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Abstract. The palaeobotanical record of early Palaeolithic
sites from Western Europe indicates that hominins settled in
different kinds of environments. During the “mid-Pleistocene
transition (MPT)”, from about 1 to 0.6 Ma, the transition
from 41- to 100-ka dominant climatic oscillations, occur-
ring within a long-term cooling trend, was associated with
an aridity crisis which strongly modified the ecosystems.

Starting from the MPT the more favourable climate of
central and southern Italy provided propitious environmental
conditions for long-term human occupations even during the
glacial times. In fact, the human strategy of territory occu-
pation was certainly driven by the availabilities of resources.
Prehistoric sites such as Notarchirico (ca. 680–600 ka), La
Pineta (ca. 600–620 ka), Guado San Nicola (ca. 380–350 ka)
or Ceprano (ca. 345–355 ka) testify to a preferential occu-
pation of the central and southern Apennines valleys during
interglacial phases, while later interglacial occupations were
oriented towards the coastal plains, as attested by the numer-
ous settlements of the Roma Basin (ca. 300 ka). Faunal re-
mains indicate that human subsistence behaviours benefited
from a diversity of exploitable ecosystems, from semi-open
to closed environments. In central and southern Italy, several
palynological records have already illustrated the regional-
and local-scale vegetation dynamic trends. During the Mid-
dle Pleistocene climate cycles, mixed mesophytic forests

developed during the interglacial periods and withdrew in re-
sponse to increasing aridity during the glacial episodes. New
pollen data from the Boiano Basin (Molise, Italy) attest to
the evolution of vegetation and climate between MIS 13 and
9 (ca. 500 to 300 ka). In this basin the persistence of high
edaphic humidity, even during the glacial phases, could have
favoured the establishment of a refuge area for the arboreal
flora and provided subsistence resources for the animal and
hominin communities during the Middle Pleistocene. This
could have constrained human groups to migrate into such a
propitious area. Regarding the local climate evolution during
the glacial episodes, the supposed displacement from these
sites could be linked to the environmental dynamics solely
due to the aridity increase, rather than directly to the global
climate changes.

1 Introduction

Based on the archaeological records, the first “Out Of Africa”
dispersal which led hominins to spread across Eurasia oc-
curred sometimes around the Olduvai subchron (i.e. 1.95 to
1.78 Ma). Despite the consensual acceptation that the Lev-
antine corridor was the main pathway to western Eurasia
(Bar-Yosef and Belfer-Cohen, 2001; Anton and Swisher,
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2004; Schattner and Lazar, 2009; Bar-Yosef and Belmaker,
2011), the evidence of mobility towards Europe is still scat-
tered and covers a long time period – between 1.8 and 1 Ma
(Bar-Yosef and Belfer-Cohen, 2001). Thus, a chronologi-
cal and archaeological gap remains between the Caucasian
site of Dmanisi, dated to the top of the Olduvai subchron
(Gabunia et al., 2000; Vekua et al., 2002; Lordkipanidze
et al., 2007; Messager et al., 2011a) and the earliest occupa-
tions of western Eurasia, such as Pirro Nord in Italy around
1.4 Ma (Arzarello et al., 2006; Arzarello and Peretto, 2010),
Orce complex and Sima del Elefante in Spain around 1.2 Ma
(Oms et al., 2000; Carbonell et al., 2008; Duval et al., 2012)
or Loire Basin sites in France around 1.1 Ma (Despriée et al.,
2011).

In several of such early sites, palaeobotanical and palaeon-
tological investigation provided elements for palaeoenviron-
mental reconstructions. In the surroundings of sites such as
Pont-de-Lavaud (France), ca. 1.2–1.1 Ma (Marquer et al.,
2011) and Ca’Belvedere di Monte Poggiolo (Italy), ca. 1.2–
1 Ma (Lebreton, 2004), palynological evidence demonstrates
that some of the earliest populations of Western Europe had
already acquired enough plasticity to move and to occupy
a large diversity of ecosystems, including Western Europe
(Messager et al., 2011b), which contradicts the assumption
of systematic withdrawal onto the Levantine corridor and
Caucasus at each climate cycle (Leroy et al., 2011). In fact,
the occupation of Pont-de-Lavaud indicates that, at around
1.1 Ma, some communities were able to settle in and to take
advantage of closed environments (Marquer et al., 2011;
Messager et al., 2011b), whereas in northern Italy, palaeoen-
vironmental studies in the site of Monte Poggiolo demon-
strated that the occupation only took place in semi-open to
open environments (Lebreton, 2004; Messager et al., 2011b).

