
lable at ScienceDirect

Quaternary International 457 (2017) 113e130
Contents lists avai
Quaternary International

journal homepage: www.elsevier .com/locate/quaint
Holocene mountain forest changes in central Mediterranean: Soil
charcoal data from the Sila Massif (Calabria, southern Italy)

Daniela Moser a, b, d, *, Gaetano Di Pasquale b, Fabio Scarciglia c, Oliver Nelle a, d, 1

a Graduate School “Human Development in Landscapes”, Kiel University, Leibnizstrasse 3, 24118 Kiel, Germany
b Laboratory of Vegetation History and Wood Anatomy, Department of Agriculture, University of Naples Federico II, Via Universit�a 100, 80055 Portici, Italy
c Department of Biology, Ecology and Earth Sciences (DiBEST), University of Calabria, Via Pietro Bucci - Cubo 15B, 87036 Arcavacata di Rende, CS, Italy
d Institute for Ecosystem Research, Paleoecology Unit, Kiel University, Olshausenstrasse 75, 24118 Kiel, Germany
a r t i c l e i n f o

Article history:
Received 14 June 2016
Received in revised form
22 December 2016
Accepted 28 January 2017
Available online 8 February 2017

Keywords:
Bronze Age
Sila uplands
Climate
Human impact
Deciduous Quercus
Pinus laricio
* Corresponding author. Graduate School “Human D
Kiel University, Leibnizstrasse 3, 24118 Kiel, Germany

E-mail addresses: dmoser@gshdl.uni-kiel.de (D.
unina.it (G. Di Pasquale), fabio.scarciglia@unical.it (F.
bwl.de (O. Nelle).

1 Present address: Regierungspr€asidium Stuttgart, L
Referat 84.1 Dendrochronologisches Labor, Fischer
Hemmenhofen, Germany.

http://dx.doi.org/10.1016/j.quaint.2017.01.042
1040-6182/© 2017 Elsevier Ltd and INQUA. All rights
a b s t r a c t

Soil charcoal analysis was performed on soil profiles excavated in the area of Cecita Lake on the Sila
Massif (Calabria, southern Italy). Charcoals identification, combined with a good number of radiocarbon
dating and the pedological analysis of the soils, allowed drawing a detailed history of the Holocene
vegetation changes in the area. Five periods characterised by high concentration of radiocarbon dates e
mirroring increased fire activity e are documented at ca. 10400-9000 BP, 8200-7200 BP, 5100-3700 BP,
3300-2400 BP and 600 BP to the present. Furthermore, a severe environmental change took place be-
tween the Middle Bronze Age and the Final Bronze Age/Iron Age (ca. 3600 to 3000 BP), when the mixed
deciduous oak-silver fir woodland, which dominated the landscape until the Early Bronze Age, declined
and was substituted by a Calabrian pine forest or by an open landscape. Available climate, pollen and
historical/archaeological data are taken into account to investigate the possible causes of the detected
environmental change and of the periods of increased fire activity. If climate seems to play a role in the
fire regime during the first part of the Holocene, human action seems to be the triggering factor in the
environmental change and the fire regime during the Late Holocene.

© 2017 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

In the last two decades, numerous studies on the vegetation
history of the Mediterranean region have been undertaken (e.g.
Jahns, 1993; Jahns and van den Bogaard, 1998; Yasuda et al., 2000;
Roberts et al., 2001; Allen et al., 2002; Carri�on et al., 2007;
Drescher-Schneider et al., 2007; Di Rita and Magri, 2009; Cal�o
et al., 2012; Sadori et al., 2013; Zapata et al., 2013). Special issues of
different journals (e.g. The Holocene 21(1); Quaternary Interna-
tional 303) contributed in drawing the attention to the topic of the
mutual influence of climate changes and human impact in shaping
the Mediterranean landscape and vegetation. In fact, the millenary
evelopment in Landscapes”,
.
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presence of human settlements in the Mediterranean basin deeply
contributed in the formation of its specific cultural landscape. If in
the first part of the Holocene until ca. 6500 BP, climate is seen as the
main factor influencing vegetation changes in the Mediterranean
region, after this date the human action become an undeniable
factor inmodifying the landscape (see the concept of mid-Holocene
Mediterranean “m�elange” by Roberts et al., 2011). The synergic
action of humans and climate on the vegetation in the last part of
the Holocene makes difficult to disentangle the question if the
recorded vegetation changes are climate or human driven and to
evaluate in which extent the two factors acted on the environment
and at which scale. Recent studies demonstrated the existence of
regional patterns of climate trend across theMediterranean (Berger
and Guilaine, 2009; Magny et al., 2012; Zanchetta et al., 2013),
further complicating the data interpretation. The Italian peninsula,
in particular, seems to show opposite trends of climate conditions
north and south of 40� latitude during the Holocene (Magny et al.,
2013; Peyron et al., 2013) and, with its position in the centre of the
Mediterranean, is located between the two different climatic sys-
tems of the western and eastern part of the basin (Roberts et al.,
2011). Based on these assumptions, the combination of regional
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and local studies together with a multidisciplinary approach e

comparing environmental proxies not subjected to human influ-
ence and historical/archaeological data - seem to be fundamental to
unravel environmental changes and to evaluate the causes of such
changes.

Today, we can count on a good number of studies concerning
pollen-based reconstruction of vegetation history in Italy (e.g.
Russo Ermolli and Di Pasquale, 2002; Valsecchi et al., 2006; Caroli
and Caldara, 2007; Drescher-Schneider et al., 2007; Noti et al.,
2009; Tinner et al., 2009; Kaltenrieder et al., 2010; Sadori et al.,
2011; Joannin et al., 2014). To the high number of pollen-based
studies does not correspond a likewise number of studies based
on soil charcoal analysis, which represents a unique tool to inves-
tigate local fire events and vegetation changes with a high-detailed
spatial resolution (Thinon, 1978) and possibly without the human
selection characterising archaeological charcoals (Th�ery-Parisot
et al., 2010). Unlike other areas of Europe, where soil charcoal
analysis was applied in different contexts (for a review see Nelle
et al., 2013), in Italy only few studies were published so far (Di
Pasquale and Mazzoleni, 2002; Favilli et al., 2010; Egli et al., 2012;
Compostella et al., 2013).

In this paper, the results of soil charcoal analysis carried out in
the area of Cecita Lake on the Sila Massif (southern Italy) are pre-
sented. The study represents a contribution to the Holocene
vegetation history of the area and it is important in relation to the
almost complete absence of environmental studies aimed at past-
vegetation reconstruction, which are limited to the recent work
of Joannin et al. (2012) and few old investigations (Ferrarini, 1978;
Schneider, 1985).

Starting from 2008, charcoal and pedological analyses were
carried out at two archaeological sites dated to Neolithic and Ro-
man Age located along the shores of Cecita Lake. The results (Pelle
et al., 2013a, 2013b) showed the predominance of deciduous
Quercus charcoal in the Neolithic, while during Roman times Pinus
group sylvestris dominates. The data suggest a shift from an oak-
dominated deciduous forest to a pine forest during the time be-
tween Neolithic and Roman Age. Based on these results, we
enlarged the investigation, performing soil charcoal analysis on soil
profiles excavated in the area around Cecita Lake and combining
them with a good number of AMS radiocarbon dating. Our aims
were: 1) to provide a record of the past vegetation not connected to
archaeological settlements and indeed not directly influenced by
human selection; 2) to better understand the timing of the vege-
tation change; 3) to advance hypothesis about the causes of the
change to clarify if it was caused by a climate change or the
anthropogenic impact.

2. Regional setting

2.1. Soil, climate and vegetation settings

Cecita Lake (39� 90 3600 N; 15� 560 3800 E) is an artificially dammed
lake build up in the 50s in the place of a Pleistocene paleo-lake. It is
located in the Sila Grande Massif (Calabria, southern Italy) at about
1150m a.s.l. The SilaMassif is part of the Calabrian Apennine, which
constitutes the far end of the Italian Apennines (Fig. 1). The lake is
surrounded by three levels of fluvio-lacustrine terraces, in turn
entrenched in an upland paleolandscape consisting of flat to
gently-rolling planation surfaces, originated from Middle to Late
Pleistocene e Holocene differential tectonic uplifts and ranging
from about 1000 to 1700 m a.s.l. (Scarciglia et al., 2005). The area
around the lake displays the presence of a widespread soil type -
developed on fluvio-lacustrine deposits and plutonic bedrock and
characterized by the contribution of late Pleistocene to Holocene
fine volcanic ash ewhich represents a pedostratigraphic marker in
the Sila uplands, the so-called “Cecita Lake geosol” (Scarciglia et al.,
2008; Pelle et al., 2013b).

