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Abstract In some continental and island sites in the west-
ern Mediterranean basin, the Holocene vegetation and cli-
mate dynamics seem to show the same patterns in time and
space. Nevertheless, different synchronous scenarios have
been proposed from other south European, North African
and Near Eastern pollen records from around the Mediter-
ranean basin. Striking similarities and synchronisms have
been found between Sicily and the Balearic Islands. These
islands, although under different bioclimatic influences,
show similarities in the main trends of vegetation and cli-
mate dynamics during the Post-glacial. Lago di Pergusa is
the only natural inland lake in Sicily and because of its
geographical location, has a good potential sensitivity to
the climatic changes of the Mediterranean basin. Likewise,
coastal sediments from Minorca and Majorca, the Balearic
Islands, have similar peculiarities. The present-day envi-
ronmental situation, now that most of the natural vegetation
in these islands has disappeared, has been brought about
either by a climatic trend towards increasing aridity or an
increase in human activities. It seems clear that prehistoric
human people alone could not have caused all the environ-
mental changes recorded in the last millennia in both places.
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Introduction and environmental setting
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were involved in the study of desertification processes in
southern Mediterranean Europe as part of two projects
financed by the European Union. The interaction of
climatic and anthropogenic factors has determined the
present-day structure and evolution of the vegetation. The
landscape history of each island can be read in the sedi-
ment records. In particular, the Balearic Islands and Sicily
(Fig. 1) appear to have been very sensitive to cli-
matic change in determining their geographical and
biogeographical peculiarities.

Its geographical position, geological, climatic and botan-
ical features, prehistoric settlements and historical events
make Sicily a privileged observation point for the cli-
matic phenomena in the Mediterranean basin during the
Holocene. Climate and geomorphology play a leading role
in determining the present-day distribution of vegetation
types. Sicily shows a considerable diversity from a floristic
point of view, with its 3000 species of which 10% are en-
demic (Brullo et al. 1995). It is worth noticing that in few
kilometres the vegetation can change from a maquis scrub
with dwarf palm along the coastal area to beech woods in
the mountains. The high biodiversity of Sicily was recently
confirmed by the finding of small trees of Zelkova sicula
(Di Pasquale et al. 1992) in the Iblei mountains.

The location of Lago di Pergusa (667 m a.s.., 37°31
N; 14°18'E) in the centre of Sicily, in the heart of the
Mediterranean region, but a few km away from Enna,
the highest provincial chief town in Italy (931 m a.s.l.)
(Fig. 1), together with the human history of its district,
make this site important for an understanding of environ-
mental variability phenomena. The surroundings of the
lake, with its central position in the island (at least 50 km
from the sea) and with the elevation of the catchment
between about 670 m and 910 m a.s.1., reduces any climatic
moderation from the sea. This main extant inland natural
lake of Sicily is also very sensitive to climatic change
because of the absence of both inflows and outflows,
being fed only by atmospheric precipitation and alkaline
water-bearing strata. On the other hand, mean annual
precipitation in the area is about 600 mm, reaching about
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Fig.1 Location map of the sites used for comparison: (1) Alcidia
(Majorca), (2) Algendar (Minorca) and (3) Lago di Pergusa (Sicily)

900 mm at the high weather station of Enna, and snow
in winter is not so rare. In the absence of human impact,
the vegetation of the zone should consist of thermophilous
woods with deciduous and evergreen elements. The natural
woodland consists of sparse trees of Quercus suber L.
(cork oak), Q. virgiliana (Ten.) Ten. and Q. ilex L. (holm
oak). This land is now widely cultivated for cereal crops.

The surroundings of the lake (Bernabo Brea 1961;
Giannitrapani and Pluciennik 1998; Tusa 1992) have been
inhabited since the Neolithic period; many important
sites located in strategic hilly positions close to the lake
date back to the Bronze Age; in pre-Roman times Enna
was held by Greeks, Syracusans and Carthaginians. As a
municipium at the time of the Roman Empire, it was not
of great importance being mainly a hub centre, and then
its history was the same as that of the rest of its region,
with Greek and then Byzantine domination, followed by
invasions of Arabs and Normans.

