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Abstract

Literature on relationships between wildfires and vegetation in Mediterranean
areas indicates high resilience ability for most ecosystems on calcareous soils,
but data are scarce for acidic soils. The resilience ability of a “fire-driven”
ecosystem is expected to depend both on the characteristics of the ecosystem and
on the fire recurrence.

We investigated the vegetation according to fire recurrence in a site with
ecological and patrimonial stakes (the Maures massif, Provence, South Eastern
France), in order to determine which ecosystems are more resilient and why. We
sampled different modalities of fire recurrence (frequency of fires and interval of
time between fires), and we investigated vegetation resilience to fire through
different components such as composition, richness, diversity and structure. The
sites corresponded to five modalities of increasing fire recurrence since 1959:
control plots which had not burned since 1959, plots burned by a major and
intense wildfire in 1990 (= reference fire), other plots burned twice or thrice
before the 1990 fire and plots burned several times then and in 2003.

The results confirmed that our Mediterranean ecosystems on acidic soils are
mainly auto-successional, as vegetation composition remained rather constant
after fire. Significant differences of composition existed between the control
plots and the plots lastly affected by the 2003 fire. In contrast, significant
differences of functional diversity (i.e. plant traits) existed among the five
modalities, in particular an increase of ruderal species and a decrease of
competitive taxa with increasing fire recurrence. Moreover, some types of
vegetation were identified according to fire recurrence modalities. A variation
partitioning procedure (partial CCA) indicated that the environmental data set
explained better the plant distribution than the fire recurrence data set.

The final objective of the study is to improve the understanding of the
interrelationships between fires and the dynamics of vegetation, for a sustainable
management of these Mediterranean ecosystems.

Keywords: fire recurrence, plant diversity, structure, auto-succession, acidic soils,
common pool of species, shrublands, cork oak woodlands (Quercus suber L.).
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1 Introduction

The reaction of an ecosystem or a plant community to a disturbance can be
measured in two ways: the resistance and the resilience. If the first concerns
some species which can survive after the disturbance, the second integrates more
processes so the community can return to the pre-disturbance state [1].

The fire, which is one of the most important disturbances under the
Mediterranean climate, has various impacts on plants, since some species are
destroyed or weakened by fire, while others, called pyrophytes [2], are favoured
through the stimulation of their seed production or emergence (seeders), or their
ability of resprouting (resprouters).

In “fire-prone” communities, the post-fire plant communities in particular
were studied under the Mediterranean climate, on a time scale of a few years to
about ten years [3, 4], the knowledge on a more important time scale and on
siliceous substrate being scarcer.

In this context, most studies indicated high vegetation resilience for a few
years after a fire (generally two or three years). The best strategies used by plants
after a fire are resprouting and seeding. Besides, most Mediterranean tree species
are resistant to fire, such as the cork oak (Quercus suber) [5].

In particular, the abundance of herbaceous species has been demonstrated [3,
4]. The same species recolonize the plots after a fire quite quickly. This is called
“autosuccession” [4, 6, 7].

Few studies use a differentiation in sampling according to the fire recurrence
[6, 8, 9], owing to the difficulties to know accurately what has been the fire
recurrence in a specific study area. Fire recurrence (sensu [10] has been defined
as the nature, frequency (i.e. number of fires and interval of time between two
fires), intensity, duration, season, and size of fires. It is hypothesized to affect
plant community [1].

In southeastern France, the Var district is recurrently affected by wildfire. In
particular, the Maures massif, which is developed on acidic soils, has been
burned by large and intense wildfires along the past decades. Wildfires create
gaps and affect the woodlands dominated by Quercus suber, which are legally
protected owing to their ecological and patrimonial value. Fires are quite well
known since 1959, allowing us to characterize the fire recurrence. In this paper,
we aim to answer the following question: what are the effects of fire recurrence,
in particular fire recurrence, on vegetation patterns, i.e. plant composition,
richness, and diversity? Which factors of fire recurrence are the most important:
effect of the last fire, number of fires, time interval between fires? Which part of
fire and environment can we identify?

We would to test two hypotheses: (i) vegetation is resilient [4, 11, 12] in
terms of composition, diversity and whole structure for the plant communities on
acidic soils after different fire recurrences, (ii) plant communities are auto-
successional [7], with a return to a quasi-initial state after disturbance.