The study area is characterised by a temperate humid mountain
Mediterranean climate with rainy autumns and winters and short
dry summers. Mean annual precipitations are about 1230 mm.
Mean annual temperature is 8e9 �C, with a mean minimum tem-
perature in the coldest month (January) of �2 �C and a mean
maximum temperature in the hottest month (August) of 25 �C
(Fig. 1. Cecita lake weather station: Ciancio, 1971).

Nowadays the vegetation cover is composed mainly by grass-
land and cultivated fields. The lower vegetation belt (from 600 to
1100 m a.s.l.) is characterised by mixed deciduous mesophilous
forests dominated by Quercus cerris and by widespread Castanea
sativawoodlands (Bernardo et al., 1991). The upper vegetation belt
(above 1100 m a.s.l.) is characterised by Fagus sylvatica forests,
sometimes associated with Abies alba (Barbero and Qu�ezel, 1975;
Bernardo et al., 2010), and especially by high mountain conif-
erous forests with a strong predominance of Pinus nigra ssp. laricio
(hereafter called Pinus laricio or Calabrian pine; Bernardo et al.,
1991, 2010). Until a recent past, Quercus cerris and Fagus sylvatica
woodlands were present both as coppices and as high forests (e.g.
Menguzzato, 2013). The frequent abandonment of the coppices in
the last 50 years led to their shift into high forests (e.g. Avolio and
Ciancio, 1991; Ciancio et al., 2007). Castanea sativa experienced an
inverse trend with the abandonment of the high chestnut wood-
lands for fruit production and their transformation into coppices
(Avolio et al., 2009e2010). Pinus laricio is an endemic tree in
Calabria (Qu�ezel and M�edail, 2003), managed for over a century
with a particular form of selection cutting (Ciancio et al., 2006), and
constitutes nowadays a typical element of the Sila landscape.
Nevertheless, except scattered stands of old-growth pine forest
(Ciancio et al., 2010), the present forests are the results of refores-
tation programs for soil conservation started in the 50s (Costantini,
1993) and of a spontaneous reforestation that followed the aban-
donment of the mountain areas in the last century after several and
long-term phases of intense forest clearance.

2.2. Historical and archaeological settings

The Sila Massif has a long history of human presence: archae-
ological findings testify human activities since the Lower Palae-
olithic about 700000-500000 years ago (Palma di Cesnola, 2004).
Recent excavations on the shores of Cecita Lake (Marino and Taliano
Grasso, 2010) brought to light numerous settlements (Fig. 1) dated
to the Late Neolithic and Early Eneolithic, when agriculture and
grazing, as well as mining, spinning, fishing and woodlands
exploitation were practiced. Cecita Lake, moreover, is located along
the natural route connecting the Ionian coast to the Crati Valley that
was probably used during Neolithic times for the trade of the
obsidian coming from Lipari (Ammerman,1979). Settlements dated
to the Early andMiddle Bronze Age are also documented in the area
(Marino and Taliano Grasso, 2010), devoted to agriculture and
grazing and to the exploitation of the local mining resources
(Marino and Pacciarelli, 1996). For the Greek Age, archaeological
data testify contacts with important Greek cities of the Magna
Graecia (Marino and Taliano Grasso, 2010). The presence of the
Bruttians, an Italic population that establishes on the Sila Massif
from about 350 to 200 BCE is also documented: exploitation and
trade of timber, pitch and salty fish, together with grazing, were the
most important activities (Guzzo, 1989). The Bruttians were finally
defeated by the Romans, which annexed the Sila to the state
property and started to deeply exploit the natural resources of the
area, such as forests, pitch and pasture (Lombardo, 1989). Lombard
settlements were also present nearby the lake (Roma, 2010): in fact,
in the Early Middle Ages the border between Byzantine and



Fig. 1. Cecita Lake. Location map showing the area of Cecita Lake with the documented archaeological sites (black dot: Prehistoric site; white dot: Protohistoric site; black square:
Greek site; white square: Roman site) and the excavated soil profiles (indicated with a star). On the links, the climatic diagram from the Cecita Lake weather station is shown.

D. Moser et al. / Quaternary International 457 (2017) 113e130 115
Lombard territories was located across the Sila (for an overview of
the cultural periods in Calabria, see Table 1).
3. Material and methods

3.1. Field works and laboratory treatments

Five representative soil profiles were selected in different loca-
tions in an area of ca. 40 km2 south and east to the lake (Fig. 1), on
Table 1
Calabrian cultural periods with the indication of the abbreviations used in Figs. 8 and 10

Cultural period Abbreviation

Palaeolithic (Epigravettian)
Mesolithic
Early Neolithic EN
Middle Neolithic MN
Late Neolithic LN
Early Eneolithic EE
Middle Eneolithic ME
Late Eneolithic LE
Early Bronze Age EBA
Middle Bronze Age MBA
Recent Bronze Age RBA
Final Bronze Age FBA
Iron Age IA
Greek Age GA
(Bruttian period)
Roman Age RA
Late Antiquity LA
Early Middle Ages EMA
(Lombard/Byzantine period)
(Normann period)
Late Middle Age LMA
(Swabian period)
(House of Anjou domain)
(Conflicts with the Crown of Aragon)
Modern times MT
(Spanish domain)
(House of Habsburg domain)
(Bourbons domain)
(French regimes)
(Italian unification)
the basis of (i) the pedostratigraphic position of the above-
mentioned “Cecita Lake geosol” pointing to late Pleistocene/Holo-
cene soil ages, (ii) the pedological spatial variability assessed from
previous studies and (iii) the varying geomorphological contexts,
i.e. river terraces (CL1: 39� 230 1900 N, 6� 340 14.100 E; CL2: 39� 230

16.900 N,16� 340 13.100 E), slopes (CL4: 39� 190 38.100 N,16� 290 53.800 E)
and transitional landforms where slope and/or fluvial deposits
overlie terraced river sediments (CL3: 39� 370 0100 N, 16� 460 5300 E
and CL5: 39� 180 55.800 N, 16� 310 50.300 N, respectively). The
and the covered chronological frames expressed in years BP and years BCE/CE.

Chronological frame (BP) Chronological frame (BCE/CE)

19950e9950 18000-8000 BCE
9950e7800 8000-5850 BCE
7800e7500 5850-5550 BCE
7500e6150 5500-4200 BCE
6150e5650 4200-3700 BCE
5650e5250 3700-3300 BCE
5250e4750 3300-2800 BCE
4750e4150 2800-2200 BCE
4150e3600 2200-1650 BCE
3600e3300 1650-1350 BCE
3300e3150 1350-1200 BCE
3150e2950 1200-1000 BCE
2950e2750 1000-800 BCE
2750e2150 800-200 BCE
(2350e2159) (400-200 BCE)
2150e1650 200 BCE - 300 CE
1650e1350 300-600 CE
1350e950 600-1000 CE

(571-1060 CE)
(1060-1194 CE)

950e450 1000-1500 CE
(1194-1266 CE)
(1266-1283 CE)
(1283-1503 CE)

450-present 1500 CE -present
(1503-1707 CE)
(1707-1735 CE)
(1735-1861 CE)
(1805-1815 CE)
(1861 CE)
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vegetation cover is characterised bymature Pinus laricio forest with
young trees of Quercus cerris and Fagus sylvatica at soil profiles CL1
and CL2, by open grassland with Cytisus scoparius shrublands and
trees of Alnus glutinosa and Populus nigra along a nearby river at
CL3; by open grassland with sparse trees of Pinus laricio and trees of
Alnus glutinosa along the river at CL5. CL4 is located at the edge of a
Pinus laricio forest. The study sites range in altitude between 1150
and 1363 m a.s.l. Four of the soil profiles (CL1, CL3, CL4 and CL5)
were directly obtained from exposed slope cuts, while CL2 consists
in a pit ca. 1 m long per 1 mwide dug in the soil 55 cm downward.
Samples collection and laboratory treatments followed the stan-
dard procedure of the pedoanthracological method (Carcaillet and
Thinon, 1996; Talon, 2010). A horizon-wise sampling strategy was
applied (Pelle et al., 2013a, 2013b) in addition to a mere depth-
based approach, as a basis for a deeper comprehension of vertical
charcoal distribution in response to pedogenetic and/or morpho-
dynamic processes. The volume of the collected samples ranges
from 1.4 to 6.1 L of sediment. The samples were firstly air-dried and
weighted. Then, they were wet-sieved through two sieves with 1
and 0.4 mm mesh-size. Charcoal concentration and taxonomical
identification were performed for assemblages of charcoal pieces
greater than 1 mm. Smaller charcoal pieces were excluded: since
they were not taxonomically identifiable, they barely provide in-
formation on past forest composition (Robin et al., 2014). Charcoal
concentration is expressed as specific anthracomass (SA) in milli-
grams of charcoal per kilogram of dried soil (Talon, 2010). Specific
anthracomass is calculated per soil profile (SAP) and per sample
layer (SAL).