Later on, the climate dynamics throughout the mid-
Pleistocene transition (MPT) strongly impacted the ecosys-
tems, especially at the mid-latitudes (Lisiecki and Raymo,
2005; Joannin et al., 2011). Prehistoric populations located
in Western Europe had to displace and settle in new terri-
tories where ecological conditions appeared more suitable
for their subsistence. At the same time, hominins acquired
new technical and social behaviours, as evidenced by the
Mode 1 to Mode 2 transition (Grifoni and Tozzi, 2005;
Peretto, 2006; Doronichev and Golovanova, 2010). In Italy
both climate changes occurring since the MPT and complex
physiographic settings led to the fragmentation of the en-
vironments at different scales (Russo Ermolli et al., 2010a;
Manzi et al., 2011), with a fundamental dichotomy between
northern and central/southern regions (Bertini, 2010). Since
the Middle Pleistocene, northern Italy has been recording cli-
matic and environmental dynamics comparable to those of
continental Europe, with cold and dry glacials. On the other
hand, central and southern Italy experienced a warmer cli-
mate with glacial phases mainly marked by the increase in
aridity.

 1 

Figure 1. Location of the compiled archaeological sites and palynological sequences. 2 

 3 

Fig. 1. Location of the compiled archaeological sites and palyno-
logical sequences.

Synchronicity of hominin occupations and palaeoenvi-
ronmental archives, locally available between the Marine
Isotopic Stages (MIS) 16 and 9 in central and southern Italy,
led to reinvestigation of the the regional climate and environ-
mental dynamics, and their potential impact on the commu-
nities’ displacement motivations.

2 Regional Mode 2 archaeological settings

Between 600 and 300 ka, a relatively high concentration of
Mode 2 archaeological sites is known in central and southern
Italy (Fig. 1). Despite the cultural differences among terri-
tories, archaeological evidence recorded at those sites is re-
markably consistent.

2.1 La Pineta

La Pineta (Isernia Basin, Molise) is an important early Palae-
olithic site discovered within thick fluvio-lacustrine and vol-
canic deposits. It consists of a large open-air succession
of occupations, mainly characterized by wide bone accu-
mulations, close to a river (Coltorti et al., 1982; Peretto,
1983). Several40Ar/39Ar ages provided a reference age of
610± 10 ka, corresponding to MIS 15 (Coltorti et al., 2005;
Shao et al., 2011). The tools are considered matching with
an opportunistic late Mode 1 lithic industry (Coltorti et al.,
1982; Peretto, 1983; Rufo et al., 2009). La Pineta records
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abundant faunal remains attributed to the Isernia Faunal Unit
(FU) of the Galerian Mammal Age (MA) (Sardella et al.,
2006; Palombo and Sardella, 2007).

2.2 Notarchirico

The site of Notarchirico (Venosa Basin, Basilicata) is an
open-air succession of occupations located on a river ter-
race which provided human remains and early Acheulean in-
dustries (Piperno et al., 1999). First proposed to be between
350 and 200 ka, the first stages of occupation is known placed
at 640± 40 ka (MIS 16–15) using TL dating (Lefèvre et al.,
2010). It is attributed to an interglacial phase, supported by
microfossils and palaeontological analysis (Piperno, 1999;
Lefèvre et al., 2010). The faunal assemblages recorded for
the earliest stages match with the Isernia FU; however, the
later mammal assemblages demonstrate the record of suc-
cessive faunal phases through several interglacial phases
(Cassoli et al., 1999; Sardella et al., 2006; Palombo and
Sardella, 2007; Masini et al., 2013). This assumption of long-
lived repetitive occupations during several climatic cycles
could be supported by the huge thickness of the sedimentary
filling and the lithic evolution (Piperno, 1999).

2.3 Loreto

The site of Loreto is another succession of occupations and
natural surfaces located on a terrace of the Venosa Basin
(Barral and Simone, 1984). Unfortunately, it has not yet di-
rectly been dated by radioisotopic methods (Lefèvre et al.,
2010). However, its lithic industry, attributed to the early
Tayacian, and the palaeontological record, linked to the
Fontana Ranuccio FU (Barral and Simone, 1984), as well
as the analysis of the underlaying formation place Loreto
later than Notarchirico, at least younger than MIS 14 (Cassoli
et al., 1999; Grifoni and Tozzi, 2005; Sardella et al., 2006;
Lefèvre et al., 2010; Masini et al., 2013).

