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Abstract

We present here the results of a first study comparing modern soil phytolith assemblages with pollen and botanical data at a
North Mediterranean site. This work has shown the following limitations and advantages of phytolith analysis for the
reconstruction of Mediterranean vegetation:

(1) Phytoliths are produced in sufficient quantities for analysis and are well preserved in limestone environments,
widespread in the Mediterranean area. (2) Young stands of Quercus ilex and Quercus coccifera, widely distributed in the
Mediterranean area do not produce characteristic phytolith types in sufficient quantities to allow the calculation of a reliable
index of tree cover density. (3) Pine forests, dominated by Pinus halepensis and Pinus sylvestris, are not recorded in the
studied phytolith assemblages. (4) Grassland and shrubland assemblages can be distinguished through their associated
phytolith assemblages, in particular by the proportion of crenate phytoliths produced in the short cells of the grass epidermis.
(5) The different vegetation groups on the massif cannot be distinguished by pollen analysis. Further studies, comparing
modern phytolith assemblages and quantitative vegetation data, should be carried out on forest plots that have been estab-
lished for several centuries to further assess the role of phytolith analysis in vegetation reconstructions in the Mediterranean
region.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Guiot et al., 1999; Jalut et al., 2000; Cheddadi et al.,
2001), charcoal (Thinon, 1979, 1992; Thiébault,

Previous reconstructions of the past vegetation in 1997; Heinz and Thiébault, 1998) and plant macro-
the continental Mediterranean zone have been mainly fossil (Vernet, 1997; Digerfeldt et al., 1997) data.
based on pollen (Prentice et al., 1996; Cheddadi et al., However, non-oxidizing areas such as peat bogs or
1997; Peyron et al., 1998; Fauquette et al., 1999; lacustrine sediments in which pollen are preserved are
scarce in the Mediterranean zone. Continental records

* Corresponding author. from coastal (Rose et al., 1999; Jalut et al., 2000) and
E-mail address: Bremond@cerege.fr (L. Bremond). marine (Combourieu-Nebout et al., 1998) sediments
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record a signal from a larger spatial scale as they
receive an influx of pollen from various sources.
Further, none of those proxies are able to trace
grassland dynamics and forest—grassland shifts over
time with any accuracy.

Phytoliths are amorphous silica particles that pre-
cipitate in and/or between the cells of living plant
tissues. As phytoliths are well preserved in oxidizing
environments such as soils or buried soils, they may
therefore help to compensate for the current lack of
continental paleovegetation reconstructions in the
Mediterranean area. Previous phytolith investigations
have mostly concentrated on inter-tropical and tem-
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30N

perate paleoenvironmental records. There are only a
few existing studies from the Mediterranean region
(Albert et al., 1999, 2000; Delhon et al., 2003) and
even fewer studies of the calibration of modern soil
surface phytolith assemblages with defined vegeta-
tions (Delhon et al., 2003). We present here an
assessment of the advantages and limitations of phy-
tolith analysis for the reconstruction of the past
vegetation in the North Mediterranean area, based
on the study of modern soil phytolith assemblages.
Thirty-one modern soil phytolith assemblages and ten
modern soil pollen assemblages are compared with
mesological and exhaustive botanical surveys (Véla,
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Fig. 1. Location of the sampled site; Mont Luberon, southeast of France.
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2002) in order to answer the following methodolog-
ical questions:

(1) Soils developed from limestone parent-rocks,
such as Ieptosols (F.A.O., 1998), are widespread in
the Mediterranean area. These soils do not contain
a large amount of silica available for plant uptake.
Does the vegetation occurring in these regions
produce phytoliths, and do the soils contain suffi-
cient phytoliths for reliable counting and analysis?

(2) In contrast to pollen data, phytolith morpholog-
ical types help to discriminate grass subfamilies (Twiss,
1987, 1992; Fredlund and Tieszen, 1994, 1997). To
what extent is this information important for the recon-
struction of northern Mediterranean vegetation?

