope and soil type. An exhaustive survey of vascular species was car-
ried out in the spring and summer of 2001, using the Braun-Blanquet
[7] abundance-dominance scale (see Appendix). In addition, the
cover of all vegetation layers (i.e. overstorey, shrubs, herbaceous
vegetation, mosses and soil litter) was estimated visually. 

Stand description included an exhaustive demographic inventory
of all seedlings (> 2 yr.), saplings and adult individuals of tree species
(Pinus sylvestris, Fagus sylvatica and companion species such as Bet-
ula pendula). Each living ligneous species was measured: basal cir-
cumference, diameter at stem base, total height, and crown width in
two perpendicular directions. The age of young saplings was assessed
by counting whorls (Scots pine) or growth units (beech), and the age
of larger trees was estimated by ring-counting on cores taken at the
stem base.   
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2.4. Computation of vegetation indices

Several vegetation indices were computed (Tab. II). Firstly, we
computed the Shannon-Weaver [50] index based on a numerically-
transformed Braun-Blanquet scale [55]; secondly, we assessed the
Sørensen similarity index using pooled species for each group; and
thirdly, we calculated the original richness index, which corresponds
to the number of species that are present in a specific stage, and absent
from any other stage [56].

Plant functional indices and life traits that were likely to modify
the abundance of species along the succession or in response to dis-
turbance (i.e. grazing or forest colonization) were assessed (Tab. II).
The database comprised the main biological and auto-ecological

traits such as life form [33, 45], dispersal mode [33], biogeographic
origin [18], grazing value [13], and adaptive strategy according to
Grime’s CSR-classification [22, 23]. Endemic species were listed
according to Braun-Blanquet [8] and the personal knowledge of a
member of the team. The Ellenberg indicator values [18, 33] for light,
moisture, nitrogen, acidity, nutrient availability, temperature and
continentality were also calculated on the basis of the absence or the
presence of species. The Ellenberg classification proved to be adapted
to most European ecosystems [49] and in particular to French ecosys-
tems [28]. Data on functional and life traits were available for about
84% of species (excluding mosses) whereas the Grime’s CSR strat-
egy was only available for about 65% of species. Since the rate of
available data was quite similar amongst successional stages, species
whose data were unknown were omitted from analysis.

Figure 1. Aerial photographs of the study area in 1947, 1963 and 1999. White squares indicate the approximate location of the 44 sample plots.

Table I. Main stand characteristics of the six physiognomic and dendrometric categories. Values are means ± standard errors. 

Physiognomic and dendrometric 
categories

Open grasslands-
heathlands

Young pine 
clusters

Dense and young 
pine stands

Submature 
pine-beech stands

Mature 
pine-beech stands

Mature beech 
stands

Number of plots 7 9 7 6 8 7

Pine age (mean ± SE) 10 ± 2 10 ± 3 39 ± 3 46 ± 5

Beech age (mean ± SE) 7 ± 1 13 ± 5 150*

Pine stand density (n·ha–1) ± SE 425 ± 178 3500 ± 1800 575 ± 102 469 ± 213

Beech stand density (n·ha–1) ± SE 750 ± 318 2050 ± 720 Not measured

Pine basal area (m2·ha–1) 1.7 2.5 28.5 28.4

Beech basal area (m2·ha–1) 0.8 3.2 Not measured

Cover by high ligneous (> 1 m), % 2 ± 1 2 ± 1 44 ± 11 25 ± 10 34 ± 11 94 ± 1

Cover by small ligneous (< 1 m), % 0 6 ± 2 5 ± 2 3 ± 1 5 ± 3 1 ± 0.5

Cover by herbaceous layer, % 95 ± 1 71 ± 10 78 ± 11 85 ± 9 86 ± 5 3 ± 1

Cover by the holorganic humus layer 5 ± 4 1 ± 0.5 4 ± 4 8 ± 3 43 ± 19 93 ± 3

*  The age of beech stands was estimated according to cadastral data.
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2.5. Statistical analysis

Comparison of species richness and diversity, and functional and
life traits amongst successional stages was carried out using a one-way
Analysis of variance procedure (ANOVA) on values for each survey.
Pairwise mean comparisons were performed by using Fisher’s Least-
Square-Difference (LSD) test with a 95% confidence interval. Mean
values and standard errors were computed for each stage. The species’
turnover according to successional stages was performed by the com-
parison of synoptic tables grouping all the species present at a specific
stage with a synoptic table grouping the species present in initial heath-
lands without pine colonization (= reference).