For all these hypotheses, we focused on the expressed vegetation, excluding
the seed bank.
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2 Site and methods

2.1 Study area

The study area is located in the “Maures” massif in southeastern France (43°3 N;
6°3 E) which presents strong ecological and patrimonial stakes [13, 14]. It is
made of acidic soils developed on granitic basement. This area has been affected
by recurrent wildfires such as those of 1990 and 2003 that covered about 25,000
and 14,000 ha, respectively. All plots were located in the eastern part of the
massif, on granitic and gneissic basement [15]. The main vegetation types are
cork oak woodlands and shrublands called “maquis” with Erica arborea,
Arbutus unedo and Cistus spp. These stands can be mixed.

2.2 Sampling schedule

We propose here to study the impacts of the recurrence of fires, using knowledge
gathered over nearly fifty years by a diachronic analysis of images and aerial
photographs, which has been carried out since 1959.

The photointerpretation has been led in order to select some plots according
to modalities of fire recurrence. Some aerial photographs (for the old fires) and
satellites images (for the recent fires) were used to verify the presence of
wildfires in these plots since 1959.

The sampling schedule has been based on fire recurrence: we have selected
plots according to the number of fires experienced since 1959, and the time since
the last fire (i.e. the date of the last fire). Two main reference wildfires have been
selected because they were similar in terms of fire intensity and because they
covered a wide area in the Maures massif: the 1990 wildfire which corresponds
to an “old” fire allowing an almost complete reconstitution of the maquis
vegetation [16], and the recent 2003 wildfire which offers a burned vegetation
reference. Finally, the sampling was composed of the following modalities of
fire recurrence. (i)The modality 1 (OFire) includes control plots, which have not
burned since 1959, (ii) the modality 2 (1Fire) concerns plots burned by a single
fire in 1990, (iii) the modality 3 (Old fires) by several old fires (before 1964)
before the fire of 1990, (iv) the modality 4 (Recent fires) by several recent fires
(after 1970 and before 1985) before the fire of 1990, and, at last, (v) the modality
5 (New fire) by several fires before 1990 and 2003.

Thus, these five modalities are organized along an increasing gradient of fire
recurrence (frequency of fires and interval of time between fires). We distinguish
two extreme modalities (1, 5) that correspond to recently burned and unburned
plots, and three intermediate modalities (2, 3 and 4) all burned in 1990 but with
previous fires or not, the 1990 fire occurring early or late after the other fires.

These modalities should allow us to test the hypothesis of resilience on plant
communities. The modality 1 will be compared with the other modalities of
plots, burned at least once at several times by recurring fires. Moreover,
modalities 3 and 4 were used to test the hypothesis of the time interval between
fires (old fires in the 60’s or recent fires in the 70’s-80’s, with 2-3 fires in total).
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All the plots had a medium fertility level, which corresponds to the most
representative site type of the massif with soils of medium depth and position on
medium slopes. We avoided the massif ridges and the steep valleys.

2.3 Field survey

At first, the stand structure was studied on 51 plots (10 repetitions per modality)
in 2006. This first study was comprehensive: each tree or shrub was described
(in space, with their dimensions) when the vegetation was not homogeneous. In
the other case, the vegetation was described with some points of contact and a
cover value on the plot.

Secondly, plant inventories were made with a methodology based on the
works of [17]. We sampled the 51 plots in 2006 then 51 plots close to the first
plots (same fire modality, same type of structure and ecological conditions) in
2007 for a total of 20 repetitions per modality. Plant inventories were made on
each plot in spring, when a maximum of species can be identified. The area for
each of them is 400m?, compromise allowing to study both open and closed
environments and which is the most used area in the ecology of plant
communities [18, 19]. For each sample, we studied some environmental factors
(altitude, slope, exposure, abundance of nonvascular cryptogams, topsoil without
vegetation cover, litter, stones...) and the visible vegetation according to five
strata of vegetation, from the herbaceous species to high trees. For each strata,
we determined the presence of the species and its abundance (according to the
coefficient of abundance-dominance called here “CAD” adapted from [20]).

Nomenclature of species follows reference nomenclature of Kerguelen [21].

At last, for functional diversity, we have searched information on biological
traits using the BASECO data base [22] and other data bases, directly accessible
from literature or created from collected elements in literature [23-26].