2.4 Fontana Ranuccio

The site of Fontana Ranuccio (Latium) is an open-air site
located on a terrace of the Anagni Basin, which provided a
lithic industry attributed to the Acheulean culture (Ascenzi,
1984; Segre Naldini et al., 2009). The recorded faunal
taxa correspond to the Fontana Ranuccio FU (Sardella et
al., 2006; Palombo and Sardella, 2007; Segre Naldini et
al., 2009). Formerly, K/Ar dated around 458 ka (Segre and
Ascenzi, 1984), attributing the site to the MIS 12 has not
been revised by palaeomagnetism measurements (Muttoni et
al., 2009). However, a new40Ar/39Ar age obtained on sin-
gle leucite crystals extracted from the same horizon previ-
ously dated by K/Ar give an age of 408± 12 ka (2 s level,
relative to ACs standard at 1.193 Ma; Nomade et al., 2005),
which corresponds to the MIS 11 (A. G. Segre, personal
communication, 2012).

2.5 Guado San Nicola

The site of Guado San Nicola di Monteroduni is a recently
discovered open-air occupation on a river terrace south of the
Isernia Basin (C. Peretto, personal communication, 2012). It
recorded a rich lithic industry characterized by a high rate
of bifacial tools (around 20 %, some of important size) with
a diversity of flint tools, including numerous flakes (par-
tially linkable to opportunistic, discoid and Levallois knap-
ping methods), several nuclei and reworking splinters. Such
preliminary considerations have suggested to link the Guado
San Nicola assemblage to the Acheulean. The discovered
fauna seems to correspond to the Fontana Ranuccio FU. The
preliminary ESR and40Ar/39Ar results place the occupation
between 380 and 350 ka, corresponding to the MIS 10 (J.-
J. Bahain, personal communication, 2012).

2.6 Ceprano

The Ceprano skull, an incompleteHomocalvarium discov-
ered in 1994 in the Ceprano Basin (Ascenzi et al., 1996),
is one of the most discussed human remains discovered in
Italy, but it has not directly been linked to any archaeological
site (Manzi et al., 2010). Although it has long been consid-
ered as old as the early Pleistocene, recent39Ar/40Ar dating
of an overlaying tephra layer provided a more robust age of
353± 4 ka, corresponding to MIS 10 (Nomade et al., 2011).
The precise attribution of this calvarium to aHomospecies
remains debated (Mounier et al., 2011).

2.7 The Roma Basin

The Roma Basin (Latium) records an important concen-
tration of Acheulean sites dated to MIS 9, such as Castel
di Guido, La Polledrara di Cecanibbio and Torre in Pietra
(Radmilli and Boschian, 1996; Palombo and Sardella, 2007;
Boschian and Saccà, 2010; Anzidei et al., 2012). These open-
air sites are located on headlands above watercourses facing
the Tyrrhenian Sea, and show a remarkable coherence of fau-
nal assemblages, corresponding to the Torre in Pietra FU of
the early Aurelian MA, matching with an attribution to the
MIS 9 (Sardella et al., 2006; Palombo and Sardella, 2007).
Among these sites, the case of Castel di Guido is remarkable
for having yielded several elephant bone bifacials and ho-
minin remains attributed toHomo heidelbergensis(Radmilli
and Boschian, 1996; Mariani-Costantini et al., 2001).

3 Middle Pleistocene regional environmental settings

Because of the large number of Early Palaeolithic sites and
abundant Middle Pleistocene lacustrine and fluvio-palustrine
sedimentary fillings of the central and southern Apen-
nines, Quaternary basins provide synchronous regional-scale
palynological and palaeontological data on environmental
dynamics (Bertini, 2010; Russo Ermolli et al., 2010a,b;
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Corrado and Magri, 2011; Manzi et al., 2011). Such a con-
centration of pollen records, associated to the archaeological
evidence (Fig. 1), improves the environmental framework in
which human communities evolved.