The Balearic Islands lie 80-300 km east of the Span-
ish mainland and have a land area of 5014 km?. There
are two groups of islands. The eastern Balearic Islands in-
clude Majorca and Minorca (Fig. 1) and the small island of
Cabrera. Minorca, with an area of 701 km?, has rugged
hills rising in the north to the hill of Toro (358 m). The
south coast, where the studied sequences are located, is
more regular and has long stretches of cliffs. The western
Balearic Islands include Eivissa (Ibiza) and Formentera.

The climate of the island of Minorca can be described as
typically Mediterranean, with a dry period in summer, two
equinoctial rainfall maxima and mild winter temperatures.
Annual precipitation is low, rarely exceeding 450 mm, and

it occurs mainly in autumn and spring. The mean annual
temperature is about 16.8 °C.

Bolos (1981) remarks that the temperature decrease dur-
ing glacial periods in the Balearic Islands was not as marked
as in continental environments, since it permitted the sur-
vival of thermophilous taxa from the Tertiary flora. In Mi-
norca, the potential vegetation is typically Mediterranean,
made up of Balearic evergreen oak woods with Quercus
ilex as the main component and, in lower and windier ar-
eas, shrub vegetation formations related to thermomediter-
ranean woods (Peinado and Rivas-Martinez 1987). These
are dominated by Olea europaea var. sylvestris (wild olive),
Prasium majus, Euphorbia dendroides and Phillyrea ro-
driguezii (Rivas Martinez 1987).

The Balearic Islands have been, from prehistoric times to
more recent times, and because of their strategic location
in the heart of the western Mediterranean, a staging point
of different cultures (Micé 2005). Since the dawn of
civilization their location has attracted different peoples
who have coveted the islands as a stopover port and a
shelter, and who have left a rich historical legacy there.
Human presence in the Balearic Islands has been verified
from the beginning of the Bronze Age (2000 B.c.), called
the pre-Talayotic period, from which there are important
burial monuments such as megalithic tombs and collective
tombs. Around 1400 B.c., the evolutionary process of this
culture produced various large stone tower constructions
known as talayots. This word gives rise to the name of
the richest prehistoric period of the island, namely, the
Talayotic period, at which time there was a great increase
in the number of settlements. The indigenous culture soon
came under significant foreign influence from expanding
merchant peoples such as the Carthaginians, who above
all were known for introducing new tools and ornaments.
In 123 B.c. the Roman conquest occurred and this brought
with it the transformation of the Talayotic settlements and
the development of important ports. Pottery, mostly of the
native Talayotic types, seems to have persisted with little
change until the Roman occupation. Historical evidence
points to at least 2600 years of settlement on the islands,
which were successively ruled by Carthaginians, Romans,
Vandals, Moors, Catalans and Spaniards, all of whom
have left their mark. The Balearics were conquered by
the Vandals in A.D. 526 and fell to the Byzantines in A.D.
534. The Muslim occupation of the islands was complete
in A.D. 903. Jaume I d’Aragé (Aragon) conquered the
islands of Majorca and Ibiza between 1229 and 1235, and
Minorca fell to his descendant, Alfonso III, in 1287.

Material and methods

The material used in this paper consists of the sediment
records recently available from Sicily and the Balearic Is-
lands (Pérez-Obiol et al. 2000; Sadori and Narcisi 2001).
For coring operations, sediment descriptions, methodol-
ogy and detailed pollen diagrams we refer the reader to
the available papers quoted below. The Holocene lake sed-
iments of Lago di Pergusa were investigated for magnetic



susceptibility, lithostratigraphy, tephra, pollen, AMS ra-
diocarbon dating (Sadori 2001; Sadori and Narcisi 2001;
Narcisi 2002) and micro-charcoal analyses (Sadori and Gi-
ardini 2004a, b). The sediment records from the Balearic
Islands were obtained from littoral deposits in lagoons and
marshlands on the coastal plains and were investigated for
pollen and chronology, with AMS and conventional radio-
carbon dates (Burjachs et al. 1994; YlI et al. 1997; Pérez-
Obiol et al. 2000). Even if the environments from where
the pollen records were taken seem quite different, coastal
lagoons and marshes on the Balearic Islands, and an inland
mountain lake in Sicily, more factors have to be considered.
All the presented sites have water bodies fed mainly by pre-
cipitation and ground waters; the strict correlation with the
water table makes them very sensitive to climate change.
The present-day lacustrine brackish vegetation of Lago di
Pergusa (the lake water has a chloride-sulphate alkaline
composition) is typical of a marine coastal environment
and not observed in any other inland lake in Sicily.

