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The archaeological evidence compiled for Liguria has enabled the formulation of a comprehensive model of
Neolithic social, technological and economic development (∼7800–5700 cal yrs BP). The model indicates
that during the Early and Middle Neolithic (∼7800–6300 cal yrs BP; ‘Impressed Ware’ and ‘Square
Mouthed’ pottery cultures) human activity mainly focussed on low (coastal) and mid-altitude areas. By the
Late Neolithic (∼6300–5700 cal yrs BP; ‘Chassey’ culture) farming practices were taking place over a
wider range of altitudes and involved transhumant pastoralism. Complementary environmental
archaeological and palaeoecological records from caves, open-air sites, lakes and mires indicate that
human activities had a more significant impact on the environment than previously thought. This included
clearance, especially Abies, Ulmus, Fraxinus and Tilia, and woodland utilisation and management (e.g.
leaf foddering), as well as cereal cultivation and animal husbandry. The influence of Middle Holocene
climatic changes, especially from ∼7800 cal yrs BP, on the direction of vegetation changes and socio-
economic developments during the Neolithic remain uncertain.
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Introduction
There has been a long history of archaeological survey
and excavation of Neolithic sites in Liguria, with a
particular focus on caves situated in the western
‘alpine’ part of the region, and open-air sites in the
eastern ‘Apennine’ area, where caves are scarce
(Fig. 1). The archaeological importance of the region
not only lies in the quality of data from these sites, but
also because several caves, especially Arene Candide,
appear to have the earliest records of Neolithic occu-
pation for North-Central Italy (Maggi 1997a, 1997b,
1997c). The Early Neolithic ‘Impressa Ligure’ Pottery
Culture (∼7800–7000 cal yrs BP) was a local aspect of
the wider Impressed Ware Pottery Culture that intro-
duced Neolithic technology into the northwestern
Mediterranean. The succession from ‘Impressa Ligure’
to the Square Mouthed Pottery (SMP) Culture
(Middle Neolithic; ∼7000–6300 cal yrs BP) is equally
important because it is hypothesised that the SMP
(Fig. 2) cultural tradition originated in Liguria and

then spread across Northern Italy. Furthermore,
Liguria is widely regarded as the ‘gateway’ for the
spread of the Chassey Culture during the Late
Neolithic (∼6300–5700 cal yrs BP) from Southern
France into Italy (Bagolini 1990; Bagolini and Biagi
1990; Crepaldi 2001; Binder and Lepère in press).

This paper integrates the existing environmental
archaeological and palaeoenvironmental data from
both eastern and western Liguria, and includes
coastal to high altitude sites situated in a diverse
array of geological and vegetational contexts. In
western Liguria, intensive archaeological studies over
several decades have led to the creation of an advanced
model of human–environment interactions with
detailed geoarchaeological and bioarchaeological
(zooarchaeological and archaeobotanical) data (e.g.
Arobba et al. 1987; Arobba and Caramiello in press;
Biagi et al. 1987; Barker et al. 1990; Maggi 1990;
Starnini and Vicino 1993; Branch 1997; Girod 1997;
Macphail et al. 1997; Rowley-Conwy 1997). In
eastern Liguria, the number of known Neolithic
archaeological sites is considerably lower (e.g. Maggi
1983; Biagi et al 1987; Maggi 2014). Nevertheless, a
number of high-quality palaeoecological records
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have enhanced our understanding of regional-scale
environmental change over a wide altitudinal range
(e.g. Braggio Morucchio et al. 1988; Cruise 1990;
Branch 2002, 2004, 2013; Bellini et al. 2009; Cruise
et al. 2009; Guido et al. 2013).
Collectively, these environmental archaeological

and palaeoenvironmental records permit evaluation
of the timing of Neolithisation in Liguria, and the
social, economic and environmental changes through-
out the Neolithic cultural period. They also allow
appraisal of the spatial scale and intensity of Early
and Middle Neolithic farming activities, and finally
improved understanding of the environmental impact
of human activities across the Ligurian landscape
during the Late Neolithic, including the emergence
of pastoralism at high altitude. The paper does not
provide an exhaustive review of the archaeological evi-
dence, or the radiocarbon chronology for the archaeo-
logical sites; the following discuss these aspects in

detail: Bagolini and Biagi (1990); Barker et al.
(1990); Skeates and Whitehouse (1994); Maggi
(1997a); Pearce (2013).

Study Area
The region of Liguria is a predominantly mountainous
area, 320 km long, with occasional abrupt transitions
between the mountains and flat expenses of coastal
plain or alluvial lowlands, such as the Albenga Plain
in western Liguria (Fig. 1). There are key geological
differences between eastern (Ligurian Apennines)
and western (Ligurian ‘Maritime’ Alps) Liguria.
Eastern Liguria is the northern-most section of the
Apennine mountain chain, and dominating the
geology are Limestone, Mudstone, Sandstone, con-
glomerates and breccias, and Ophiolites (Basalt,
Serpentinite, Gabbro and Granite). Western Liguria
is segmented by geological structures located in the
Sestri-Voltaggio zone and is dominated by

Figure 1 The location of Liguria (NW Italy), key palaeoenvironmental records from lakes, mires and caves, and Early Neolithic
(∼7800–7000 cal yrs BP), Middle Neolithic (∼7000–6200 cal yrs BP) and Late Neolithic (∼6200–5700 cal yrs BP) archaeological
sites mentioned in the text (Leale Anfossi 1953; Tinè 1974; Arobba et al. 1987; Biagi et al. 1987; Melli and Lucchese 1987; Maggi
and Del Lucchese 1988; Barker et al. 1990; Maggi 1990, 1996, 1997a, 1997b, 1997c, 1999, 2004; Lowe et al. 1994b; Magri and
Sadori 1999; Ramrath et al. 2000; Sadori and Narcisi 2001; Arobba and Caramiello, 2006, 2009, in press; Ferrari and Steffè 2006;
Spotl et al. 2006; Constantin et al. 2007; Drescher-Schneider et al. 2007; Zanchetta et al. 2007; Valsecchi et al. 2008; Bellini et al.
2009; Fleitmann et al. 2009; Del Lucchese 2010; Vescovi et al. 2010a; Branch 2013; Guido et al. 2013).
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Limestone, Schist, Quartzite, Gneiss, calcareous
Rhyolites, and Mudstone, Sandstone, conglomerates,
breccias, turbidites and calcareous Marl, as well as
Ophiolites. Reflecting this complex geology is signifi-
cant variation in soil properties, which also relate to
a long history of human activities and land-use (see
Walker 1960; Abbate et al. 1982; Hoogerduijn
Strating et al. 1990; http://sgi.isprambiente.it).
The climate during the winter months is dominated

