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Abstract

The landscapes of the French island of Corsica are the result of the grazing tradition which has always occupied
a pivotal position in the island’s economy. Furthermore, in the last fifty years, a reduction in the pressure from
human activity has lead to changes in plant cover. This article intends to study the evolution of dynamic mecha-
nisms during the secondary successions and the effect of changes in vegetation on plant diversity. Our study was
based on a simultaneous study of 375 plots carried out between May and September from 1996 to 1998. We
studied the floristic composition of each stage both qualitatively (life form, adaptive strategy and seed dispersal
mode) and quantitatively (species richness, equitability, Shannon index). The results show a change in species
and environmental conditions, with a progressive move from heliophilic grassland and low shrub species with an
S or SR strategy, anemochoric and with a high tolerance for soil quality to a final stage of dense forest composed
of competitive (C or CS) zoochoric or barochoric phanerophytes. Moreover, the turning point in Corsica in terms
of floristic diversity lies between 20 and 55 years after land abandonment. Successions are due to a series of
rapid interactions. Thus, when a site is given reserve or protected area status, we need to take into account the
fact that it will evolve according to the biological traits of the species. From a research point of view, we need to
look at process diversity and the role of each of the species present during the successions.

Introduction

A major issue in ecological research involves the ef-
fects of species and groups of species on community
level and ecosystem level attributes (Ursic et al. 1997;
Wardle et al. 1999). The ecological consequences of
land abandonment, that is to say secondary succes-
sions, have been studied for several decades in many
fields of research, although less so in Corsica (Medi-
terranean region: Escarré et al. (1983); Farina (1991);
Tatoni et al. (1994); Tatoni and Roche (1994) and
mountain areas: Muller (1992); Delcros (1993);
Tappeiner and Cernusca (1993)). However, this Med-
iterranean island is one of the most suitable areas for
studying secondary successions as a result of the

complexity that derives from a context of grazing, fire
and urbanisation.

Over the last 50 years, human activity in the cen-
tral part of Corsica has greatly diminished (Ravis-
Giordani 1983; Panaïotis et al. 1998; Saïd and Au-
vergne 2000), which has resulted in a natural recolo-
nisation of sites by species. This change in land use
has led to a more or less rapid modification in the
plant communities (Barbero and Quezel 1988), both
qualitatively and quantitatively (Lepart and Escarré
1983; Tatoni and Roche 1994; Fairbairn 1996).

This progressive natural recolonisation is not only
of interest to foresters in terms of land management
and development, but also to scientists seeking to im-
prove their understanding of the structure, function-
ing and dynamics of plant communities during sec-
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ondary successions. Furthermore, the European
Union classifies a large number of plant communities
that are the result of human activity (forest clearings,
grazing or fire) within the context of biodiversity con-
servation. It is therefore of interest to study the func-
tioning and the dynamics of communities after land
abandonment.

In this context, we want to (i) show the place of
plant communities in secondary successions (ii) quan-
tify the time of transition and the length of each dy-
namic stage during post-pastoral successions.

For this study, we studied 375 sites distributed in
nine valleys of central Corsica and agriculturally
abandoned since various dates. This island is interest-
ing for the study of dating problems of secondary
successions because it has sites with various abandon-
ment dates since the 1750’s and we have methods to
measure the date of abandonment of sites (Saïd and
Gégout 2000).

Materials and methods

Site and species

The climate of the study area is mountainous-Medi-
terranean with average annual rainfalls of 1400 mm,
average annual temperatures which vary from 7° to
10 °C and altitude which varies from 700 to 1800 m.

The study area lies essentially on granite under
brown acid soils (Roche and Roux 1976). The tradi-
tional agriculture on Corsica is livestock farming with
cattle, goats and pigs put out to graze.

The nine valleys’ landscape is characterised by
vast pastures, forests or abandoned areas without
hedgerows. The main species of woodland are Pinus
pinaster, Quercus ilex, Fagus sylvatica, Pinus nigra
subsp. laricio var. corsicana. The pasture is charac-
terised by thorny or toxic shrubs such as Anthyllis
hermaniae, Berberis aetnensis, Genista lobelii var. lo-
belioides, or Juniperus communis subsp. alpina (Saïd
and Gégout 2000). Nomenclature was based on Tutin
et al. (1964–1980).

Sampling

The sampling strategy was developed to distribute
plots according to the age of the oldest woody speci-
men (Saïd and Gégout 2000).