3.1 Vegetation records

The new pollen analysis (Orain et al., 2012) conducted
among filling record of the Boiano Basin (Fig. 2) carries
out new data concerning the Middle Pleistocene vegetation
evolution in southern Italy, mainly between MIS 13 and 9
(Aucelli et al., 2011). The palynological results are presented
in a synthesized diagram (Fig. 3), assembling pollen taxa fol-
lowing their ecological requirements. The summarized de-
scription and analysis are presented in Table 1. Among the
main features, the continuous record of Cyperaceae/aquatics
testifies to the persistence of local edaphic humidity dur-
ing the entire sequence. These singular edaphic conditions,
within the overall progressive aridity increase and tree diver-
sity decrease of the Middle Pleistocene (Bertini, 2010), led
to the establishment of a refuge area, at least for the most
exigent taxa, such asCarya(Orain et al., 2013). The Boiano
pollen data bring out new information to understand the re-
sponse of vegetation to both global climate changes and lo-
cal edaphic conditions in order to appreciate the diversity of
environmental conditions within the overall milder climate
of central and southern Italy during the Middle Pleistocene,
compared to northern parts of Italy and Europe (Bertini,
2010; Corrado and Magri, 2011; Manzi et al., 2011; Orain
et al., 2012, 2013).

Figure 4 illustrates the vegetation dynamics from the main
regional palynological sequences, with a lack of records for
MIS 11 and 10. The selected taxa are widely considered as
being the most significant palaeoecological markers. The last
occurrences of Tertiary relicts were not recorded at the same
time all along the peninsula, with early disappearances in the
northern regions as soon as the early Pleistocene, whereas
they heterogeneously persist up to Middle Pleistocene in the
southern areas (Bertini, 2010; Magri and Corrado, 2010).
Thus,Tsugais lastly recorded during MIS 13,Carya dur-
ing MIS 9, Pterocaryaduring MIS 7 andZelkovaduring
MIS 2 (Bertini, 2010; Corrado and Magri, 2011; Orain et al.,
2013). The main trees characterizing interglacial conditions
areQuercusandCarpinusfor the mixed mesophytic forest,
andAbiesandFagusfor the montane forest. The non-arboreal
pollen (NAP) regroups the herbaceous taxa, withstanding
low-moisture conditions. The vegetation cycles are mainly
characterized by the alternation between AP and NAP, re-
spectively, during the interglacial and glacial episodes (Suc
et al., 1995; Bertini, 2010, Corrado and Magri, 2011). How-
ever, despite the clear reduction of AP during the glacial
phases, it is worth noting a relative persistence of some tree
taxa such asQuercus, CarpinusandAbies. The physiography
and local climate conditions of some basins led to the emer-
gence of heterogeneous environments. The tree taxa certainly

 1 

Figure 2. Location, geological and morphotectonic contexts of the Boiano basin (49°29’N, 2 

14°28’E; ca. 500m a.s.l.) and of the main close sedimentary basins of the Molise region (from 3 

Aucelli et al., 2011).  4 

1/ Fluviopalustrine deposits (Quaternary), 2/ Siliciclastic deposits (Miocene), 3/ Clays, marls 5 

and limestones of Sannio (Upper CretaceousMiocene), 4/ Limestones, dolomites, marls of 6 

carbonate platform (a) and carbonate slope deposits (b) (TriassicMiocene), 5/ Main thrusts, 6/ 7 

Main extensional faults. 8 
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Fig. 2. Location, geological and morphotectonic contexts of the
Boiano Basin (49◦29′ N, 14◦28′ E; ca. 500 m a.s.l.) and of the main
close sedimentary basins of the Molise region (from Aucelli et al.,
2011). 1: fluviopalustrine deposits (Quaternary); 2: siliciclastic de-
posits (Miocene); 3: clays, marls and limestones of Sannio (Up-
per Cretaceous to Miocene); 4: limestones, dolomites, marls of car-
bonate platform (a) and carbonate slope deposits (b) (Triassic to
Miocene); 5: main thrusts; 6: main extensional faults.

benefited from edaphic and/or climatic humidity persistence
during the glacials within step-sided plains of the Apennines,
and then redeveloped during the interglacial milder condi-
tions (Bertini, 2010; Corrado and Magri, 2011; Manzi et
al., 2011; Orain et al., 2012, 2013). Some of such protected
basins of the central and southern Apennines could then have
been propitious for forests withdrawal, increasing the capac-
ity of resilience of arboreal taxa during the most arid periods
(Bertini, 2010; Corrado and Magri, 2011; Manzi et al., 2011;
Orain et al., 2012, 2013).

Clim. Past, 9, 687–697, 2013 www.clim-past.net/9/687/2013/
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Table 1. Isotopic correlations and summary description of the palynological sequence of the Boiano Basin, including main biome deduced
from pollen assemblages (from Orain et al., 2012).