Another point, which must be considered, is the chronol-
ogy of the records. In terrestrial environments, except for
long sedimentary sequences with annual laminations that
are radiocarbon and/or tephrochronologically controlled,
no records can have a strong chronology. The common
practice in palynology of using pollen stratigraphies for
comparing not only between terrestrial records, but also
terrestrial with marine ones, should be carefully avoided in
absence of independently dated sediment records.

There is no doubt that the radiocarbon chronology of
the pollen records presented here could have been better
assessed if, for example, more terrestrial plant macro re-
mains had been available. Nevertheless some efforts were
made in this study to put together some tesserae to bet-
ter reconstruct the vegetation history of the Mediterranean
basin. Due to the doubts on chronological assessments of
pollen records just explained and to avoid further approx-
imations, extremely precise timings and calibration of the
millennial sediment scales were not tried. Superimposed
pollen curves are used to ease the direct comparison be-
tween the vegetation histories of Sicily and the Balearic
Islands. AP (arboreal pollen) percentage and concentra-
tion curves (as well as for single taxa) are overlapped for
comparison among different sites (Figs. 2—6). The aim is
to observe similarities and/or dissimilarities both in long
trends and in rapid changes of the vegetation cover and to
evaluate the possibility to point out synchronisms and/or
diachronisms in its development on the Balearic Islands
and on Sicily.

Results
Comparison between the studied sites

In the Balearic Islands, sediment accumulation is strongly
controlled by changes in eustatic sea level. In the study
area, Quaternary sedimentation began in coastal areas after
the last important regression-transgression cycle, at about
8000 B.P.
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Fig. 2 Lago di Pergusa (Sicily) and Algendar (Minorca). Arboreal
pollen (AP) percentage diagrams

All the pollen diagrams from the Balearic Islands follow
a similar pattern. An initial assessment shows a change in
taxa during the middle Holocene that implies changes in
the landscape. The replacement took place rapidly, from
around 5000 to around 4000 B.p. Some taxa as Buxus
and Corylus were replaced by others such as Olea, a phe-
nomenon which reflects, in our point of view, a global cli-
matic trend. At the same time the disappearance of endemic
animal taxa such as Myotragus and Hypnomys took place.
The landscape changes were probably caused mainly by an
increase in dryness. Several mesophilous taxa (for exam-
ple Corylus, Alnus, deciduous Quercus and Buxus) do not
grow on the island any more. At present, Corylus grows in a
very restricted area on the northern mountains of Majorca.
There, the mist in the mountains, favoured by the topog-
raphy, helped some communities of Fagus to grow around
the mid-Holocene (Fig. 4).

In Sicily at the end of the last glacial period, the land was
covered by an open vegetation with dominant Artemisia,
Gramineae and Chenopodiaceae. Sparse pollen grains of
Pinus (pine) (probably overrepresented) and angiosperm
trees are the only traces of trees.
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Fig. 3 Lago di Pergusa (Sicily) and Algendar (Minorca). Total
pollen concentration diagrams

During the Post-glacial period, wet conditions occurred
for about two millennia from 9000 B.p. when the maximum
expansion of woodland was recorded, with a peak at the
estimated age of 8100 B.p. The same phenomenon took
place in the Balearic Islands where, at ca. 8000 B.P., the
climate favoured the formation of mesophilous vegetation
in a landscape that has no present-day analogy. No evidence
of the aridity trend beginning around 7200 B.p. which was
recorded at Lago di Pergusa, is found at Minorca. An aridity
period was however pointed out in continental Spain by
Jalut et al. (2000) from 7500 to 7000 B.p. A slow and
prolonged climate forcing probably accounts for its time-
transgressive character.

On both the Balearic islands and on Siciliy, the middle
Holocene marks important changes when the AP concen-
trations declined in a few centuries and never significantly
recovered (Fig. 3). In Sicily, until about 2800 B.P., the struc-
ture of the vegetation showed some changes, with decid-
uous oaks decreasing and evergreen elements becoming
relatively more important, the main vegetation change be-
ing found in the reduced evidence for woodland and in
slowly increasing numbers of Mediterranean taxa. Then,
between about 2800 and 2400 B.p. evergreen elements be-
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Fig.4 Lago di Pergusa (Sicily) and Alctudia (Majorca). Fagus pollen
percentage diagrams

came dominant and Olea reached its maximum expansion,
which is interpreted as the clear effect of human impact
on the landscape. In the last two millennia, evergreen and
deciduous vegetation types show similar low frequencies.
In the Balearic Islands, the process was similar with differ-
ences in the vegetation composition. The significant land-
scape change is reflected in composition and structure, re-
sulting in a vegetation adapted earlier to Mediterranean
conditions.