by a permanent low-pressure system due to the influ-
ence of Atlantic depressions off the Spanish coast,
local depressions and cyclogenesis in the western
Mediterranean, and the influence of the Alps (the
‘Maestrale’). These are exacerbated by the sharp
boundary between the sea and land along the coast-
line, and results in high rainfall from September to
May (Genoa receives an average annual precipitation
of ∼1300 mm, while higher altitudes will receive in
excess of 2000 mm). During spring and summer, the
weather conditions are more stable, with high tempera-
tures on the coast, reducing inland with elevation
(Cantu 1977).
The present day vegetation cover has been influ-

enced by the long-history of human activity, and
may be summarised as follows (UNESCO-FAO
1969; Gentile 1982; Mariotti 1995; Blasi 2010):
1. The Mediterranean zone (from sea level to ∼200 m

asl) is characterised by xerophytic shrubland
(macchia, e.g. Erica arborea, Arbutus unedo, Cistus
spp.) and woodland dominated by Q. ilex, with
Quercus suber and Pinus halepensis.

2. The sub-Mediterranean zone (∼200–1000 m asl)
characterised by thermophilous woodland with
Quercus pubescens, Q. petraea, Ostrya carpinifolia,
Fraxinus ornus, Carpinus betulus, Acer campestre
and managed woodland of Castanea sativa.

3. The Montane zone (∼1000–1500 m asl) is dominated
by Fagus sylvatica, with Quercus cerris, Acer pseudo-
platanus and Fraxinus excelsior.

4. The sub-Alpine zone (from ∼1500 m asl) with coni-
ferous woodland dominated by Pinus sylvestris, P.
cembra, Larix decidua and Abies alba in the
Ligurian Alps, and Pinus mugo, Juniperus and
Ericaceous heath in the Apennines.

Synthesis of the Environmental Archaeological
Records and Archaeological Context
Early Neolithic (Impressed Ware Pottery Culture)
The cave of Arene Candide is widely regarded as the
‘type site’ for the Neolithic in the north-west
Mediterranean (Figs. 1 and 2A). Investigated by a
series of excavations (Bernabò Brea 1946, 1956;
Maggi 1997a; Tinè 1999a, 1999b), it provides one of
the most detailed Late Pleistocene and Holocene stra-
tigraphic sequences in Italy. The main characteristics
of the Early Neolithic at Arene Candide include
good quality pottery with the surfaces often polished

using pebbles, bone or wood, and frequently decorated
by impressions using a wood/bone stick or by the edge
of a Cardium shell before firing (Maggi and Starnini
1997). Some of the largest vessels were manufactured
from clay that was sourced no less than ∼50 km
from the cave (Ferraris and Ottomano 1997) with
the furthest clay sources from eastern Ligurian
Ophiolites, and possibly from Tuscany and Corsica
(Capelli et al. 2006). The stone artefacts include
those made of very good quality ‘Bedoulien’ flint
from southern France (160–200 km away), red jasper
from the Apennines (80–100 km away), ‘Scaglia
rossa’ flint from central Italy (150–300 km away), as
well as obsidian from the islands of Palmarola
(Tuscany archipelago) and Sardinia (Monte Arci)
(Ammerman and Polglase 1997; Negrino and
Starnini 2003). A few glossed sickle blades are
present of Early Neolithic age (Starnini and Voytek
1997a; Starnini 1999). The overall typology does not
link the industry with the northern Italian and
southern French Late Mesolithic (Biagi et al. 1993;
Starnini and Voytek 1997a, 390).

Several radiocarbon dates indicate that the earliest
Neolithic settlement of western Liguria commenced
around 7800–7700 cal yrs BP (Binder et al. 2008;
Pearce 2013). At Arene Candide, a seed of barley
(Hordeum) has provided a date of 7740–7590 cal yrs
BP (Beta-110542). Therefore, Neolithisation probably
occurred in Liguria only two to three centuries later
than in Apulia, and almost contemporaneous with
Sicily and Calabria (Biagi and Spataro 2001; Pessina
and Tinè 2008, 39–41; Pearce 2013, 84). The rate of
the spread of Neolithic technology along the Italian
peninsula, over a distance of >1000 km, is possibly
much faster than the rate suggested by the ‘wave of
advance’ model (Ammerman and Cavalli Sforza
1984).

Direct evidence for processing of plant remains has
been recovered from Arene Candide (quern stones and
sickle blades), as well as the cave sites Arma di Nasino,
Arma dello Stefanin and Grotta Pertusello. These
records indicate cultivation of Triticum spp. and
Hordeum spp., and Lens culinaris and Vicia (Nisbet
2006). Charcoal records attest to the exploitation of
woodland, especially Quercus pubescens, Q. ilex,
Acer, Fraxinus, Ulmus, Fagus and Pinus. For
example, at Arene Candide, a wide variety of wood-
land was utilised by the occupants of the cave, includ-
ing deciduous Quercus, Quercus ilex, Pistacia,
Phillyrea, Olea, Pinus, Taxus, Acer, Erica arborea,
Arbutus unedo and Ulmus (Nisbet 1997). The low con-
centration of charcoal and high taxa diversity indicates
low-intensity occupation, which did not have a signifi-
cant impact on the vegetation cover (Fig. 3).
Supporting this interpretation is the land snail assem-
blage, which indicates low levels of disturbance and a
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diverse range of habitats including damp and dry
ground, and woodland (Fig. 3; Girod 1997).
The zooarchaeological remains from Arene

Candide indicate the introduction of domesticated
sheep, as well as ibex hunting, with sheep exploited
for milk and meat (Fig. 3; Rowley-Conwy 1997),
while the pollen and geoarchaeological evidence indi-
cates stabling of animals (Fig. 4; Branch 1997;
Macphail et al. 1997). The presence of several sites
some distance from the coast in the Pennavaira

valley (∼20 km inland) and situated up to at least
800 m asl provide an important insight into resource
exploitation and possible environmental impact over
a wide spatial area. For example, archaeological evi-
dence from the cave of Arma dello Stefanin suggests
that the colonisation of inland areas had already com-
menced by∼7500 cal yrs BP (Barker et al. 1990), while
Leale Anfossi (1953) reported the discovery of
‘Impressa Ligure’ sherds at the upland cave of Le
Camere.

Figure 2 Arene Candide cave, and (A) Impressa pottery, (B) Square Mouthed pottery, and (C) Chassey pottery.