Taxonomical identification was performed using an incident
light microscope at magnifications of 100�, 200� and 500� and
consulting wood anatomy atlases (Greguss, 1955, 1959;
Schweingruber, 1990) and the reference collection of the paleo-
ecology working group at the Institute for Ecosystem Research,
University of Kiel. When the charcoal quantity allowed, tax-
onomical identificationwas done for 50 charcoal pieces per layer of
sampling. It was generally possible to identify the charcoal frag-
ments at the species or genus level; nevertheless, sometimes the
bad conditions of preservation or vitrification events only allowed
the identification at a family level or the solely distinction between
coniferous, dicotyledon and monocotyledon wood or even pre-
vented any identification.

From two layers of the soil profile CL5 (layers 3 and 4, corre-
sponding to Ab and C horizons, respectively), samples were
collected for pollen analysis. The samples were lab-treated ac-
cording to standard procedures and counted (Faegri and Iversen,
1989; Moore et al., 1991).

3.2. Dating strategy

Among the identified charcoals, 32 samples were selected for
AMS radiocarbon dating aiming at providing information about
soil stratigraphy, the age of the identified charcoals and, conse-
quently, the history of the most important identified taxa. For each
soil profile, the charcoal pieces for radiocarbon dating were first
selected based on their taxonomical interest and their location (i.e.
soil horizon), also in relation to the spectrum of identified taxa in
each layer. Then, their size and conservation state were taken into
account to supply an adequate quantity of carbon for dating. AMS
radiocarbon dating was finally performed on 7 charcoal pieces
from CL1, 5 from CL2, 4 from CL3 and CL4, respectively, and 12
from CL5.

31 dates were obtained each one from a single charcoal
fragment, while for 1 date of CL3 (horizon Bw3), it was necessary
to gather 5 charcoal pieces (from the same layer and the same
taxon, Juniperus) to obtain a sufficient quantity of carbon for
dating (1e2 mg of carbon, normally present in �10e20 mg of
charcoal).

The AMS radiocarbon measurements were done at the
Leibniz-Laboratory for Radiometric Dating and Isotope Research
(Kiel, Germany), the Beta Analytic Laboratory (Miami, USA) and
the Poznan Radiocarbon Laboratory (Poznan, Poland). The
radiocarbon dates were calibrated using the Oxcal program,
version 4.2 (Bronk Ramsey, 2009), based on the Intcal13 cali-
bration curve (Reimer et al., 2013) and with a 2s confidence in-
terval (95% probability).
4. Results

4.1. Soil charcoal analysis

A total of 94 L of soil was sampled from the five soil profiles with
ca. 32 g of extracted charcoal. To get taxonomical information, 1114
charcoal pieces were analysed allowing the identification of 16
taxa. Among the identified taxa, Pinus group sylvestris is the most
attested (41%), followed by dec. Quercus and cf. dec. Quercus (18%),
Juniperus (18%), Abies alba and cf. Abies alba (14%), Leguminosae
(6%), Fagus sylvatica (1%), Populus and Populus/Salix (1%), uniden-
tifiable monocotyledons (1%), Acer, Alnus, Cornus, cf. Fraxinus, cf.
Ostrya/Carpinus, Prunus, Sambucus and Rosaceae/Maloideae
(all < 1%). In 1% of the cases, it was not possible to distinguish
between Abies alba and Juniperus. Unidentifiable dicotyledons and
conifers constitutes 1% and 11% of the total analysed charcoals,
respectively and unidentifiable charcoals (because of bad preser-
vation status or vitrification) constitute 14% of the total. The results
of the taxonomical identification, together with the SAP and SAL
and the radiocarbon dating are presented for each soil profile in
Figs. 2e6. In the anthracodiagrams presented in these figures, as
well as in the Discussion, only the main identified taxa (Abies alba,
Fagus sylvatica, Juniperus, dec. Quercus, Pinus group sylvestris and
Leguminosae) are presented in detail. The other identified broad-
leaves are grouped under the definition “Other broadleaves”. Abies/
Juniperus, the monocotyledons, the unidentifiable dicotyledons and
conifers, and the unidentifiable charcoals are excluded from both
the diagrams and the Discussion, but included in the SAP and SAL,
since they provide information about the fire history. Concerning
Pinus group sylvestris, although wood anatomy does not allow to
distinguish between the different species P. sylvestris, P. mugo and
P. nigra (Schweingruber, 1990), P. sylvestris and P. mugo can be ruled
out because they do not grow in this region (Pignatti, 1982). Thus,
we can reliably attribute our charcoals to Pinus laricio, a subspecies
of P. nigra, which is an endemic and widespread tree in the
mountain vegetation of Calabria between 800 and 1800 m a.s.l.
(Pignatti, 1982).

In the figures, calculations and percentages are based on the
charcoal frequencies (number of identified charcoal pieces per
sample). The results of pollen analysis are shown in Fig. 7.
4.2. Radiocarbon dating

The results of radiocarbon dating are presented in Table 2.
Sometimes, the radiocarbon dating of a single charcoal piece gave
different possible dates. In these cases, the date with the smaller
uncertainty rangewas chosen for the data interpretation.When the
uncertainty range was identical, the date was selected on the base
of other radiocarbon dates available for the same horizon or for the
same taxon or it was just randomly chosen. In the discussion, all the
reported dates are intended as calibrated BP (if not differently
specified).



Fig. 2. Soil profile CL1. From the left to the right, the depth of the soil profile with the pedological horizons, the value of SAL and SAP, the diagram of the most important taxa
identified with indication of the AMS radiocarbon dates and the documented cultural periods are presented. 1The cultural periods are based on the radiocarbon dates of one or more
charcoal pieces extracted from the pedological horizon/sediment sample. *: evidence of erosion/truncation; 260-25: radiocarbon date from previous studies (Scarciglia et al., 2008),
the taxon of the dated charcoal is unknown.

Fig. 3. Soil profile CL2. From the left to the right, the depth of the soil profile with the pedological horizons, the value of SAL and SAP, the diagram of the most important taxa
identified with indication of the AMS radiocarbon dates and the documented cultural periods are presented. 1The cultural periods are based on the radiocarbon dates of one or more
charcoal pieces extracted from the pedological horizon/sediment sample. *: evidence of erosion/truncation.
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5. Discussion

5.1. Taphonomical processes, charcoal concentration and
stratification

Charcoal fragments present in soils are the result of the
incomplete combustion of vegetation fuel (Forbes et al., 2006). It is
difficult to establish the source and the formation processes leading
to the creation of the charcoal assemblage. The main source are
generally forest fires naturally ignited or fired by humans in rela-
tion to anthropogenic activities (Pyne and Goldammer, 1997;
Moore, 2000; Bal et al., 2010). The possible provenance of char-
coals from nearby human-related contexts, such as archaeological
sites, charcoal kilns (charcoal production sites: Nelle, 2003) or
temporary campfires has also to be taken into account when
interpreting the charcoal record. Duration and intensity of the fire,
as well as the type of burning vegetation are also influencing the
final charcoal mass (Fr�ejaville et al., 2013). In case of forest burning,
weather and topographic conditions can influence the dispersion
and deposition of charcoal during and after the fire (Clark, 1988;
Thinon, 1992; Scott et al., 2000). Anyway, charcoal particles larger
than 0.5 mm are normally not transported more than a few meters
from the burning area (Clark and Patterson, 1997; Ohlson and
Tryterud, 2000), giving information about the fire-affected woody
vegetation and its evolution with a high spatial resolution
(Carcaillet and Thinon, 1996). In our case, the location of the soil



Fig. 4. Soil profile CL3. From the left to the right, the depth of the soil profile with the pedological horizons, the value of SAL and SAP, the diagram of the most important taxa
identified with indication of the AMS radiocarbon dates and the documented cultural periods are presented. 1The cultural periods are based on the radiocarbon dates of one or more
charcoal pieces extracted from the pedological horizon/sediment sample. *: evidence of erosion/truncation; 3400-3267: radiocarbon date from previous studies (Scarciglia et al.,
2008), the taxon of the dated charcoal is unknown.

Fig. 5. Soil profile CL4. From the left to the right, the depth of the soil profile with the pedological horizons, the value of SAL and SAP, the diagram of the most important taxa
identified with indication of the AMS radiocarbon dates and the documented cultural periods are presented. 1The cultural periods are based on the radiocarbon dates of one or more
charcoal pieces extracted from the pedological horizon/sediment sample. *: evidence of erosion/truncation, *?: possible evidence of erosion/truncation.



Fig. 6. Soil profile CL5. From the left to the right, the depth of the soil profile with the pedological horizons, the value of SAL and SAP, the diagram of the most important taxa
identified with indication of the AMS radiocarbon dates and the documented cultural periods are presented. 1The cultural periods are based on the radiocarbon dates of one or more
charcoal pieces extracted from the pedological horizon/sediment sample. *: evidence of erosion/truncation.