The different importance of the wooded periods in Sicily
and in the Balearic Islands is reflected in the AP values
(Fig. 2). In the period between 9000 and 4000 B.p. at Lago
di Pergusa the trees show percentages mainly at 80%. In
contrast, the AP values are generally below 50% in the
Balearic Islands. Apart from the dissimilarity in the vege-
tation, consisting of a marked difference in the woodland
canopy and explicable by the present-day phytogeograph-
ical differences between the sites, it is interesting that the
two curves show parallel trends. Nevertheless, the fall of
the AP percentages recorded in both areas somewhat before
4000 B.P. is not synchronous, with the most important de-
crease in the pollen concentration (Fig. 3), which appears to
be still earlier. It could be affirmed that while the biomass,
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the extension of the vegetation cover, decreases during the
first part of the Holocene, there is no significant change
in the AP/NAP ratio. On the other hand, the diachronisms
present in both Figs. 2 and 3 between the two sites may be
explained (in absence of evidence of wrong datings) as a
time lag between the plant biomass decrease (detected by
pollen concentration) and percentage pollen representation.

If we assume that a strong decrease in pollen concen-
tration could be mainly related to a decrease in trees, it
appears clear that the vegetation structure would be the
first to change in response to a climate change. Only subse-
quently, a change in the vegetation, consisting in this case
of an opening of the woodland in favour of herbs, could be
found. In Fig. 3 we can appreciate two clear stages with
different pollen concentration values and a third one. The
first phase shows high pollen concentration values indicat-
ing important biomass values until ca. 7000 B.p., while the
second one consists of a strong decrease coinciding with
the expansion of Mediterranean and more xeric elements
in both sites. A third stage, recorded only in Sicily, since
the most recent sediments from this part in the Balearic
Islands are absent, indicates that the phytomass decreased
even more in historical times.
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Fig.6 LagodiPergusa (Sicily) and Algendar (Minorca). Olea pollen
percentage diagrams

Different behaviours are found in some specific taxa in
both studied sites (Fig. 4). In Majorca, the slight increase of
Fagus at around 5000 B.P. can be interpreted as the response
to an increase in sea surface temperature that promoted the
formation of mist in the mountains. It is difficult to explain
the Fagus curve from Majorca according to its Holocene
spread in the rest of Europe (Petit et al. 2003). Nowadays
Fagus is not present in Majorca. In the absence of further
phylogeographical data on beech distribution, taking into
account the geographical distribution of a taxon in estab-
lishing its phylogeny, and understanding the geographical
patterns that may result from divergence, ultimately lead-
ing to speciation, it could be suggested that Fagus stands
were present in the island then. In Sicily, Fagus was contin-
uously present even if with low values. This seems to indi-
cate the persistence of scattered beech trees in the vicinity
of the lake or of Fagus woods in mountain areas of the
island throughout the Holocene. At present, beech woods
are found all around Pergusa, at a distance of some tens of
kilometres, and on the mountains Etna, Madonie, Nebrodi
and Iblei.