MIS correlation Pollen zone Pollen signature Main biome

MIS 8 to MIS 2 LPZ 4 Heterogenous pollen and sedimentary records –
sedimentary fillings of the basin?∗

MIS 9 LPZ 3b Abiesdominant withPicea, Coniferous forest
mixed deciduous forest decreasing and
impoverishing∗

LPZ 3a Quercus/Fagus(dominant) decreasing, Mesophilous forest
progressive augmentation of deciduous trees
diversity,Caryapresent (max≈ 5 % of AP),
Coniferous (Abies, Picea, Cedrus) increasing∗

MIS 12 to MIS 10 LPZ 2 Herb dominance with steppic association, Steppe
local evidence of reworked material,
occasional occurrences of several trees∗

MIS 13 LPZ 1 AbiesandPiceaincreasing (10 to 30 %), Coniferous forest
Pinusprogressing (concentration),
Fagusdecreasing (10 to 0 %),
mixed deciduous forest (withCarya) around 10 %,
hygrophylous locally decreasing∗

∗ Continuous occurrences of local edaphic humidity (attested by hygrophylous plants).

 1 

Figure 3. Synthesized pollen diagram of core S6 from Boiano, with position of barren samples 2 

(■). Taxa are grouped according to their ecological significance (after Orain et al., 2012, 3 

2013).  4 
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Figure 4. Synthesized diagram of the local palynological studies, presenting the dynamics of 7 

the main taxa for the studied period, compiled from Vallo di Diano (Russo Ermolli, 1994), 8 

Sessano (Russo Ermolli et al., 2010b), Boiano (Orain et al., 2012), Acerno (Munno et al., 9 

Fig. 3. Synthesized pollen diagram of core S6 from Boiano, with position of barren samples (�). Taxa are grouped according to their
ecological significance (after Orain et al., 2012, 2013).

3.2 Faunal records

The numerous faunal assemblages from archaeological sites
provide an important background for inquiring the sub-
sistence behaviour of hominin communities, in relation to
the exploited environments (Radmilli and Boschian, 1996;
Cassoli et al., 1999; Raia et al., 2005; Sardella et al., 2006;
Palombo and Sardella, 2007; Thun Hohenstein et al., 2009;
Boschian and Saccà, 2010; Anzidei et al., 2012; Magri and

Palombo, 2013). The main predated taxa identified in each
site, and therefore the types of environments the hominin
communities exploited, are summarized in Table 2.

The faunal records of the studied period partially cover
two successive MA, from the Middle Galerian (Isernia FU)
to the early Aurelian (Torre in Pietra FU). Therefore, hu-
man communities had to adapt their activities to the evolution
of the ecosystems, especially during these faunal turnovers.
Subsistence behaviour analysis from the earliest sites (La

www.clim-past.net/9/687/2013/ Clim. Past, 9, 687–697, 2013
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Fig. 4. Synthesized diagram of the local palynological studies, presenting the dynamics of the main taxa for the studied period, compiled
from Vallo di Diano (Russo Ermolli, 1994), Sessano (Russo Ermolli et al., 2010b), Boiano (Orain et al., 2012), Acerno (Munno et al., 2001)
and Valle di Castiglione (Follieri et al., 1988) sequences (modified from Manzi et al., 2011).

Pineta and Notarchirico) highlighted that the local popula-
tions mainly selected the faunal species offering the most
economically profitable volume of muscular mass (Cassoli
et al., 1999; Thun Hohenstein et al., 2009). These studies
have also demonstrated that hominins had already acquired
active predation behaviours, including specimen selections,
with only occasional scavenging. It is then possible to deduce
the hominin main predation strategies and to identify the
environments they preferably exploited, even starting from
the earliest sites. Regarding the environments associated to
the predation activities, mixed orientations towards closed to
semi-open ecosystems appear across the region (Table 2).

At La Pineta, the hunting and butchery testimonies clearly
indicate thatBison schoetensackiconstituted the main tar-
get (Thun Hohenstein et al., 2009). However, records of sev-
eral other taxa from a large panel of ecosystems confirm
that hunting was also conducted in different types of en-
vironments. This diversity directly attests to the benefit of
the environmental diversity (Thun Hohenstein et al., 2004,
2009), despite a non-anthropic accumulation effect having to
be considered.