3. RESULTS

3.1. Forest stand dynamics and demography

Demographic data (Fig. 2) can help to reconstruct past pine
colonization and its progressive replacement by beech. Young
and dense pine stands correspond to the first step of the colo-
nization process, such as clusters located close to the present
colonization front. They exhibit a low stand density (425 trees
per ha) and a reverse-J shaped distribution of age classes
(Fig. 2A). Scattered older pines (30–45 yrs.) that probably
correspond to maternal trees are accompanied by a higher
number of young pine saplings. The second step of coloniza-
tion corresponds to dense pure pine stands of maximal density
(3500 trees per ha) in relation to the increase of reproductive
trees (Fig. 2B). The third step corresponds to submature pine
stands of decreasing density in relation to intraspecific compe-

tition, and to the subsequent establishment of beech in the
understory: beech has infiltrated over the last 25 yrs. with a
recent peak (5–10 yrs.). In parallel, pine seedlings and young
saplings (< 20 yrs.) are almost completely absent (Fig. 2C),
whereas they were present in younger pure pine stands.
Regarding the last step, density remains low but the stands are
ageing. Pine regeneration is still almost absent, whereas beech
seedlings and saplings establish continuously in the under-
story (Fig. 2D).

Since some isolated pines existed in the heathlands before
grazing practices ceased, we estimated the approximate age of
abandonment as the age of the most abundant pine age class in
mature stands. Taking into account this method, the coloniza-
tion process would have begun around 1950 at the period of
the main abandonment. The establishment of beech under the
pine canopy began between 1965 and 1980, with a recent peak
5 to 10 yrs. ago.

3.2. Floristic composition vs. stand development

The initial heathlands were mainly composed of species
belonging to Nardetalia-Nardion and Violion caninae associ-
ations (Tab. III), which decreased considerably with forest
colonization. At the same time, indifferent species and species
belonging to forest associations (Querceti-robori, Fagetea)
and Molinio-Arrhenatheretea clearly increased. Mid-Euro-
pean species are predominant throughout stand maturation.
Mountainous, Endemic and Mediterranean (especially high

Table II. Computed vegetation indices and vegetation life traits: reference and assessment method.

Computed vegetation indices Reference Assessment method

Transformation of Braun-Blanquet abundance-
dominance scale [7] in numeric values

  [7, 55] Abundance-dominance coefficients (AD) are transformed in numeric values correspon-
ding to the mid-class: AD+: 0.1%; AD1: 5%; AD2: 17.5%; AD3: 37.5%; AD4: 62.5%;
AD5: 87.5%

Shannon-Weaver diversity index (H) [50] H =   pi log2 pi with: S = number of species; ai = recovery for the i species;

pi = 

Sørensen similarity index [29] SIAB = 

with: a = number of species specific to A; b = number of species specific to B; c = num-
ber of species common to A and B. A and B are two different stages

Original richness index [56] The original richness index is the number of species that are present in a specific stage,
and absent from any other stage

Plant functional and life traits

Life form [22, 33, 45] Phanerophytes, nanophanerophytes, chamaephytes, hemi-cryptophytes, geophytes,
therophytes

Dispersal mode [33] Autochory, barochory, anemochory, hydrochory, zoochory, anthropochory

Biogeographic origin [18] Atlantic, cosmopolitan, Mid-European, circumboreal, Mediterranean, endemic, moun-
tainous

Grazing value [13] Index taking into account the palatability and consumption of each species, and its abun-
dance. Thorny, scented and/or toxic species (= unpalatable) were set apart and noted

CSR-adaptive strategy [22] Competitive (C), stress-tolerant (S), ruderals (R), and intermediate strategies (C-S, S-C,
S-R and C-S-R)

Phytosociological association [33] Nardetalia- Nardion, Violion caninae, Molinio-Arrhenatheretea, Querceti-robori + Fagetea,
indifferent, anthropo-zoogeneous

i 1=

S∑–

ai

       ai
i 1=

S∑
-------------------------

2c
a b 2c+ +( )

-----------------------------
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elevation-Mediterranean [8]) species such as Nardus stricta
were relatively frequent in heathlands. They decreased quite
regularly with tree colonization and stand maturation, whereas
Cosmopolitan species increased. The other species exhibited
no clear pattern of variation.

The Sørensen index (Tab. IV) indicates high similarity
between the vegetation of open heathlands and that of early
colonization stages (i.e. pure pine stands). Conversely, only
about one-third of species from the initial heathlands persists
in mixed stands. The vegetation of mature mixed stands is
very similar to that of pure beech stands, and highly differen-
tiated from that of heathlands. Beech stands exhibit specific
and impoverished ground vegetation. The balance between
species that have appeared and disappeared changed along the
colonization gradient (Fig. 3): gain and loss are balanced at
earlier stages of forest colonization, while gain was higher at
intermediate stages, and loss dominates in pure beech stands.

Regarding the vegetation of initial heathlands, the establish-
ment of pure pine stands corresponded to: (i) a statistically sig-
nificant decrease of strictly shade-intolerant species of heath-
lands, such as Nardus stricta and Agrostis capillaris (see
Appendix); (ii) an increase of herbaceous species of ther-
mophilic forests such as Viola canina and Campanula rotun-
difolia; and (iii) the arrival of pioneer and shade-intolerant
chamaephytes and shrubs, such as Sorbus aucuparia, Genista
spp. and Vaccinium spp. The establishment of beech in the pine
understory corresponds to the increase of shade mid-tolerant or
tolerant species typical of mixed broadleaf-pine forests, such
as Conopodium majus and Deschampsia flexuosa. Species typ-

ical of beech forests appear within the mature mixed stands, and
logically dominate in pure beech stands (e.g. Prenanthes pur-
purea, Maïanthemum bifolium, Viola riviniana).