In this paper, the main vital attributes are: biological types [Tybio] [27],
linked to the persistence niche and known as good descriptors of functional
groups in Provence, particularly for biology of conservation [28], vital types or
adaptative strategies of Grime [Tyvit] for the competitive capacity [29], types of
seeds’ dispersal [Tyspread] for the dispersability [25, 30], post-fire regenerative
types [Tyrej] revealing the propagule persistence capacity for fire disturbance,
types of pollen’s dispersal [Tyspoll], light tolerance types [Tylum], types of
nutrition [Tynut] and phenology [Typhen].

2.4 Data analyses

All the measured variables are classified in two data sets: FIRE (variables of fire)
and ENV (environmental factors). After some descriptive analyses, two types of
analyses on vegetation and variables were operated: exploratory analyses
(Correspondence Analysis) and ANOVA (variance analysis followed by test
LSD, Confidence Interval 95%) [31, 32] using the R statistical computing
software (2.4.1., R Development Core Team, packages ade4 and vegan) and
Statgraphics™ software (Centurion XV, version 15.2.06, Statpoint, Inc.).
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The descriptive statistics consisted on calculating the specific richness, the
specific diversity and equitability, and the Sorensen’s index of similarity [33],
then gathered by modality of fire recurrence.

The specific richness is the number of species per plot. The diversity index
which has been calculated is the Shannon’s index [34, 35] (2.4.1, R
Development Core Team, package vegan):

H'= —Z pilog, pi, with pi the relative abundance of the taxon i in the
sample = CAD (species, total of all strata).

'

The equitability index is: £ = ———— , with N the number of the species in
log, N
the sample.
o 2a , ,
At last, the Sorensen’s index is: § = ——————, with a=number of times
(2a+b+c)

where the species is present in the two tested modalities, b=number of times
where the species is absent in the first modality and present in the second, c=
number of times where it’s the opposite case.

ANOVA (ANalysis Of VAriance; one-way analysis of variance, followed by
test LSD for determining the clusters) were used to compare vegetation variables
according to the five modalities (e.g. richness, diversity and the proportion of
vital attributes).

We realised the CA (Correspondence Analysis, [36]) to ordinate species or
vital attributes of these species and plots on R software (R Development Core
Team, package ade4). Finally, partial Canonical Correspondence Analysis (CCA
is also called “direct gradient analysis™) was used to account for shared variation
between the two different sets of explanatory variables [37]. In order to evaluate
the respective contribution of these sets of variables to species richness, multiple
regression with a forward selection procedure of significant (p<<0.005) variables
was performed. This analysis was realised on R software (Ter Braak 2.4.1., R
Development Core Team, vegan), with a selection of the more explicative
variables by AIC step (Akaike information criterion, R Development Core Team,
MASS) [38].

3 Results

3.1 At the specific level

Diversity and richness are significantly different between modalities (p<0.05),
with maximal values for the control plots (1) and minimal values for the plots
burned in 2003 (5) (Figure 1). The intermediate modalities (3 and 4) have a mean
level of richness and diversity.

The analysis of the ordination of the species and plots by CA (Figure 2)
reveals little variability, as revealed by the weak distinction of clusters and the
weak inertia. This is confirmed by the calculation of the index of similarity for
the species of the five modalities where the values remain rather close.
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Figure 1: Specific richness, indexes of diversity and equitability according to
an increasing gradient of fire recurrence (ANOVA and test LSD
for the significance of the differences between the 5 modalities, CI
95%). Data include 102 plots and 303 taxa. Fire recurrence
modalities: (1) no fire, (2) 1990 fire, (3) old fires+1990, (4) recent
fires+1990 and (5) recent fires+1990+2003.
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Figure 2: Factorial plans 1/2 of the CA. Species observed only once were

not considered in the analysis/102 plots, 191 species (here only the
most contributive species were represented; the plots are illustrated
by the barycentre of the modalities; i.e. 1 localizes the barycentre

of the modality). Codes of the species are given in the Appendix.

The localization of the barycentres of the modalities shows a gradient
opposing the most contrasted modalities (1 and 5). The other modalities are quite

similar.

The factorial plan % individualizes four groups:

- square (a): species of mesophilic forest environments (old and non disturbed
forests, presence of Quercus pubescens),

- square (b): species of cork-oak woodlands on dense maquis (closed environments),
- square (c): species of opened maquis, croplands,
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- square (d); species of open environments disturbed (by fire, even very locally
clearing and/or pasture).