At Notarchirico, the faunal records across the different
layers show that the local populations had repetitively ex-
ploited almost indifferently closed and semi-open environ-
ments (Cassoli et al., 1999; Sardella et al., 2006). Later, at
Loreto, the faunal record presents the same type of repeti-
tive exploitation of various environments, despite these sites
probably being occupied and exploited by two different
populations, in regards to their lithic cultures (Barral and
Simone, 1984; Cassoli et al., 1999; Grifoni and Tozzi, 2005).

The faunal remains discovered in the site of Guado San
Nicola di Monteroduni, even if preliminary, also attest to a
predation oriented towards a diversity of environments, al-
though the semi-open to open ones seem dominating. This
singular situation could be linked to the opening of the envi-
ronments in response to the glacial conditions. However, de-
spite the probable reduction of their habitats, mammals from
closed environments remain predated.

After the turnover of the late Galerian–early Aurelian MA,
the faunal assemblages recorded in the Roma Basin sites
are characterized by a mixed exploitation of semi-open and
closed environments, (Radmilli and Boschian, 1996; Sardella
et al., 2006; Palombo and Sardella, 2007; Boschian and
Sacc̀a, 2010; Anzidei et al., 2012).

Across the entire studied period, hominins globally tended
to benefit and to adapt to the diversity of available ecosys-
tems, regardless of their cultural tradition. The flexibility and
plasticity of these hominin communities certainly entertained
their capacity to settle and exploit a large range of envi-
ronmental conditions (Messager et al., 2011b), and to de-
velop predation strategies taking the benefits of this diver-
sity (Sardella et al., 2006; Palombo and Sardella, 2007; Thun
Hohenstein et al., 2009; Manzi et al., 2011).

4 Environmental dynamics and human mobility

As previously mentioned, the early Palaeolithic archaeolog-
ical sites discovered up to now in central and southern Italy
and dated to the Middle Pleistocene show a global coherence
of nature and activities despite the different chronological

Clim. Past, 9, 687–697, 2013 www.clim-past.net/9/687/2013/
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Table 2.Summary of the main taxa recorded on each studied site and the associated exploited environments.

Site Recorded taxa Main exploited References
(Biozone attribution) environments

La Pineta Bison schoetensacki, Associations of closed Thun Hohenstein et al. (2004, 2009)
(Isernia FU, MIS 15) Elephas (Palaeoloxodon) antiquus, forested environments

Stephanorhinus hundsheimensis, and grasslands
Megaloceros solihacus, to semi-open woodlands
Cervus elaphus,
Dama clatoniana

Notarchirico Elephas (Palaeoloxodon) antiquus, Associations of closed Cassoli et al. (1999);
(Isernia FU, MIS 15+) Dama clatoniana, forested environments Sardella et al. (2006)

Cervus elaphus, and grasslands
Praemegacerossp., to semi-open woodlands
Axissp.,
Bos primigenius,
Bison schoetensacki

Loreto Bison schoetensacki, Associations of closed Sardella et al. (2006)
(Isernia FU, MIS 13) Elephas (Palaeoloxodon) antiquus, forests and grasslands

Stephanorhinus hundsheimensis to semi-open woodlands

Fontana Ran. Elephas (Palaeoloxodon) antiquus, Associations of closed Ascenzi (1984)
(Fontana Ran. FU, MIS 11) Stephanorhinus hemitoechus, forested environments Segre Naldini et al. (2009)

Equus mosbachensis, and grasslands
Sus scrofa, to semi-open woodlands
Megaloceros solihacus,
Cervus elaphus,
Dama clatoniana,
Megaloceros verticornis,
Bos primigenius,
Bison schoetensacki,
Hippopotamus amphibius

Guado San Nicola Elephas (Palaeoloxodon) antiquus, Associations of Unpublished to date
(Fontana Ran. FU, MIS 10) Equussp., closed grasslands

Bison schoetensacki, to open woodlands,
Megalocerossp., punctually local forests
Cervus elaphus

Roma Basin sites Elephas (Palaeoloxodon) antiquus, Associations of closed Radmilli and Boschian (1996);
(Torre in Pietra FU, MIS 9) Bos primigenius, forested environments Sardella et al. (2006);

Equus ferus, and grasslands Palombo and Sardella (2007);
Cervus elaphus to open woodlands Boschian and Saccà (2010);

Anzidei et al. (2012)

and climate contexts. Another important feature in all the
studied sites is the clear exploitation of the available envi-
ronmental diversity for subsistence. However, the elongation
and intensification of the glacial phases since the Middle
Pleistocene led to the reduction of closed environments in
response to the long term aridity increase, especially in open
valleys. Consequently, the lack of archaeological records
during the glacial episodes could reflect the abandonment
of these sites, owing to environmental changes. In fact, as a
part of the ecological communities, hominins probably sus-
tained themselves in a large territory following flora and

fauna displacements as the ecosystems fragmented in a mo-
saic of micro-environments during the glacial phases.