Fig. 7. Pollen records from soil profile CL5. In the diagram, the results of pollen analysis from layers 3 and 4 (corresponding to Ab and C horizons, respectively) are presented.
Percentages are based on land pollen sum (analysis: Y. Dannath, O. Nelle).
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profiles on flat (such as CL2) to gently-inclined relief (CL1) or at the
foot of small slopes (CL3, CL4 and CL5) and the selection of
charcoals � 1 mm for the taxonomical identification allow us to
consider the charcoal assemblage as being formed almost locally.
Soil profile CL5 is located along a river terrace, opening the possi-
bility of the transport of charcoal by water from farther distances,
nevertheless the pedological analysis permitted to clearly distin-
guish in situ-formed horizons from alluvial deposits. Moreover, the
absence of archaeological features, charcoal kilns or other human
structures near the soil profiles drives us to consider with high
probability our charcoal as the result of natural or anthropogenic
woodland fires.

After the fire, different processes of perturbation may affect the
soil, leading to the dislocation of the charcoals at different soil
depths and to their fragmentation. Pedoturbation, bioturbation and
uprooting processes contribute to the mixing of the charcoal pieces
in the soil; therefore, the soil charcoal vertical distribution is often
not chronologically ranged (Carcaillet, 2001; Gavin et al., 2003;
Robin et al., 2012). Nevertheless, the large number of radiocarbon
dating and the pedological field features of the soil profiles
permitted to control the age/depth relation of the charcoals.
Moreover, despite phenomena of inversion in the relationship be-
tween the age of charcoal and the depth of the sample (as in CL5) or
the contemporary presence of charcoals with different ages in the
same sample (as in CL1 and CL2), a clear pattern of Holocene
vegetation change e the transition from a deciduous oak and silver
fir forest to a pine foreste is visible along the depth of almost all the
investigated soil profiles.
5.2. Fire events and vegetation changes at Cecita Lake

The low number of sampled soil profiles and the sole analysis of
macro-charcoals prevent us from reconstructing the fire history of
the area: our record provides us with a local and discontinuous
signal of fires. In fact, the association of soil charcoals with macro-
and micro-charcoals from mires or lake deposits is necessary to
obtain profound data (e.g. Robin et al., 2013). Bearing in mind this
limitation, it is anyway possible to note first a higher concentration
of dates in the second part of the Holocene and then the presence of
periods characterised by a higher number of date ranges in our
record (Fig. 8a). Radiocarbon ages are concentrated around 10400-
9000 BP, 8200-7200 BP, 5100-3700 BP, 3300-2400 BP and 600 BP to
the present. For the period 5100-3700 BP, radiocarbon ages are
particularly concentrated at 5100-4500 and 3800 BP. Assuming that
the charcoal record is a result of forest fires, we can argue that these
concentrations of radiocarbon dating mirror periods of increased



Table 2
Radiocarbon dates.

Soil profile Pedological horizon Laboratory reference Radiocarbon date Calibrated age at 2s interval Taxon

CL1 A2 KIA45420 1065 ± 25 BP 1051-930 cal. BP Pinus group sylvestris
CL1 A3 KIA45421 4200 ± 30 BP 4843-4627 cal. BP deciduous Quercus
CL1 A3 KIA47441(1) 2430 ± 30 BP 2699-2354 cal. BP Pinus group sylvestris

KIA47441(2) 2695 ± 30 BP 2850-2755 cal. BP
CL1 A3 KIA50234(1) 3000 ± 40 BP 3316-3080 cal. BP Pinus group sylvestris

KIA50234(2) 3020 ± 25 BP 3337-3083 cal. BP
CL1 2Bw1 KIA48518 4065 ± 30 BP 4799-4437 cal. BP deciduous Quercus
CL1 2Bw1 KIA48519(1) 4305 ± 25 BP 4960-4832 cal. BP deciduous Quercus

KIA48519(2) 4355 ± 30 BP 5032-4851 cal. BP
CL1 2Bw1 KIA48520 8895 ± 45 BP 10193-9794 cal. BP Pinus group sylvestris
CL2 A1 POZ-59596 125 ± 30 BP 273-10 cal. BP Pinus group sylvestris
CL2 A2 POZ-59597 155 ± 30 BP 285 cal. BP -present Pinus group sylvestris
CL2 A2 KIA48512 2845 ± 25 BP 3056-2872 cal. BP deciduous Quercus
CL2 Bw KIA48513(1) 6760 ± 30 BP 7666-7576 cal. BP Abies

KIA48513(2) 6675 ± 30 BP 7591-7489 cal. BP
CL2 Bw KIA48514 6975 ± 35 BP 7926-7705 cal. BP Juniperus
CL3 Bw3 POZ-59598 8270 ± 50 BP 9430-9091 cal. BP Juniperus
CL3 2Ab KIA48516 8170 ± 50 BP 9269-9010 cal. BP Abies
CL3 2Ab KIA48515 8920 ± 100 BP 10242-9695 cal. BP deciduous Quercus
CL3 2Bwb KIA48517 8820 ± 55 BP 10158-9682 cal. BP deciduous Quercus
CL4 A KIA48507 3465 ± 35 BP 3834-3640 cal. BP Abies
CL4 2Bw KIA48508(1) 8430 ± 40 BP 9530-9324 cal. BP Abies

KIA48508(2) 8525 ± 50 BP 9554-9453 cal. BP
CL4 2Bw KIA48509 12180 ± 60 BP 14245-13835 cal. BP Juniperus
CL4 2Bt KIA48510 7245 ± 36 BP 8164-7982 cal. BP Abies
CL5 Ap POZ-59591 230 ± 30 BP 421 cal. BP -present Fagus sylvatica
CL5 Bw1 POZ-59592 330 ± 30 BP 473-308 cal. BP Pinus group sylvestris
CL5 Bw2 KIA48050 2015 ± 25 BP 2039e1895 cal. BP Cornus
CL5 Bw2 KIA48051(1) 2865 ± 30 BP 3072-2879 cal. BP Juniperus

KIA48051(2) 2740 ± 30 BP 2920-2765 cal. BP
KIA48051(3) 2465 ± 30 BP 2713-2379 cal. BP
KIA48051(4) 2805 ± 30 BP 2995-2804 cal. BP

CL5 Bw2 POZ-59593 2475 ± 30 BP 2720-2380 cal. BP Abies
CL5 C POZ-59595 5215 ± 35 BP 6173-5908 cal. BP Juniperus
CL5 C BETA-320186 6480 ± 40 BP 7470-7310 cal. BP Juniperus
CL5 Ab BETA-320187 810 ± 30 BP 781-681 cal. BP Leguminosae
CL5 Ab KIA48052(1) 1250 ± 25 BP 1273-1084 cal. BP Leguminosae

KIA48052(2) 1240 ± 25 BP 1265-1075 cal. BP
CL5 ABb BETA-320188 4130 ± 30 BP 4821-4532 cal. BP Abies
CL5 ABb KIA48053(1) 3510 ± 30 BP 3867-3697 cal. BP deciduous Quercus

KIA48053(2) 3455 ± 30 BP 3828-3640 cal. BP
CL5 ABb KIA48054 3810 ± 80 BP 4420-3981 cal. BP Juniperus

Fig. 8. Proxy data from the region. A comparison is proposed between the concentrations of radiocarbon ages at Cecita Lake, selected pollen curves and lake level fluctuations from
Lake Trifoglietti and the fire activity recorded in southern Italy. In d) and e) black indicates low lake level e high fire activity, grey indicates intermediate lake level; white indicates
high lake level e low fire activity. The most important Holocene climatic events are indicated: YD Younger Dryas; B Bond events; LIA Little Ice Age. On the bottom, the cultural
periods are listed (for Abbreviations see Table 1), together with the settlement dynamics (light grey: low population density, dark grey: high population density).
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Fig. 9. Selected proxy records from Italy. Location map and references of the most important sites cited in the text.
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fire activity. Moreover, the comparison of our data with the fire
activity in the region (“central Mediterranean region south of 40�

Lat.” by Vanni�ere et al., 2011) shows a high conformity of the fire
signal (Fig. 8e): this fact well integrates our data in the regional
picture. The large timeframe covered by the dated charcoals allows
us to draw a first detailed history of the vegetation changes in the
Sila Massif uplands.