The analyses showed that there is a “Common Pool of Species” (so called
CPS), which corresponds to species present in more than one third of the
samples. These species correspond to mosaic of maquis. They show the
following characteristics:

e Sclerophyllous species of thickets (Quercus ilex, Arbutus unedo, Smilax
aspera, Rubia peregrina, Asparagus acutifolius, Erica arborea),

e Heliophile and pyrophile species of the low maquis (Cistus
monspeliensis, Calicotome spinosa, Cistus albidus, Cistus salviifolius,
Lavandula stoechas),

e Predominantly ruderal species (Bituminaria bituminosa, Andryala
integrifolia, Vicia disperma, Urospermum dalechampii, Carduus
nigrescens, Euphorbia segetalis),

e Semi-forest herbaceous species, more shade-tolerant (Hieracium
murorum, Geranium robertianum ssp purpureum),

e  Quercus pubescens: main forest species, particularly in Northern slopes
[39]

e Quercus suber: permanent species in our samples, its abundance is
particularly linked with the ancient culture of cork, clearing and fire but
is confirmed indigenous on the study area [39].

3.2 At the functional level

Functional diversity (Figure 3) doesn’t follow the same patterns as the specific
diversity. Some vital attributes have a maximum for the modality 1 (reference
plots), as specific diversity. The types of seeds’ dispersal and vital types have
maximum values for the modality 4. The maximum values generally correspond
to 1 and 4, whereas they are minimal for the modalities 2 and 5, except for the
regenerative types for which the 5™ presents a maximum value.

Several ANOVA were realised on PFTs. The figure 4 shows the evolution of
the main Grime’s strategies.

The SC and CS decrease with fire recurrence, having a maximum value for
the modality 1, whereas RS and SR increase with fire recurrence, having a
maximum value for the modality 5.

Other analyses showed, according to fire recurrence:

- a decrease of the phanerophytes and an increase of the therophytes

- a slight increase for the anemochore taxa, with a maximum for the 5™ modality,
whereas the zoochores taxa decrease, with a minimum for the modality 5

- the species able to resprout decrease, whereas the seeders (particularly the
Cistus species) increase.

3.3 Vegetation structure analysis
The analyses on the whole structure show several types of vegetation (Figure 5)

which globally follow a gradient of fire recurrence, except for the medium and
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Figure 3: Comparison between functional and specific diversity (Shannon’s

indices). Tyvit: Grime’s strategies, Tyspread: seeds’ dispersal
types, Tybio: Raunkiaer’s types, Typhen: types of phenology,
Typoll: types of pollens’ dispersal, Tylum: types of light affinity,
Tynut: types of nutrition, Tyrej: types or post-fire regeneration.
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Figure 4: Variations of the [SC] (stress tolerant and competitive) and [RS]
(stress tolerant and ruderal) taxa, *** < 0,001; ** < 0,01. Letters
indicate the clusters of LSD, CI=95%.

high maquis distinct in terms of biomass but which can correspond with different
fire intervals. Biomass increases from the low maquis to high maquis and
shrublands where we observe a threshold of biomass quantity. Then biomass
decreases when the shrubs in the sublayer become senescent and die.

3.4 The part of fire and environment in plant distribution
In the variance of plant composition, seven variables were explicative:

orientation, altitude, slope, cover of cryptogams, airy litter, time after the last fire
and number of fires.
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Figure 5: Scheme of the main types of vegetation on the study area.

With these variables, we obtain the following partitioning of variance:
10,77% for the global environment, 4,97% for the global fire, 9,43% for the
environment only, 3,63% for the fire only, 1,34% for the common part where fire
and environment both influence the species, giving a total explanation of 14,40%
(85,60% not explained).

Therefore, and despite the low explanation, the results show that the
environmental factors explain more the variation of plant composition than the
fire factors.

4 Discussion

We can divide the effects of fire recurrence on plants at the specific and
functional levels according to:

- the effect of the time since the last fire: the modality 5 is significantly different
from the modality 1, which concerns plots not burned since 1959 (at least)

- the effect of the number of fires: leads to plots with lower diversity in the last
modality for the species and some vital attributes, but with a relatively good
resilience for the intermediate modalities

- the effect of the time interval between two successive fires: doesn’t affect plant
composition significantly for the modalities 3 and 4, but we observe some
variations in PFTs’ patterns.