A total of 375 plots were made in the summers of
1996 and 1998 within the study area.

These nine valleys in Corsica are interesting for
the study of dating problems of secondary succes-
sions, because they have sites with various abandon-
ment dates since the 1750’s. We supposed that the
vegetation on a site is the result of a linear dynamic
and successional following the same temporal evolu-
tion.

Chronological data

The estimation of abandonment period is different if
the oldest ligneous species of the plot is a short-lived
species or a long-lived species. Hence, the procedure
for estimating the abandonment period of a sample
plot has been modelled using two linear regressions.
So, on each plot the abandonment date was estimated
using woody species following the method of Saïd
and Gégout (2000):

I – when the oldest woody specimen is a short-
lived species (shrub):

d � � 5.5 � 1.1a�n � 56;r2 � 0.72;SE � 4.5yr�(1)

where d is the abandonment period of the site esti-
mated with aerial photographs (Tanaka and Nakashi-
zuka 1997) and a is the age of its oldest short-lived
specimen

II – when the oldest woody specimen is a long-
lived species (tree):

d � 0.08 � 0.9a�n � 51;r2 � 0.83;SE � 4.0yr� (2)

where d is the abandonment period of the site esti-
mated with aerial photographs (Tanaka and Nakashi-
zuka 1997) and a is the age of its oldest long-lived
specimen

We then grouped the samples according to their
age to obtain four dynamic stages (age categories): 0
to 15, 15 to 30, 30 to 60 and over 60 years.

Floristic and ecological data

On each plot, a phytoecological investigation was car-
ried out in order to estimate the structural complex-
ity. This investigation included climatic variables (al-
titude, exposure, slope, topographical situation), sev-
eral soil features (pH, texture, structure and stoniness
of pedological horizons down to 0.5 m) and an evalu-
ation of the cover of main vegetation layers (herba-
ceous layers < 0.5 m, low shrubs between 0.5 and 2
m, high shrubs between 2 and 8 m and trees > 8 m).
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On each plot and layer, the abundance-dominance of
all vascular plant species was recorded with a scale
of 7 levels (Braun-Blanquet 1932): absence, rare and
cover < 5%, abundant and cover < 5%, 5< cover <
25%, 25 < cover < 50%, 50 < cover < 75%, 75 <
cover < 100%.

The functional characteristics of the species at
each stage defined with chronological data were used
to interpret the inter-stage dynamic mechanisms. To
this purpose we looked at:
– life forms of plants (Raunkiaer 1934; Molinier and
Muller 1936)
– seed dispersal type (Molinier and Muller 1936)
– plant strategies of Grime, that is to say stress-toler-
ant species (S), competitive species (C), ruderal spe-
cies (R) and all the intermediate stages between these
three classes (Grime 1979; Grime et al. 1988; Gloag-
uen et al. 1994). Species whose functional character-
istics were unknown (13% of the total species num-
ber) were omitted from analysis.

Diversity indices

We used three indices to interpret the diversity within
stages:

1. Species richness or �, is the total number of plant
species recorded in the homogeneous plot

2. The equitability index (ranges from 0 to 1).

e �
H̄

log2S

log2S = Hmax = maximum possible value for H
3. Shannon’s diversity index (Shannon and Weaver

1949) which takes into account the equitability
within species distribution; this index is used as a
relative index for comparing different stages.

H � � �
i � 1

S

pilog2pi � Shannon value

S = number of species

pi �
ai

�
i � 1

S

ai

ai = cover of species I, coded from 1 to 6.

Statistical analysis

Floristic data were processed using Factorial Corre-
spondence Analysis (FCA) (Ter Braak 1985), using
ADE-4 software (Chessel 1995; Thioulouse et al.
1997a, 1997b). Only the first two axes are shown
here. Species abundance, equitability and Shannon di-
versity were calculated using the EcolTools module
of the ADE-4 software (Thioulouse and Chessel
1992; Chessel 1995; Thioulouse et al. 1997a, 1997b).

The effect of the stage on all of the preceding pa-
rameters was analysed by Analysis of Variance
(ANOVA). Analyses were performed using STAT-
VIEW F-5.0 software. When the treatment effect was
significant, pairwise mean comparisons were per-
formed with a Fischer’s Least-Square-Difference test
to point out significant differences between stages.

Results

Patterns of successions

On the ordination diagram of the surveys for the first
two axes of FCA, we labelled the different kinds of
vegetation stands (Figure 1a) and strongest contribut-
ing species (Figure 1b).