5.2.1. The Late Glacial: steppe-like environment with juniper
The older dated charcoal of our record dates back to the Late

Glacial around 14000 BP. The identification of the charcoal as
Juniperus (most probably J. communis, based on its ecological
characters and its present distribution in Italy: Pignatti, 1982)
seems to indicate that the area was characterised by a mostly open
environment with the presence of shrublands with juniper. This
picture seems to be confirmed by the almost exclusive finding of
juniper charcoal in the lower level of CL5, which likely represents a
Late Glacial soil. In fact, the light grey colour of its pedogenicmatrix,
overprinted by yellow (and occasionally yellowish-red) mottles,
indicate the dominance of reduced iron forms and Fe-hydroxides
(goethite) rather than oxides (hematite), favoured by cool and
humid climates (Torrent et al., 1980; Schwertmann and Taylor,
1989). These features point to prevalent reductimorphic condi-
tions under stagnating water caused by partially impeded drainage,
in turn promoted by the high clay content of this soil horizon. This
behaviour could have been favoured by low temperatures and
possibly slow ice melting promoting prolonged water availability
during cold glacial periods (Scarciglia et al., 2003, 2006). Moreover,
it well agrees with the available pollen records from central and
southern Italy (for the location of the sites quoted here and in the
other sections of the paper, see Fig. 9), which document the
expansion of arboreal taxa only in a later stage. In fact, a “steppe-
like” environment during the Late Glacial is documented also in
other mountainous areas of Italy: at the nearby Lake Trifoglietti
(Joannin et al., 2012) and at C�anolo Nuovo on the Serre mountains
in southern Calabria (Schneider, 1985) and at Monticchio Lake in
the southern Apennines (Allen et al., 2002).

5.2.2. The Early Holocene: establishment of a mixed deciduous oak-
silver fir forest

The first concentration of radiocarbon dates is recorded at
10400-9000 BP. Taxonomical identifications document the pres-
ence of deciduous Quercus, Abies alba and, in a lesser extent, Juni-
perus and Pinus group sylvestris. Charcoals testify that in this period
a mixed deciduous oak-silver fir forest is already established (see
the lower levels of CL3, Fig. 4). This date fits in the time of refor-
estation of other Italian mountain areas at the Late Glacial-Early
Holocene transition, as testified by pollen records (e.g. Vescovi
et al., 2010; Joannin et al., 2012). At Cecita Lake, this vegetation
cover will constitute the main forest type until the Early Bronze
Age. It is noteworthy to mention the presence of silver fir. In fact,
the mixed mesophilous deciduous forest with silver fir seems to
represent the typical woodland of the Italian Apennines during the
Early and Middle Holocene at both mid and low elevations (Di
Pasquale et al., 2014), as testified by numerous pollen records
(e.g. Schneider, 1985; Allen et al., 2002; Russo Ermolli and Di
Pasquale, 2002; Oldfield et al., 2003; Di Donato et al., 2008;
Joannin et al., 2012; Mercuri et al., 2012). In the northern Apen-
nines, silver fir is abundant in association with mesophilous de-
ciduous trees or evenwith Mediterranean taxa such as Quercus ilex
(Lowe et al., 1994; Colombaroli et al., 2007; Drescher-Schneider
et al., 2007; Kaltenrieder et al., 2010) and it is subjected to a
strong decline, induced by excessive anthropogenic disturbance,
since ca. 5000 years ago (Tinner et al., 2013). The late persistency of
silver fir in the area of Cecita Lake (see Section 5.2.5) confirms its
later decline, due to human overexploitation, in southern Italy, as
documented by pollen and charcoal data (Di Pasquale et al., 2014;
for the Sila upland, see also Ferrarini, 1978).
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Magny et al. (2013), in a review based on different paleohy-
drological records, argue for an Early to Middle Holocene charac-
terised in southern Italy by generally wet conditions, which did last
from 10500 until 4500 BP, although oscillations between dry/wet
conditions characterised the first phase from ca. 10500 to 9000 BP
(Magny et al., 2012). Increasing moisture in the early Holocene is
documented also by other multi-proxies records from southern
Italy (Tinner et al., 2009; Combourieu-Nebout et al., 2013; Desprat
et al., 2013). This general wetter climate seems to run counter a
natural origin of the fires in this period. Despite this, high fire ac-
tivity is registered also in Sicily at Lake Pergusa (Sadori and
Giardini, 2007) and at Gorgo Basso (Tinner et al., 2009) and two
drops in arboreal pollen percentage are recorded at Lake Trifoglietti
at ca. 9800 and 9200 BP (Fig. 8c; Joannin et al., 2012). The high fire
activity could be due to dry episodes connected to Bond events 7
and 6 (Bond et al., 2001). In fact, dry/cold episodes are observed in
this period in the central Mediterranean (Cacho et al., 2001;
Desprat et al., 2013). Moreover, a sharp seasonal contrast is docu-
mented at the beginning of the Holocene in southern and central
Italy (Frisia et al., 2006; Vanni�ere et al., 2008; Magny et al., 2011;
Combourieu-Nebout et al., 2013). The sharper seasonal contrast,
superimposed to possible dry episodes, could have led to a higher
flammability of the woodlands, especially in association with the
increase of biomass availability related to the reforestation process.
Concerning a possible human influence on fire events, Bos and Urz
(2003) highlight the impact e in term of woodland fires - of the
early Mesolithic populations in central Germany. Early human
impact is considered as possible cause of environmental changes
also in the marsh environment of Jordan (Ramsey et al., 2015) and,
in Italy, at Lake Accesa (Drescher-Schneider et al., 2007), at Prato
Spilla (Lowe et al., 1994) and in the Salerno Bay (Russo Ermolli and
Di Pasquale, 2002). During the period 10400-9000 BP is docu-
mented in Calabria the transition from the last Palaeolithic industry
(Palma di Cesnola, 2004) to the Mesolithic one (Martini, 2004).

5.2.3. The onset of Neolithic and the 8.2 ka event: evidence of
human impact or climate change?

The second group of radiocarbon dates is found between 8200
and 7200 BP. The taxonomical identification of the dated charcoals
documents the presence of Abies alba and Juniperus. The persis-
tency of deciduous Quercus is attested by charcoal findings at the
archaeological sites located along the shores of Cecita Lake and
dated to the Late Neolithic (Pelle et al., 2013a, b) and by the charcoal
assemblages of the lower levels of soil profiles CL2 and CL4, where
silver fir and deciduous oak coexist together with juniper (Figs. 3
and 5).

From a climatic point of view, this period falls into the so-called
“Holocene climatic optimum” corresponding to the deposition of
Sapropel 1 in the eastern part of the Mediterranean Basin between
ca. 9500 and 6500 BP (Rohling, 1994; Rossignol-Strick, 1999). In
southern Italy, paleohydrological proxies document prevalent wet
conditions, with enhanced rainfall both in winter and in summer
(Magny et al., 2012, 2013). Enhanced rainfalls are attested also by
studies on marine proxies from the central Mediterranean (Bout-
Roumazzeilies et al., 2013), in association with warm (Emeis
et al., 2000; Sangiorgi et al., 2003; Siani et al., 2013) or cool con-
ditions (Kallel et al., 1997; Antonioli et al., 2001; Cacho et al., 2001).
In north-western Calabria, geoarchaeological analysis depict for the
Late Neolithic a relative geomorphological stability under a humid
and seasonally contrasted climate (Scarciglia et al., 2009). In the
frame of this general wet climate, cool/cold spells are identified in
the southern Adriatic Sea (Siani et al., 2013). Cold and dry episodes
are documented also in Sicily by the speleothem record at Car-
aburangeli Cave (Fig. 10b; Frisia et al., 2006) and by lake level
fluctuations at Lake Preola (Fig. 10d; Magny et al., 2011). No
prominent cold and/or dry events are, instead, observed for this
period in central Italy, where speleothem record from Corchia Cave
(Fig. 10g; Zanchetta et al., 2007) and low lake level at Lake Accesa
(Fig. 10h; Magny et al., 2007) seem to show a pattern of wet winters
and dry summers (Magny et al., 2013). Some of the above-
mentioned cold and/or dry spells, centred around 8200 BP, likely
correspond to the important 8.2 ka event detected in many climatic
records of the Northern Hemisphere (Alley and �Agústsd�ottir, 2005).
In the central Mediterranean, this event seems to be not particu-
larly prominent, since it is not always recognisable in proxy data.
Pollen records available for this period show contrasting patterns of
vegetation changes. In the mountainous areas of Italy, the period
between 8200 and 7500 BP is characterised by a drop in Abies and
Fagus pollen at Lake Trifoglietti (Fig. 8b and c; Joannin et al., 2012),
while the forest is pretty stable at C�anolo Nuovo (Schneider, 1985)
and at Monticchio Lake, where the period between 8100 and 3000
BP corresponds to the maximum expansion of Abies (Allen et al.,
2002). More north on the Apennines, pollen record from Greppo
Lake also documents a dense and stable forest between 9500 and
6000 BP (Vescovi et al., 2010), while at Prato Spilla woodland
disturbance is recorded at ca. 8000 BP (Lowe et al., 1994). At the
medium elevation site of Lake Pergusa, arboreal pollen minima are
observed at 8100 and 7600 BP (Sadori and Narcisi, 2001). Similar
contrasting conditions are documented also at low elevation areas,
showing alternatively a stable and forested landscape (Giardini,
2007; Di Rita et al., 2013) or evidence of forest opening (Sadori
et al., 2011). At Lake Accesa, high and regular fire activity is
observed (Drescher-Schneider et al., 2007). Vanni�ere et al. (2011)
indicate, for the central Mediterranean south of 40� latitude, a
high (but decreasing) fire activity until ca. 7500 BP and low fire
activity during the middle Holocene until ca. 5000 BP (Fig. 8e).