3.3. Floristic richness and diversity vs. stand evolution

A total of 192 species were recorded in the 44 plots. Vascular
species (i.e. 159 herbaceous and 20 mosses) represented about
4.5% of the French flora [11]. The total number of species
(including mosses, ligneous and herbaceous species) was max-
imal at intermediate stages but differences between stages were
not statistically significant (Fig. 4A). At the same time, the
number of ligneous species and mosses increased irregularly
with stand maturation (data not shown). Pure beech stands
clearly had a lower richness than all the other stages. The
Shannon-Weaver diversity index exhibited similar variation
along succession (Fig. 4B). The original richness of vascular
species and mosses (i.e. the number of species that are present
at only one stage) was clearly minimal at the beginning of the
colonization process and in pure beech stands, and maximal in
mature mixed stands (Fig. 4A). It is noteworthy that 20 species
occurred at all stages (even with variable abundance) except
beech stands, and 12 species were present in the 44 plots.

Both the Shannon-Weaver index and total species richness
correlated inversely with canopy cover (i.e. the percentage of
covering by the overstorey): adjusted R2 was 51% and 41%,
respectively. They were quite constant until a covering of
about 75%, then decreased brutally and linearly (data not
shown). The cover of the herbaceous layer was inversely and

Figure 2. Demographic analysis of Pinus sylvestris (grey bars) and Fagus sylvatica (black bars) saplings and adults along the forest
colonization gradient. The number of individuals is assessed on a 20 × 20 m plot. The bars represent the average value for each stage, and the
vertical line is the standard error. The complete characteristics of the different stages are given in Table I.
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linearly correlated to canopy cover (R2 = 0.89). Conversely,
the closure by understory species had no impact on species
richness and diversity.        

3.4. Functional groups vs. forest colonization and stand 
maturation

Hemicryptophytes species were predominant throughout
the stages, and increased slightly through the colonization

process (Tab. III). Chamaephytes are especially abundant in
the first stage of colonization, then decreased. The proportion
of phanerophytes logically increases with stand maturation,
whereas geophytes and therophytes decrease. Most plants are
animal-dispersed. They are especially abundant at intermedi-
ate stages and less abundant in open heathlands and mature
stands. Two main types of zoochory are maximal in wood-
lands: ingestion and adhesion on animals. Autochory is also

Table III. Main species’ life traits and attributes according to the physiognomic stages. (1) Open grasslands and heathlands without tree
colonization; (2) Grasslands in the process of being colonized (scattered pines); (3) Dense and young Scots pine stands; (4) Submature Scots
pine stands with recent beech installation; (5) Mature Scots pine stands with old beech individuals; (6) Mature and pure beech forest. Values
are percentages except for the grazing value. A same italic letter in a row indicates non-statistically difference (LSD procedure, P < 0.05).

Life traits and attibutes 1 2 3 4 5 6

Biogeographic origin

Atlantic 3.0 b 3.0 b 2.9 b 4.0 b 3.6 b 0.0 a
Cosmopolitan 12.1 a 12.1 a 17.6 b 24.0 bc 21.8 b 26.7 c
Mid-European 54.5 b 57.6 b 55.9 b 50.0 a 52.7 a 53.3 a
Circum-boreal 0.0 a 3.0 b 0.0 a 4.0 b 3.6 b 0.0 a
Mediterranean 18.2 b 12.1 a 14.7 ab 14.0 ab 12.7 a 20.0 b
Endemic 6.1 b 3.0 ab 2.9 ab 2.0 ab 3.6 ab 0.0 a
Mountainous 6.1 b 9.1 c 5.9 b 2.0 ab  1.8 ab 0.0 a

Phytosociological association

Anthropo-zoogeneous 5.9 b 11.4 c 10.8 c 8.3 b 6.0 b 0.0 a
Nardetalia + Nardion 52.9 c 28.6 b 24.3 b 16.7 b 4.0 a 5.3 a
Violion caninae 11.8 c 11.4 c 10.8 c 5.6 b 6.0 b 0.0 a
Molinio-Arrhenatheretea 0.0 a 5.7 a 8.1 b 11.1 b 24.0 c 26.3 c
Querceti-robori + Fagetea 5.9 a 5.7 a 5.4 a 13.9 b 20.0 c 21.1 c
Indifferent 23.5 a 37.1 b 40.5 b 44.4 b 40.0 b 47.4 b

Dispersal mode

Autochory 35.5 b 17.6 a 21.1 ab 21.4 ab 21.1 ab 17.9 b
Barochory 0.6 a 1.5 a 1.4 a 1.0 a 1.5 a 5.1 b
Anemochory 23.1 a 29.4 a 29.6 a 25.2 a 27.1 a 35.9 b
Hydrochory 8.9 c 5.9 ab 4.2 ab 7.8 c 3.8 ab 2.6 a
Zoochory 30.2 a 44.1 b 40.8 b 40.8 b 40.6 b 35.9 a
Anthropochory 1.8 a 1.5 a 2.8 ab 3.9 ab 6.0 b 2.6 a