Figure 3 Charcoal (Nisbet 1997), animal bone (Rowley-Conwy 1997) and Mollusca (Girod 1997) environmental archaeological
data from Arene Candide.
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The evidence therefore indicates that the Early
Neolithic settlers of western Liguria were sea travellers
and ‘pioneer colonists’, bringing a wealth of
knowledge about farming and pottery production, as
well as new ‘raw materials’ such as obsidian, and
domesticated plants and animals (Maggi 1997a,
1999, 2004). Indeed, the Early Neolithic ‘Ceramica
Impressa Ligure’ culture of western Liguria and
Provence is widely regarded as being part of a larger
complex of the Impressed Ware Pottery Culture that
spread generally east-west along the north-west
Mediterranean coast during the 8th millennium BP
(Zilhão 2003).
In eastern Liguria, the archaeological evidence for

the Early Neolithic is quite different. The main site
is at Pianaccia di Suvero (Maggi 1983; Biagi et al.
1987), which has archaeological evidence very differ-
ent to sites in the west. It is an open-air site located
on a terrace at mid-altitude (600 m asl), 18 km from
the coast. Although the site lacks Neolithic stratigra-
phy due to erosion, some aspects of the stone tool
assemblage, such as the shape of numerous cores, the
abundance of narrow regular bladelets, the ipermicro-
lithism of several end scrapers and points, and the raw
material (mainly red radiolarite), suggest possible lin-
kages between the chipped stone industry and the
Late Mesolithic Castelnovian culture (Martino et al.
forthcoming). This suggests that the site may represent
the acculturation of the local Mesolithic population
(Maggi forthcoming), although the recent comprehen-
sive work by Franco (2011) may rule out this possi-
bility. The age of the site is consistent with
radiocarbon dated records from northern Tuscany

that belong to the Pianaccia di Suvero group, such as
Muraccio and Pian di Cerreto, that span from
7670–7430 (Rome-548) to 7290–6890 (Rome-427)
cal yrs BP (Ferrari and Steffè 2006, 89). The
Neolithisation of Liguria may therefore have followed
two routes: arrival of maritime pioneers in the west,
and acculturation of local Mesolithic populations in
the east. However, the latter hypothesis requires rigor-
ous testing with new archaeological and chronological
data from eastern Liguria.

Middle Neolithic (Square Mouthed Pottery
Culture)
Shortly before ∼7000 cal yrs BP, the introduction of a
new pottery style of the ‘Vhò’ and ‘Fiorano’ groups of
the Po plain (Biagi 1987; Tinè 1999b), flint from the
Alpine region (Starnini and Voytek 1997a) and dom-
esticated goats (Rowley-Conwy 1997) characterised
the end of the Impressed Ware Pottery Culture
(Figs. 1 and 2B). The integration of ‘new’ knowledge
from the Po plain with existing cultural traditions,
coupled with increased population pressure in coastal
areas, probably acted as a catalyst to the development
of a new culture of the Middle Neolithic: the Square
Mouthed Pottery Culture, with increased capacity
for the more intensive exploitation of the Ligurian
environment and its resources. The Middle Neolithic
was epitomised by the unusual shape of some of the
pottery, which spread over northern Italy at this time
(Bernabò Brea 1956; Bagolini 1990; Barfield et al.
2003; Bernabò Brea et al. in press).

The adoption of new techniques, such as ‘shredding’
for leaf fodder (Maggi and Nisbet 2000; Arobba and

Figure 4 Selected taxa pollen diagram from Arene Candide (location 12; adapted from Branch 1997); LBB 28-25/Tinè 15-14=
Early Neolithic; LBB 24-23/Tinè 13= beginning of the Middle Neolithic; LBB 22-18/Tinè 12=Middle Neolithic.
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Caramiello 2010; Arobba et al. in press), and the occu-
pation of all available caves, suggests the presence of a
well-developed economy based primarily on animal
husbandry. At Arene Candide, during the first two
centuries (Square Mouthed Pottery 1), animals were
stabled in the cave, probably throughout the year
(Fig. 3; Rowley-Conwy 1997), with fodder collected
nearby. The complimentary geoarchaeological and
bioarchaeological data indicate grazing outside the
cave in a range of habitats, and the utilisation of
bedding materials for animals, especially straw and
grass, and animal fodder comprising leaf hay (Figs. 3
and 4; Branch 1997; Girod 1997; Macphail et al.
1997). Both sheep and goats were important to the
economy and the evidence from Arene Candide indi-
cates a mainly meat-based strategy at this time
(Fig. 3; Rowley-Conwy 1997). The presence of wood
working tools (Starnini and Voytek 1997a, 1997b;
Ballara 2002) and anatomical evidence from wood
charcoal and phytoliths (Macphail et al. 1997;
Nisbet 1997; Maggi and Nisbet 2000; Arobba pers
comm) that are consistent with woodland manage-
ment, suggest that the cave occupants recovered sig-
nificant and regular quantities of leaf fodder.
The charcoal records from Arene Candide do point,

therefore, to a discernable impact on the vegetation
cover during the Middle Neolithic, probably due to a
more complex system of woodland management.
The amount of charcoal increases significantly,
suggesting a change in the nature of human activities
inside and outside the cave (Fig. 3). During the early
part of the Middle Neolithic, several taxa not utilised
during the Early Neolithic are present, including
Corylus, Ostrya and Prunus, while others are not
present, especially Olea, Taxus and Arbutus unedo.
However, many of the taxa present during the Early
Neolithic continue to be exploited and it is not until
the latter part of the Middle Neolithic that there
appears to be an overall reduction in species diversity.
Once again, this is consistent with the land snail
assemblage, which indicates a reduction in woodland,
and a predominance of moderate–to-dry environ-
mental ranges for the taxa (Fig. 3; Girod 1997).
The evidence for cereal cultivation during the

Middle Neolithic is sparse in Liguria but records
from Arene Candide, Sanguineto, Bergeggi, Pian
Ciliegio and Riparo due Teste indicate that
Hordeum, Triticum dicoccum, Triticum aestivum and
Triticum compactum were grown by the occupants of
these caves, who also consumed Vitis vinifera
(Branch 1997; Arobba and Caramiello, 2006, 2009,
in press). That cereals were probably cultivated near
to the caves is confirmed by the record of spikelets
of T. dicoccum at Arene Candide. As Arobba et al.
highlight, however, ‘In Liguria, the rarity of sites
with paleo-ethnobotanical evidence and their

specialized location probably distorts the paleoagrar-
ian picture altogether’ (1997, 122).