The examined climate and vegetation data depict a context of
different environmental changes not only among the regions of the
Mediterranean (as highlighted by Vanni�ere et al., 2011; Magny
et al., 2013) but also among sites in the same region. The concen-
tration of radiocarbon dates in our record could be a local response
to the 8.2 ka event. In fact, in the general warm and wet conditions
of this period in this part of Italy, the persisting dominance of
phyllosilicates vs. short-range order minerals (SROM) as weath-
ering products of primary aluminosilicate components and the
presence of degenerated clay coatings of illuvial origin in the soils
around Cecita Lake (Pelle et al., 2013b), indicate some seasonal
contrast and/or a superimposition of drying episodes. However,
this period corresponds in Calabria to the Mesolithic-Neolithic
transition, the Neolithization starting in the region about 7800
years ago (Marco Pacciarelli, personal communication). During the
Neolithic time, Calabria was one of the most densely populated
regions of Italy (Tin�e, 1987) and archaeological data show existing
contacts with Sicily and with peninsular Italy already during the
Early and Middle Neolithic (Ammerman, 1979). The documented
concentration of radiocarbon dates could reflect the impact of
Neolithic populations in the area of Cecita Lake, which has a central
importance with regard to the connecting routes between the
south and the north of the region. The human impact on wooded
landscape during the Mesolithic-Neolithic transition and the Early
Neolithic is, in fact, documented by paleoecological data also in
other areas of Europe (Innes et al., 2013; Warren et al., 2014; Albert
and Innes, 2015) and Italy (Drescher-Schneider et al., 2007).

5.2.4. Middle Eneolithic to Early Bronze Age: from climate-driven to
human-driven fire events

The next concentration of radiocarbon dates is found at ca.
5100-3700 PB and it is opening a period characterised by a quite
high amount of dates lasting until nowadays. The almost complete
absence of radiocarbon dates between 7200 and 5100 BP, and the



Fig. 10. Selected proxy data from Italy. A comparison is proposed between the concentrations of radiocarbon ages at Cecita Lake and different proxy data from southern and central
Italy. In b) and h) black indicates dry conditions e low lake level, grey indicate intermediate lake level; white indicates high lake level e wet conditions. The most important
Holocene climatic events are indicated: YD Younger Dryas; B Bond events; LIA Little Ice Age. On the bottom, the cultural periods are listed (for Abbreviations see Table 1), together
with the settlement dynamics (light grey: low population density, dark grey: high population density).
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new concentration after this date well agree with the data on fire
activity observed by Vanni�ere et al. (2011) in the region (Fig. 8e).

Taxonomical identification attests the presence of deciduous
Quercus, Abies alba and, in a lesser extent, Juniperus. The persistency
of the mixed deciduous oak-silver fir forest is documented at least
until the Late Eneolithic in the 2Bw1 horizon of soil profile CL1 and
at least until the Early Bronze Age in the upper horizon of CL4 and
in the ABb horizon of CL5 (Figs. 2, 5 and 6).

The period around 5000-4000 BP seems to represent a turning
point for the central Mediterranean, both from a climatic and a
cultural point of view.

From a climatic point of view, Magny et al. (2011, 2013) and
Peyron et al. (2013) argue that the period around 4500-4000 BP
corresponds to a climate reversal in the central Mediterranean
basin, which leads to the establishment of drier (wetter) summer
conditions during the late Holocene south (north) of ca 40� N. As a
result, after 4500 BP southern Italy seems to experience an
increasing seasonal contrast with wet winters and dry summers
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(Magny et al., 2012). An apparent complexity of the climate in this
period seems to be documented in the whole Mediterranean (as
highlighted also by Roberts et al., 2011), characterised by higher
environmental variability (Giraudi et al., 2011; Giraudi, 2014) and
successive dry/wet oscillations (Fig. 10e: Bar-Matthews and Ayalon,
2011; Carri�on, 2002; Magny et al., 2009). Moreover, continental
proxy data from central Italy show a local climatic evidence of the
4.2 ka event recorded in the North Atlantic (Bond et al., 2001), in
the form of a dry and cold spell (Drysdale et al., 2006; Giraudi et al.,
2011: Fig. 10f). In southern Italy, a trend toward increasing aridifi-
cation is documented for this period in Sicily at Lake Pergusa
(Fig. 10c; Sadori et al., 2008) and Lake Preola (Fig. 10d; Magny et al.,
2011), as well as in the southern Tyrrhenian Sea (Kallel et al., 1997)
and in the Siculo-Tunisian Strait (Bout-Roumazeilles et al., 2013). At
Lake Trifoglietti a shift from intermediate deep water to shallower
water is documented since 6000 BP, with an episode of deeper
water at 5200-4300 and again shallower water at 4300-3500 BP
suggesting drier summer conditions (Joannin et al., 2012). On the
other hand, in the Bradano valley area north to Cecita Lake palae-
oflood analysis indicates cool-wet episodes at 4800-4550 and
4300-4100 BP (Piccarreta et al., 2011) and along the Naples coast
sedimentological data give evidence of climatic instability with
high-intensity rainfall events during the Eneolithic (Romano et al.,
2013). Geoarchaeological analysis at Santuario della Madonna Cave
on the northern Tyrrhenian coast of Calabria shows during the Late
Neolithic up to the Bronze Age an alternating pedostratigraphic
record, indicating short-term climate changes with increasing
aridity and seasonality, often coupled with heavy human distur-
bance (Scarciglia et al., 2009). In fact, in Italy this period corre-
sponds to the development of the Eneolithic and, starting at ca.
4200 BP, of the Early Bronze Age populations, which show sub-
stantial changes with respect to the previous Neolithic groups. The
archaeological data document the diffusion of common facies (i.e.
common pottery features) attesting the existence of population
contacts extended first in the southernmost part of Italy and then
up to central Italy (Peroni, 1996; Pacciarelli, 2011). During the late
Eneolithic, contributions from central Europe (Beaker culture) and
especially from the Balkans (�Cetina facies) are also documented
(Pacciarelli, 2011; Pacciarelli and Talamo, 2011), testifying the
development of broader cultural networks. Moreover, the Eneo-
lithic corresponds to the development and spread of metallurgy in
the Italian peninsula (Carancini, 2004) and Calabria seems to play a
central role in the diffusion of this technique in the central Medi-
terranean (Salerno and Vanzetti, 2004). The increasing population
and social complexity have surely had an impact on the natural
environment around the settlements. The complexity of the cli-
matic and cultural scenario characterising the Italian peninsula in
the mid part of the Holocene, makes it difficult to evaluate the
respective importance of humans and climate in the observed
environmental changes. Major episodes of forest reduction or the
beginning of forest opening are documented by pollen records in
many areas of the Italian peninsula in this period. The nearby pollen
record from Lake Trifoglietti documents the beginning of forest
regression at ca. 4000 BP and it is interpreted by the authors as the
combined result of the mid-to late Holocene climate drying and the
forest opening by Bronze Age populations (Fig. 8b and c; Joannin
et al., 2012). Human impact is seen as the triggering factor in the
forest decline also in other areas of southern (Noti et al., 2009) and
central Italy (Lowe et al., 1994; Drescher-Schneider et al., 2007).
Other scholars, instead, consider a climate deterioration the pri-
mary forcing of the vegetation change, combined with increasing
human impact (Sadori et al., 2004; Caroli and Caldara, 2007; Di Rita
and Magri, 2009; Sadori et al., 2013). Other pollen records, instead,
do not show in this time significant changes in the forest cover, as at
Gorgo Basso (Tinner et al., 2009) and Lake Preola (Magny et al.,
2011) on the Sicilian coast and at Monticchio Lake in the inland
southern Apennines (Allen et al., 2002).

Concerning the first concentration of radiocarbon dates in our
record at ca. 5100-4500 BP, the above quoted prevalence of phyl-
losilicate clays over SROM components and the presence of
degenerated clay coatings in the pedological horizons dated to this
period indicate overall warm and humid climate conditions with
some seasonal contrast, but possibly superimposed by drier phases,
which can be consistent with increase of natural fire activity. At
3800 BP, the human activity likely is the triggering factor of the
forest burning. In fact, during the Early Bronze Age, settlements are
well documented along the shores of Cecita Lake and archaeolog-
ical data testify the practicing of agriculture and mining (Marino
and Pacciarelli, 1996; Marino and Taliano Grasso, 2010).