Life form

Phanerophytes 0.5 a 9.5 b 6.7 b 10.0 b 11.3 c 7.1 b
Nanophanerophytes 0.0 a 7.1 b 2.2 a 6.0 b 7.5 b 7.1 b
Chamaephytes 30.9 c 14.3 a 26.7 b 24.0 b 18.9 ab 10.7 a
Hemicryptophytes 54.1 b 50.0 a 57.8 c 58.0 c 58.5 c 60.7 c
Geophytes 10.3 d 11.9 d 4.4 b 0.0 a 1.9 a 7.1 c
Therophytes 4.1 b 7.1 c 2.2 a 2.0 a 1.9 a 7.1 c

Grime’s adaptive strategy

C 5.6 b 0.0 a 5.2 b 4.8 b 5.8 b 7.5 c
CR 7.9 c 0.5 a 7.8 c 3.9 b 5.8 bc 15.1 d
CSR 40.7 c 26.5 b 39.6 c 44.4 c 40.2 c 20.8 a
S 25.5 a 37.9 b 22.6 a 22.7 a 23.7 a 20.8 a
SR 6.5 b 10.4 c 7.0 b 4.3 a 4.0 a 3.8 a
SC 11.1 a 19.0 b 13.5 a 15.9 b 17.9 b 30.2 c
R 2.8 b 5.7 d 4.3 c 3.9 c 2.7 b 1.9 a

Grazing value 29.3 c 26.0 c 30.6 c 23.8 bc 18.3 b 5.1 a

Toxic + thorny species 8.6 b 15.8 c 16.7 c 10.9 b 10.9 b 5.3 a
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important, especially when involving the ejection of prop-
agules out of capsules in non-colonized heathlands (data not
shown). Conversely, wind dispersal was maximal in early- and
late-successional woody stages. Barochory is only important
in mature beech stands.

The grazing value (Tab. III) is maximal in the early stages
of colonization, although young pine stands exhibit a high
amount of toxic and thorny species such as Juniperus commu-
nis and Ranunculus nemorosus. During the second step, the
grazing value clearly decreased with beech establishment and
stand maturation. Plant adaptive strategy varies with forest
colonization (Tabl. III). CSR-strategists are predominant,
except during early colonization by pine. Stress-competitive
species (SC) clearly increase with the stand maturation gradi-
ent while stress-tolerators (S) decrease (e.g. Nardus stricta).
Competitive-strategists (C) increase with tree colonization
and canopy closure, whereas ruderals (R) and stress-ruderals
(SR) decrease. Early colonization by pine is likely to differ
from the other stages, since it exhibits maximal values for S,
SC, SR and R species and a clear drop for C, CR and CSR species. 

3.5. Ellenberg values vs. stand evolution

The Ellenberg score for light decreases continuously
throughout forest colonization and maturation (Fig. 5). The
scores for nitrogen and humidity show a marked contrast
between the earlier stages (heathlands and pure pine stands)
and the maturest stands (mixed stands and beech stands). They

Table IV. Sørensen index of similarity between stages. (1) Open
grasslands and heathlands without tree colonization; (2) Grasslands
in the process of being colonized (scattered pines); (3) Dense and
young Scots pine stands; (4) Submature Scots pine stands with
recent beech installation; (5) Mature Scots pine stands with old
beech individuals; (6) Mature and pure beech forest.

Stages 1 2 3 4 5 6

1 – 0.78 0.76 0.58 0.50 0.28

2 – – 0.88 0.87 0.52 0.30

3 – – – 0.64 0.55 0.32

4 – – – – 0.74 0.37

5 – – – – – 0.44

6 – – – – – –

Figure 3. Specie’s turnover along forest colonization and maturation. The turnover values are computed as a ratio between the species’ pool
of a specific stage and the pool of initial heathlands (A) or any previous stage (B). In e.g. 1_2 indicates gain and loss of species between open
grasslands and heathlands without tree colonization, and grasslands in the process of being colonized (scattered pines). Physiognomic stages:
(1) Open grasslands and heathlands without tree colonization; (2) Grasslands in the process of being colonized (scattered pines); (3) Dense and
young Scots pine stands; (4) Submature Scots pine stands with recent beech installation; (5) Mature Scots pine stands with old beech
individuals; (6) Mature and pure beech forest.

Figure 4. Total species richness and original richness (A), and Shannon-Weaver diversity index (B) according to the six main physiognomic
stages. The original richness is the number of species present only at a specific stage, and absent from any other stage.
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are fairly constant in the earlier stages, then increase consider-
ably in mature stands. The scores for temperature and conti-
nentality show chaotic variations. The acidity score is maximal
in mixed stands, otherwise no statistically significant variation
is shown. Scores for light, humidity and nitrogen are strongly
correlated: humidity and nitrogen correlate positively, and
vary conversely to light (Fig. 6).