(3) In inter-tropical areas, the tree cover density is
mirrored through the phytolith index d/p (the ratio of
dicotyledon phytolith type to the sum of Poaceae

Table 1

phytoliths) (Alexandre et al., 1997). Does the same
phytolith index reflect the tree cover density in the
North Mediterranean zone indicated, as suggested by
Delhon et al. (2003)?

(4) Pine species are currently widespread in the
Mediterranean area. Several phytolith studies have
suggested that pine populations produce characteristic
phytolith types (Klein and Geis, 1977; Sangster et al.,
1997; Kerns, 2001; Kerns et al., 2001; Blinnikov et
al., 2002; Delhon et al., 2003). Are the pine phytolith
proportions found in phytolith assemblages indicative
of the above pine cover density?

(5) The Mediterranean vegetation physiognomy
may be highly heterogeneous over short distances
(Di Castri et al., 1981; Blondel and Aronson, 1999).
What spatial and time scales are recorded in soil
phytolith assemblages?

Definition and history of the current vegetation types covering the sampled plots

Vegetation types Plot name Dynamics of the vegetation Estimated ages
Grassland/Cedrus atlantica CPL04 grassland to non-native Cedrus forest younger than 50 years
Grassland CPLO6 stable (>100 years)
Grassland CPL11 stable (>100 years)
Grassland GLCO08 stable (>100 years)
Grassland GLCI15 stable (>100 years)
Grassland GLC20 stable (>100 years)
Grassland GLELS stable (>100 years)
Grassland GLE21 stable (>100 years)
Grassland GLWO03 stable (>100 years)
Grassland GLW04 stable (>100 years)
Grassland HPO02 stable (>100 years)
Grassland HPOS5 stable (>100 years)
Grassland with oak shrub TR12 stable (>100 years)
Grassland/oak grove GLE0O4 grassland to shrubland younger than 50 years
Oak and beech forest GLCO05 stable (>100 years)
Oak grove GLC13 stable (>100 years)
Oak grove HP04 stable (>100 years)
Shrubland CM17 stable (>100 years)
Shrubland CPLO1 grassland to shrubland younger than 100 years
Shrubland CPL12 grassland to grassed glade younger than 50 years
Shrubland GLWO07 grassland to Buxus sempervirens shrubland younger than 50 years
Shrubland HPO8 grassland to shrubland younger than 50 years
Shrubland TR19 oak grove to shrubland younger than 50 years
Shrubland TR21 grassland to shrubland younger than 50 years
Shrubland/grassland GLC14 stable (>100 years)
Shrubland/grassland TR14 grassland to shrubland younger than 100 years
Pinewood with Poaceae CMO5 younger than 100 years
Pinewood with Poaceae GLCO07 younger than 100 years
Pinewood with Poaceae TRO6 shrubland to pinewood younger than 50 years
Pinewood with Poaceae GLC19 grassland to pinewood younger than 50 years
Pinewood with Poaceae CMO06 younger than 100 years
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2. Location of study sites

The Luberon mountain range (43°49N, 5°30'W) is
situated in the southeastern Mediterranean part of
France, to the north of Marseille (Fig. 1). The range
is oriented east—west and lies between 300 and 1124 m
above sea level (a.s.l.). The substratum is made of
Cretaceous and Oligocene limestone containing less
than 8% of SiO,. The sampled soils are leptosols
(F.A.O., 1998), a few centimeters thick, with a thin
humic layer.

The massif is located in the Mediterranean sub-
humid climate zone defined by cold winters. Annual
rainfall is 700 mm. The vegetation of the western
Luberon is organized in three zones linked to topo-
climatic conditions (Tatoni et al., 1998; Véla et al.,
1998): (1) mixed evergreen and summergreen oak
grove found on the northern slopes; (2) the southern
slopes are covered by grasslands and shrublands with
patches of pinewood (Pinus halepensis); (3) the summit
is covered with grasslands with small bushes. These
high-altitude grasslands have been influenced by graz-
ing over a number of centuries (Véla et al., 1998).