5.2.5. Environmental change: the impact of Middle Bronze Age
populations

A new group of radiocarbon dates is centred at ca. 3300-2400
BP. Taxonomical identification documents the presence of Pinus
group sylvestris, deciduous Quercus, Juniperus and Abies alba.

If we look at the soil profiles, significant changes in the vege-
tation cover can be seen. In CL1, the previous mixed deciduous oak-
silver fir forest is substituted by a Calabrian pine woodland, which
developed at least since the Recent Bronze Age (A3 horizon; Fig. 2).
A similar situation is visible in the nearby CL2, where a deciduous
oak charcoal radiocarbon dates at the Final Bronze Age/Iron Age the
A2 horizon, in which the charcoal assemblage shows the almost
exclusive presence of Calabrian pine (the younger charcoal of
Calabrian pine found in the same horizon is probably transported
down from the upper horizon through bioturbation/uprooting;
Fig. 3). In CL3, the 2Ab horizon, where the mixed deciduous oak-
silver fir forest is still present and the younger radiocarbon date
refers to 3400-3267 BP, shows in its upper surface signs of erosion
and it is followed by a considerable sedimentary aggradation,
resulting in the deposition of a series of colluvial layers affected by
early pedogenesis (Fig. 4). In CL4, the upper level, i.e. the A horizon,
is dated to the Early Bronze Age and includes a prevalence of silver
fir charcoals. This fact could be due to a mixing up of the charcoals
caused by bioturbation or uprooting or by the transport of older
material from the upper slope, as suggested by the irregular dis-
tribution of the charcoal dates in depth and by the topographic
position. Also the lack of younger ages in the topsoil is consistent
with the effects of morphodynamic processes and suggests that the
soil profile was affected by surface erosion (Fig. 5).

Finally, in CL5 the ABb horizon, dated up to the Early Bronze Age
and characterised by the presence of the deciduous oak-silver fir
forest, is followed by a layer in which the charcoal assemblage is
composed uniquely by small branches of Leguminosae, radiocarbon
dated to the Middle Ages (Fig. 6). The limit between the two ho-
rizons shows clear evidence of erosion/truncation of the lower soil
and burial by younger deposits and related soil. Pollen analysis
shows for Ab and C horizons the dominance of non-arboreal pollen
confirming the presence of an open landscape around the site
during the formation time of the layers. Arboreal pollen are
dominated by Pinus, with a significant presence of Abies and Fagus
(Fig. 7). To sum up, in the period between the Middle Bronze Age
and the Final Bronze Age/Iron Age (ca. 3600 to 3000 BP), the mixed
deciduous oak-silver fir woodland declined and was substituted by
a Calabrian pine forest or by an open landscape that, without the
protection of the vegetation cover, underwent conditions of
geomorphological instability characterised by events of surface
runoff, erosion and subsequent sedimentary aggradation (Scarciglia
et al., 2008; Pelle et al., 2013b).

In the Sila uplands, Pinus laricio forest is considered as a para-
climax vegetation representing a result of the degradation phase of
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the deciduous oak forest (Barb�ero et al., 1998; Qu�ezel and M�edail,
2003). Being a light-demanding pioneer tree, it needs a period of
open landscape to establish and, thus, it testifies a severe degra-
dation of the environment around Cecita Lake after the Early
Bronze Age. Moreover, the geomorphic instability of the area after
the disruption of the mixed deciduous forest is well indicated also
by the accumulation of different A horizons or of colluvial layers in
the upper part of the investigated soil profiles (Figs. 2e4 and 6), as
well as in other soil profiles excavated in the surroundings (Dimase
et al., 1996; Scarciglia et al., 2008). In CL1 and CL2 the establishment
of the Calabrian pine forest is marked by a significant increase in
the SAL (Figs. 2 and 3), indicating higher fires frequency, in
compliance with the easy flammability of coniferous woodlands
(Robin et al., 2014). How to explain this strong environmental
change? Climate proxy data indicates for this period the persis-
tency of the general trend toward more arid conditions that seems
to characterise southern Italy during the Mid-to Late Holocene
(Frisia et al., 2006; Combourieu-Nebout et al., 2013; Magny et al.,
2013; Peyron et al., 2013; Siani et al., 2013). Dry episodes at 3450-
3200 BP are observed in the Aeolian Islands (north of Sicily;
Caracuta et al., 2012) and low sedimentation rate at the Naples
coastline also suggests drier conditions during the third and second
millennium BP (Romano et al., 2013). In central Italy, on the other
hand, wetter conditions seem to prevail (Fig. 10h; Magny et al.,
2007; Di Bella et al., 2013). Closer to the study area, within the
general trend toward drier conditions that characterise the late
Holocene a period of deeper water at Lake Trifoglietti is docu-
mented between 3500 and 2500 BP (Joannin et al., 2012), in
agreement with increased flooding events in the nearby Bradano
valley at 3400-3100 BP (Piccarreta et al., 2011). Pollen records for
this period display different vegetation patterns, showing a stable
vegetation cover (e.g. Di Rita andMagri, 2009; Noti et al., 2009; Cal�o
et al., 2012) or a progressive vegetation opening/change (e.g. Caroli
and Caldara, 2007; Sadori et al., 2013). In the mountainous areas of
southern Italy, the vegetation remains stable until 3000 BP at
Monticchio Lake, when a decline of Abies is recorded and attributed
by the authors to human exploitation (Allen et al., 2002). A mod-
erate restoration of arboreal pollen after the Bronze Age opening is
documented at Lake Trifoglietti (Fig. 8c; Joannin et al., 2012). At
C�anolo Nuovo, the forest cover is stable, at least until between 3000
and 2000 BP, when Abies and Fagus show a slight decline
(Schneider, 1985). The above-mentioned different vegetation pat-
terns seems to rule out climate as the triggering factor of the
vegetation changes in this period (as already evidenced by Tinner
et al., 2009; Carri�on et al., 2010; Magny et al., 2011). In fact, dur-
ing the Bronze Age anthropogenic indicators start to be steadily and
abundantly present in many pollen records along the Italian
peninsula (e.g. Oldfield et al., 2003; Drescher-Schneider et al., 2007;
Sadori et al., 2011; Mercuri et al., 2013). The human presence is well
testified in the area of Cecita Lake from the Early to the Middle
Bronze Age along the shore of the lake (Marino and Taliano Grasso,
2010). Interestingly, the Middle Bronze Age is characterized in
southern Italy, and particularly in Calabria, by very important social
and economic innovations connected with the stabilization of the
settlement and a strong population increase, as clearly exemplified
by the settlement dynamics in central-northern Calabria (Bettelli
et al., 2004. See the settlement dynamics outlined in Fig. 8). The
spread of metallurgy and of a specialized agriculture and animal
husbandry are also fundamental aspects of this period (Peroni,
1996). Sites located in the hilly and mountainous areas develop in
the region, as well documented by the settlements at Cecita Lake
(Marino and Taliano Grasso, 2010): these sites are functional to
animal husbandry, agriculture and to the control of the trade
routes, and therefore of the raw materials such as minerals and
timber, that connect the Sila plateau with both the Tyrrhenian and
the Ionian Sea (Bettelli et al., 2004). During the Middle and Recent
Bronze Age, moreover, the presence of Mycenaean seafarers is
documented in Calabria along the coasts and in the inland areas
(Bettelli et al., 2004). The population growth that characterise the
Middle and Recent Bronze Age in Calabria and the establishment of
a Mediterranean-wide trade network surely had an impact on the
environment and strongly contributed in modifying the landscape
in the surroundings of the settlements. In this period, for example,
an important environmental change occurs also in the area of Punta
Zambrone in southern Calabria in correspondence to the arrival of
new population groups from northern Italy (D'Auria et al., 2016). At
Cecita Lake, the human impact should have been particularly
intense. In fact, despite the aridification trend observed during the
Late Holocene, the persistency of a moderate humidity, with a
reduced seasonal contrast, is still documented by the presence of
clay coatings and by the prevalence of pedogenetic SROM vs.
phyllosilicates (Pelle et al., 2013b), similarly to the archaeological
site of Palmi in southwestern Calabria (Pelle et al., 2013a). The
prominent role of the humans in the environmental change at
Cecita Lake is further supported by the different trend attested at
the nearby Lake Trifoglietti where both silver fir and deciduous oak
recover after the decline during the Early Bronze Age (Fig. 8b;
Joannin et al., 2012). These differences also highlight the high
spatial resolution of soil charcoal analysis and show the importance
of a multi-proxy approach for the reconstruction of past environ-
mental changes.