4. DISCUSSION

4.1. Stand dynamics

The colonization process by Scots pine and the subsequent
establishment of beech on Mont-Lozère are typical of single-
cohort stand dynamics [39] that occur in most pine invasions
and post-grazing secondary successions [1, 20, 57]. The tradi-
tional agropastoral system including grazing and shrub-clear-
ing was proven to be an effective means of controlling pine
invasion [3, 20], but grazing cessation allows pine invasion.
During the initiation stage, low-density pine stands colonized
the open heathlands owing to the pre-existence of local seed
sources (i.e. isolated pines and clusters) that were traditionally
planted or sowed as shelter for sheep [9]. They are clearly vis-
ible in aerial photographs in taken in 1947 and 1955, and in our
dendrometric data (specimens of about 65 yrs. in 2001). These
pines would have been sexually-mature at the age of about 15–
20 yrs. [15], i.e. around 1950. This corresponds to the approx-
imate date of the abandonment of sheep grazing estimated by
dendrometric data, diachronic analysis of aerial photographs,

and oral testimonies from private owners. Thus, the existence
of initial foci allowed pine expansion in an environment made
favorable by the cessation of grazing.

Secondly, pine stands presumably exhibited an intensive
densification stage similar to that visible at present in young
and dense pine stands, and in aerial photographs (1955–1963–
1977). Such rapid “infilling” dynamics forming complete
cover from initial foci implies synergistic effects: (i) a small
area with “aggressive landscape invaders” [47] such as wind-
dispersed species (e.g. pines); (ii) large and close seed sources
resulting in a high propagule pressure; (iii) favorable mast
years [20]; and (iv) a low resistance of background vegetation
at the beginning of pine colonization [9, 16, 27, 44]. After-
wards, dense and close pine woodlands were concerned by a
stem exclusion process owing to interspecific competition,
which explains the low density of present mature pine stands
[39, 42]. It is noteworthy that young pine stands exhibit a
recent re-initiation stage: i.e. a rapid installation of 5 to 10-yrs.
pine saplings in gaps. This could correspond to the recent
abandonment of cattle grazing (1990–95) that succeeded tra-
ditional sheep grazing, or to the increase of reproductive pines. 

In submature stands, the establishment of late-successional
beech under the pine canopy corresponds to an “understory
reinitiation” stage [39]. Higher beech densities are preferen-
tially located close to old beech thickets and mature beech
stands, since this species has a short-distance dispersal by jays
and small rodents [38]. The replacement of pine by beech is
very rapid: beech seedlings install about 35 to 50 yrs. after the
peak pine invasion in most mixed stands. Pine regeneration is

Figure 5. Ellenberg scores for light, humidity, nitrogen and acidity according to the six main stages. The central lozenge is the mean value, and
vertical bars are standard errors. Physiognomic stages: (1) Open grasslands and heathlands without tree colonization; (2) Grasslands in the
process of being colonized (scattered pines); (3) Dense and young Scots pine stands; (4) Submature Scots pine stands with recent beech
installation; (5) Mature Scots pine stands with old beech individuals; (6) Mature and pure beech forest.
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almost absent in submature and mature stands, most likely in
relation to a low light regime [20] and possibly to the depletive
effect of the beech humus layer [56], allelopathy and competi-
tion with understory vegetation [10].

A limitation of these findings results from using a syn-
chronic approach for studying forest succession. Reconstruc-
tion of succession using present stands remains delicate, since
biotic and abiotic parameters that play a key role in natural
afforestation may have changed [28]: i.e. date and mode of
grazing abandonment, number and geometry of seed sources,
resistance of ground vegetation to tree establishment, and cli-
matic conditions.

4.2. Changes in vegetation composition

Most grassland and heathland species persisted throughout
woodland establishment, and some exhibit constant abun-
dance. This finding is in agreement with most studies on post-
grazing succession [48, 52, 57], which indicate that heathland
species persist outside their typical habitat, even if they are
sometimes sterile [16]. Heathland communities are almost
completely preserved in the early stages of colonization by
Pinus sylvestris owing to multiple causes. First, short-duration
succession tends to limit species turnover since abiotic condi-
tions (e.g. soil quality) are not radically changed [24], as con-
firmed by the constancy of the Ellenberg scores. Second,
young and spatially-heterogeneous pine stands exhibit large
gaps that allow shade-intolerant heathland species to persist.

In e.g. strict heathland stress-tolerators are favored in patches
of bare soil without accumulation of soil litter [1]. Third, the
persistence of heathland endomycorrhizas, and delayed instal-
lation of forest exomycorrhizas could also explain the limited
changes in vegetation [51]. Fourth, the fragmented landscape
favors the installation of heathland species from contiguous
sources. However, typical subalpine and Mediterranean heath-
land species with low dispersal ability disappear in the early
stages of pine installation (e.g. Potentilla aurea, Festuca
arvernensis or Phyteuma hemisphaericum).

In contrast, submature- and mature mixed stands entail sig-
nificant changes in vegetation turnover and richness in com-
parison with initial heathlands. Their richness could result
from the persistence of heathland species, and the simultane-
ous installation of shade-tolerant and mesic forest species in
relation to canopy closure and the modification of site quality
(e.g. [24]). Improvement of site quality is confirmed by higher
soil mineralization and soil moisture regime (i.e. higher Ellen-
berg N and F values).