The comparison of the two diagrams allows us to
find the underlying ecological meaning of these fac-
torial axes quite easily. That is opposing the grass-
land, low scrub and high scrub against open forest
and dense forest. Species characterising (Figure 1b)
the negative extremity of the first axis are essentially
fallow heliophilic species, with low cover and often
resistant to grazing, such as Genista salzmanii var.
salzmannii ou lobelioides, Juniperus communis
subsp. alpina, Thymus herba-barona. The positive ex-
tremity is high cover and sciaphilic species of forest
stands (Fagus sylvatica, Fraxinus ornus). The first
axis appears to be a dynamic gradient along which the
different stages are grouped regularly, represented by
samples that are linked together, especially for the
shrub stages. Axis 2 opposes the pole of the mesohy-
grophilic beech stands with Luzula pedemontana to
xerophilic pine stands. This axis has a strong correla-
tion with temperature and rainfall. It is therefore a
climate axis, which will not be considered further.
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Figure 1. (a) CA on floristic data: ordination for the first two axes; (b) projection of strongest contributing species (the most significant
species for axis 1 are in bold, for axis 2 in italics and in bold italics for those that contribute to both axes. The number at the end of the name
for woody species separates individuals occurring in tree (1), shrub (2) and seedling (3) layers.
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Evolution of abundance and diversity during the
secondary successions.

Figures 2a–c show the same curve trajectory for di-
versity indices during the secondary successions. Fur-
thermore, Shannon’s diversity index and the species
richness show a significant correlation (n = 375; SE
= 0.152; r2 = 0.97; p < 0.0001). Change in species
richness and the Shannon’s diversity index shows
three main stages: increase in grasslands (18.7) and
low scrub (20.6), stabilisation in the intermediate
stages (high shrub and pioneer forest phases: 20.8)
and decrease in dense forest stages (17.2) (Figure 2).
On the other hand, equitability during secondary suc-
cessions does not follow the same trajectory as the
other diversity indices; it appears to be stable during
the successions with a slight tendency to diminish
over time. In fact, using Fischer’s LSD test, at a
threshold of 5%, we find no significant differences
between the transitional stages and the low scrub
phase.

The ANOVA carried out on the “stage” factor on
the diversity indices demonstrates a correlation be-
tween the dynamic stages and these indices (df = 3, F
= 3.8; p < 0.01 for species richness and df = 3, F =
2.9; p < 0.03 for Shannon’s diversity index).

Evolution of life form system of species during
secondary successions

The ANOVA carried out shows a highly significant
“stage” effect for all types of biological form except
for geophytes (Figure 3a; Table 1a). The hemicrypto-
phyte count decreases quickly after land abandon-
ment, but it dominates during the secondary succes-
sions. The hemicryptophytes, therophytes and chame-
phytes decrease, in favour of the phanerophytes. The
continual increase of the phanerophytes results from
colonisation by woody plants, which only allow their
own regeneration. Contrary to other regions (Koll-
man, 1997 in mountain areas and Tatoni and Roche
(1994) in the Mediterranean region), Corsica has ex-
tremely few therophytes in all the stages considered:
their proportion does not exceed 7% (whatever the
stage) during secondary successions.

Evolution of the dissemination mode of species
during secondary successions

There is a highly significant “stage” effect on the type
of seed dispersal, whichever dispersal mode we look

Figure 2. Evolution of diversity (abundance (a), Shannon’s diver-
sity index (b) and equitability (c)) during secondary succession.
Data represent means and bars indicate standard deviations. When
stage effect was significant, a pairwise mean comparison between
stages has been performed using a Fisher LSD test (letters denote
significant differences at p = 0.005)
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at. The anemochoric species, generally annuals, are
the first to colonise after land abandonment. Subse-
quently, re-afforestation entails a change in the verti-
cal structure and a modification of the microclimate,
where vegetation changes to favour epi- or endozoo-
choric and barochoric species (Figure 3b; Table 1b)
(Debussche et al. 1996). We observe an important
dispersal role for birds and ants in the intermediate
stages of the successions (essentially high shrub).
Thus the invasion of trees and shrubs of ornithochoric

dissemination type is apparent in the middle of the
successions.