The site was chosen because exhaustive botanical
surveys have been done by one of the co-authors
(Véla, 2002). As elsewhere in the Mediterranean
region, human impact through fires, grazing and
cultivation has been important in the Luberon range.
Vegetation changes in the last century have been
considered for every plot (Table 1). Where grazing
has ceased in the last 50 years, the grasslands have
been progressively replaced by shrublands.

3. Materials and methods
3.1. Sampling

In order to have a relevant representation of the
different vegetation types found on the massif, sample
sites were chosen from 155 plots according to their
botanical content (Véla, 2002), representative of pine-
wood, oak grove, shrubland or grassland. The first
centimeter of humic horizon of 31 plots of 20 x 20 m*
were sampled (Table 1). Phytolith and pollen samples
of 50 g consisted of five sub-samples collected at the
center of the plot and at the four middle points of the
diagonals.

As the sampled soils are all leptosols, impact of
soil environment is not taken into account when
discussing selective preservation of phytolith assemb-
lages from one plot to another.

3.2. Vegetation survey

Botanical surveys were carried out following
Godron et al. (1983). More than 300 species were
classified. Every individual of the same species was
counted and then classified into one of six classes
based on the abundance of that species (calculated as
a proportion of the sum of all counted individuals):
scarce (class 0.5), less than 10% (class 1), from 10%
to 25% (class 2), from 25% to 50% (class 3), from
50% to 75% (class 4) and higher than 75% (class
5). The data are presented here as fixed percentages
equal to the middle value of the class and adjusted
to 100%. This transformation from the class count-
ing method into percentage data, necessary for
statistical treatments, may induce an error of up to
30%.

The dominant Poaceae species found are Bromus
erectus, Festuca ovina group (Festuca marginata and
Festuca gracilior), Brachypodium retusum, Stipa
pennata, Poa bulbosa and Koeleria valesiana. These
species belong to the Pooideae subfamily. The dom-
inant ligneous dicotyledons are oaks (Quercus cocci-
fera, Quercus pubescens and Quercus ilex) and, to a
lesser extent, thyme (Thymus vulgaris), a little shrub.
Pinaceae species are dominated by Pinus halepensis
and Pinus sylvestris (Pinus nigra planted on GLC07
plot). The proportion of dominant ligneous dicotyle-
don, Poaceac and Pinaceae species per plot are
shown in Fig. 2, with the plots grouped into four
vegetation groups: grassland, shrubland, oak grove,
and pinewood.

The change in the vegetation for each plot (Table
1) has been estimated by considering information on
past pastoral habits, the estimated age of dominant
trees, the vegetation structure and the species com-
position of communities (pioneer species) (Véla,
2002).

3.3. Phytolith extraction and counting

Phytoliths were extracted from 20 g of dry soil,
following dissolution of carbonates, using HCI (3%),
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Fig. 2. Abundances of phytolith types (percentage of the characteristic phytolith sum), pollen (percentage of the counted pollen sum) and botanical species (percentage estimated after botanic statements following Godron et al. (1983)) for the studied plots. Abundance lower than
1% are figured by a dot. *D/P=ligneous dicotyledon phytoliths (smooth and rough spherical types)/Poaceae phytoliths (roundel, crenate and rectangle types).**AP/NAP =arboreal pollens/non-arboreal pollens.
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and oxidation of organic matter, using 30% hydrogen
peroxide heated at 90 °C until reaction subsides. The
samples were passed through a 60 um sieve and clays
were removed according to the Stock law. Densimet-
ric separation of phytoliths was carried out using zinc
bromide heavy liquid (d=2.3) (Kelly, 1990). The
recovered fraction, including opal phytoliths and
diatoms was weighed and mounted on microscope
slides using glycerine for observation of the 3D shape,
and Canada Basalm for counting. Microscopic obser-
vations were performed at 600 X magnification. More
than 200 characteristic phytoliths were counted from
each sample. Only phytoliths with a diameter greater
than 5 um and which could be taxonomically identi-
fied were counted. These were then classified using
the classification of Twiss (1992) and Twiss et al.
(1969), improved and completed by the phytolith
shape descriptions of Fredlund and Tieszen (1994),
Kondo et al. (1994), Alexandre et al. (1997) and
Barboni et al. (1999). Identified phytolith types are
illustrated in Fig. 3. Roundel, crenate and rectangle
types are mainly produced in short cells of epidermis
of the Pooideae grass subfamily (Twiss et al., 1969;
Mulholland, 1989; Twiss, 1992), gathering C;-grasses
abundant in temperate and North Mediterranean areas.
The elongate type (smooth and sinuous are merged in
the same group) are phytoliths from long-cells of all
grass epidermis. The point-shaped type originate from
micro-hair or prickles of all grass epidermis (Palmer et
al., 1985; Kaplan et al., 1992).