Mature beech stands correspond to major changes in site
conditions and vegetation composition, and to a sharp decrease
of species richness. Beech is likely to be a “monopolistic”
(sensu Tilman and Pacala [53]) or a “keystone” species (sensu
Mills et al. [35]) which strongly affects vegetation communities
while it prevents the regeneration of other tree species (i.e. pine).
Similar results were found following woody invasion by Pinus
[1, 2, 47], Rhododendron ferrugineum [19] or Alnus viridis [2].

Figure 6. Correlation between the Ellenberg scores for light (L), soil humidity (F), soil acidity (R) and nitrogen (N). Plots were grouped in four
categories: open heathlands and grasslands, pure pine stands, mixed (i.e. pine-beech) stands, and pure beech stands.
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Most studies on secondary successions have indicated a
rapid turnover of species in the initial stages of colonization fol-
lowed by a slowing down, which generally corresponds to the
replacement of ruderals by competitors, stress-tolerant compet-
itors and stress-tolerators [23]. In comparison, Mont-Lozère’s
heathlands exhibited high inertia, i.e. high persistence of spe-
cies along forest succession. This could result from a high resist-
ance of ground vegetation to the installation of forest species [5],
or from the isolation and fragmentation of forest habitats (e.g.
[21]) since typical forest species exhibit low migration rates [6]
in relation to low seed production and dispersal rates [25].

4.3. Interest and limits of richness and diversity indices

Open heathlands and pure pine woodlands exhibit similar
species richness and diversity in spite of some differences
existing between vegetation communities. The values are
higher than those reported in the French literature on post-graz-
ing succession in grasslands (e.g. [48, 56]): the Shannon-
Weaver diversity index is generally lower than 4, while the
species richness per survey is 20 to 25. This confirms that the
Mont-Lozère heathlands are species-rich and diverse in rela-
tion to Mediterranean and mountainous climatic influences [8].

The pattern of species richness along forest succession or
woody invasion is a controversial topic since results are often
contradictory (review in Levine & D’Antonio [31]). Our
results indicated higher richness in heterogeneous and transi-
tional woodlands, thus agreeing with numerous studies (e.g.
[24]) and fitting with the “disturbance hypothesis” [23]. Pos-
sible causes for coexistence of forest and heathland species are
stand patchiness [1], heterogeneity of site conditions [20], and
the absence of a humus layer that eliminates most heathland
species [40]. Conversely, the acidic beech forests of Mont-
Lozère are comparatively poor in relation to canopy closure
and their low light regime. Our results confirm that similarity
indices and functional traits are suitable for studying post-dis-
turbance successions [34] since they clearly indicate species
turnover, and the extinction of some specific (i.e. endemic)
species, whereas the diversity index indicates rather constant
richness along succession.

4.4. Forest colonization, functional changes 
and succession mechanisms

Heathlands included a large number of mountainous, sub-
alpine, circumboreal and endemic species belonging to Narde-
talia, Nardion and Violion. Some disappear through forest
succession to the benefit of cosmopolitan, Mediterranean, for-
est and indifferent species. These changes can be related to the
improvement of microclimatic conditions within woodlands
[2]. Most heathland species were wind- or animal-dispersed,
and these dispersal processes are logically less efficient after
the cessation of grazing [30] and the advent of forest obstruc-
tion. Maximal amounts of ligneous endozoochores at interme-
diate stages may be explained by the development of shrubs
and ligneous species supplying perching places, which attract
frugivorous birds [48]. Likewise, shrubs take part in the
increase of unpalatable species at intermediate stages (e.g.
[48]). Our findings on predominant vegetation life forms
through successional stages are in accordance with the litera-

ture [23, 44]: therophytes, geophytes and chamaephytes
decrease with succession while phanerophytes increase. 

Our study confirms that Ellenberg’s scores for light, humid-
ity and nitrogen are efficient for assessing the impact of forest
colonization on former heathlands [17, 49]. The light score
especially indicated the replacement of heathland light-
demanding species by shade-tolerant forest species. Accord-
ing to the Ellenberg’s scores, mature forest stands benefited
from high soil water and nutrient status, and favorable micro-
climatic conditions. These changes are coherent with the
replacement of stress-tolerators, superior colonists and unde-
manding species (sensu Grime [23]) by poorer colonists but
nutrient-demanding and competitive species. This finding is in
agreement with the “colonization - nutrient competition”
hypothesis proposed by Tilman [53], and with the hypothesis
of vegetation stabilization after disturbance [5]. Intermediate
stages exhibit high rates of opportunistic CSR-strategists (e.g.
r-type demographic strategy), which are progressively replaced
by stress-competitor and long-lived species [23]. To conclude,
our approach has two major limits: first, the inconsistency of
data for Grime’s strategy (e.g. missing data) tends to limit the
explanation and generalization of such results (see Hermy
et al. [25]). Second, determining whether changes in vegeta-
tion result from changes in abiotic conditions (humus layer,
light regime, soil moisture or mineralization) or the cessation
of grazing remains difficult.