Adaptive strategies adopted by species during
secondary successions

A substantial (p < 0.0001) “stage” effect can also be
observed for all of the types we studied, with the ex-
ception of the type R species which were less signifi-
cantly influenced by the evolutionary stage, and the

Figure 3. Evolution of the frequence of life-form (a), dissemination modes (b) and adaptive strategies (c) of species during secondary suc-
cession. Data represent means and bars indicate standard deviations. Results of ANOVA are mentioned in Table 1. When stage effect was
significant, a pairwise mean comparison between stages has been performed using a Fisher LSD test (letters denote significant differences at
p = 0.005).
Ch: Chamephytes, Ge: Geophytes, He: Hemicryptophytes, Ph: Phanerophytes, Th: Therophytes, An: Anemochory, Ba: Barochory, My:
Myrmecochory, Or: Ornithochory, Zo: Epi or Endozoochory.
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CR species that were not influenced by the evolution-
ary stage. We can observe an evolution in species’
adaptive strategies during the evolutionary stages
(Figure 3c; Table 1c).

These results would indicate the progressive instal-
lation of species (SR and S) capable of optimal

growth in undisturbed or weakly stressed conditions,
whereas species from disturbed environments become
less competitive (CS and C) in secondary successions
(Figure 3c; Table 1c). Between these two extremes,
we can observe a gradient.

Discussion

Differentiation of evolutionary stages

Using the chronological variable in secondary succes-
sions also allows us to link the floristic composition
of each stage to an abandonment date. This evolution
in the vegetation is very rapid and it requires on av-
erage less than half a century to pass from a grass-
land stage to a forest stage with much more rapid dy-
namics in the first succession stage. In Corsica, high
shrub appears a maximum of 15 years after the in-
stallation of low scrub and, thirty years later, is re-
placed by forest. The significance of classification of
stage is the fact that we take into account the aban-
donment date and also the changes in flora. We can
therefore establish that it takes less than 60 years af-
ter the end of grazing before forest vegetation can be
observed and beyond that date the vegetation hardly
changes.

Floristic diversity

The abandonment of grazing leads to an increase then
a decrease in species diversity in plants during sec-
ondary successions (Figure 2). The lower number of
species in the evolved forest phases is due to the dis-
appearance of annual species, which have a strong
presence in scrubs. They are not compensated by the
appearance of herbaceous forest species, where we
observe a low level of herbaceous cover and the low-
est equitability index, even if the variations are small.
On the other hand, the low diversity in the low scrub
stages is a result of grazing that is not intense but
nevertheless present at these stages (Figure 3). Our
results confirm the studies on vegetation in the Medi-
terranean region (Tatoni and Roche 1994; Debussche
et al. 1996; Le Floc’h et al. 1998) and in mountain
areas (Muller 1992) which observe an irregular evo-
lution of biodiversity during successions, culminating
in the intermediate stages (Whittaker 1969; Whitmore
1982; Alard et al. 1998). On the other hand, Bazzaz
(1975) found a continuous increase in plant diversity
during successive stages of colonisation of fallow

Table 1. Results of the ANOVA (+/− SE) between the dynamic
stage and the Grime adaptive strategies, the dissemination mode
and the life form of the species during the secondary succession.

a) plant strategies df F-ratio p

C 3 6.4 ���

error 371

S 3 13.4 ���

error 371

R 3 5.3 ��

error 371

CSR 3 9.8 ���

error 371

CR 3 1.4 ns

error 371

CS 3 23.3 ���

error 371

SR 3 19.9 ���

error 371

b) Seed dispersal type df F-ratio p

Epi-endozoochory 3 14 ���

error 371

Myrmécochorie 3 2.9 �

error 371

Anemochory 3 5.7 ��

error 371

Ornithochory 3 4.2 ��

error 371

Barochory 3 11.3 ���

error 371

c) Life-form df F-ratio p

Chamephytes 3 10.7 ���

error 371

Geophytes 3 0.4 ns

error 371

Hemicryptophytes 3 10.6 ���

error 371

Therophytes 3 16.6 ���

error 371

Phanerophytes 3 26.5 ���

error 371

Significance level according to one way ANOVA is indicated as
follows †: ns = non significant, �p = 0.05; ��p = 0.005, ���p =
0.0001.
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land in Illinois. In fact, it seems that the most ad-
vanced stage studied by Bazzaz (1975) is not more
than 40 years old (Danais 1982), this optimum coin-
ciding with the intermediate stages, between 20 and
55 years after land abandonment. In this stage we ob-
serve heliophilic species but also the beginning of the
installation of sciaphilic and semi-shade species and
we find the maximum of heterogeneity and habitat
diversity (Figure 3). These results support the conclu-
sions of Delcros (1999), who states that it is neces-
sary to wait 20 years to obtain optimum floristic di-
versity.