Non-Poaceae taxa also produce characteristic phy-
tolith types. The spherical rough phytolith type is
produced by the wood of trees and shrubs (ligneous
dicotyledon) in tropical areas (Scurfield et al., 1974;
Kondo et al., 1994; Alexandre et al., 1997; Barboni et
al., 1999). The “medium to large multifaceted poly-
hedrals™ phytolith type produced by oaks (Kondo et
al., 1994) have not been observed in the assemblages.

The smooth spherical type appears to have several
origins. According to Kondo et al. (1994), this type is

produced in the epidermis of leaves and in the ray or
parenchyma cells of dicot twigs and wood. They have
been recovered in small proportions from several
tropical herbaceous monocots and in greater quantities
from a small number of tropical arboreal dicot leaves
and seeds (Piperno, 1988). Recent investigation of
tropical grasses show that the smooth spherical type is
also produced in significant amounts by grass roots
(Alexandre et al., 2000).

The spherical-with-sockets type was also counted.
This type has been described by Delhon et al. (2003)
and has also been named the spiked type by Blinnikov
et al. (2002) and the spiny body by Kerns (2001).
These authors suggest that this type is produced by
Pinaceae species.

Identification was possible for more than 60% of
the counted phytoliths. Phytolith assemblages are
presented in Fig. 2 as a percentage of the sum of
classified phytoliths. A 5% counting error was esti-
mated by counting the phytoliths on a slide two times.

3.4. Pollen counting and identification

Pollen counting was carried out following the
standard method of Reille (1990). At least 550 pollen
grains were identified and counted at X250 and
x 1000 magnifications. Pollen conservation was high
in all samples. Whilst a total of 88 taxa were identi-
fied, only those taxa present in significant quantities
are shown in Fig. 2.

4. Results
4.1. Phytoliths

A sufficient amount of phytoliths was found in all
soil samples (about 0.03% of the dry weight). Grass

phytoliths, which include five types, made up between
86% and 99% of the classified types for all assemb-

Fig. 3. Photographs of representatives of the eight classes of phytolith types counted in this study (see text for explanation); Scale bar=10 pum:
(a) microphotograph of a roundel type (Mulholland, 1989), side view; (b) microphotograph of a roundel type, top view; (c) SEM photograph of
this roundel type, top view; (d) microphotograph of a second roundel type, side view; (¢) SEM photograph of this roundel type, top view; (f)
microphotograph of crenate type (Fredlund and Tieszen, 1994), side view; (g) microphotograph of crenate type, top view; (h) microphotograph
of crenate type, under view; (i) SEM photograph of crenate type; (j, k) microphotograph of elongate type (Twiss et al., 1969); (1)
microphotograph of rectangle type (Twiss et al., 1969); (m) microphotograph of point type (Twiss et al., 1969); (n) SEM photograph of point
type; (0) microphotograph of spherical with sockets type; (p) SEM photograph of spherical with sockets type; (q) microphotograph of smooth

spherical type; (r) microphotograph of rough spherical type.
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Fig. 4. Abundance of grass phytoliths versus abundance of Poaceae
species recorded by botanical statement.