Late Neolithic (Chassey Culture)
At Arene Candide, in the strata dated to ∼6150 cal yrs
BP, 50% of the stone tools are made of honey-coloured
good quality ‘Bedoulien’ flint from Vaucluse (south-
east France), which was commonly used by the
Chassey Culture of southern France (Starnini and
Voytek 1997a, 379, 382). The ‘Chasséen Meridional’
is also the typology of both flint and pottery artefacts
(Figs. 1 and 2C). The changes in the material culture
accompany a sudden increase in the size of domesti-
cated sheep (Rowley-Conwy 1997), and the stratigra-
phy becomes a series of superimposed layers of
manure mixed with urine that was burnt to form dis-
creet, undisturbed layers of white ash (Macphail
et al. 1997).
The apparent impact on woodland cover during the

latter stages of the Middle Neolithic became intensi-
fied during the Late Neolithic with a significant
reduction in species diversity (Fig. 3) and especially
previously dominant taxa, such as Quercus ilex (see
Nisbet 1997). Nisbet highlights the ‘almost complete
disappearance of the broadleaved trees’ (1997, 108),
which is attributed to possible leaf foddering. This
record of human impact on the environment in
western Liguria is particularly evident during the
latter stages of the Late Neolithic when a reduction
in deciduous Quercus has been linked to the local for-
mation of ‘Mediterranean macchia’ dominated by
Quercus ilex, Arbutus unedo, Erica arborea, Rhamnus
alaternus, Phillyrea, Olea and Pistacia lentiscus
(Girod 1997; Nisbet 1997).
The zooarchaeological evidence indicates the intro-

duction of domesticated pig (Rowley-Conwy 1997,
2012), and overall the data imply a greater emphasis
on the herding of sheep, goats, cows and pigs than
on plant cultivation (Fig. 3); the site distribution
pattern indicates that this system included short-
distance transhumant pastoralism between the coast
and inland. Tana del Barletta (1000 m asl), for
example, has provided zooarchaeological evidence
for 54·2% sheep/goat, 21·9% cattle and 20·8% pig
(Barker et al. 1990). Charcoal records indicate wood-
land exploitation of Quercus pubescens, Prunus, Acer
and Cornus. The cave was probably a camp linking
the primary zone of permanent settlement on the
coastal lowlands with summer grazing land in the
uplands. Significantly, it highlights the emergence of
transhumant pastoralism with the onset of the
Chassey culture in western Liguria (Maggi and
Nisbet 1990).
In eastern Liguria, once again there is a paucity of

Late Neolithic archaeological sites, beside pottery
sherds and settlement evidence from Genoa (Del
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Lucchese 2010), there are only a few Chassey-like
pottery fragments from Castellaro di Uscio (Maggi
and Vignolo 1990, 148), and Tana delle Fate (Maggi
and Vignolo 1984; Cocchi Genick 2012, 249–250).
The latter is just a few kilometres from the prehistoric
copper mines of Libiola and Monte Loreto (Maggi
and Pearce 2005) and the large radiolarite quarry of
Valle Lagorara (Campana and Maggi 2002). A
copper awl, found in the Chassey layers at Arene
Candide, is similar to others found in Late Neolithic
contexts in Italy (Campana and Franceschi 1997;
Pearce 2000; Maggi and Campana 2008). Their chron-
ology is close to the beginning of mining at Monte
Loreto at 5890–5650 cal yrs BP (Beta-203528), at the
Late Neolithic-Copper Age transition (Maggi and
Pearce 2005, 2013; Maggi et al. 2011). This suggests
that the Late Neolithic introduction and widespread
expansion of a pastoral-based economy allowed the
development of a social organisation that suddenly
became able to adopt new, heavy technologies, such
as managing mines and quarries.

Synthesis of the Palaeoenvironmental Records
Chronology of the Palaeoecological Records
from Liguria
Table 1 presents the calibrated radiocarbon dates from
key palaeoecological records spanning the Neolithic in
Liguria (Branch 2002, 2004, 2013; Bellini et al. 2009;
Cruise et al. 2009; Guido et al. 2013). Despite the
small number of dates and absence of δ13C (‰)
values from some sites, and overall concern about
the quality of materials dated, the start (∼7800 cal
yrs BP) and end (∼5700 cal yrs BP) of the Neolithic
can be broadly determined at each site. This has
enabled reconstruction of the key vegetation changes,
and evaluation of the relative influence of human
activities and climate change, across a wide altitudinal
range. There is a clear need, however, to improve the
chronological framework for the Neolithic, which
will enable the creation of new age models (see
Cruise et al. 2009; Branch 2013) and hence improve
understanding of the timing and duration of
Neolithic human activities. Furthermore, there is
clearly a geographical bias in the palaeoecological
records to eastern Liguria, and there is an urgent
need to discover and analyse suitable sites in western
Liguria where there is the highest concentration of
known Neolithic archaeological sites (see above).
These issues will form the primary focus of future
research.

Vegetation History
Several key palaeoecological studies in eastern Liguria
have provided an opportunity to consider the nature
and impact of human activities during the Neolithic
across a wide altitudinal range (Braggio Morucchio

et al. 1988; Cruise 1990; Branch 2002, 2004, 2013;
Bellini et al. 2009; Cruise et al. 2009; Guido et al.
2013). At low altitude, a pollen record from Sestri
Levante (<100 m asl) indicates that from 8180–7930
cal yrs BP to sometime after 6850–6560 cal yrs BP,
Abies and Corylus initially dominated the woodland
cover, succeeded by deciduous Quercus, Quercus ilex
and Erica arborea (Fig. 1; Table 1; Bellini et al.
2009). The colonisation of the tree-heath community
during the Early Neolithic, which is more typical of
dry, coastal Mediterranean habitats today, may have
occurred as a response to human activity, including
deliberate burning and pastoralism. The record indi-
cates the presence of several ruderal taxa that are
associated with pastoralism, notably Apiaceae,
Asteraceae, Artemisia, Lactuceae, Brassicaceae,
Fabaceae, Plantago, Rumex and Urtica (see Mercuri
et al. 2010; Rius et al. 2012). Supporting this interpret-
ation is the evidence for cereal cultivation in the pollen
record, although there remains a possibility these are
pollen grains of wild Mediterranean grasses (see
Mercuri 2008). Nevertheless, the record of cereal
plant macrofossils in a wetland context from nearby
Chiavari (Ottomano 2004), does suggest that during
the Early and Middle Neolithic human activities in
eastern Liguria were perhaps having a widespread
impact at low altitude, which is consistent with the
records from western Liguria.