What are mechanisms?

The results show the successional patterns of aban-
doned land with a change in species once disturbance
has ended. We find a closing-off of abandoned land
with a change in interstage diversity and also in the
composition of the plant communities (Table 1)
(Bews 1917; Tatoni and Roche 1994; Debussche et al.
1996). A reduction in grazing pressure has allowed
the installation of species which are anemochoric
(Figure 3b), heliophilic and undemanding in terms of
soil quality, that is to say herbaceous SR species (Lo-
tus corniculatus, Teucrium marum) (Grime 1979) or
stress tolerant species (Aira caryophyllea, Nardus
stricta, Petrorhagia saxifraga) (Grime 1979) and less
competitive species (Pickett 1980; Tilman 1990; Til-
man and Pacala 1993). These species are often
present in pastures before abandonment, but in a dor-
mant state (Oosting and Humphreys 1940; Lepart and
Escarré 1983). The presence of livestock in pasture
favours the selection of thorny (Genista lobelii var.
lobeiloides, Juniperus communis subsp. alpina),
scented (Helichrysum italicum subsp. italicum) or
toxic (Helleborus lividus subsp. corsicus) (Gamisans
1999) species in the shrub. Subsequently, the grass-
land and shrub species, often opportunistic (r-strate-
gists) (Odum 1969; Newel and Tramer 1978; Barbault
1997) and incapable of invading or increasing in the
presence of other species diminish. It appears that in
Corsica the constant presence of thorny pioneer spe-
cies in the early stages of the successions can be ex-
plained by the way one plant improves the survival
and growth potential of another (Callaway 1992,
1995, 1997; Saïd and Gégout 2000). Moreover, the
woody specimens will form a vertical structure that
will serve as perches for birds. Thus the accumula-
tion of excreta and regurgitated matter under the tree
will facilitate the installation of many ornithochoric

species in this stage (Debussche et al. 1982). Myrme-
cochoric distribution seems to be due to the facilita-
tion of these species by ants after burning has been
carried out in the grassland and low scrub stages, the
seeds accumulated in the anthill before the fire being
capable of rapid germination after the vegetation has
been destroyed (Lepart and Escarré 1983). These spe-
cies will be replaced by barochoric and more com-
petitive species (Abies alba, Fraxinus ornus) (Calla-
way 1992, 1995, 1997; Callaway and Walker 1997),
but also CS and zoochoric species (Fagus sylvatica,
Quercus pubescens, Rubia peregrina, Quercus ilex)
(Lepart and Escarré 1983; Debussche et al. 1996).
These species often have significant reserves that al-
low them to face up to environmental constraints and
to competition with other species but do not favour
rapid installation (Lepart and Escarré 1983; De-
bussche et al. 1996). In contrast to other authors (Es-
carré et al. 1983; Lepart and Escarré 1983), we ob-
served a significant number of anemochoric species
even in the forest stages (more than 40% of the total
number of species in this stage), as the majority of
forests at altitude are pine stands of Corsican or mar-
itime pine. These trees are themselves anemochoric
and do not form significant cover, which in turn al-
lows the installation of heliophilic species among
which there are many anemochoric species.

Implications for management and conservation
biology

For biodiversity conservation, the importance of our
research has been to be able to quantify the length of
each secondary succession stage in order to under-
stand better the duration of the pivotal period during
which maximum levels of diversity and species rich-
ness are reached. Data shows the transition period
(shrub stages) of species and a change in species’
adaptive strategy to environmental conditions, inter-
species competition and dissemination.

From a research point of view, we need to look at
the diversity in processes and the role that each of the
species present in the successions adopts. In fact, it is
important to protect all of the processes linked to
structural species even if some of them seem com-
monplace in themselves. This objective would be
hard to achieve if land management were discontin-
ued, but an improved understanding of the species
forming each of the plant communities is also neces-
sary. It is necessary to study the communities individ-
ually, but also within their communities and to con-
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sider the landscape in its entirety, not just its constit-
uent elements. Thus if a site is accorded reserve or
protected area status, we should take into account the
fact that it will undergo rapid evolution due to the
biological traits of the species.

The interest of our research methods, with regards
to those aims, therefore lies in our use of a chrono-
logical variable that allows us to work within a range
from a decade up to a century and which compensates
for the problem of temporality.
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