lages (Fig. 2). The roundel type is largely dominant in
the assemblages, ranging from 53% to 89% and is
homogeneously distributed between assemblages
from the four vegetation groups. The crenate type

accounts for 0—20% with high abundances occurring
most frequently in the grassland group assemblages.
The rectangle type accounts for 0—5% and does not
show any pattern specific to the vegetation groups.
These three phytolith types are characteristic of the
Pooideae grass subfamily, which is the only grass
subfamily represented on the plots. Elongate and point
type phytoliths, which originate in the long-cells and
micro-hairs of grass epidermis were present in quan-
tities ranging between 3—22% and 1-18%, respec-
tively, with the highest abundance of the point-shaped
phytoliths occurring in the non-grassland assemb-
lages. The sum of all grass phytolith abundance has
been plotted against the sum of Poaceae species
recorded by botanical survey (Fig. 4). No obvious
relation can be seen from this figure. After running
numerous correlation analysis between the majority of
the phytolith types and the botanical data (species or
group of species), the best relationship found is
between the crenate phytolith type abundance and
the sum of Poaceae species (Fig. 5). As shown in
Fig. 2, the shrubland plots with fewer Poaceae species
(8—32% of all botanical species) produce phytolith
assemblages with lower proportions of the crenate
type (less than 8% of the characteristic phytoliths). In
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Fig. 5. Sum of the crenate phytolith type plotted versus the sum of Poaceae species recorded by botanical statement.
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comparison, most of the grassland plots produce
phytolith assemblages with high proportion of the
crenate type; although 4 of the 14 plots studied have
a low abundance of this type.

The abundance of Poaceae species found in oak
grove and pinewood plots varies widely (7—35%),
their phytolith assemblages also show a wide range of
crenate type abundances (0.3—-32%). However, corre-
lation was found between the two variables.

The abundance of the rough spherical phytolith
type is very low in all assemblages, ranging from 0%
to 3%, with no difference between the assemblages
taken from shrubland and grassland plots. The rough
spherical type was found at values greater than 1% in
five of the nine shrubland assemblages and in two of
the fourteen grassland assemblages.

Abundances of the smooth spherical type range
between 0% and 5% in both grassland and forest
assemblages.

The spherical-with-sockets phytolith type, varies
between 0% and 4% in all assemblages, and is not
found at greater proportions in the samples taken from
pinewoods.

4.2. Pollen

The pollen spectra are dominated by Pinus, Ced-
rus, Quercus ilex, Quercus coccifera, deciduous
Quercus, Buxus sempervirens and Poaceae (Fig. 2).
The four vegetation groups cannot be distinguished on
the basis of their pollen spectra. Q. ilex and Q.
coccifera pollen were abundant in both shrubland
and grassland spectra. For example, in CPL11, a
grassland plot covered by less than 1% of Q. ilex,
pollen abundance of Q. ilex and Q. coccifera account
for 39% of the total pollen sum. Pinus pollen was
found at high proportions in all spectra. In order to
better interpret the composition of pollen spectra in
relation to the vegetation groups, we have applied the
biomization method to the pollen samples. This meth-
od assigns pollen spectra to the biome with which it
has the highest affinity (Prentice et al., 1996; Peyron
et al., 1998). Once calculated, the chosen biomes were
then compared with the vegetation groups. The ma-
jority of the spectra are assigned to the Warm Xero-
phytic biome, a biome commonly used for describing
Mediterranean vegetation. Two plots were assigned to
a Temperate Deciduous biome (CPL04 and CPL06),

due to the high abundance of arboreal pollen taxa such
as Pinus and Cedrus.

5. Discussion

The methodological questions raised in introduc-
tion can now be assessed, in the light of the main
results of this study:

(1) The studied soil phytolith assemblages show
for the first time that whilst the amount of soil
phytoliths recovered is low, they occur in sufficient
quantities to allow statistical counting, despite the low
levels of SiO, in the parent rock. This result confirms
that phytolith analysis can be used as a record of the
vegetation developed on carbonaceous soils, and
provides support for the hypothesis of active uptake
of silica by plants (Lauwers and Heinen, 1974; Kauf-
man et al., 1981; Raven, 1983).