4.5. Implications for management practices 
and diversity conservation

Increasing surfaces throughout the world are subject to
potential conflicts between the objectives of nature conserva-
tion (i.e. maintaining the specific diversity and openness of
heathlands) and spontaneous forest dynamics (i.e. coloniza-
tion/invasion) following the cessation of traditional agricul-
tural practices [36]. In Mont-Lozère, short-term colonization by
Scots pine does not entail drastic changes in the plant commu-
nity, contrasting with pine invasions in the Southern hemi-
sphere [46]. However, some rare and protected heathland species
disappear at the early stages of grazing abandonment and forest
colonization. Maintaining or restoring high vegetation diver-
sity and endemism in grasslands could be favored by controlled
grazing, shrub-clearing, and preservation of diversified land-
scape patterns permitting connectivity between seed sources [3,
36]. But forest dynamics could also be of interest. Pine and
mixed woodlands have a low timber value but they exhibit max-
imal species richness and diversity, and supply favorable hab-
itats for Black Grouse (Tetrao urogallus). Dynamic silvicul-
tural practices could maintain such natural woodlands as an
ecotone between heathlands and beech forest. Likewise, man-
aging spontaneous forest succession towards the restoration of
beech forest habitats (e.g. [41]) could also be of interest since
they have a high long-term ecological value [8].
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Appendix. Abundance of plant species as a function of the natural afforestation gradient. Coefficients after Braun-Blanquet 1935 [7].
Nomenclature follows Flora Europea (Tutin et al. 1980, cf. [54]). Infrequent species (occurrence < 3 in all the relevés) were omitted.

Open heathlands-
grasslands

Young isolated pine 
stands

Pure dense pine 
stands

Submature 
pine-beech 

stands

Submature pine-
beech stands

Pure beech stands

Relevés 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 1 2 3 4 5 6 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7

Ligneous > 2 m
Fagus sylvatica + 3 3 2 3 2 3 3 5 5 5 5 5 5 5
Pinus sylvestris + + 1 + + + 2 1 2 2 4 3 2 3 3 3 3 3 4 4 3 3 3 2

Ligneous < 2 m
Cytisus oromediterraneus + + +
Fagus sylvatica 1 + 2 2 2 1 2 2 1 + 1 1 1 1 + 1
Juniperus communis + + + + + + 1 1 + 1 + 1 + 1 + 1 1
Pinus sylvestris + + + 2 1 + + + + 1 1 + + 1 1 2 + + +

Herbaceous layer
Calluna vulgaris 2 4 1 1 5 2 2 2 4 4 4 4 4 2 4 3 3 4 3 4 5 4 1 + 1 1 1 1 + 1 +
Agrostis capillaris 1 1 1 1 1 1 1 1 + + + 1 1 + 1 + 1 1 1 1 + + + +
Juniperus communis + + 1 + + + + + + 1 1 1 1 + + 1 + 1 1 1 1 1 1 + 1 1 1
Vaccinium vitis-idaea 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Viola canina 1 1 + 1 1 + 1 1 1 + 1 1 1 1 1 1 2 1 2 2 1 1 1 1 + 1 + 1 1 1 1 1
Hieracium schmidtii 1 1 + 1 + + + 1 1 1 1 + 1 1 + + 1 + + 1 1 + 1 1 1 1 1
Lotus corniculatus 1 1 + 1 + 1 1 1 1 + + + 1 1 1 + + 1 1 1 + 1 1 + + 1 +
Luzula campestris agg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hypochaeris maculata + 1 + 1 + 1 + + + + + 1 + + + + + +
Nardus stricta 2 1 2 2 1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 + +
Pinus sylvestris + 1 1 1 1 1 1 1 + 1 1 1 1 1 1 1 1 1 + + + +
Rumex acetosa + + 1 + + + + + +
Thymus praecox 1 1 1 1 1 1 1 1 1 + 1 + + 1 1 1 1 1 1 1 1 1 + 1 1 1 1 1 +
Sorbus aucuparia + + 1 + 1 + 1 + 1 + + + + +
Leontodon pyrenaicus 1 1 1 + + 1 1 +
Campanula rotundifolia 1 1 + + 1 1 1 + + 1 1 1 1 1 2 + 1 2 1 2 2 + + 1 1 1 1 + 1
Festuca rubra agg 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1
Hieracium lachenalii + 1 + 1 + + + + + + + 1 1 1 +
Hieracium pilosella 1 1 1 1 1 1 1 1 1 + + 1 1 1 1 1 1 1 1 1 1 1 1 1 + 1 1
Epilobium angustifolium + + 1 + + + 1 + 1 1 1 1 1 1 1 1 1 1 + 1
Hypnum cupressiforme agg 1 1 1 + 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Galium verum + + 1 1 + 1 + 1 + +
Genista pilosa 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 1 2 + 1 1 1 + 1 + + 1
Cytisus oromediterraneus + 1 + + + + + + + + 1 1 +
Genista sagittalis + 1 + 1 + + + 1 1 1 + + + + 1 +
Cerastium arvense 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +
Cerastium fontanum + 1 1 + + + 1 + 1 1 1 1 1 1 1 1
Alchemilla transiens + 1 + 1 + 1 1 + + 1 1 + + 1 1 1 1 1 1 1 1
Achillea millefolium 1 + 1 1 + + +
Arnica montana 1 1 1 1 + 1 1 1 1 1 1 1 1 1 1 1 1 + 1 1 1 + 1 1 1 1
Cetraria islandica 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cladonia arbuscula/rangif. 1 + + + + 1 1 1 1 + + + 1 1 1 1 1
Cladonia furcata ssp. furcata 1 1 1 1 1 1 1 1 1 + 1 1 1 1 +
Jasione laevis 1 1 1 1 1 1 + 1 1 1 1 1 1 1 + 1
Cladonia pyxidata agg 1 1 1 1 1 1 1 1 1 1 1 1 + 1 1 + 1 1 1
Rumex acetosella 1 1 1 + 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Meum athamanticum + 1 + 1 1 1 1 + + + + 1 + 1 1 + +
Luzula spicata + + + +
Genista anglica + 1 1 1 1 + 1 1 1 +
Antennaria dioica 1 1 1 1 1 1 1 1 + 1 1 1 1 1 1 1 1 1 + 1 1
Alchemilla saxatilis 1 1 1 + + 1 1 1 1 1 + 1 + 1 1 1 1 +
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Appendix. Continued.