4.1 Evidence for glacial occupations

Since the two last decades, new evidence of local persistence
of human communities has been highlighted. The Ceprano
skull, as well as the footprint from the BLT on the slope of
the Roccamonfina volcano, constitute well-dated records of
human presence during a glacial phase in central Italy even
if they cannot be directly linked to any precise hominin set-
tlement (Ascenzi et al., 1996; Scaillet et al., 2008; Manzi
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et al., 2010; Nomade et al., 2011). Recently, lithic and fau-
nal remains discovered at Guado San Nicola (i.e. MIS 10)
attest to hominin occupation during a glacial phase. The
site was located on the shores of a river, and the local hu-
midity, highlighted by the sedimentary filling, could have
favoured the persistence of forested communities and con-
sequent diversity of exploitable environments. Thus, to date,
no other site apart from Guado San Nicola has clearly pre-
sented evidence of long-lived occupation through several
climate phases, although potential taphonomical processes
could have occurred (Coltordi et al., 1982; Radmilli and
Boschian, 1996; Piperno, 1999; Palombo and Sardella, 2007;
Rufo et al., 2009; Segre Naldini et al., 2009; Boschian and
Sacc̀a, 2010; Manzi et al., 2011; Anzidei et al., 2012). How-
ever, the Venosa Basin sites witnessed several phases of oc-
cupation. Indeed, Notarchirico and Loreto recorded multiple
layers with heterogeneous palaeontological assemblages that
could reflect succession of occupations at different times,
although no glacial evidence has been recorded within the
archaeological layers (Cassoli et al., 1999; Piperno, 1999;
Palombo and Sardella, 2007, Masini et al., 2013). Systematic
dating and measurements of these archaeological layers have
to be undertaken in order to highlight eventual long-lived or
repetitive occupations across glacial and interglacial phases
in those sites.

4.2 Long-distance mobility

Potential long-distance movements do not seem to be an
efficient model for hominin communities settled in central
and southern Italy. In fact, long-distance mobility was lim-
ited to the east and the west by the Adriatic and Tyrrhenian
seas, and then would have been directed northward. How-
ever, the climate of northern Italy during the Middle Pleis-
tocene was significantly colder and drier with respect to the
southern and central regions due to its latitudinal position
and proximity to the Alps’ ice sheet (Bertini, 2010; Palombo
and Sardella, 2007; Corrado and Magri, 2011; Manzi et al.,
2011), and this would have constrained human groups to
fundamentally modify their behaviour in order to face rad-
ically different environments. Successive human adaptations
to environmental changes after each phase should be de-
tected within the cultural evolution, but the local evidence
has not been recorded to date (Grifoni and Tozzi, 2005;
Peretto, 2006; Doronichev and Golovanova, 2010). An op-
posite hypothesis could be that the cultural evolution was
linked to southward movements of northern populations to-
wards central and southern Italy (Grifoni and Tozzi, 2005;
Peretto, 2006; Doronichev and Golovanova, 2010; Manzi et
al., 2011). Thus, the milder climate conditions recorded in
central and southern Italian peninsula, compared to northern
parts of Europe, may have constituted attractive areas for al-
lochtonous populations, leading to cultural developments and
demographic expansions.