(2) Pooideae phytoliths are dominant in all modern
assemblages. The variations of the proportion of these
types in samples taken from grassland to forest and
shrubland assemblages are not sufficient enough to
allow differentiation between the three vegetation
types. However, the abundance of the crenate type
appears more dependent on the percentage of Poaceae
species occurring on a given plot. Shrubland and
grassland assemblages show, respectively, low and
high proportion of this type. This relation was not
found between the other short cell phytolith types,
and may be explained by differences in phytolith
production between subfamilies. This hypothesis
would suggest that grass species settled in open areas
would produce the crenate type in higher quantities
than grass species growing in closed areas. However,
statistical analysis of the relationships between grass
phytolith type and grass species abundance did not
show any correlation between the variables and does
not provide any support for this hypothesis. A second
hypothesis is that phytolith type production varies
within the same species in indirect relation to the tree
and shrub cover density.

Non-Pooideae grass subfamilies that may occur in
the Mediterranean area (e.g. Arundinoideae grass
subfamily) were not found in any of the studied plots.
As phytolith analysis is unable to discriminate further
than grass subfamilies, the studied assemblages show
a homogeneous grass cover. The same limitation will
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occur anywhere where the study site is located in a
mono-subfamily grass cover.

(3) One aim of this study was to examine if the
phytolith index of tree cover density, commonly used
in tropical studies (Alexandre et al., 1997, 1999;
Barboni et al., 1999), may be used for Mediterranean
vegetation reconstructions. Our results show that the
rough spherical type, produce by ligneous dicotyle-
don, occurs at very low quantities in the oak forest and
shrubland assemblages. When the smooth spherical
types are added to the rough spherical types in the d/p
index, as proposed by Delhon et al. (2003), the new
index remains low and shows no relation to the tree
cover density. This result suggests that oaks, whilst
dominating the tree cover of the studied plots, do not
produce the rough spherical phytolith type in suffi-
cient quantities to be used as an indicator. This applies
equally to the other dicot species observed on the
plots. A review of phytolith studies from temperate
and cool areas (Twiss, 1983; Tsutsuki et al., 1993;
Fredlund and Tieszen, 1994, 1997) shows that this
type is absent from the reported phytolith assemb-
lages, which strengthens the hypothesis of a low
production of the rough spherical phytolith type by
non-tropical dicot species. Albert et al. (1999, 2000)
found a small proportion of spheroid scabrate or
verrucated phytoliths, similar to the rough spherical
type, from samples taken both inside and outside of a
cave in Israel (Mediterranean zone). However, the
source of this phytolith type was not identified. As
the studied oak groves were recently established
(mainly within the last 50 years), the proportions of
the rough spherical types may have been further
reduced in the soil samples, as these would contain
a record of phytolith deposition over a greater period
of time.

Although most tropical woody dicotyledon species
appear to produce the rough spherical type, this is not
true of the North Mediterrancan woody species.
Therefore, care must be taken when using the d/p
ratio for estimating tree cover density in the North
Mediterranean area. Further investigation of temperate
and Mediterranean woody dicotyledon species pro-
ducing this type is required to reach a better under-
standing of the meaning of the d/p phytolith ratio in
non-tropical areas.

(4) Our results show that the abundances of the
spherical-with-sockets phytolith type cannot be used

to identify the pinewood studied here, dominated by
Pinus halepensis, Pinus nigra and Pinus sylvestris. A
number of different pine phytolith types have been
identified (Klein and Geis, 1977; Kondo et al., 1994;
Kerns, 2001; Kerns et al., 2001; Blinnikov et al.,
2002), some of which are morphologically similar to
the spherical-with-sockets identified by Delhon et al.
(2003) as a pine tracer. However, these were only
observed in tissue and they may not be preserved in
soil assemblages, due to selective dissolution and
fragmentation in the litter. Further, as the spherical-
with-sockets type does not have a distinct morphology
and may be confused with other weathered phytolith
types, comparisons must be made with care.