Similarly, at Rapallo (<100 m asl; Fig. 1), Bellini
et al. (2009) provide an important record of vegetation
succession from the Late Mesolithic/Early Neolithic
transition through to the Copper Age (8060–7930 to
5330–5040 cal yrs BP; Table 1). The Early Neolithic
was dominated by Abies with mixed deciduous wood-
land and shrubland including Ulmus and Tilia, and
deciduous Quercus and Corylus. The presence of
Quercus ilex, Pinus and Erica arborea once again
suggests that elements of the tree-heath community
were established here by the Early Neolithic. The
sporadic occurrences of cereal pollen, together with
the range of ruderal taxa noted for Sestri Levante,
confirm the possible presence of human activities in
Rapallo at this time, which seemingly included cultiva-
tion and pastoralism. At ∼7000 cal yrs BP, Abies
woodland declined at Rapallo and Sestri Levante;
this coincided with an increase in biomass burning,
shrubland (Corylus) and ruderal taxa (e.g. Rumex),
as well as deciduous Quercus and Quercus ilex.
This trend continued into the Late Neolithic and
early Copper Age, accompanied by cereal pollen
throughout the sequence (Bellini et al. 2009).
Combined, the palaeoecological evidence indicates
that human activities in the coastal zone of eastern
Liguria were having an affect on the environment
during the Neolithic, which included burning, cereal
cultivation and animal husbandry.
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Table 1 Radiocarbon dates from key palaeoecological records (mentioned in the text) in Liguria*

Site Location
Elevation
(m asl) Author(s) Depth (cm)

Laboratory
code

Uncalibrated yrs BP
(conventional age) Cal yrs BP (95·4%) δ13C (‰) Material

Lago Rotondo 44°29′27′′N
9°25′2′′E

1331 Branch (2004) 487–494 Beta-106143 6410± 60 7434–7180 −24·8 Wood (Fagus)
603–613 Beta-106144 7100± 80 8154–7730 −27·4 Peat

Lago Riane 44°32′50′′N
9°28′40′′E

1279 Branch (2013) 120–130 Wk-20141 1647± 43 1691–1414 −27·4 Peat
445–455 Wk-20142 4081± 47 4815–4436 −29·7 Peat
590–600 Wk-20143 4795± 49 5609–5329 −28·8 Peat
690–700 Beta-106141 5280± 80 6275–5911 −30·4 Peat
815–825 Wk-20144 8078± 50 9235–8771 −31·3 Peat
840–850 Wk-20145 8707± 56 9888–9545 −32·4 Peat
865–875 Beta-106142 9070± 70 10,485–9939 −30·0 Peat

Mogge di Ertola 44°32′56′′N
9°21′51′′E

1115 Guido et al. (2013) 50 LTL-546A 1065± 80 1180–790 −29·3± 0·3 Peat
Cevasco et al. (2013) 80 LTL-2970A 1982± 40 2010–1820 −23·9± 0·4 Peat

135 LTL-2971A 3336± 40 3650–3460 −25·3± 0·3 Peat
335 LTL-1220A 7190± 60 8170–7930 −25·8± 0·5 Peat
445 LTL-2972A 8156± 50 9270–9000 −27·1± 0·3 Peat
615 LTL-2973A 9061± 60 10,410–10,140 Unknown Peat
630 LTL-547A 8912± 100 10,250–9650 −30·1± 0·2 Peat

Lago di Bargone 44°17′N 9°29′E 831 Cruise et al. (2009) Bg89: 85–95 SRR-3813 2375± 45 2690–2330 Unknown Peat
Bg89: 175–185 SRR-3814 4625± 50 5580–5080 Unknown Peat
Bg89: 235–245 SRR-3815 6075± 45 7160–6790 Unknown Peat
Bg89: 423–433 SRR-3816 10 690± 450 13,460–11,230 Unknown Silty Peat
Barg 94:

130–132
GrN-21308 700± 60 740–550 Unknown Peat

Barg 94:
203–205

GrN-21305 5390± 60 6300–5990 Unknown Peat

Barg 94:
250–252

GrN-21306 8390± 110 9550–9090 Unknown Peat

Barg 94:
300–303

GrN-21307 10 870± 90 12,960–12,780 Unknown Silty Peat

Rovegno 44°34′33′′N
9°17′12′′E

812 Branch (2004) 116–125 Beta-106212 4380 5213–4850 −28·8 Peat
240–243 Beta-104794 11,690 13,637–13,432 −27·5 Peat

Lagorara 44°21′N 9°31′E 776 Branch (2002) Context 11 GrA-5145 5010± 50 5880–5660 Unknown Organic sediment
Context 11 GrA-5113 5380± 70 6281–6024 Unknown Organic sediment
Context 12 GrA-5180 6360± 60 7415–7248 Unknown Organic sediment
Context 12 GLN-21807 6730± 50 7656–7567 Unknown Organic sediment

Sestri Levante 44°16′N 9°24′E Unknown Bellini et al. (2009) S3: 1420 Unknown 5894± 45 6850–6560 Unknown Wood
S4: 1800 Unknown 5161± 60 6180–6560 Unknown Wood
S4: 2490 Unknown 7213± 65 8180–7930 Unknown Wood

Rapallo 44°21′N 9°13′E Unknown Bellini et al. (2009) 910 Unknown 4563± 50 5330–5040 Unknown Charcoal
1660 Unknown 7175± 45 8060–7930 Unknown Charcoal

*For calibration and software details, and approaches to reporting radiocarbon dates, see Stuiver and Polach 1977; Stuiver and Reimer 1986; Bronk Ramsey, 1995, 1998, 2001, 2009; Reimer et al. (2004).
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The importance of Abieswoodland during the Early
Neolithic has been highlighted by a number of other
studies in lowland areas of Liguria (Montanari et al.
1998; Arobba et al. 2001). At mid-altitudes (up to
1000 m asl), Abies appears to have been equally
important. At Lago di Bargone (831 m asl; Fig. 1;
Table 1), Abies was dominant throughout the Late
Würm Lateglacial and Early Holocene, but its
decline at ∼7800 cal yrs BP, along with Pinus, Ulmus
and Tilia, led to an expansion of deciduous Quercus
woodland (Cruise et al. 2009). Accompanying this
transition was an increase in light demanding taxa,
notably Corylus, Ericaceae and Pteridium, and infre-
quent occurrences of possible cereal pollen suggesting
either localised cultivation or the transportation of
pollen from lower altitudes by animals. Throughout
the Neolithic the persistence of cereal pollen and
ruderal taxa, notably Asteraceae, Chenopodium type,
Artemisia, Caryophyllaceae, Lactuceae, Plantago lan-
ceolata andMelampyrum, suggests the continued pres-
ence of pastoralism and possible cultivation. The
decline of Abies woodland at ∼7800 cal yrs BP
appears to be earlier than reported for the coastal
zone, although improvement is required in the chron-
ology of the sites at Rapallo and Sestri Levante to
test this hypothesis.
In contrast, at Rovegno (812 m asl; Fig. 1; Table 1)

the Early Neolithic was characterised by fluctuating
Abies woodland, a marked decline in Tilia and
Ulmus, and a corresponding increase in grassland
and herbaceous taxa (Branch 2004). Deciduous
Quercus expanded from the Middle Neolithic

onwards (∼7000 cal yrs BP) together with Corylus,
which resulted in a sustained decline in Abies.
Similar to Lago di Bargone, a significant increase in
Pteridium at this time is especially important and
suggests a more open woodland structure, possibly
accompanied by burning. Accompanying this was a
small increase in ruderal taxa, notably Sinapis type
and Caryophyllaceae. Pollen analysis of a buried soil
sequence at Lagorara (920 m asl; Fig. 1; Table 1) con-
firms, however, that there was marked variation in
composition and structure of woodland at this altitude
in Liguria during the Neolithic, which may relate to a
number of factors including natural competition and
migration rates, climate change and levels of human
activity. The results from Lagorara revealed that by
∼7600 cal yrs BP, Fagus and Abies woodland had
become co-dominant in the Lagorara Valley with
only minor amounts of deciduous Quercus. Similar
to the other studies, however, there was a pronounced
decline in Ulmus and Tilia woodland, as well as
Corylus shrubland, during the Early Neolithic
(Branch 2002).