Eventually, the last fire has the greatest effect and then both number of fires
and time interval between two successive fires.

As the diversity of the modality 5 is lower than the others, this shows us (i)
that our observations must have been realised just after the flush of herbaceous
species known in short-time scale post-fire succession [3, 4] and (ii) that there is
a decrease of resilience.
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The communities having a lower resilience are usually linked to strongly
disturbed ecosystems or environments with a strong particularism [40, 41, 3].

Surprisingly, the modalities 1;4 and 2;5 are close for the ordination of species
and for functional diversity. We hypothesized that these results come from
different processes: for example, successively for the modalities 2 and 5, some
phases of blocage and a decrease of resilience. Nevertheless, the similarity of 2;5
doesn’t appear through the vegetation structure analysis, showing different types
of vegetation.

Because of a strong floristic similarity, a Common Pool of Species was
identified. Few floristic differences were also observed in a recent study in
calcareous Provence [42].

The variations of PFTs according to fire recurrence show that functional
diversity doesn’t follow the same patterns as the specific diversity, like for other
studies [43].

The analysis of variation partitioning procedure shows that the environmental
variables have more influence than fire variables on plant species. This is linked
with the history of fire in the Mediterranean type ecosystems, at least since the
Neolithic in Southeastern France [39] and goes in the direction of the concept of
endogeneous disturbance sensu (Rykiel [44]).

In fact, if the disturbance becomes an integrant part of the system, particularly
for environments regularly affected by grazing [45], the disturbance can also be
defined as a stress [46, 47].

5 Conclusion and prospects

Our results support the hypothesis of post-fire resilience of the studied
ecosystems and of auto-succession, which is observed in the majority of the
studies on post-fire plant communities [8, 1, 3], even if some of them can show a
lower resilience with the fire recurrence or a strong particularism [40, 41, 3].
That was the case through some of our results, with a lower specific richness for
the modality of the stronger recurrence of fire but not exactly the same case for
vital attributes, which don’t vary with the same patterns.

The existence of a Common Pool of Species is in particular linked with the
history of the Mediterranean ecosystems moulded by fire since at least the
Neolithic and goes in the direction of the concept of endogeneous disturbance
sensu Rykiel.

If the effects of fire recurrence on vegetation are weak at the specific level,
they are clearer on the Plant Functional Traits, as it is also the case for other
disturbances such which grazing or clearing [47] and the whole structure of
vegetation which shows more variations of resilience.

The final objective of the study is to improve the understanding of the
interrelationships between fires and the dynamics of vegetation, and to
implement fire behaviour models for a sustainable management of these
Mediterranean ecosystems.
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Appendix

IDE: genus species ssp IDE: genus species ssp IDE: genus species ssp

AIRCUP: dira cupaniana HOLLAN: Holcus lanatus RUSACU: Ruscus
aculeatus

AIRPRO: Adira provincialis | HYPGLA: Hypochoeris | RUBSP. : Rubus sp.

glabra

ASPONO: Asplenium | LAPCOM: Lapsana | SETVIR: Setaria viridis

onopteris communis

ASTLIN: Asterolinon | LAVSTO: Lavandula | SMIASP: Smilax aspera

linum-stellatum stoechas

CISALB: Cistus albidus LOGGAL: Logfia gallica TAMCOM: Tamus
communis

CISMON: Cistus | LONIMP: Lonicera implexa TOLBAR: Tolpis barbata

monspeliensis

CRAMON: Crataegus | LUZFOR: Luzula forsteri TRIARV: Trifolium

monogyna arvense

CYNECH: Cynosurus | PTEAQU: Pteridium | TUBGUT: Tuberaria

echinatus aquilinum guttata

ERISCO: Erica scoparia QUEILE: Quercus ilex s.1. VICSA9:  Vicia sativa
nigra

GALELE: Galactites | RANBUL: Ranunculus | VIOALB: Viola alba

elegans bulbosus

GERRO9: Geranium | RUBCAN: Rubus canescens VULBRO: Vulpia

robertianum purpureum bromoides

HEDHEL: Hedera helix | RUBPER: Rubia peregrina

s.L. s.l.
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