The behaviour of Corylus (Fig. 5) also deserves
comparison. It is well known that in several regions of
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Europe Corylus pollen peaked during the Boreal period
and then decreased. This pattern seems to be followed in
Sicily but not in the Balearic Islands, where high values of
Corylus persisted until the middle Holocene. On the other
hand, Olea curves follow similar tendencies in both sites,
increasing from the middle Holocene (Fig. 6). It is clear
that this phenomenon is related to the establishment of a
Mediterranean climate with increased seasonality and a sig-
nificant dry period. It is however quite impossible to decide
if the early Neolithic increase of Olea and its Bronze Age
significant expansion found at Lago di Pergusa could be due
to climate change or early cultivation. The best explanation
can probably be found in a combination of the two causes.
It should be considered that the vegetation in large areas
of both islands is a maquis of Olea europaea var. sylvestris
(wild olive). Another important question is to discover
whether the beginning of intensive Olea cultivation can
be detected. A pollen diagram from the east of the Iberian
Peninsula shows an increase of Olea pollen during me-
dieval times. The same phenomenon occurs in the southeast
of the Iberian Peninsula where the steppe-like vegetation
was modified during the Middle Ages by cultivated Olea
and other anthropogenic indicators (Follieri et al. 2000),
which is consistent with the available historical data
from both quoted localities. At Lago di Mezzano (Sadori,
in prep.) the Olea curve seems to have largely the same
trend as in Spain, with an increase in medieval times. As
already mentioned, something different is found in Sicily
at Lago di Pergusa, where an important expansion is found
at the end of the Bronze Age and during the Iron Age,
when anthropogenic indicators such as legumes, cereals,
Castanea (chestnut) and Juglans (walnut) are found. In
the same period, a similar expansion of Olea is recorded
40 km north of Rome, at Lago di Vico (Magri and Sadori
1999) where an undiscussed human impact is found,
clearly indicated by intensive cultivation of trees, first
Castanea and then Juglans.

Conclusions

The pollen data from Sicily show that the wettest condi-
tions were attained in the period between 9000 and 7200
B.P. Then a trend towards aridification began, leading to
very dry conditions at about 3000 B.P. An unquestionable
human impact on vegetation is found since 2800 years B.P.
As climate forcing and increasing human land use had al-
ready induced vegetation change, the human occupation
of the last three millennia did not produce further signifi-
cant effects on the environment. The pollen data from the
Balearic Islands reflects important changes in the vegeta-
tion during the middle Holocene (5000—-4000 B.p.) showing
the substitution of mesophilous communities by a maquis
scrub. The causes of these events remain unclear since
they seem to have been increased, but not caused, by hu-
man action. Recently, it has been pointed out that many
south-western European pollen records show rather sub-
stantial differences between the early and late Holocene,
suggesting a general change from wetter to drier climatic

conditions with clear aridification phases (Jalut et al. 2000;
Magny et al. 2002). This trend was indicated since around
7500 B.P. (as detected in Sicily) by slight increases of scle-
rophyllous taxa and culminated around 4500—4000 B.P. (as
strongly indicated in Minorca). The most reasonable hy-
pothesis is that the changes were accelerated by human
activity.

These similarities between the two areas under consid-
eration are found in parallel vegetational trends, reflected
both in AP percentages and in total pollen concentration
data, suggesting the fundamental role of the climate in
shaping the different environments and landscapes in the
Mediterranean basin, in sites chosen for their high sensi-
tivity to climate change. Dissimilarities are found in single
taxon percentage values and trends, indicating that the veg-
etation dynamics and even the floristic composition were
deeply different in the two considered areas. Fagus pollen
can be given as an example of this diversity, continuously
present in the diagram from Sicily and present around the
middle of the Holocene in Majorca.

As a consequence of the similarities and dissimilarities in
the pollen diagrams, some synchronisms and diachronisms
are shown. The main and similar Holocene vegetation
changes, which can be considered to have been determined
by climatic events, seem to happen in the same chronolog-
ical intervals. Expansions of single taxa such as Corylus
were not only different from a quantitative point of view, but
also from a chronological perspective, showing a remark-
able diachronism in their histories in the two studied areas.

To conclude, the two main vegetation changes found in
the Balearic Islands and Sicily, recorded before 7000 B.P.
and at about 4500 B.p. were (1) a change of structure (de-
tected by strong decreases in pollen concentration) and then
(2) a change of landscape (decreases in tree pollen percent-
ages). The first change may be a consequence of the well
known north Atlantic 8200 cal B.p. short and abrupt event.
Its effect seems to have been detected in many European
sediment records (Magri and Sadori 1999; Mercuri et al.
2004; Ramrath et al. 2000; Seppd and Veski 2004; Tinner
and Lotter 2001). This sharp and short climate signal in-
duced a dry period in the southwestern Mediterranean area
(Jalut et al. 2000) and could have triggered a change in
the woodland canopy and vegetation composition of the
investigated islands. The second event is also clearly vis-
ible in many southern European lacustrine sites (Catalan
et al. 2001; Follieri et al. 1988; Jalut et al. 2000; Magri and
Sadori 1999; Sadori 2003; Schneider 1985) where signifi-
cant changes in the vegetation are found around 4500 B.P.
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