At higher altitude (>1000 m asl), pollen records
from Lago Riane (Figs. 1 and 5; Branch 2013) and
Lago Rotondo (Branch 2004) indicate that Abies
dominated the vegetation cover forming mixed coni-
ferous-deciduous woodland with deciduous Quercus,
Tilia, Ulmus and Corylus during the Early Neolithic
(Table 1). Although percentages of non-arboreal
pollen (NAP) are 15–20% (of total land pollen), the
palaeoecological evidence for human activity
remains uncertain with few of the ruderal pollen taxa

Figure 5 Selected taxa pollen diagram from Lago Riane (44°32′50′′N 9°28′40′′E; 1279 m); the diagram has been ‘zoned’
according to the main cultural periods (see Branch 2013 for the full pollen diagram and modelled radiocarbon dates).
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associated with pastoralism present in significant
quantities. The transition to the Middle Neolithic
(∼7000 cal yrs BP) was marked by a sustained
reduction in Abies and expansion of Fagus woodland
at Lago Rotondo, but only a temporary decline in
Abies at Lago Riane (Fig. 5). In contrast, at Mogge
di Ertola (Guido et al. 2013; Table 1) there was a sig-
nificant, temporary reduction in Abies woodland
during the Late Mesolithic/Early Neolithic (from
∼8100 cal yrs BP) accompanied by evidence for
burning, and an increase in herbaceous taxa and the
expansion of Fagus and Corylus woodland. Although
it is uncertain whether this event was associated with
human interference, climate change or both, the
record indicates that Abies subsequently re-established
its dominance for the remainder of the Neolithic.
At Lago Riane, the Middle Neolithic and early part

of the Late Neolithic recorded an increase in light
loving taxa, such as Fraxinus and Ostrya, and a
slight reduction in Ulmus woodland (Fig. 5). The
change in woodland composition and structure prob-
ably facilitated the deposition of regionally dispersed
pollen from lower elevations, such as Olea and
Quercus ilex. This episode culminated in the expansion
of Fagus woodland at ∼6100 cal yrs BP, during the
Late Neolithic, and the beginning of a sustained
decline in Abies (Fig. 5). Both Lago Rotondo and
Lago Riane indicate that the invasion of Fagus from
the Middle Neolithic onwards coincided with
increases in deciduous Quercus woodland and
Corylus shrubland, and ruderal taxa, especially
Apiaceae, Rumex, Artemisia, Cirsium and Plantago
lanceolata. A reduction in Tilia, Ulmus and Fraxinus
woodland commonly accompanied the Fagus rise,
indicating a widespread change during the Neolithic
in the woodland composition, which was probably
associated with pastoralism at high altitudes in
eastern Liguria.
The cause of the Fagus expansion during the Middle

and Late Neolithic at high altitude is a matter of con-
siderable debate, especially given the evidence for
spatial variations in the nature and timing of the tran-
sition throughout northern and central Italy. The evi-
dence for a reduction in deciduous woodland taxa, and
a rise in shrub and ruderal taxa, has led to the sugges-
tion that human activity was the primary cause,
although alternative scenarios include climate
change, and migration/successional rates and compe-
tition (Peltier et al. 1997; Magri et al. 2006; Magri
2007; Branch 2013; Guido et al. 2013). Indeed the
strong association between the exploitation of Ulmus
and Tilia, as well as Abies and Fraxinus, and leaf
and branch foddering suggests that animal husbandry
in eastern Liguria may have led to the decline of
specific taxa, and the adventitious increase in Fagus
through a reduction in competition. If human impact

on the environment at higher altitudes from the
Middle Neolithic was indeed the primary cause, then
it emphasises the need to identify through survey and
excavation further supporting archaeological data,
which is frequently difficult because dense woodland
cover, erosion and modern development pressures
often obscure the evidence.

Climatic Context of Neolithisation in Liguria and
the Central-western Mediterranean
There is a generally poor understanding of the
relationship between climate change and cultural evol-
ution during the Holocene in the central-western
Mediterranean. This is despite recent improvements
in our understanding of climate history (e.g. Yu and
Harrison 1996; Ariztegui et al. 2000; Magny et al.
2002, 2003, 2007; Davis et al. 2003; Zanchetta et al.
2007; Roberts et al. 2008, 2011; Jalut et al. 2009;
Peyron et al. 2011). This is in contrast to studies in
the eastern Mediterranean where a clearer correlation
between Neolithic communities and climate change
has emerged (e.g. Moore and Hillman 1992; Harris
1996; Issar and Zohar 2004; Weninger et al. 2006;
Berger and Guilaine 2009; Rambeau et al. 2011).
Nevertheless, multi-proxy records for climate change
derived mainly from pollen, stable isotopes and lake
levels suggest that prior to the start of the Neolithic
in Liguria, conditions were generally characterised
by warm, wet winters, and warm, dry summers (e.g.
Magny et al. 2007; Jalut et al. 2009; Peyron et al.
2011). They suggest the formation of typically supra-
Mediterranean conditions during the Mesolithic in
central and western parts of the Mediterranean,
which coincided with the deposition of Sapropel S1
from 10,800± 400 to 6100± 500 cal yrs BP in the
eastern Mediterranean (Fig. 6; Myers and Rohling
2000; De Lange et al. 2008).
After 7800 cal yrs BP, Peyron et al. (2011) suggest