Relevés 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 1 2 3 4 5 6 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7

Herbaceous layer
Cetraria aculeata + + + 1 1 + + + 1
Micarea sp. 1 1 1 1
Ceratodon purpureus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cladonia uncialis 1 + 1 1
Polygala vulgaris + 1 1 1 1 1 1 1 1 1 + 1 +
Polygonum bistorta 1 + 1 1 1 1 1 1 1
Dianthus sylvaticus 1 1 1 1 1 + 1
Polytrichum piliferum 1 1 1 1 1 1
Polytrichum juniperinum 1 + 1 1
Poa chaixii + 1 1 1 1 1 1 1 1 1 1 + +
Ranunculus nemorosus + + + 1 1 1 1 1 + 1 + 1 1
Urtica dioica 1 + 1 + 1 +
Rubus idaeus + 1 1 1 1 1 1 1 1 + 1
Solidago virgaurea + + + 1
Betula pendula + + + + + +
Goodyera repens + + 1 1
Lonicera nigra + + + + +
Gentiana lutea + 1 + +
Poa pratensis 1 1 + +
Poa trivialis + 1 1 +
Fagus sylvatica 1 1 1 1 1 1 1 1 1 1 1 1 1 1 + 1 + + + + 1
Viola riviniana agg 1 1 1 1 1 1 1 1 1 1 + 1 +
Hylocomium splendens 1 2 1 1 1 1 2 3 1 1 1 1 2 1
Hieracium murorum + + + + + 1 1 1 1 1 1 1 1 1 + 1 + +
Maianthemum bifolium 1 1 1 + 1 1 1
Prenanthes purpurea + + 1 1 1
Rhytidiadelphus triquetrus 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 +
Plagiothecium sp. 1 + + 1 + +
Scleropodium purum 1 1 1 1 1 + 1
Luzula nivea 1 + + 1 1
Dryopteris filix-mas 1 1 + + 1 + +
Conopodium majus + + + + + 1 1 1 + 1
Brachythecium velutinum + 1 1 1
Deschampsia flexuosa 1 1 1 2 1 1 2 2 2 1 1 1 1 2 3 1 1 1 1 1 1 1 1 4 3 2 3 4 2 1 2 1 3 1 3 1 2 1 1 1 1 1 1 1
Vaccinium myrtillus 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 1 2 1 1 1 2 2 3 2 1 3 1 1 2 1 1 1 1 2 + 1 1 1 +
Galium saxatile 2 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 + 1 1 + 1 + 1 + 1 +
Carex caryophyllea 2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 + 1 +
Dicranum scoparium 1 1 + + + 1 1 1 1 1 1 + 1 1 1 1 1 1 1 1
Veronica chamaedrys + + 1 + 1 + + 1 + 1 1 1 1 1 1 1 + 1 + + 1
Veronica officinalis 1 1 1 + + + + 1 + 1 + + + 1 1 1 1 1 1 1 1 + + + 1 1 1
Anemone nemorosa 1 1 1 1 1 + + 1 1 1 1 1
Anthoxanthum odoratum + 1 + + + 1 1 1 1 1 1 1 1 1 + + + + 1 + 1 + + 1 1 1
Festuca airoides 2 1 1 1 1 1 1 3 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Crepis conyzifolia + + 1 + + + + + + + + + + + + + + 1 + 1 1 +
Pleurozium schreberi 2 1 2 1 1 1 1 1 1 2 1 1 1 1 1 1 1
Rosa sp. + + + + 1
Athyrium filix-femina + 1 + +
Cirsium palustre + + 1 +
Brachythecium rutabulum + + 1 + + + +
Hypochaeris radicata + + + +
Linaria repens + + 1 1 + + +
Sorbus aria + + + + + +
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