The concentration of radiocarbon dates at 3300-2400 BP, when
the Calabrian pine forest was already established at Cecita Lake
(Fig. 2), roughly corresponds to Bond event 2 (Bond et al., 2001); in
this period, cool conditions seem to prevail in the central Medi-
terranean (e.g. glacial advance: Fig. 10f: Giraudi et al., 2011. Cacho
et al., 2001; Sangiorgi et al., 2003; Siani et al., 2013). Numerous
human settlements are documented on the Sila plateau during the
Iron Age, aimed at exploiting the resources deep into the territory
(Marino, 2005). During the Greek Age, moreover, an important
sanctuary is established on the shores of Cecita Lake, for which
archaeological findings testify contacts with other Greek cities of
Calabria and Sicily (Marino and Taliano Grasso, 2010). The human
activities in the area are probably the main cause of the increased
fire activity in this period.

5.2.6. The Late Holocene: evidence of land use and forest
management

The last concentration of radiocarbon dates is visible only from
ca. 600 BP to the present. Only one radiocarbon date refers to the
Roman Age: a Cornus charcoal coming from a colluvial/alluvial layer
in soil profile CL5 (Fig. 6). Sparse radiocarbon dates are found for
theMiddle Ages. The almost complete absence of radiocarbon dates
during the Roman Age, considered as a period characterised by a
strong human impact, can be surprising. However, if we look at the
soil profiles, an explanation can be found. In fact, only CL1 and CL2
show the presence of a woody vegetation cover; the other soil
profiles give strong evidence of an open landscape subjected to
erosion and/or aggradation processes (this is the case of CL3, CL4
and CL5, which accordingly show very low SAL values) and/or to
land use (as in CL5). The presence of Roman settlements around the
lake is well documented by archaeological data with a large resi-
dential area of several thousands of square meters, a farm and a
furnace for the production of pitch (Marino and Taliano Grasso,
2010). These data agree with the Roman literary sources, which
testify the presence of societates picariae (i.e. companies for the
exploitation of pitch) active on the Sila plateau and highlight the
high quality of the local pitch and the significant income brought to
the Roman state by its production (Cicero, Brutus, 22:Wilkins,1911;
Dionysus of Halicarnassus, Antiquitates Romanae, 20, 15: Jacoy,



Fig. 11. Human activity at Cecita Lake during Middle Ages and Modern times. a) small branches of Leguminosae from CL5. b) wavy bottom of the Ab horizon in CL5, possible
indication of agricultural activities. c) notch cut in the trunk of a Calabrian pine tree to collect the resin for pitch production. a) Picture by D.M. b) and c) Pictures by O.N.
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1885). During Roman time, the extraction of pitch from thewood of
Calabrian pine entailed the burning of the wood inside furnaces
with a process described by Pliny in its Natural History (16, 21:
Bostock and Riley, 1855; see also Orengo et al., 2013). The large use
of Calabrian pine for pitch production and other uses e Calabrian
pine is almost the only taxon identified in the charcoal assemblage
of the archaeological settlements at Cecita Lake (Pelle et al., 2013b)
e probably implied a strict management of the wood resources in
the area. The woodland management prevented the spread of for-
est fires, despite an oscillating climatic pattern with prevalent
warm condition and the evidence of dry and cool spells (Dermody
et al., 2012; McCormick et al., 2012; Taricco et al., 2009). In fact,
limited evidence of environmental degradation during the Roman
Age is documented also near Rome (Mensing et al., 2015) and
Naples (Russo Ermolli et al., 2014).

During the Middle Ages, the exploitation of the territory for
agriculture is testified by two radiocarbon dates from the Ab ho-
rizon of CL5 (Fig. 6). The charcoal assemblage of this horizon is
composed exclusively by small branches of Leguminosae (Fig. 11),
suggesting that fires affected the shrubby vegetation growing on
abandoned fields (Figueiral and Bettencourt, 2004). Also nowadays
on the Sila plateau abandonment fields are colonised by dense
shrubs of Cytisus scoparius (Bernardo et al., 2010). This hypothesis
seems to be confirmed by the wavy bottom of the Ab horizon,
which could be a sign of past agricultural practices, such as
ploughing (Fig. 11) and by the presence of Secale and Triticum type
in the pollen assemblage from the same horizon (Fig. 7). In fact, the
large presence of human settlements on the Sila plateau and its
exploitation for agriculture and animal husbandry is attested dur-
ing the Middle Ages by archaeological and historical data
(Cherubini, 2005; Noy�e, 2005).

The taxonomical identification of the last group of radiocarbon-
dated charcoals shows the presence of Pinus group sylvestris and, in
a lesser extent, Fagus sylvatica. The soil profiles show that the
Calabrian pine forest is still present in this period at CL2 and
probably at CL1 (Figs. 2 and 3). The charcoal assemblage of the
upper level of CL5 (Ap horizon, Fig. 6) indicates the possible
reforestation of the area after the deposition of a series of colluvial/
alluvial layers, with the presence of a mixed vegetation dominated
by Calabrian pine and beech. This group of radiocarbon dates
roughly falls into the so-called “Little Ice Age” (Fischer et al., 1998;
Chambers, 2015), a period characterised by general cool and wet
conditions (Taricco et al., 2009; Chen et al., 2013; Giraudi, 2014;
Benito et al., 2015; Sadori et al., 2016). A primary climatic cause
for the increased fire activity seems, indeed, improbable. In fact, the
human impact on the forests during the Middle Ages and Modern
times is visible in many pollen records along Italy (e.g. Russo
Ermolli and Di Pasquale, 2002; Di Rita and Magri, 2009; Cal�o
et al., 2012; Sadori et al., 2016). In the nearby Lake Trifoglietti,
regional reduction of the mixed-oak forest is observed between
800 and 33 BP (Joannin et al., 2012). This period is marked in
Calabria by an increasing importance of agriculture and animal
husbandry, involving also large areas on the Sila Plateau
(Colapietra, 2005; Sirago, 2005), where slash-and-burn farming
was probably practiced (Cherubini, 2005). Particularly severe
phases of deforestation in Calabria are documented in the 17th and
18th centuries and the first half of the 20th century (Sorriso-Valvo,
1993), together with widespread illegal cuts of trees and arsons
(Colapietra, 2005; Sirago, 2005).

As a final remark, the persistency of pure Calabrian pine forest
until recent times (see CL1 and CL2), together with the very low
presence of beech and the absence of deciduous oak in the upper
horizons of our soils, testify the continuous human pressure in this
area of the Sila plateau. In fact, as highlighted by Nicolaci et al.
(2014) the absence of management and human pressure on the
Calabrian pine forests of the Sila uplands, caused by the
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abandonment of the mountainous areas after the First World War,
favours the evolution toward pure or mixed broadleaved forests
dominated by oaks. On the contrary, the silvicultural systems used
to manage pine forests until a recent past and the repeated fires,
probably together with the management connected to the extrac-
tion of pitch from the living trees (Fig. 11; Gangemi, 2007), favoured
the maintenance of the Calabrian pine woodlands, which survive
nowadays only with scattered old-growth stands, as it is docu-
mented in the area of soil profiles CL1 and CL2 (Ciancio et al., 2010).

6. Conclusions

Soil charcoal analysis at Cecita Lake revealed itself as a useful
tool for detecting local environmental changes with a high spatial
resolution and, combined with a good number of radiocarbon
dating, allowed us reconstructing the long-term vegetation
changes and fire events of the area during the Holocene. To sum-
marize, we can highlight the following:

- the episodes of increased fire activity recorded through the
concentrations of radiocarbon dates fits well in the regional fire
history;

- the comparison with different climate proxies suggests that the
episodes of increased fire activity roughly corresponds to the
main climatic events in the first part of the Holocene. From the
Mid-to Late Holocene, the human action became the triggering
factor of forest fires and of environmental changes, sometimes
strengthening the effect of the climate variability, sometimes
acting independently from it;

- a severe environmental degradation, followed by a significant
vegetation shift took place in the area in the period between the
Middle Bronze Age and the Final Bronze Age/Iron Age. The well
documented human impact in the areawas the primary cause of
the environmental degradation and change, even if the climatic
variability of the Holocene and the aridification trend of the Late
Holocene probably facilitated the vegetation shift;

- the human pressure on the environment around Cecita Lake
continued until recent times, favouring the maintenance of the
Calabrian pine forest;

- the Calabrian pine forest, which today constitutes the typical
forest vegetation of the Sila uplands, is a man-induced land-
scape, which established in this area ca. 3000 years ago.

In the light of these results, we clearly see the need of further
multi-proxies investigations on the Sila plateau. Calabria, with its
location in the centre of the Mediterranean basin, has in fact great
importance in regards to the environmental history of this region of
the Old World.
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