that the warm, wet winters continued until ∼5000 cal
yrs BP, but the region experienced progressively lower
rainfall levels in winter, and enhanced summer precipi-
tation (Fig. 6). Therefore, the onset of the Neolithic in
Liguria occurred during a period of climate change
with a trend towards increasing aridification. Jalut
et al. (2009) argue, however, that this period of
climate change did not commence in the central
Mediterranean until ∼7000 cal yrs BP, which are sup-
ported by some palaeohydrological records (Magny
et al. 2002). Records also indicate summer cooling
from 7700 cal yrs BP (Peyron et al. 2011), which
suggests that summers were characterised throughout
the Neolithic by wetter, cooler conditions. According
to Brewer et al. (2009), cooling during the winter and
summer during this period shortened the length of
the growing season in the western Mediterranean,
and resulted in marked vegetation changes.
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Figure 6 Summary of Neolithic archaeological, environmental and palaeovegetation records from Liguria (see text for details), and key palaeoclimatic records from the Mediterranean and Europe
(see Bond et al. 1997; Mayewski et al. 2004; Spotl et al. 2006; Constantin et al. 2007; Magny et al. 2007; Zanchetta et al. 2007; Fleitmann et al. 2009; Peyron et al. 2011); animal profiles from
M. Coutureau/C. Carpentier (© 2013 ArchéoZoo.org).
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Fig. 6 also shows δ18O values measured on stalag-
mite calcite from four locations in the Mediterranean
and Western Europe (Spotl et al. 2006; Constantin
et al. 2007; Zanchetta et al. 2007; Fleitmann et al.
2009). In these records, there is a general trend of
less negative δ18O values throughout the Neolithic
period, which supports speleothem data from other
parts of the Mediterranean, and suggests a transition
from an Early Holocene wet phase to a cooler, drier
climate (e.g. Bar-Matthews et al. 2000; Frisia et al.
2006; Zhornyak et al. 2011). Despite the evidence for
climate change, therefore, from a range of archives
and proxies, its impact on Neolithic communities in
Liguria remains uncertain. It is worth noting,
however, that the shorter growing season and wetter
summers may have contributed to an intensification
of farming from the Middle Neolithic as a response
to climate change and to mitigate the risk of agricul-
tural collapse (see also Mercuri et al. 2011). In
addition, the termination of Sapropel S1 may have
coincided with the start of the Late Neolithic period
in Liguria, although opinions vary on the precise
timing of this event (De Lange et al. 2008). If
correct, the Late Neolithic was possibly marked by a
period of cooler, drier climate (see Bond et al. 1997;
Ariztegui et al. 2000; Mayewski et al. 2004).

Discussion
The review of the environmental archaeological data
from western Liguria has revealed that the initiation
of farming during the Early Neolithic (∼7800 cal yrs
BP) appears to have been an abrupt event and
formed part of the widespread Neolithisation of the
western Mediterranean. Like many parts of Italy, the
process was characterised by the introduction of new
technology alongside domesticated plants and
animals, and the exploitation of resources over a
wide spatial area (coastal and inland), including alti-
tudes up to 800 m asl from ∼7500 cal yrs BP (see
Barker 1985, 2006). During the Middle (∼7000–6300
cal yrs BP) and Late Neolithic (∼6300–5700 cal yrs
BP), the evidence indicates that human activities
became more intensive and more extensive, resulting
in the exploitation of resources over a wider altitudinal
range, and included animal husbandry (sheep, goats,
cattle and pigs), transhumant pastoralism, woodland
management and leaf foddering, and crop cultivation
(Fig. 6).
Owing to the absence of environmental archaeolo-

gical records spanning the Neolithic in eastern
Liguria, evaluation of palaeoecological data from
lakes and mires suggests that human activities, prob-
ably involving some or all of the practices recorded
in western Liguria, had an impact on the landscape
and environment from the Early Neolithic, initially
at low to mid altitudes. The colonisation of tree

heath communities (macchia) and deciduous and
evergreen Quercus, and an increase in ruderal taxa,
appears to have been a direct response to animal
husbandry and cultivation, and led to the decline of
Abies, Ulmus and Tilia woodland (Fig. 6). These
taxa probably declined as a response to woodland
clearance for grazing land and cultivation, and the
exploitation of tree fodder. In the absence of
substantive, corroborating archaeological evidence,
this interpretation remains tentative; nevertheless, we
may hypothesise that by the Middle Neolithic
human groups were seemingly managing the veg-
etation cover to ensure a sustainable food resource
for themselves and their animals across Liguria.
It is widely acknowledged that Abies, Ulmus and

Tilia, and other taxa including Fraxinus, Quercus
and Fagus, were important food for wild and domesti-
cated animals (e.g. see Nisbet 1997 – Arene Candide;
Heuze et al. 2005). The use of saplings, mast, leaves
and branches as fodder may account for their overall
decline, or fluctuating values, in pollen records from
eastern Liguria, while browsing and grazing animals
would undoubtedly lead to an increase in grassland
and ruderal taxa. Palaeoecological studies in neigh-
bouring parts of Italy and Europe support a causal
relationship between the decline of Abies, Ulmus and
Tilia, and Neolithic animal husbandry and cereal cul-
tivation (e.g. Tinner et al. 1999; Parker et al. 2002;
Grant et al. 2011). For example, in the northern
Apennines, the pollen record from Prato Spilla ‘A’
(Emilia-Romagna) indicates a marked decline in
Ulmus, Tilia and Fraxinus at ∼7000 cal yrs BP,
which is interpreted as evidence for pastoralism
during the Middle Neolithic at high altitude (labelled
M1; Lowe et al. 1994a, 1994b). At Lago Padule and
Lago Pratignano (Emilia-Romagna), a modest
increase in ruderal taxa indicative of pastoralism
accompanied the Fagus rise at ∼7000 cal yrs BP,
notably Caryophyllaceae, Rumex, Sinapis type and
Apiaceae (Watson 1996). Evidence for burning, a
decline in Abies, and expansion of Fagus, from
∼7000–5000 cal yrs BP at Lago del Greppo (Emilia-
Romagna) has also been linked to Neolithic human
activity (Vescovi et al. 2010a). In the Italian Alps,
Valsecchi et al. (2008) correlate the expansion of
Fagus at Lago di Fimon (23 m asl) with the decline
of Ulmus, Tilia and Fraxinus and a reduction in
burning due to human activities from ∼7300 to 6400
cal yrs BP.
Similarly at Lago dell’Accesa (Tuscany), a decline of