4.3 Regional mobility

Considering the relative continuity of occupations in cen-
tral and southern Italy between 600 and 300 ka, hominin
mobility at a regional scale has to be considered. This as-
sumption is supported by the repetitive occupations of the
Venosa Basin (Cassoli et al., 1999; Piperno, 1999; Palombo
and Sardella, 2007, Masini et al., 2013). During the glacial
phases, the aridity increase constrained vegetation to limited
favourable environments (Bertini, 2010; Corrado and Magri,
2011; Manzi et al., 2011; Orain et al., 2012, 2013). At least
part of the mammal communities had also to migrate, fol-
lowing their main ecosystems (Palombo, 2010). Some of
the most predated taxa indicates that the site abandonments
could be a consequence of hominin mobility in their search
for subsistence, i.e. following animal communities (includ-
ing forest dwellers). (Palombo, 2010). The diversity of lo-
cal conditions certainly led to the formation of local eco-
logical refuges in some of the protected Apennines basins
(Bertini, 2010; Orain et al., 2013). Potential reinstallations of
hominins along the coastal plains have also to be considered.
However, such sites are not recorded, probably submerged
due to sea level rise (Marturano et al., 2011). It could then be
assumed that these local protected environments contained
most of the forest and faunal communities. Furthermore, the
Italian peninsula shows a global trend of reduction of forest
mammals related to open environment expansion since the
Villafranchian MA in the Italian peninsula (Palombo, 2010).
Such assumption is consistent with the global environmen-
tal dynamics (Bertini, 2010; Manzi et al., 2011; Magri and
Palombo, 2013). Nevertheless, in all the studied sites, for-
est mammal taxa are sub-dominant to dominant, mainly with
DamaandCervus(locally with Axis), and also with forested
grassland taxa such asBison schoetensacki, Bos primigenius
andMegaloceros(Radmilli and Boschian, 1996; Cassoli et
al., 1999; Thun Hohenstein et al., 2004; Sardella et al., 2006;
Palombo and Sardella, 2007; Thun Hohenstein et al., 2009;
Boschian and Saccà, 2010; Palombo, 2010; Anzidei et al.,
2012. Magri and Palombo, 2013). Furthermore, Bovidea are,
after Elephantidea, the most frequently used animal mate-
rial in the Acheulean bone industry of central Italy (Peretto,
2006; Grifoni and Tozzi, 2005; Palombo and Sardella, 2007;
Boschian and Saccà, 2010; Doronichev and Golovanova,
2010; Anzidei et al., 2012). The exploitation of such mixed
fauna appears to be an early active choice, related to the bene-
fit (benefice is church related) of their exploitation (Palombo
and Sardella, 2007; Thun Hohenstein et al., 2009; Magri
and Palombo, 2013). Such subsistence behaviours applied to
large territories could have triggered hominins to exploit var-
ious ecosystems or to directly settle within refuge areas pro-
pitious to vegetation and faunal diversity.

However, target changes in response to the progressive
opening of ecosystems could not be excluded, considering
the increasing place and domination of the open environment
dwellers (Radmilli and Boschian, 1996; Cassoli et al., 1999;
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Sardella et al., 2006; Thun Hohenstein et al., 2009; Boschian
and Sacc̀a, 2010; Palombo, 2010; Anzidei et al., 2012). This
long-term open-environment persistence could have progres-
sively triggered a reorientation or concentration of human
predation towards open-environment dwellers (Palombo,
2010). Human response could then have consisted in flexi-
bility and adaptability of environmental exploitation, at local
or regional scales.

5 Conclusions

Middle Pleistocene environmental data from central and
southern Italy constitute a strong ecological framework to
study hominin evolution and mobility. At local and regional
scales, the palaeontological and palynological studies pro-
vide numerous contextual data to reconstruct the complexity
and diversity of the environments in which the hominins set-
tled. Evidence for heterogeneous environmental conditions
have already been emphasized by several studies, and are
supported by the Boiano pollen sequence, which highlighted
singular refuge conditions for the forest communities. Within
these ecosystems, analyses of subsistence behaviours illus-
trate part of the hominin strategies during the Middle Pleis-
tocene. The diversity of exploited ecosystems recorded dur-
ing each interglacial episode reflects key issues regarding po-
tential hominin mobility triggered by climate and environ-
mental changes during the preceding glacial phase. However,
the current lack of data for human activity during the glacial
episodes calls for a new perspective drawn from both en-
vironmental and prehistoric studies. These interruptions in
the settlement record could have resulted from the abandon-
ment of these sites by their prehistoric occupants who would
have followed the faunal communities on which they sub-
sisted. Considering the mild and temperate conditions in cen-
tral and southern Italy, both local faunal and human commu-
nities could also have adapted locally to the opening up of
their environments, or, regionally, could have moved to ben-
efit from the ambient diversity.

The archaeological material and sedimentary sequences
already demonstrated that central and southern Italian cli-
mate and environment during the Middle Pleistocene cer-
tainly attracted northern European communities, contributing
to the cultural and demographic developments. Further in-
vestigations will provide complementary data to deliver key
issues on this crucial topic.
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Carbonell, E., Berḿudez de Castro, J. M., Parés, J. M., Ṕerez-
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