Kerns et al. (2001) studied soil phytolith assemb-
lages under a pine forest dominated by Pinus pon-
derosa. The authors found high proportion of a
“spiny body” phytolith type. SEM photographs of
this type show it to be similar to the “spherical-with-
sockets” type. However, the relation between the
abundance of this type and pine cover is not clear.
Further examination of modern assemblages collect-
ed under pinewoods of different age and dominant
species is required before the reliability of the
spherical-with-sockets phytolith type as a pine tracer
can be assessed.

(5) The heterogeneity of the vegetation physiog-
nomy of the studied plots is mainly due to changes in
the height and density of tree and shrub cover height
instead of the composition of tree species. Such short
distance changes in plant physiognomy are not
reflected in the soil phytolith assemblages. This is
mainly due to the absence of characteristic phytoliths
produced by oaks, which dominate the studied site
and are widespread in the Mediterranean area.

In addition, modern phytolith assemblages are
representative of the vegetation composition over a
period of many years. Examination of the vegetation
dynamics over the last 100 years shows a change from
open to closed vegetation. We assumed that modern
phytolith assemblages from the first centimeter of soil
humic horizons represent the vegetation dynamics of a
period between a few years and a few hundred years.
If soil samples record more than 100 years of phyto-
lith deposition, then the recent establishment of shrub-
lands and pinewoods in this area may not be mirrored
by phytolith assemblages. This may explain the lack
of the forest signal noted above. However, three oak
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groves are older than 100 years and should be
recorded by phytolith assemblages. As they are not,
we assume that these forests do not produce charac-
teristic phytolith signal.

The different vegetation groups on the massif
could not be distinguished using pollen analysis.
The pollen spectra studied here record a regional
vegetation signal, resulting from transportation of
pollen by the strong and frequent winds which are
characteristic of the area.

6. Conclusion

This first attempt at calibrating of modern soil
phytolith assemblages with pollen and botanical data
at a North Mediterranean site has shown the following
benefits and limitations of phytolith analysis for the
reconstruction of Mediterranean vegetation.

Phytoliths are produced in sufficient quantities for
analysis and are well preserved in limestone environ-
ments, widespread in the Mediterranean area. Exam-
ination of the phytolith record from soils and buried
soils as well as from carbonaceous sediments may
help to compensate for the current lack of continental
paleoenvironmental records in this area. However, the
phytolith index commonly used for tracing the tree
cover density in tropical areas cannot be used in the
Mediterranean domain without further confirmation of
its reliability. Our study shows that young Quercus
ilex, Quercus coccifera and Quercus pubescens,
which are widespread both today and during the
Holocene in the North Mediterranecan area, do not
produce characteristic phytolith types in sufficient
amounts to allow a reliable index to be calculated.
Variations in the pine cover, dominated by Pinus
halepensis and Pinus sylvestris, are also not recorded
in the studied phytolith assemblages.

The phytolith assemblages are mainly composed of
grass phytoliths and this provides some useful infor-
mation on the grass cover. The proportion of Pooideae
grasses relative to the non-grass species appears to be
shown in the grass phytolith assemblages: grassland
and shrubland assemblages can be distinguished by
their proportion of crenate phytoliths. This relation
needs to be confirmed and explain by further studies
on similar vegetation characterized by grass cover
exclusively composed of Pooideae.

Finally, whilst phytolith analysis has been shown
to be reliable for recording changes in the subfamilies
form the grass cover in temperate, cold and inter-
tropical areas, this technique appears to be of limited
use for recording Mediterranean vegetation changes,
which usually do not induce a sufficient change in
grass cover. Further testing is required on modern
assemblages originating from forests which have been
in place for several centuries to further assess the
ability of phytolith analysis to record the tree cover
density in temperate and Mediterranean areas.
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