Quercus ilex during the Early Neolithic (∼7700 cal yrs
BP), accompanied an increase in taxa indicative of
Mediterranean macchia. The associated evidence for
vegetation disturbance suggests that human activities
were probably the main cause (Drescher-Schneider
et al. 2007; Vannière et al. 2008; Colombaroli et al.
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2008). Pollen records from Pisa and the Versilia Plain
(Bellini et al. 2009) also indicate the expansion of
deciduous Quercus and Quercus ilex following the
decline of Abies woodland at ∼7000 cal yrs BP,
together with the occasional presence of cereal pollen
and ruderal taxa (e.g. Urtica, Rumex), suggesting loca-
lised cultivation and pastoralism. As noted, although
the pollen evidence for cereal cultivation from several
lowland locations is a matter for debate, given the
unequivocal archaeobotanical records from western
Liguria, and other parts of Italy, for the growth of
both Hordeum spp. and Triticum spp. it seems likely
that such practices were widespread.
During the Late Neolithic, the onset (or continu-

ation) of the Abies decline and the corresponding
widespread expansion of Fagus woodland in eastern
Liguria has been attributed to the influence of high-
land pastoralism, which is supported by the environ-
mental archaeological records from western Liguria
(Fig. 6; Branch 2013). Several palaeoecological
studies in neighbouring areas support this interpret-
ation. At Prato Spilla ‘A’, Fagus expanded at ∼5800
cal yrs BP accompanied by a temporary decline in
Abies and soil erosion (Lowe et al. 1994b), while at
Pavullo (Emilia-Romagna), the decline of Abies at
∼6000 cal yrs BP has also been linked to possible
human activities resulting in the expansion of
Quercus, Fagus and herbaceous taxa (Vescovi et al.
2010b). Similarly, at Lago di Massaciuccoli
(Tuscany), the pollen record indicates a significant
decline of Abies and Quercus ilex at ∼6000 cal yrs
BP (Colombaroli et al. 2007; Mariotti-Lippi et al.
2007). Evidence for burning and the subsequent
expansion of fire-resistant taxa suggest human activity
and/or climate change as possible causes. However,
given the outstanding evidence at this time for
human modification of the environment, which
undoubtedly included ‘fire management’, it seems
highly likely that the record from Lago di
Massaciuccoli indicates human activities.
Alternative explanations for the changes in veg-

etation cover recorded in eastern Liguria, and in
many other parts of central and northern Italy,
during the Neolithic range from disease, migration
rates and competition, natural burning events and
climate change (e.g. van der Knapp et al. 2005;
Magri et al. 2006; Wick and Möhl 2006; Branch
2013). As noted above, there is good evidence from
neighbouring parts of Italy, and the Northern
Hemisphere in general, for climate change during the
Neolithic. Indeed, Sadori et al. state ‘Overall, we can
conclude that before c. 4000 yr BP the main cause of
vegetation change in the central Mediterranean was
climatic variations, even if locally human impact can
be detected’ (Sadori et al. 2011, 126; see also
Finsinger et al. 2010). Broadly supporting this

interpretation are other key palaeoenvironmental
studies, notably at Lago di Mezzano [Lazio]
(Ramrath et al. 2000), Lago di Vico [Lazio] (Magri
and Sadori 1999) and Lago di Pergusa [Sicily]
(Sadori and Narcisi 2001; Sadori et al. 2013).
Certainly, prolonged winter frosts during cooler
winters may have had a detrimental impact on clima-
tically sensitive taxa such as Abies, and created
optimal conditions for invasive taxa such as Fagus
(see Huntley et al. 1989; Magri 2007). In addition,
periods of increased summer aridity (e.g. at ∼7600
and ∼6200 cal yrs BP) are thought to have initiated
episodes of burning (Vannière et al. 2008, 2011).
Various studies have demonstrated that Abies is
highly susceptible to localised extinction by fire,
whereas Ulmus, Tilia and Fraxinus tend to sustain
long-term damage by fire (rather than extinction),
which might lead to their progressive decline (Tinner
et al. 2000; Colombaroli et al. 2009). At Lago
dell’Accesa, for example, the decline in Quercus ilex
between ∼8000 and ∼7600 cal yrs BP was synchro-
nous with an increase in burning and the expansion
of taxa associated with human activities, notably
Plantago lanceolata, Rumex acetosella, Lactuceae,
Chenopodiaceae, Apium, Artemisia and Pteridium,
which may be linked to Neolithic agricultural activities
(Drescher-Schneider et al. 2007; Colombaroli et al.
2008). Similarly, the increase in Pteridium at Lago di
Bargone and Rovegno during a period of woodland
decline does suggest that localised fire may have
been an important factor in eastern Liguria.
Whether this evidence indicates human or naturally/
climatically induced fire remains uncertain. However,
the diachronous changes in vegetation cover and
burning do suggest that human activities were prob-
ably the primary cause.

Conclusion
This integrated study of the environmental archaeolo-
gical and palaeoenvironmental records for Liguria has
enabled evaluation of timing, rate and nature of
Neolithisation, and an assessment of human impact
on the environment against a background of climate
change. The evaluation has established that
Neolithisation was a rapid process in the west, consist-
ent with other parts of the Mediterranean, due to mar-
itime colonists introducing familiar Neolithic traits,
while in the less documented east acculturation of indi-
genous Mesolithic populations was also probably
involved. Palaeoecological records spanning the
Early Neolithic from eastern Liguria, supported by
environmental archaeological evidence from the
west, indicate that the impact on the environment
was perhaps more extensive than previously thought
(low and mid altitudes), and involved both cereal cul-
tivation and pastoralism. In other parts of the
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northern Apennines, however, the evidence suggests
that Early Neolithic human groups were causing
environmental changes at high altitude.
During the Middle Neolithic, the environmental

archaeological evidence indicates an intensification of
human activities, primarily focussed on animal husban-
dry, and involving the management of woodland for
leaf foddering. We have argued that these practices led
to a reduction in woodland cover across a wide altitudi-
nal range in both eastern and western Liguria, despite
the evidence for climate change. There remains a possi-
bility, however, that climate change may have stimu-
lated the adoption of a more intensive farming system
at this time. The Late Neolithic witnessed a significant
transformation of the social, technological and econ-
omic organisation of Liguria. Palaeoecological data
indicate further changes in woodland composition,
accelerated erosion and an increase in ruderal taxa com-
mensurate with the development of transhumant pas-
toralism. The archaeological records support this
interpretation with evidence for an increase in sites
over a wider altitudinal range in western Liguria.
Finally, it is apparent from the evaluation that to

address in detail the Neolithisation of Liguria and
neighbouring areas, we must make significant
improvements to the chronological framework from
both archaeological and geological archives. The
routine application of additional dating methods,
such as tephrochronology, will assist this process and
will lead to refinements in our understanding of key
cultural and environmental transitions. In addition,
future research in Liguria will necessitate the develop-
ment of independent palaeoclimatic models for the
Holocene using stable isotope analysis of stalagmites
(western Ligurian caves) and plant macrofossils
(eastern Ligurian lakes and mires), which will enable
improved assessment of the role of climate change in
cultural evolution and vegetation succession.
Furthermore, the paper has highlighted the urgent
need for the study of lakes and mires in western
Liguria to complement those in the east, and similarly
the enhancement of the Neolithic archaeological
record for eastern Liguria requires a long-term pro-
gramme of survey and excavation.
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